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ABSTRACT

The United States Agency for International Development, spon-
sored a four-year research program to develop low cost roofing
from indigenous materials in three developing nations (Philip-
pines, Jamaica, and Ghana). In Phase I, resources were surveyed,
and collaborating individuals and organizations defined. In
Phase II, experimental roofing composite materials systems were
developed and optimized. In Phase III, demonstrations of the
roofing manufacture were conducted and experimental roofs in-
stalled.

Four composite panel roofing material systems were developed
which utilize major percentages of indigenous bagasse filler,
and minor amounts of phenolic or other resin binder. Three of
the four processes use an intensive (Banbury) mixer. All four
have compression molding as.a final process step in panel fabri-
cation. The products range in raw material cost from 6-14¢ per
square foot of roofing panel, depending on composition, resin
content, etc.

The program was implemented in the %hree participating countries
through advisory committees and technical working groups. In-
courtry, small-scale experimental work was initiated early, and
continued throughout. Technology was transferred on both an
organizational and person-to-person basis.

Local labor, materials, and facilities were utilized to demon-
strate manufacture of roofing, by one or more processes, in the
Philippines, Jamaica, and Ghana. Roofs were installed on houses
in the Philippines, Jamaica, and Ghana.
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NOTE

All cost information is given in equivalent United States
dollars ($) or cents (¢) unless otherwise indicated.

All data was generated and is reported in English Scienti-
£ic units.

Abbreviations are used throughout the report for the four
developed materials systems. They are:

Bagasse Reinforced Phenolic -BRP
Bagasse Reinforced Hard Rubber -BRR
Bagasse Reinforced Thermoplastic -BRT
Phenolic Bonded Oriented Bagasse -BOB
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1. INTRODUCTION

The United States Agency for International Development, sponsored
a four-year research program to develop low cost roofing from
indigenous materials in threa developing nations (Philippines,
Jamaica, and Ghana). In Phase I, resources were surveyed, and
collaborating individuals and organizations defined., In Phase II,
experimental roofing composite materials systems were developed
and optimized. In Phase III, demonstrations of the roofing manu-
facture were conducted and experimental roofs installed.

Adequate housing of citizens is essential in all countries.
However, with the more limited economies in developing nations,
it is necessary to reduce material and construction costs to
provide shelter of adequate quality and quantity. This is
especially true if the materials require foreign exchange. 1In
housing, a roof is one of the key and most costly elements of
construction. Consequently, the roof is a prime target for
cost reduction and performance upgrading.

Following the floods in Bangladesh in 1972, which destroyed
thousands of homes, the United Nations appealed for a program
of research and development to provide improvements in the cost
and performance of roofing. 1In response to the UN appeal, a
special study of the roofing problem was conducted by the U.S.
National Academies of Science and Engineering. The study

group recommended the implementation of a specific roofing
research project, with emphasis on composites consisting of

low cost indigenous fillers and polymeric binders (Ref. 1).

In May 1973% the United States Agency for International Develop~-
ment, sponsored a four-year research and development effort with
Monsanto Research Corporation. The objective was to provide a
key ingredient for developing=-country roofing that could maximize
utilization of local natural resources, surplus mamMpower, and
limited manufacturing capabilities in producing a better anrd
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cheaper product than is now available. The research results
were to be directed toward meeting low cost housing needs, im-
proving the foreign exchange position of the countries involved,
ana developing products that might be the basis for a local
industry.

In the roofing material, foreign currency requirements were to
be minimized through the development of a composite material
that required only a minor amount of imported binder and/or
additives. The roofing was to be falwicated from largely
indigenous materials and utilize abundant local manpower and
locally available facilities. Performance and durability were
to include resistance to static loading, impact, solar radi-
ation, heat, rain, humidity, wind, fire, sound transmission,
insects, pests, and fungus. Factors such as appearance, shape,
form, and prestige were to be considered to assure acceptability.
Manufacturing, ideally, was to be cost competitive in either
small-scale (rqral villages) or large-scale (urban) operations.

The ultimate goal of the research and development program was to
make available, in at least three countries (Philippines, Ghana,
Jamaica), an economically, technically, and socially acceptable
alternative to current roofing systems. Achievement of the
goals of the program was to be demonstrated within each of the
three participating countries througﬁ: (a) the construction of
at least four prototype roofs, and (b) transfer of the technol-
©gy to qualified organizations and individuals. The program was
divided into the following three phases:

Phase I (May 1973-May 1974) - Problem Definition,®Country
Survey and Country Selection.

Phase II (May 1974-May 1975) - Roof Definition, Ingredient
Selection, Laboratory Composite Material and Process Development,
and Collaboracive®Institution Definition.

Phase III (May 1975-December 1977) Material Optimization, Design,

Fabrication, Testing and Evaluation of Prototype Roofing, Field
Manufacture, Installation and Evaluation of Full-Scale Roofing
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During Phase III, most of the work was carried out in the three
participating countrics, working through advisory committees

and technical working groups of experts in each selected country.

Phases I and II were completed and summarized in the First and
Second Annual Reports issued in July 1974 and December 1975,

respectively (Ref. 2,3). Phase III objectives were also accom~
plished, the principal ones, including:

. Establishment of an experimental pProgram early in Phase
III, in each participating country, to provide familiar-
izatior with the technology.

. Transfer of technology, by visits to each of the parti-
cipating countries, and by meetings with members of the
advisory committees and technical working groups.

. Location of local facilities, or combinations of facilities,

for later use in the large-scale manufacture of the
roofing.

. Demonstration of pilot-scale or plant-scale production of
at least one process and product in each of the three
countries.

. Manufacture of sufficient roofing ma:erial to roof up to

four houses in the three countries.

. Installation of roofing (made by three different processes)
on up to four houses in the Philippines, Ghana, and Jamaica.

. Identification of private industry and quasi-governmental
organizations in each of the three countries, which are
interested 1in carrving the development further to com-

mercial manufacture of the prcducts.

3
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This report summarizes the work accomplished in Phases I and II
(May 1973-May 1975) and describes, in greater detail, the Phase
IIT1 (May 1975-December 1977) experimental program, technology

transfer, and demonstrations ¢f the manufacture and installation
of the developed roofing.

A future program to provide for product development and larger
scale manufacture of the roofing, utilization of the materials
in other structural and non-structural applications, and cost
minimization is suggested and outlined.
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2. PROGRAM SUMMARY

The roofing project functionally comprised materials development,
methodology, manufacture and installation of roofing, and initiaj
environmental impact examination.

This report describes the program for development of lower-cost
roofing from indigenous materials for developing countries in
four natural or functional categories: (1) roofing materials
and process development, (2) methodology, (3) demonstrations

of developed materials, and (4) evaluation of possible environ-
mental effects.

The materials and process development work was started at
Moﬁsanto Research Corporation's Dayton Laboratory, and was
expanded through experimental work conducted through qualified
institutions in the participating countries. This "in-country"
experimental work continued throughout,’ and merged into and

became a part of the large-scale production demonstrations in -
Phase III.

The methodology selected at the beginning of the program, and
followed throughout, was to locate (early) knowledgeable
individuals, and qualified institutions having the necessary
interest and facilities. The Program was then implemented
entirely through use of these in-country capabilities. Technical
advisory committees provided overall direction of the effort,

and technical working groups participated directly in carrying
out the program.

The demonstrations of the large-scale manufacture and the

installation of roofs were carried out in each of the three
countries during the last half of 1976 and 1977,
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Plant, or semiplant, production of the roofing was done, in each
case, by organizations having the necessary facilities and
potential interest in the future commercialization of the pro-
ducts (see Appendix A). 1In this way, the demonstrations can
continue toward implementation of a commercial production of

the materials.

An initial Environmental Examination of the possible effects

of the wide scale manufacture and use of the roofing developed
in this program on land use, water quality, the atmosphere,
natural resources, cultural and socio-economic factors, and-
health was made. It is concluded that the roofing project

will not have a significant or negative effect, on the environ-

ment in the participating countries, at least in the demonstration
stage.

2.1 ROOFING MATERIALS AND PROCESS DEVELOPMENT

Four composite panel roofing material systems were developed which
utilize major percentages of indigenous bagasse filler, and minor
amounts of phenolic or other resin binder, Three of the four
processes use an intensive (Banbury) mixer. A1l four have com-
pression molding as the final process step in panel fabrication.
The products range in raw material cost from 6-14¢ per square foot
of roofing panet, depending on composition, resin content, etc.

Four alternative roofing material systems were developed that
maximize use of indigerous fillers in combination with minimum
Guantities of resin binders to form a strong composite roofing
product.. The four products differ in the tyoe of resin binder,
and/or manufacturing process, but have in common bagasse (sugar
cane residue) filler and a process requiring an intensive mixer
(Banbury), and a compression molding press as shown in Figure 1,
All four composite materials can be produced as flat or cor-
rugatec panels useful ‘or roofing and other structural and non-

structural applications.
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(a) Sugar cane bagasse, indigenous
to Jamaica, Ghana, and the
Philippines is a key low cost
filler used in high volume.

(b} The roofing compositions are
compounded in a Banbury type
intensive mixer that is
unique in its ability to
Process the various ingredi-
ents together.

(¢) Pressure and temperature,
provided by common hydraulic
molding presses, are required
to form and rigidize the com-
pounded material into roofing
panels.

Tigure 1. Common to the four developed alternative roofing materials
are bagasse filler, an intensive mixing machine, and a
hydraulic molding press.
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Product and process development was carried out initially in
the United States. The materials and process develooment was
continued and expanded through collaborating individuals and
organization in the participating countries. In the materials
and process development, emphasis was placed on the maximum
use of available participating country facilities, manpower,
and skills. The four composite material systems that were
defined in the program, and demonstrated to varying degrees

in the Philippines, Ghana, and Jamaica are illustrated in
Figure 2 and summarized in the following subsections.

2.1.1 Bagasse-Reinforced Phenolic (BRP) Composite Roofing

The bagasse-reinforced phenolic composite is a rigid, strong,
durable, red piamented panel product. The nrocess involves
only "fibrillating" of the bagasse, dry blending with resin
binder, and molding-cure in 3-7 minutes at 275°F. The raw
material cost is projected to be ~12¢/ft? at 30% powdered
phenolic resin.

The bagasse-reinforced phenolic composite is a strong, durable,
heat and moisture resistant, colorful (pigmented red) panel
product. It is rigid, insulating, of low thermal capacity,
lightweight, and easily transportable. It can be sawed and
nailed for easy installation. It is by far the simplest roof-
ing material of those developed to process and requires only a
few readily available ingredients. The composite formulation

has been optimized to perform primarily in a roofing application.

The process for producing the bagasse-reinforced phenolic roofing
composite is simple, regquiring essentially only three steps.
First, the bagasse is fibrillated and pigmented using available
Banbury rubber compounding mixers. Second, this powder is dry
blended with pnenolic resin power in an end-over-end tu;ble

blender such as a concrete mixer. Third, the blended powder is

Q)
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(a) Test panels were installed at
a 10° slope at DRRI in Ghana
providing a severe water ex-
posure for two years. Badly
degraded control is at right
and BRP and BRR panels are
third and fifth from the
right.

(b) Earliest panel exposure was
at Berger Paints in Jamaica,
6 to 12 months before the
other countries. Shown are
flat and corrugated BCB and
flat BRP panels.

(c) Data accumulated at Sherwin~
Williams Paints in the
Philippines over two years
corresponded to other out-
door and accelerated weather-
ing.

Figure 2. The four alternative roofing material systems were proven
through outdoor exposure studies in Ghana, Jamaica, and
the Philippines.
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compression molded on a short cycle (3-7 minutes) at a relatively
low temperature (275°F). Panel thickness is controlled at ~(0.1
inch by the amount of powder blend charged to the compression
molding area.

The raw mater 'al cost for the bagasse-reinforced phenolic com-
pos?ie roofing material is projected to be 12¢/sq ft. This
estimate is based on 1/8 inch thick panels containing 30% by
weight phenolic resin powder. Costs will be proportionately
less for panels that are thinner.

If, as has beern demonstrated in the Philippines, it is possible
to use liquid phenolic resins, substantial raw material cost
reductions can be realized since the liquid resins sell for
approximately 50% less on a solids basis than the powdered
resir.

The selling prices for roofing shingles or paanels are projected
from related industrial experience to be 3 to 4 times the raw
material cost. The foreign exchange requirements would repre-
sent about 25% of the projected sales price.

Of the four processes developed in this project, the bagasse-~
reinforced phenolic requires the least capital equipment and
has the lowest manufacturing cost.

i90
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2.1.2 Bagasse-Reinforced Hard Rubber (BRR)
Composite Roofing

The bagasse-reinforced, natural-rubber-bonded composite is a
medium modulus, strong, durable, red piamented, flat or cor-
rugated panel product. In the process, the bagasse filler,
pigments, curing agents, etc. are compounded in a Banbury
mixer. The rubber compound.is formed into continucus sheets
52 in. wide by 1/8 in. thick. These flexible sheets are
molded and cured for 30 minutes at 325°F to a rigid state.
Raw material cost is 7-9¢ per sauare foot using the lowest
cost grades of natural rubber.

The bagasse-reinforced hard rubber composite roofing has many
of the desirable features of the bagasse-reinforced ohenolic.
The product is a durable, water resistant, tough, comoliant,
lightweight, low thermal capacity (specific leat x weight) panel
that can be formed into a variety of shapes. It is amenable to
normal carpentry techniques, and can be installed by nailing.

The bagasse-reinforced hard rubber composite is molded from a
high sulfur content (15%) hard rubber formulation, similar

to that used in battery cases, but containine an unusually high
level of low-cost whole bagasse. The composition has been
optimized in cost/performance for roofing aprlications. Two
formulations with different degrees of fire resistance are
available: a moderate cost material having a reasonable level
of fire.resistance and a lowest cost, less fire resistant
alternative. The lowest cost formulation has elicited the
greatest interest to date in the participating countries.

The process relies heavily on well-established technology and
equipment used routinely in rubber manufacturing industries
throughout the world. First, the bagasse is "fibrillated" and
the rubber compounded into it in a Banbury intensive mixer.

Second, the Banbury compound is sheeted on a mill roll, then

11
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calendered to form a continuous flexible roll of the desired
width and thickness. Third, the continuous sheets are cut

to the desired length and compression molded for 30 minutes at
325°F. This molding temperature is about 35°F higher than is
usual in commercial ruvbber processing and presents some diffi-
culties, due to equipment limitations, in the participating
countries. The higher molding temverature is attributed to the
presence of the very large amount of bagasse filler.

Using the lowest cost grades of natural rubber, the unprocessed
raw material costs for this product are projected to be 9¢/sq ft
for the fire retardant composite, and 7¢/sg £t for the lowest
cost product. Sales prices for roofing shingles or panels are
projected to be 3 to 4 times these raw materials costs. The
cost of the imported components for the fire retarded and

lowest cost products are 17 and 15%, respectively, of the pro-
jected sales cgrice.

2.1.3 Bagasse-Reinforced Thermoolastic (BRT)

Composite Rosfing

The bagasse-reinforced thermoplastic-resin-bonded composite
is a rigid, strong, durable, red pigmented, flat or corru-
gated panei product. In the process the bagasse filler,
pigments, etc. are compounded together in a Banbury mixer.
The compound is formecd into continuous sheets 52 in. wide

x 1/3 in. thick. These sheets are molded and rigidized by

cooling. Raw material costs are projected to be about 14¢
per square foot.

The bagasse-reinforced thermoplastic composita roofing mate-
rial is also relatively simple with respect to the number .and
nature of the components, and it also uses esta~lished rubker
compounding and molding processes. The panels havs a,pig-

mented red appearance, and soth water resistence ané cutdoor

12
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durability are good. The product is a lightweight, low thermal
capacity panel system that can be formed into a variety of shaves.

The bagasse-reinforced thermovlastic composite consists of either
styrene/acrylonitrile copolymer, or acrylonitrile/butadiene/
styrene graft copolymer binder containing 60 volume percent of
dried whole bagasse filler. The composite formulation was
developed strictly for the intended roofinag application. Less
work has been devoted to this particular system, since the
present economics of the process are less desirable. Accordingly,
the formulations recommended may be somewhat less than ootimum

in terms of cost/performance.

The process used in preparing the bagasse-reinforced thermo-
plastic composite consists essentially of three steps, almost
identical to those used for the hbagasse-reinforced rubber.
First, the bagasse is fibrillated and the thermoplastic resin
compounded into it in a Banbury mixer. Second, the Banbury
composition is sheeted on a mill roll, and then calendered to
form a continuous roll of the desired width and thickress.
Third, the calendered sheets are comoression molded and "set"
by cooling. The melt flow characteristics of the system are
poor, due to the high filler loading. Therefore, thermoolastic
molding techniques are limited to calendering and compression
molding.

The raw materials costs for the bagasse-reinforced thermoplastic,
including no processing, are projected to be about 14¢/sq ft.

The price for roofing shingles or panels are projected to be
three to four times these raw material costs. The foreign
exchange requirement thus represents 33% of the projected

sales price.

13

o MONSANTO RESEARCH CORPORATION @



2.1.4 Phenolic-Bonded, Oriented Bagasse Fiber (BOB)

Composite Roofing

The phenolic-bonded, oriented bagasse fiber composite roofing is

a durable, buff-colored, flat or corrugated panel having direct-
ional strength properties. As currently formulated, this product
has the most bagasse filler and least resin binder. The process
requires different equipment and more steps than the others.

The bagasse is "wet" depithed, and phenolic resin is precipitated
orto it. The fibers are oriented in a centrifugal water extractor,
and the fiber mat is compression molded and cured. Raw material
costs range from 6-11¢ per square foot for 0.1 in. thick corru-
gated panels. '

As currently formulated, the phenolic-bonded, oriented bagasse
fiber composite roofing incorporates the most indigenous filler,
and consequently the least phenolic resin binder, of any of the
four develoved roofing systems. In the process, a very low
cost structural material is first made and secondary treatments
are used to provide the desired water and/or fire resistance.
The BOB composition is unique in that the orientation of the
fibers makes it possible to'put the highest strength of the
product in the desired direction (i.e., longitudinally for long
spans). The composition differs also from the other three
developed products in that a high percentage of the pith mate-
rial is removed in the process. Liquid phenolic resin is used
as the bonding agent, in contrast to the phenolic powders used
with the whole bagasse reinforced nhenolic. These liquid resins
are identical to those used in the particle board and plywood
industries.

The oriented, bagasse-fiber reinforced comoosite formulation
was optimized to have the necessarvy water resistance (wet

strength), a minimal level of fire resistance, and lowest cost
(minimum resin concentration). The composi“ion can be modified,
nowever, to achieve further reductions in costs with some com-
promise of water anc/cr fire resistance.

14
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The process for the BOB composite material is the most complex
of the four developed alternative roofing products. It 1s a wet
orocess, which uses relatively large quantities of water during
removal of pith and separation of the baqgasse fiber bundles into
individual fibers (fihrillation). Pith and acid residues are
produced that must be disposed of using approoriate, established'
methods. A high degree of orientation of the fibers in one
direction is obtained during a centrifugation and water ex-
traction step. The final step in the formation of the panel

is comoression molding and curing of the fiber-resin composite.
The panel is then treated to provide the necessary durability,
including resistance to water and outdoor aging and fire
resistance.

The unprocessed material costs for the oriented bagasse-fiber
reinforced composite are projected to be about 12¢/sq ft for
the fire retarded product, and 6¢/sqg ft for the lowest cost
material. The selling price for corrugated roofing panels are
projected to be four to five times these raw material costs.
The imported materials (resin binder) represents 19 and 15%

of the selling price of the fire retarded, and lowest cost
formulation, respectively. Significéntly, the foreign exchange
requirement for resin for the.structural panel alone is less
than 2¢/sq ft.

15
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2.1.5 Non-Roofing Building MaterialslApplications

for the Develooed Products

Several of the products developed show promise for use as structural
and non-structural materials. Other applications include floor tile,
exterior and interior walls, ceilings and building blocks.

Roofing applications require higher strength and outdoor dur-
ability of materials than do non-roofing and non-structhral
applications. Thus, it can be assumed that materials which

are adequate for roofing can be used in other applications of

a building, depending on their costs. In these less demanding
applications, it is also likely that further reductions in cost
can be achieved, such as in reductions in resin content, while
retaining adequate performance. All of the materials developed
have some tailorability to make them suitable for other struc-
tural and non-structural applications.

The bagasse-reinforced rubber-bonded comnosite (BRR) can be
formulated to obtain a flexible product that should be suitable
for floor tiles, counter tops, etc.

The bagasse~-reinforced phenolic (BRP) can be diluted with wood
chips to form thicker structural parels having a very low (e.qg.,
5%) resin content and wdequate strength and water resistance for
interior apolications.

The bonded oriented bagasse fiber composite (BOB) composition
can also be used as is for exterior walls. The comrosition can
be reduced in cost and resin content and still have adequate
strength and water resistance for interior aoplications.

It is also possible that one svstem investigated and rejected in
the earlier work for roofing (a clav-reinforced nhenolic) may,
with further develorment, nrovide adeguate cost oerformance for
use as building blocks anc exterior walls.

16
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2.2 METHODOLOGY - HOW THE PROGRAM WAS IMPLEMENTED

The program was implemented in the three participating countries
through advisory committees and technical working groups. In-
country, small-scale experimental work was initiated early, and
continued throughout. Technoloqy was transferred on both an
oraanizational and a person-to-person basis.

One of the key goals of the program was to assure that the
technology develoved was made available to, and left with the
participating countries. The approach to achieving this tech-
nology transfer goal was through getting participating country
personnel and organizations actively involved early in the
program in both the decision making and the actual work.
Financial and in-kind commitments were encouraged in order to
insure direct involvement and follow-up of the program. In

detail, the approach differed slightly in the three countries
but was, in general, identical.

The collaborative effort, and trahéfer of technology was
initiated at the start of the program and continued throughout.
Most of the contacts were on a direct person-to-person basis,
with key individuals in government organizations, universities
and private industry. These early and continued personal con-
tacts between the MRC team members and collakborating personnel
in the participating countries was one of the most important
aspects in the transfer of technology.

A wide variety of skills and expertise in the areas of agricul-
tural residues, materials, processing, roofing architecture,
building materials, etc. were called upon.: The skills and exper-
tise were necessary in order to insure that the systems being
develoved were compatible with the specifdc needs and prevailing

situations in the individual p»articipating countries. This

17
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aovproach also had the advantaqe that as better systems were
defined, skilled individuals would be available to oursue the
effort. This part of the materials develooment, and technology
transfer was implemented by the formation of "Advisory Committees"
with broad experience, and high level of authority in the govern-
ment, academic institutions, and private industry, as illustrated
in Figure 3.

In addition to the Advisory (decision-making) Committees, it was
also necessary to have Working Groups responsible for the experi-
mental work, actual manufacture of the materials, installation

of the roofs, etc. These "Technical Working fGroups" consisted

of key individuals who were to be directly involved in the exveri=-
mental effort, and thus would have detailed knowledge of the
materials, orocesses, and apolications being corsidered. It was
through these key individuals that the detailed technology was

to be transferred to others.

The develooment of materials and processes for the manufacture

of roofing panels was conducted in a systematic manner. There
was initially an extensive screening program carried out in

MRC's laboratories. This was followed by an intensive laboratory
experimental program, both in MRC laboratories and in those of
the participating countries. Finally, demonstrations involving
larger scale (pilot plant) manufacture of materials andgcon-
struction of roofs were done in each of the three collaborating

countries.

From the joint cro?Fam, in MRC laboratories and in the pmartici-

pating countries, four candidate roofing material¢k'systems were

developred. These sxstems tock advantage of advanced materials
b -
composite technolocy Zaveloped in the United Stat2s in Delense

and Aerossyace programs. The systems developed relv on plentiful
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(a) The Scientific Research
Council, Kingston pro-
vided technical expertise
in behalf of the govern-
ment of Jamaica.

(b} Ghana Rubber Products, Ltd.
in Accra made available their
industrial, technical , and
business knowhow, manpower
and facilities.

{c) The National Housing Corpo-
ration, Caloocan City, made
available their quasi-
industrial plant, manpower,
knowhow, and houses.

figure 3. Implementation of the program was achieved by the contri-
outed particiration of government, academic institutions
and industries in Jamaica, Ghana, and the ?hilippines.

19
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quantities of low-cost bagasse as a reinforcing filler in the
composite. The bagasse is or can be made available in each of
the three participating countries, and is also available in
other tropical countries throughout the world where sugar cane
is produced. The products developed in the four processes have
utility as roofing and appear as well to have use as structural
and non-structural materials for other parts of the house.

Technology transfer constituted the knowledge of the specific
materials and processes and their applications as roofing and
materials of construction. The transfer of the technology
was achieved and demonstrated by laboratory experimentation,
plant manufacture, and actual construction of roofs in the
participating countries using local manpower and facilities.

The entire program was carried out without the necessity of
formal, written agreements in any of the three countries. Key
people in the participating countries agreed that the programs
would be beneficial and therefore worth their support and
cooperation. Thus, an informal, verbal, "gentlemans' agreement"
was all that was necessary. Attempts to negotiate a formal
"Memorandum of Agreement or Understanding” proved to be exceed-
ingly difficult and time-consuming in the only two countries
where it was tried (Philippines and Zambia). Drafting, negoti-
ating, approval, and signing of such an agreement would have
required two years or even longer to complete.

20
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2.3 DEMONSTRATIONS OF ROOFING MANUFACTURE AND ROOF INSTAL-
LATION IN THE PHILIPPINES, JAMAICA, AND GHANA

Local labor, materials, and facilities were utilized to demonstrate
manufacture of roofing, by one or more processes, in the Philippines,
Jamaica, and Ghana. Roofs were installed on houses in the Philippines,
Jamaica, and Ghana.

The goal of the demonstration of the program was to utilize
local materials, labor and facilities to manufacture at least
one of the candidate roofing materials in small production
quantities, and *o install roofs on four houses in each of

the three countries. The bagasse~-reinforced rubber (BRR) com-
posite system was demonstrated in the Philippines and Ghana.

The bagasse-reinforced phenolic (BRP) composite was demonstrated
in Jamaica, Ghana, and the Philippines. A bonded oriented
bagasse (BOB) roof was constructed in Jamaica. These demonstra-
tions of larger scale manufacture and roofing installations,

as shown in Figure 4, helped to insure transfer of the technology.
Secondary systems, and alternative uses for the products as
structural materials, were also explored.

2.3.1 Philippines

In the Philippines, the facilities of the Goodyear Rubher Company
and the National Housing Corporation were used to manufacture

large quantities of roofing shingles from both bagasse-reinforced
rubber and bagasse-reinforced phenolic. Four employee houses at
NHC were roofed with the bagasse-reinforced rubber shingles. It
was also demonstrateq that the BRP roofing composition could be
diluted with large quantities of ground wood chips to make low-
resin composites of interest as structural (non-roofing) materials.
NHC employees are now living in the four roofed houses.

In the Philipvines a wide range of capabilities and facilities
were available. Because of the wider range of capabilities
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{a) Four NHC employee houses
roofed with BRR flat
shingles at Caloocan City.

(b) One of the units of four
house cores roofed with
3R? shingles at Hunts
Bay Site and Service
project, Kingston, after
one Yyear exposure.

L]

(c) Security building at
CSIR secretariet, Accra,
roofed with BRP flat
shingles.

———

Figure 4. Transfer of the roofing material technology was demonstrated
by the installation of roofs in the Philippines, Jamaica,
and Ghara using panels manufactured there,
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and the direct commitment and interest of the National Housing
Corporation, it was possible to demonstrate production scale
manufacture of two of the four basic processes, as well as
modifications of one of them for non-roofing applications.
Extensive rubber compounding facilities exist in the Manila
area, and natural rubber is grown in the Philippines. Thus
the manufacture of the bagasse-reinforced natural rubber com-
posite was demonstrated first. Secondly, the production of the
bagasse reinforced phenolic on a plant scale was demonstrated
along with production of a "wood chip dilution" product for
structural (non-roofing) uses. Smaller scale (laboratory
production) of the phenolic-bonded oriented bagasse fiber
System was also demonstrated in the Philippines.

The experimental program in the Philippines was designed to
bring together the expertise to define, manufacture, and evalu-
ate two viable roofing alternatives, based on the earlier
experimental work done by Monsanto Research Corporation in
conjunction with the Philippines Roofing Advisory Committee.

The experimental effort was conducted mainly in the laboratories
of the National Housing Corporation, and those of the Forest
Products Research Industries Development ‘ommission (FORPRIDECOM) .
Assistance with the compounding of the rubber was provided by
Goodyear Tire and Rubber Company (primarily), Latex City

Rubber Company, and Manila Rubber Company. Mabuhay Vinyl

also permitted the use of their laboratory molding facilities

at no cost tc the program for small scale experiments. Jardine-
Davies, through their partially-owned Sherwin-Williams subsid-
iary, provided a site for outddor aging of panels of the vari-
ous candidate materials.

The actual technical working group came almost entirely from
the National Housing Corporation. However, interest and parti-
cipation throughout the program was also maintained bv personnel
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from the National Economic Development Authority, the National
Science Development Board, and FORPRIDECOM.

In the demonstration of the bagasse—~reinforced natural rubber
composite, 15,000 pounds of composite roofina panels were ore-
pared using the combination of Goodyear Rubber facilities for
compounding the rubber, and National Housing Corporation particle
board press for compression molding and curing the panels. Large
4 ft x 16 ft x 1/8 in. thick panels were prevared and sawed into
4 ft x 2 ft shingles. These shingles were then used to roof

four employee houses having a roof area of 850 sq £t each.

Flat shingles were used instead of the more cost-effective cor-
rugated panels because of lack of corrugated molds.

NHC employees are living in'each of the four houses and per-
formance is being monitored by them, and by NHC technical
personnel assigned to the project. No major problems have been
encountred to date.

There was also a demonstration of the plant production of the
bagasse-reinforced phenolic composite material. Aporoximately
5000 pounds of 4 ft x 16 ft x 1.8 in. panels and 50 tons of
"wood chip dilution" construction materials were oroduced.
Entire model houses, not just roofs, were scheduled to be put
up in 1977 from the combination of materials produced.
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2.3.2 Jamaica

In Jamaica, bagasse-reinforced phenolic flat roofing shingles
were manufactured using the facilities of the Goodyear Rubber
Company and the Standard Building Products Company. Roofs
were installed on parts of eight houses at the Hunts Bay low-
cost housing project, and an additional house is scheduled to
be roofed. A fourth roof consisting of painted BOB corrugated
panels was constructed.

The combination of facilities required for the manufacture of
bagasse-reinforced phenolic roofing existed in Jamaica. Thus,
bagasse-reinforced phenolic flat roofing shingles were manu-
factured in the Kingston area using a combination o5f facilities
of the Goodyear Rubber Company, the Scientific Research Council,
and Standard Building Products Company. This is illustrated

in Figure 5.

For the bagasse-reinforced phenolic composite roofing material
demonstration, only the resin binder, pigment and stabilizer
were imported. Otherwise, local materials, facilities and
manpower were used to manufacture the roofing panels. Approxi-
mately 3400 sq ft of flat roofing shingles, sufficient to cover
four roofs, were manufactured.

Using the 2 ft x 4 ft bagasse-reinforced phenolic shingles,
rocfs were installed over the cores of eight houses at the Hunts
Bay low cost housing project on November 11, 1976. The remain-
ing shingles are to be installed on a house scheduled to be con-
structed before the end of 1977. Flat 2 ft x 4 ft shingles were
manufactured and used, in lieu of more cost-effective corrugated
panels due to molds not being available.
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(b)

Tigure S,

(a) Processing of bagasse in
a Banbury type mixer at
Goocdyear-Jamaica, Ltd.

.ﬁgg;;

A
- adl sy

&

Leveling of BRP compound
into 2 1/2 £ x 9 £t mold
at Standard 3uilding
Products (SBP).

Molded BRP panel being
removed from press and
mold at S3P.

Manufaccure of ragasse-reinforced phenclic roofing panels
at Goocdyear and Standard Building ?Products in Jamaica
typifies the availability of the developed technolegies
in %he taree participating countries.
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There was strong interest in Jamaica in the oriented hagasse
fiber reinforced composite material, and a considerable amount
of small-scale experimental work performed on this system. Thus,
this material and process was also considered for use in the
demonstration phase, but not manufactured due to the lack of
appropriate facilities to produce the required quantity of
material on the desired time schedule. However, panels manu-
factured at our U. of Washington pilot plant were used to roof

a building in the Kingston area in order to initiate a practical
durability experiment.

The experimmental program in Jamaica was designed to bring
together personnel with the necessary expertise to define,
manufacture, and evaluate viable alternative roofing systems
based on work done by Monsanto Research Corporation in con-
unction with the Roofing Advisory Committee. The effort included
experimental work at the Scientific Research Council, analysis

of roofing criteria by members of the Advisory Committees, selec-
tion of candidate roofing sites by the Ministry of Housing,

and outdoor exposure studies at Berger Paints. The result was
the basis for a roofing product demonstration. The actual
demonstraticn was carried out hy the Technical Working Group
which had become thoroughly familiar with the systems through

the small-scale experimental program while planning for the
demonstration.

Lona-term performance of the roofing installation will be

monitored by the Advisory Committee, specifically versonnel
at Berger Paints Ltd., Kingston.
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2.3.3 Ghana

In Ghana, both the bagasse-reinforced ohenolic (8RP) and rubber
(BRR) roofing systems were demonstrated. BRP roofing shinales
were manufactured by Ghana Rubber Products, Ltd. and installed
on a building in November 1977 through the assistance of the
Building and Roads Research Institute. A quantitv of the BRR
roofing material was also manufactured but could not be made
into rigid shingles due to a minor, but significant, equipment
problem. Ghana Rubber Products has purchased and is installing
equipment that will allow them to manufacture the BRR roofing
early in 1978, which is planned.

The existence of excellent rubber compounding facilities and
rubber technology in Ghana vrovided for a perfect fit with the
developed roofing systems. Interest existed in both the bagasse-
reinforced rubber (BRR) and bagasse-reinforced phenolic (BRP)
systems that utilize rubber processing equipment. Particular
interest existed for the BRR system since natural rubber is

grown in Ghana and thus a high percentage of indigenous material
could be utilized.

The main emphasis in the Ghana orogram was on the BRR system

and in October 1976 a quantity of roofing compound was manufactured.
Produced were flexible bagasse reinforced rubber sheets ready to

be rigidized by heating under pressure. Unfortunately, the
temperature available to the molding press at Ghana Rubber

Prcducts was less than the 325°F required to cure the rubber.
Accordingly, rigid panels could not be made and thus a roof

could not be installed.

Ghana Rubber Products realizes the problem, is correcting it
by installing a new high temperature boiler, and will on

their own proceed to manufacture a pilot guantity of the

BRR roofing early in 1978,

28

o MONSANTO RESEARCH CORPORATION o



There is also an interest in the BRP system at Ghana Rubber Ltd.
and in November 1977 a quantity of 10 in. x 20 in. roofing shingles
were manufactured at their Accra plant. A small production line
was utilized and the molding cycle was optimized to reduce cure
time down to less than 1.5 minutes. These roofing shingles were
supplied to the Building and Roads Research Institute (BRRI) who
made available a structure at their C.S.I.R. Secretariet in

Accra. A ~100 sq ft shingle roof was thus installed which initi-
ated a realistic outdoor exposure of the BRP system in Ghana.

As in the other countries, the exverimental program in Ghana

was designed to bring together the expertise to define, manu-
facture and evaluate one or more of the candidate roofing systems
developed by Monsanto Research Corporation, in conjunction with
the Ghana Roofing Advisory Committee. The total effort included
small-scale experimental work on three of the four candidate
processes, analysis of roofing criteria, outdoor exposure

studies, and selecting sites for the roofing demonstration houses.
The ground work for performing the manufacturing demonstration

at Ghana Rubber Prcducts Ltd. was conducted by personnel of the

Building and Roads Research Institute, Kumasi.
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2.4 SOCIO-ECONOMIC AND ENVIRONMENTAL IMPACT

An initial environmental examination was made in which the possible
effects of the wide scale application of the results of the AID-
sponsored roofing orogram on land, water quality, atmosphere, natural
resources, and cultural, socio-economic, and health aspects were con-
sidered. It was concluded that no negative environmental effects
could be foreseen as a result of this project as viewed from its
initial and interim stages,

The policy of the Agency for International Development (AID)

is to carefully consider the environmental implications of all
AID-supported projects. Accordingly, all projects must include
an "initial environmental examination" in which the possible
effects of the wide scale application of the results (positive
or negative) are considered. Major areas to be addressed
include the effects on: land use, water quality, atmosphere,
natural resources, and cultural, socio-economic, and health
aspects, etc.

The possible effects of the wide scale manufacture and use

of the developed roofing on the specffied major areas was
addressed. Of the eight areas listed for evaluation, three
(water quality, natural resources, and health) were identified

as possibly being effected i;gnificantly. In these there is
only limited or slicght environmental eflect (see Section 3.4).
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3. TECHNICAL DISCUSSION

This section summarizes the nature of the roofing material
systems developed, the approach taken in developing the mate-
rials and transferring the technology to the three partici-
pating countries, and the work done in each to illustrate the
practical transfer of the technology and its utilirzation.

3.1 ROOFING MATERIAL AND PROCESS DEVELOPMENT

Four alternative roofing material systems that maximize use of
indigenous components were developed. The four products differ
in the type of resin binder and/or manufacturing process, but
have in common bagasse (sugar cane residue) filler and a process
requiring both an intensive mixer (Banbury) and a compression
molding press. Product and process development was carried out
initially in the United States with support from the three
participating countries where the effort was continued and
expanded. The potential use of available participating country
materials, facilities, manpower, and skills was emphasized.

Four different roofing products, and the processes to manu-
facture them, were developed in a joint research and development
effort involving Monsanto Research Corporation, The University

of Washington, Washington University, and participants in the
Philippines, Jamaica and Ghana. The four roofing systems are:
bagasse-reinforced phenolic (BRP), bagasse-reinforced hard rubber
(BRR), bagasse~reinforced durable thermoplastic (BRT), and
phenolic-bonded, oriented bagasse fiber (BOB).

These systems are illustrated in Figqure 6.
The first three systems (BRP, BRR, and BRT) all involve the

extension of a strong, durable resin with very low cost reir-

forcing bagasse. The last system (BCB) is unigue among these
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Figure 6,

Four material and zZrocess alternac
that have :wn ccmmon £
of mixing and meolding operations, tu
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four in that the mechanical characteristics are dominated by
refined bagasse fibers joined together, but not surrounded by,
a phenolic resin,

These four roofing systems are not the same as the four described
in the second annual report on this program. They differ in

the separation of the durable thermoplastic binder system

from the hard rubber (because of the significantly different
nature of the process) and the omission of clay systems bonded
with polyelectrolytes or phenolic resin. The clay system
received no further treatment since neither its economics nor

its physical properties appeared equal to those of the other
roofing alternatives.

In addition to the use in roofing, other non-roocfing appli-
cations using variations of the four candidate material systems
were envisioned and in some cases illustrated. The modified
products could be used as structural or non-structural materials
for other parts of the house, such as ceilings, exterior and
interior walls counter tops, furniture, etc. Some of these
products are discussed in section 3.3, together with experi-
ence in their manufacture, particularly in the Philippines.

Experimental work in the United States was coaducted at the
Dayton Laboratory of Monsanto Research Corroration with the
support of sub-contract personnel at the University of Wash-
ington in Seattle, and Washington University in St. Louis.

Dr. Ben S. Brvant and his colleagues at the University c¢¢€
Washington introduced the concept oI the oriented bagasse

fiber system and advanced the state-of-the-art with respect

Lo materials and processes thrcughout the Program. Importantly,
they scaled up the process with pilot facilities to actually

manufacture a guantity of 2 f= x 7 ‘¢ corrugated panels that
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were installed as a roof in Jamaica. Professor J. P. Rudd
Falconer and his coworkers at Washington University contributed
to the architectural, design, and socio-economic aspects of the
program. They assisted in determining the most desirable type

of roofing and in providing roof designs compatible with panels
that could be manufactured in a demonstration phase.

Discussion of these materials herein will include their physical
characteristics as a panel material, the nature and quantity of
the ingredients, the latitude available in varying the formu-
lations, a detailed description of the manufacturing process

as conducted in the laboratory, and finally an analysis of

cost. The cost information was determined and is reported in
1976 dollars. Costs were relatively firm with respect to
materials. Processing and other costs could only be estimated
until experience is generated in a plant manufacturing operation.
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3.1.1 Bagasse-Reinforced Phenolic (BRP) Composite

Roofing Material

The bagasse-reinforced phenolic (BRP) composite roofing consists
of a durable, heat- and moisture-resistant material that can be
produced in various colors and which is rigid, insulating, of
low thermal capacity, lightweight, and easily transportable. It
can be sawed and nailed for easy installation.

The BRP roofing product is a rigid, dark red panel that can

be visually distinguished from the other roofing alternatives
only through its slightly darker color. It can be made in the
form of flat, corrugated, or other roofing shapes that can be
nailed, drilled, cut, sawed, etc. for installation.

The outdoor durability of this roofing product has been very
good, as determined both by accelerated weatherometer exposure
and outdoor exposure in Jamaica, Ghana, and the Philippines.
The only degradation of the product was noted early in its
éxposure. In about the first 60 days a very thin top surface
layer that is rich in resin binder was degraded and eroded
away, changing the surface from a glossy to a dull finish.
This change was expected and is generally considergd desirable
for the appearanée of the roof.

Durability was judged qualitatively on the panels exposed in
the weatherometer for Up to 5000 hours (4000 hours of intense
sun mingled with 1000 wet/dry cycles) and with one square foot
panels mounted on exposure racks in Jamaica since May 1975 and
in Ghana and the Philippines since September 1975,

The mechanical characteristics of the roofing product are shown

in Table I. Results are for the material tested éry and then wet

after 48 hour immersion in water. The wet strength and modulus
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Table I

MECHANICAL PROPERTIES OF BAGASSE-REINFORCED PHENOLIC
COMPOSITE ROOFING MATERIAL(a’b)

Initial Wet(C) Dry

Flexural Strength (psi) 7200 5500 7000
Flexural Modulus (psi, 1093) 710 510 700
Tensile Strength (psi) 4130 3600 4100
Tensile Modulus (psi, 103) 830 680 820
Water Pick up (%) - 1.9 0
(a)

Dry blended, phenolic-resin-bonded, bagasse fiber
reinforced, dense composite. Process: bagasse
fibrillated with oil in Banbury (no separation of
pith), dry blend of ingredients, compression molding
at ~500 psi,

ASTM D790 - flexural, D638 - tensile, rate 0.05
in./min. Specimens 0.1 inch thick.

(b)

(C)Immersion in water for 48 hours. Tested wvet.
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were approximately 80% of the dry values and were recovered com-
pletely upon drying. The 15 and 25% decrease in these proper-
ties upon direct immersion in water was anticipated. This
decrease was attributed to the high surface area at the cut
edges of the test cpecimens. The mechanical property decrease
was found not to be a problem with respect to performance in a
roofing situation because the roof designs took this into
account and most of the strength and toughness was required for
shipping, handling and installation, rather than for installed
roof performance.

This roofing material also has desirable fire resistance
characteristics. It is not easily ignited, forms a protective
char, burns slowly, and gives off little smoke. A cigarette
left to burn on it caused only charring with no ignition.

3.1.1.1 Composition

The bagasse-reinforced phenolic (BRP) composite is by far the
simplest roofing material with respect to the ingredients,
which are few and readily available.

Table II shows the formulation for the BRP roofing composite
material on both a volume and weight basis. The volume data
indicates the relative effect of the ingredients on the total
mechanical characteristics of the composite. The weight data
are used for formulating and in calculating costs in manu-
facturing.

The phenolic binder shown in Figure 7 ends up as a continuous
phase in the system, giving it its strength, rigidity, water
and fire resistance. The bagasse represents the largest weight
and volume of the system and, in this particular formulation,
acts as an extender (i.e., a compatible, low-modulus reinforc-
ing filler). Important to the economics of the product is that
whole bagasse is used, although in the process it is shredded
and defibrillated.
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Table II
BAGASSE-REINFORCED PHENOLIC COMPOSITE MATERIAL FORMULATION(a)

(¢)

_ (b) Volume Weight
Ingredient (%) (%)
Phenolic binder 31 30
Whole bagasse 61 61
Iron oxide pigment 1.4 5
0il 6.2 4
Preservative 0.05 0.05

(a)Dry blenced, thermoset-resin-bonded, bagasse fiber rein-

forced, dense composite. Process: bagasse fibrillated
with oil in Banbury (no separation of pith), dry blend
of ingredients, compression molded at ~500 psi.

(b)Phenolic - phenol formaldehyde resin, Monsanto PR 736

dry powder; whole bagasse - dried to ~1% moisture, but
weights based on dry material., Extender oil - Sundex

790 or equivalent. Preservative - pentachlorophenol.
Iron oxide pigment - Mapico No. 477, Cities Service Co.

Determined experimentally from specifis gravities:
phenolic - 1.35, bagasse ~1.4, oil +0.9, iron oxide ~5.

(c)
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(a) Oil treated, pigmented,
defibrillated whole
bagasse.

(b} Phenolic binder stable at
room temperature that cures
to a hard, dense solid at
275°F,

(¢) Molding compound containing
defibrillated whole bagasse,
phenolic powder, o1l, pig-
ment and stabilizer are
being poured into a test
mold.

Figure 7, The primary ingredients in “he BRP material are processed
whole bagasse and ghenolic powder resin that are blended
to form a dry molding ccmpeund.
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Approximately 0.1% of a pPreservative, pPentachlorophenol, based
on the bagasse was added to prevent biological degradation of
the bagasse and residual sugars. This preservative was
intentionally omitted from the outdoor exposure test specimens,
and no mold growth or other problems were observed until the
second vear of exposure. It is recommended that the preserva-
tive be retained to inhibit growth in certain high humidity/
low sunlight areas.

The process oil (any rubber extending type 0il) assists in
water-oroofing the bagasse, but its main function is to enhance
processability which is discussed later. The pigment, treated
iron oxide, gives the roofing product its red color, acts as a
screen to shield the ultraviolet rays of the sun from the
phenolic resin, and improves the flow of the material in the
molding process.

3.1.1.2 Composition Latitude

The bagasse-reinforced phenolic composite formulation was
optimized to perform in a roofing application. Little lati-
tude exists in altering the ratio of its components.

Little latitude in modifying the BRP formulation exists for the
roofing application. If the phenolic resin content is lowered,
the product will be porous, have lower strength, and lose its
water resistance. If the amount of phenolic resin is increased,
tne product will be very hard and brittle and thus difficult to
nail or cut. 1In effect, the bagasse acts to considerably
toughen the phenolic resin.

The preservative is at a minimal level. The level could be
increased if desired but this would add cost and introduce an
excess of ingredient tha:t might have detrimental environmental
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effects such as on water quality. Omitting it entirely would
introduce the high probability of mold growth in non-sun exposed
portions of a roof.

The process o0il is added at a level sufficient for complete
wetting of all the bagasse surface. Additional oil would only
reduce the strength of the overall product, and less :han 3.5%
would introduce difficulties into the manufacturing process.

The pigments can be of any type that have good hiding power and
provide the desired color. Their level could be reduced to as
low as 3% without any detrimental effect to the roofing mate-
rial except for color density and durability.

There is the possibility that lower cost liquid phenolic resins
could be used in this material system. The water portion, of
the phenolic resin however, would have to be completely removed
adding to processing costs.

Modifications to this formulation for interior building mate-
rials that are subject to less severe environmental conditions
can be projected and are discussed separately. Wood residues
can be partially substituted for bagasse, if desirable.

3.1.1.3 Process

The process requiring only a few relatively simule and established
steps is unique in that it makes use of a generally available piece
of rubber compounding equipment to process whole bagasse into a
usable form. The Banbury refined bagasse, plus pigments, is dry
blended with phenolic resin powder and molded into dense panels,

The process Zor making the dense, bagasse-reinforced phenolic
comprises the Iive primary steps shown in Figure 8. The first
step, intensive mixing, is the most critical, and technically

the most ccmplex, but uses existing facilities and technology.
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The process for preparing the bagasse-reinforced
phenolic composite roofing material requires only

a few, well-established steps.
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The second and third steps are simple drying and blending, where-
in processed material is dried in an oven to remove all but 1% of
the moisture and is then blended with the dry phenolic powder.
Blending is continued until a uniform distribution of the phenolic
onto the dry processed bagasse is achieved. 1In the fourth step

a mold is filled uniformly with the dry molding compound and
pressure and heat are applied to activate the resin and form a
rigid panel or part.

In the first step, processing in a Banbury-type intensive mixer
(shown in Figure 9), the rather coarse, whole bagasse is ground
to a very fine particle size and the fibers are separated from
the pith. 0Oil is then uniformly distributed over the surface
of the fibers and pith by the mixing and shearing action  f the
machine.

The 0il coating eventually helps keep moisture out of the
system but, most important for the process, acts as a surface
tackifier to which the pigments, stabilizer, and the phenolic
resin physically attach themselves to the bagasse fiber. The
oil thus assures an even and wide distribution of phenolic
throughout the molding compound. The pigments and stabilizer
are added in the intensive mixer where they are similarly
distributed onto the bagasse. When the bagasse comes out of
the intensive mixer it is red in color.

The Banoury-type intensive mixer can perform the various pro-
cessing functions simultaneously due to the very high shearing
forces that are generated. Water boils out of the system,
resulting in some pre-drying, due to the heat thus generated.
The system 1s under pressure generated by a hydraulic ram.
However, because the resin could possibly set up and fuse at
the high temperatures generated, the phenolic powder is not
added at this stage (reaction with water is also possible and

undesirable) .,

43

o MONSANTO RESEARCH CCRPQORATION o



Figure 9.

(a) View of bagasse being loaded
into hopper that is then
forced down into the mix
charber.,

(b) Ganeral view 2f mix chamber
(lef=), gear box, motor and
cznerols for 3 3 zeund
Capaciszy inis,

Views of 1 lacoratory Banbury tyre intensive shear mixer
for processins facasse 1n%o usabie form for the various
roofing przducts illustrase the nature of the required

equipment,
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The oiled, pigmented, and stabilized bagasse is dumped from the
Banbury either directly into containers, or onto the floor and
then shoveled into containers such as plastic or burlap bags,
etc. At this point the bulk density of the bagasse is approxi-
mately 16 times higher than when it entered the Banbury. The
higher density is important for the compression molding step
where the lower volume is an advantage in £illing a simple mold,
The processed bagasse is dried in an air circulating oven at
100°C (usually overnight) to reduce the moisture content to
below 1%. Upon removal of the bagasse from the oven, it must
be placed into containers (plastic tags) which will keep it

dry. If the bagasse is not kept dry, the water will boil out
-in the compression moldirng step, causing blistering and blowing
up of the panel upon release of pressure. Alternately, the
bagasse can be dried prior to Banbury grinding provided the dry

powder is then placed in closed moisture-proof plastic bags.

The third process step comprises measured addition and blend-
ing the powdered phenolic powdered resin with the processed
bagasse. This can be done in a simple tumble blender, with a
spatula and bucket, or in a concrete mixer. The better the
mixing, the more uniform and dense the product will be. It is
at this stage that the powdered phenoclic resin sticks to the
Processing oil at the bagasse surface. This dry molding com-
pound must also be kept sealed to prevent the pick up of
moisture prior to molding.

The final processing step involves compressicn molding of the
loose molding compound. Because of the high resistance to
flow characteristics of this particular molding compound, con-
fining tvpe compressi:on molds are not required. Only a top
and tottom caul plate (zreferazly aluminum) which have been
treated with a specifiic mold release agent, Moldwiz EQ-6, are

used,
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Achieving the proper charge and distribution of ingredients to
the mold is facilitated by the use of a simple removable ~1/4
inch thick frame that is slightly larger than the part to be
molded.

The mold is filled by dumping the molding compound uniformly
inside the frame onto the bottom caul sheet as shown in Figure
10. It is then distributed within the mold frame by hand

using the sharp edges of spatulas and a vibrating motion. Uni-
form distribution of this material is highly important for
making a good part and preferably would be done in a more
mechanized manner in any scaled-up process. After leveling

the molding cempound, the frame is removed and the top caul
sheet is placed over the material.

The molding compound, sandwiched between the caul plates, is
inserted into a press preheated at 290°F and at least 300 psi
pressure is applied. The actual cure time for the phenolic
resin, once it is heated to 290°F, is less than 60 seconds.
However, heating of the panel usually takes longer, especially
since the heat must travel through the bagasse, which is a
relatively good insulator. Accordingly, cure cycles of 15
minutes are routinely utilized. It is expected that in mechan-

ized plant operations cycle times as short as 2 minutes would
be practical. v

Routinely, a bumping process consisting of releasing the pressure
and opening the press slightly after about one minute of heating,
and immediately reclosing the press and applying the 300 psi pres-
sure, was used to accommodate the expulsion of moisture and/or
condensation products that mav be orasent in the molding compound.
This moisture and/or cases, 1f not expelled, could result in

2 0f tressure once the cure

Ui

bliscering 2f <ne tanel uson rolea
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(a) Layup of the compound in a
laboratory mold,

(b) Compound layed up in a
2.5 frt x 9 £+ mold at
Standard Suilding Products.
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(c) Layup of the compound into
double shingle molds at
Ghana Rubber Products.

-

Figure 10. The process steps ¢
)|

or the BRP ccmposite material can be
done on a small lakoratory scale, or using larger high
volume production facilities.
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is complete, because paths for expelling these gases would not
exist in the properly densified panel.

After the cure cvcle the part and the caul sheets are removed
from the press and separated by lifting them apart. The
roofing panel is separated from the caul sheet by the combi-
nation of the specific mold release agent, Moldwiz EQ-6, and
the rapid cooling and shrinkage of :he aluminum caul plates,
which forces mechanical debonding. Note: Phenolic resins are
excellent adhesives. Accordingly, no deviation from the use
of the Moldwiz release agent, in combination with the aluminum
caul plates, should be introcduced without intensive study to
assure a similar reliability. Deviations could result in

cementing the press platens together.

This process results in dense, durable panels very similar in
appearance to a Formica high pressure laminate. They can be

cut to appropriate size for forming into a roof. Shingles

can be made from the larger panels simply bv cutting with hand,
band, or circular saws. The blades of these saws should be
quite sharp and be operated at relatively slow speeds to prevent
spalling or breaking away of surfaces at the cut ecge.

This process was used to make flat roofing panels like those
shown in Figure ll, which were used as shingles to make a

built up roof. Corrugated panels or panels of other shapes
could also be facricated similarly. However, this was not done
since corrugated caul sheets, or flexible caul sheets which

could be laid :into a corrugated mold would be necessary and

could not be made availacle within the time and dollar restraints
of the program. P.ocess details would also have to be worked

out in a plant scale. Molds are discussed in Appendix J.
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Figure 11,

2.5 ft x 9 £t panels as
they came from the press at

Standard Building Products
(SBP) .
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26 in., x 52 in, shingles

cut from larger panels
at SBP.
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(¢} 21 in. x 21 in. panels

which were manufactured
and cut into 10 in. x
20 in. shingles by
Shana Rubber Products,

Flat BRP roofing panels were manufactured and cut into
shingles using th daveloped process.
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3.1.1.4 Cost Projection for Ingredients

The cost for materials alone are projected as 12 cents per square
foot. Selling prices for roofing shingles or panels are projected
to be 3 to 4 times these material costs.

The breakdown in cost for the various ingredients is shown in
Table III for the fire-retarded, lowest cost BRP formulation
(based on 1976 dollars and costs). The material considered
to indigenous to Jamaica, Ghana, and the Philippines is the
whole bagasse, the cost of which is taken as the cost of an
equivalent amount of fuel oil., However, where bagasse is
presently available in excess, it is being sold at a fraction
of that cost and, in fact, in many cases, has a negative cost
in the sense th-t it is considered a waste product which must
be disposed of. The price shown would need to prevail to
justify use of bagasse in a roofing product in competition

to alternative applications such as fuel, cattle feed, bagasse
board, etc.

Liquid and solid phenolic resins are manufactured locally in
the Philippines by two companies from indigenous formaldehyde
ané imported phenol,

Some of the other ingredients also exist in commerce in Jamaica,
Ghana and the Philippines. These include the process oil, pig-
ments, and phenolic powder. However, for the most par%, they

require some foreign exchange and therefore were not considered

indigenous in this analysis.

Prime objectives of this R&D program were to reduce both the
absolute cost and the foreign exchange component of the entire
roofing system in the participating countries. These, in
combination with the fac=t that roofing must be competitive with
alternatives on a cost-per-sguare-:Ioot basis, were contrclling
factors in the efforct,
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Table III

PROJECTED MATERIALS COST FOR BAGASSE-REINFORCED
PHENOLIC (BRP) COMPOSITION ‘2!

Ingredient
Cost Formula Component Cost
Ingredient (US$/1b) (Wt) (US$/1b)
Milled whole bagasse 0.014 61.0 0.0092
Phenolic power 0.38 30.0 0.1140
Preservative 0.42 0.05 0.0002
Process 0il 0.15 4.0 0.0060
Pigments 0.35 5.0 0.0175

Total 0.1469

B, 4.12 in.

Equivalent Panel Thickness
Panel Weight: 0.84 1b/ft?

Material Cost'‘S) - 12 US¢/f£¢?

(@) 1976 gata
(b)

(c)

Corrugated 0.10 inch panel
Selling price projected at 3 to 4 times this cost.
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The percentage of imported raw materials costs, including phenol/
formaldehyde imported at "world prices", for the BRP System 1is
78%. Since the imported materials represent only 40% by weight
of the system, the high 78 percent is a result of the counter
balancing by the very low cost of the indigenous bagasse.

The selling price for the roofing should be in the range of 3
to 4 times that of the basic materials costs. This factor
includes the processing (which industrial experience shows
would be expected to be about equal in cost to the raw mate-
rials), sales and administrative expenses, and profit. Using
an average 3.5 multiplier to achieve the sales price for the
BRP rocfing, the foreign exchange requirements represent 27% of
the selling price. The remaining 73% value in the roofing
material would be added in the country manufacturing it. Over-
capacity in the required equipment for the process exists in ,
all three participating countries. This provides for immediate
implementation of such manufacturing, with little added capital,
Only molds of to be determined size and shape compatible with
exlstling presses are needed.

The major expense in the BRP system is the phenolic molding
powder. It is expected that with proper process development
much lower cost liquid phenolic resins could be utilized. The
cost of the molding compound could be reduced by as much 4¢/1lb,
which would reduce the materials costs from 12¢/sq ft to 9¢/sg
£t (based on 25¢/lb liguid phenolic resin). Such a refinement
could possibly take place in a future develooment program work-
ing with specific manufacturers. The costs discussed do not
include importation cuties and restrictions of the various
governments, It 1s assumed that these can be minimized and/or
eliminated for government sponsoreé housing applications, if

deemed advisable by the participating countries.

While all of the costs will inflate with time, and have been

esteclally dyramic for the past five years, no costs contained
in the formulat:ion are expected to escalate disproportionately
with projected .nilationary factors or have any projected
avallability problems over the next few decades of time.
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3.1.2 Bagasse Reinforced Hard Rubber (BRR) Compcsite
00fing Material

The bagasse-reinforced hard rubber (BRR) composite roofing is a
durable, water resistant, tough, lightweight, low thermal capa-
city, panel system that can be formed into a variety of shapes.

It is amenable to normal carpentry techniques and can be installed
by nailing.

The BRR roofing product is a rigid, tough, dark red panel that
can be molded into flat, corrugated, or other roofing element
shapes. It can be nailed, drilled, cut, sawed, etc. for
installation of a roof.

The outdoor durability of this roofing product has been very good,
as determined both by accelerated weatherometer exposure and out-
door exposure in Jamaica, Ghana, and the Philippines. 1In about
the first 60 days a very thin top surface layer that is rich in
the natural rubber resin binder degrades and erodes away changing
the surface from a glossv to a dull finish and exposing some fiber
surfaces. This degradation of the fully exposed resin binder was
both expected and considered desirable because it imparted a dull
finish to the roof, consistent with usual acceptable alternative
roofing.

Durability was judged qualitatively on the parnels exposed in the
weather-meter for up to 5000 hours (4000 hours of intense sun,
mingled with 1000 wet/dry cycles) and with one sgquare rfoot panels
mounted on exposure racks in Jamaica si.ace May 1975 and in Ghana
and the Philippines since September 1975. This exposure is
illustrated in Figure 12.

The mechanical characteristics of the BRR roofing product are
shown in Table 1IV. Results are for the initial conditioned
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(a) Panel under exposure at
Berger Paints, Kingston,
Jamaica.

NI L
""-1?‘“’;_‘1"‘
“J

ib) Fanel unier exposure at
the 2uilding and Roads
researcn Institute,
Katasi, Zhana,

(c) Panel under exposure at
Sherwin-Williams, Manila,
Philippines.

Yiture 12, BiF manels were exposed to the elements for over twe
years n Jamaica, Ghana, and the Philippines.
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Table IV

PHYSICAL PROPERTIES OF BAGASSE-REINFORCED HARD RUBBER '2'P)

Following(c)

Initial Exposure

Flexural Properties

Strength, psi 4,500 -
Modulus, psi 400,000 -

Tensile Properties

Strength, psi 3,000 2,900
Durability

Weatherometer - 5000 hours

Qutdoor - Jamaica since May 1975

Philippines since Sept. 1975
Ghana since Sept. 1975

Density, 1lb/ft3 60

(a)Process: Banbury melt blending, sheeted on mill roll,

compression molded at ~500 psi and 325°F.
(b)Flexural - ASTM 790; tensile - 638; rate - 0.05 in./min.

(C)Tensile strength following 1000 hours of weatherometer

exposure with cyclic UV (carbon arc), water spray,
temperature, and humidity.
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material and following 1000 hours of weatherometer exposure with
cyclic UV (carbon arc), water spray, temperature and humidity.
The tensile strength retention of 97% was considered excellent.

Test specimens of the BRR composite completely immersed in water
for periods of up to 7 days gained less than 0.1% moisture by
weight and lost this water after a few days of drying. The
material has a relatively low specific gravity of ~l.1, a low
thermal capacity (ability to retain heat) and an insulating
quality superior to that of metal roofing. In panel form, with
a thickness adequate for a roofing shingle (approximately 0.1
inch), it has a weight of approximately 0.6 pound per square
foot. Thus, 4 ft x 8 It panels can be handled readily by one
perscn.

The roofing material is tough and therefore can be nailed
without cracking. Using commercially available roofing nails
with large heads, panels can withstand the tensile and shear
forces introduced from wind loading and thermal expansion and
contraction, as illustrated by results generated in roof demon-
strations discussed later.

Two formulations exist Zor the BRR roofing product, one of which
is fire retarded. The non-fire-retarded composition offers the
advantage of lower cost. The fire-retarded composition was
shown to be slow burning in lab tests where it was ignited with
an external source. Thus, when progerly installed, flame spread

across the roofing would be generally acceptable,

Burning characteristics will be nhighly depencdent ucon the nature
of the roofing panel, roof design, installation, etc. and there-
fore would need %o be quantified under specific projected condi-
tions. General:iza<ions should not ke made. However, char would
be formed uron purning, and dripoing of hot plastic would not be

expected, as illustrated in che labcratory burning tests.
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The roofing panels have a degre: of compliancy when hot (~150°F)
and therefore can be bent around large radius simple curves.
This feature allows the material to fit to specific roofing
substructures, minimizing sealing problems.

3.1.2.1 Composition

The bagasse-reinforced hard rubber (BRR) composite consists of
a well known and established, durable hard rubber formulation
historically used in battery cases, but with an unexpectedly
high level of low-cost whole bagasse. Additives are used to
obtain a desired degree of fire retardation.

Shown in Table V is the formulation for the BRR roofing com-
posite material on both a percent by weight basis and parts by
weight (based on 100 parts of natural rubber, a format typically
used in the rubber industry).

The system is made up of three basic parts: (l) components of a
hard rubber matrix material, (2) constituents needed to intro-
duce a level of fire resistance, and (3) the fillers (both to
reduce costs and increase durability and toughness).

The hard rubber component includes natural rubber (shown in

Figure 13), which is indigenous in the Philippines and Ghana,
sulfur, stearic acid, zinc oxide, stabilizer, and accelerator.
Sulfur is used to crosslink the natural rubber into a rigid

state., The sulfur reaction is promoted by the accelerator,

which specifically was Monsanto's Al00 accelerator. Stabilizers
are used to prevent degradation during thermal curing of the

rubber and also to prevent oxidation during long-term outdoor
exposure. The stabilizers used were Monsanto stabilizer Flectol H,
zinc oxide, and stearic acid.
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BAGASSE-REINFORCED HARD RUBBER ROOFING FORMULATION

Table V

Weight
Ingredient (Parts) (Percent)
Natural rubber 100 20.5
Sulfur 46 9.4
Chlorinated paraffin 42 8.6
Stearic acid 1 0.2
Zinc oxide 1 0.2
Dry whole bagasse 265 54.2
Iron oxide pigment 15 3.0
Magnesium oxide 15 3.0
Stabilizer 0.25 0.05
Accelerator 1.5 0.31
Pentachlorophenol 0.1 0.02
Antimony oxide 2.5 0.51

Chlorinated paraffin - Chlorowax 80, Diamond
Shamrock Company

Iron oxide pigment - Mapico #477, Cities Service Co.

Stabilizer - Monsanto's Flectol ! rubber stabilizer
or eguivalent

Accelerator - Monsanto's A-100 rubber accelerator
or equivalent

Antimony Oxide - fire retardant grade
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Figqure 13.

Natural rubber that is
grown and processed in
Ghana and the Philippines.

Molding compound contain-
ing the natural rubber
binder, curing and stabi-
li12ing additives and 595
whole tagasse,

irny has a hizh indigenous content in Ghana
oploes based on its natural rubber binder
Al
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Rubber systems normally include a processing oil which provides

a variety of benefits. Among them is reduced cost. In the fir
retarded formulation the oil is a low cost chlorinated paraffin
(40% chlorine). The oil also aids in making the rubber flexible,
tough, and compatible with the filler.

Antimony oxide (Sb,03) is an additive known for its gquality of
improving the fire resistance of plastics and rubbers. It per-
forms a variety of functions. One is assisting in the forming of a
char laver to the surface of the material once burning is initi-
ated. The char reduces further propagation of the fire. It is

for this purpose that the antimony oxide was included in the
formula, but its effect in this system is considered to be
marginal, depending on the exact conditions of ignition, heat

flux, etc.

The fillers consist of dry (less than 1% moisture), clean, whole
bagasse as received from a cane sugar mill, pigments, and a
fungicide. Red was deemed to be a highly satisfactory color fox
roofing, and therefore an iron oxide pigment, Mapico Red No. 477,
produced by Cities Service Company was used. In this fire-
retarded formulation containing the chlorinated paraffin oil,
magnesium oxide was substituted for a oortion of the iron oxide.
The magnesium oxide acts as a pigmert but more importantly,
prevents degradation of the system during high temperature
processing since it acts as a neutralizer for the HCl generated
from the chlorinated oil,

The pentachlorophencl 1s incorporated to prevent biological
action on the bagasse, natural rubber, or residual sugars. The
toxic pentachlorcphenol is not water-soluble and therefore
would not be extracted Irom the molded material when wet, thus

not be present in any rainwater run of:,
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3.1.2.2 Composition Latitude

The bagasse-reinforced hard rubber composite formulation was
optimized to perform in a roofing application and have a
reasonable level of fire resistance at low cost. It, however,
can be tailored to some extent, offering an even lower-cost
but less fire-resistant alternative.

In contrast to the bagasse-reinforced phenolic composite, con=-
siderable latitude is available for modification of the BRR
formulation. The optimization of the BRR involved maximizing
the utilization of bagasse and minimizing the cost of the system.
Even though the bagasse, acting as a fibrous reinforcement,
toughens the composite, the amount could be reduced to 130 parts
based on 100 parts of natural rubber, while still maintaining
mechanical rigidity. The penalty would be cost rather than
mechanical performance. The nailability of the panel might also
be reduced slightly, which would result in spalling around nail
holes during installation.

The lowest cost formulation possible is illustrated in Table VI.
This recipe, however, has poorer fire resistance because of the
use of a high fuel content processing oil. The degree of fire
resistance required for roofing depends on the specific appli-
cation. All roofs will burn, or lose their integrity, under

some set of fire conditions. The non-fire-retarded BRR roofing
formulation would provide mechanical performance and durability
equal to that of the fire retarded formulation. 1Its use, how-
ever, 1s left up to the discretion of the manufacturers, builders,
and housing code formulators.

The low-cost BRR composite roofing formulation ingredients are
identical to those of the fire-retarded formulation, except that
a rubber processing oil is substituted for the chlorinated
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Table VI

LOWEST COST BAGASSE-REINFORCED HARD RUBBER ROOFING
COMPOUND FORMULATION

Weight
Ingredient (Parts) (Percent)
Natural rubber 100 21.1
Sulfur 41 8.6
Processing 0Oil 36 7.6
Whole bagasse 265 55.9
Pigment 27 5.6
Steairic acid 1 0.2
Zinc oxide 1 0.2
Stabilizer 0.25 0.05
Accelerator 1.5 0.3
Pentachlorophenol 0.1 0.02

Processing Oil - Any processing oil used in tire
manufacture. Sundex 790, Sun 0il

desirable.
Pigment - Mapico #477 red iron oxide,
Cities Service Company
Stabilizer - Flectol H, Monsanto Company
Accelerator - A-100, Monsanto Comvany

or equivalent,
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paraffin oil, no antimony oxide is included, and magnesium oxide
is not necessary. Additionally, a slightly lower amount of
sulfur is required to cure the natural rubber.

Additional latitude exists in formulating of the BRR formulation
in the following respects. First, the natural rubber can be of
any grade usually available in commerce, and need not be of the
quality normally required for automobile tires. Second, a
variety of chlorinated paraffins can be used in the system

Those having chlorine contents greater than 40%, however,

caused severe difficulties in processing at 325°F. Finally, the
stabilizer, Flectol H, could probably be reduced in quantity as
time and experience in the processing and long-term outdoor
durability are better quantified. At this time it is recommend-
ed that the stabilizer not be changed.

A curative accelerator, Monsanto's A-100 type, was found to be
the only one of a number of accelerators or combinations tried
that provided the desired degree of cure at any temperature.
Future work in this area could be productive, especially in re-
ducing process temperatures and times, which presently are the
major negative factor in this system.

The fungicide should be of the water insoluble type such as
pentachlorophenol, and will perform at concentrations as low
as 0.95 part per hundred based on manufacturers data. Higher
levels could be used with added cost to the system but with no
major benefits except possibly very long-term retenticn of
efficacy. Similarly, the level of antimony oxide could be
reduced by 50% or doubled, but the savings, or benefits would
probably not be cost effective. After more extensive fire
testing, especially under realistic roof simulating conditions,
it may be found that the antimony oxide could be el:minated.
However, tests should be performed before any action to reduce

the concentration is taken.
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The above technology is based on common processes used in
rubber formulating, which are well established around the
world. Accordingly, those skilled in the art may reformulate
to better satisfy locally existing conditions and material
availability. This may be done as long.as the rationale for
use of the various ingredients is well understood and substi-
tutions introduce no primary or secondary processing or per-
formance problems.

Importantly, it is possible, by reducing the sulfur content,

to produce a flexible rubber sheet that can be cured at lower
temperatures and/or shorter molding cycles. The flexible rubber
sheets, would require larger amplitude corrugations to permit
covering reasonable spans, and more extensive supporting sub-
structure. Hcwever, the economic advantage of a 50% reduction
in oress cure time might make this alternative attractive.

This option should be evaluated.
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3.1.2.3 Process

The BRR process requires only a few relatively simple and well-
established steps routinely used in rubber manufacturing indus-
tries throughout the world. An intensive mixing step is unique

in the result that is achaeved, but not how it is done. Molding
temperatures are about 35°F higher than are usual in commercial
rubber processing. This difference is attributed to the
presence of the bagasse filler.

The process for making the dense, bagasse-reinforced hard rubber
material comprises the four primary steps shown in Figure 14.
The second step is the most critical, and technically the most
complex. The second, third and fourth steps require significant
capital equipment which, however, is routinely available in the
rubber manufacturing industry. The first step requires only
oven drying of whole bagasse to remove moisture and packaging it
so that moisture is not reabsorbed prior to process step II.

The calendering step (III) converts the material from large
chunks into a continuous sheet which is then cut, laid into
molds, and run through a pressure/ temperature cycle to ir-
reversibly cure it into a hard form (step IV).

The first step, that of oven drying the whole bagasse, is most
important to rid the material of all moisture prior to compounding.
Even though compounding is conducted in step II at temperatures
well above the boiling noint of water, it is very difficult and
expensive to remove water at that point. The consequences of

not removing the water are that in the molding staqe, also done
above the boiling point of water, steam will be generated which
will cause blistering and/or blow up the panel on release of

pressure,

Oven drying should be conducted on the whole bagasse until

moisture contents are reduced below 0.1%, based on the dry
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)

MOLDOING COMPOUND PREPARATION

Naural Oryed Whole
Rubber Bagasse Addtives

Aad o Banoury
Intensive Mixer

flux, Blend, Chop,
Fibrillate, Dewater

Dump from Mixer
and Chop

Bxasse Renforced
Natural Ruboer Molding Comoound

Tigure 14.

Oven Orying
Whole Bagasse

8anbdury Type
Intensive Mixing

Rough
Calendering
Sheet

Compression
Moiding

Durable Roofing Shingle

FABRICATION OF SHEET AND
MOLOING OF STRUCTURAL PANELS

Bxasse Reinforced
Natural Rubber
Moiding Compound

Calenger or
Mold at Low Temper Rure

Lay Up Preformed
Sheets info Mold

—
Woid with Pressure
nd Temoer ature

Ouraie Roofing Panel

Process outline for making dense, bagasse-reinforced

hard rubper (BRR) material shows four primary steps.
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w2ight of the whole bagasse. The equilibrium moisture content
of bagasse is about 20%, while bagasse as it comes from the
sugar mill process contains equal parts of water and bagasse.
Accordingly, it is advisable to reduce the moisture content
from the 50% down to 20% by storing it under ambient outdoor
conditions. After the bagasse is dried, it will have less
tendency to pick up water. However, it can recapture water to
the 20% level and therefore must be packaged in waterproof bags
and/or used immediately upon remcval from the oven. The other
ingredients should also be dry, but this is usually not a problem
if the materials are kept in their original containers.

The second step, processing in an intensive mixer, accomplishes

a variety of functions, both expected and unexpected. Expected
are the excellent, intimate blending of all of the materials
together into a homogeneous mass, some reduction in size of the
bagasse, and removal of water. Temperatures as high as 250-300°F
are generated purely by the mechanical action of the intensive
mixing, even though cold water is run through jackets in the
Banbury mixer.

Temperatures as high as 325°F were achieved when mixing large
batches in manufacturing scale Banbury mixers. In such cases

it was advisable to not add the sulfur and/or the accelerator to
the product in the Banbury mixer until it cooled, or to delay
their addition to the calenqering stage.

The unexpected function of the Banbury type intensive mixer was
its ability to reduce the bagasse to very small bundles of
fibers and to separate the pith from the fibers. These compon-
ents were simulatneously compounded into the natural rubber
matrix. This intimate compounding provided much greater rein-

forcement capability by the bagasse and allowed the incorporation
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of much more bagasse on a volume basis, than is usually allowed
for cellulosic fillers in rubber.

The processing oil or chlorinated paraffin oil is well distri-
bu*.d over the bagasse as a result of the mixing, and it also
assists in making the bagasse compatible with the natural rubber,
thlis allowing the very intimate mixing. The product from the
Banbury-type intensive mixing (step II) is homogeneous, red
blobs of material, with very little visible fiber. Advantage-
ously, a mill roll is usually located directly beneath the Ban-
bury mixer and is used to convert the hot "chunks" from the
Banbury into manageable sheets for handling and cooling. Other-
wise, massive guillotine-type rubber cutting equipment is
required to cut the rubber chunks into smaller pieces.

The third step, calendering, shown in Figure 15, converts

the irreqular, large lumps of roofing compound into a uniformly
thick, wide, continuous sheet that has almost the final desired
thickness and width for a roofing panel. Calendering consists
of placing the large chunks or sheets of compounded material
onto mill rolls (sets of from 2 to 4) which grab onto the
material, heat it some through mechanical action, and convert
it into a sheet configuration. Such sheets when formed at
moderate speeds have little residual stresses. This prevents
them from returning to their original shape. The product of
this process step is a roll of thin (0.13 in.), flexible rubber
sheet that can be trimmed with scissors or knives to fit into
any desired mold. The sheet is stable in this form until heated
to high temperatures, and it can be rolled up and stored almost
indefinitely and/or shipped to another site until it is cured
into its final form.
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(a) Calendering with a labo-
ratory two roll mill at
near room temperature.

(b) Stripping of the flexible
formed sheet from the
laboratory calender.

(c) Calendering with a pro-
duction two rol. mill at
Ghana Rihber Products.

figure 15. Lumps of compounded BRR material are converted to a
flexible, dense, uniformly thick sheet by calendering.
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This thued gtep, waollong, fnonol enturely necennary, but Lo
large scale processing it usually reduces handling problems
and eventually minimizes molded-in residual stresses in a
roofing panel which, if relieved non-uniformly, could cause
warping. This third step is therefore highly recommended for
the preparation of material, even in the laboratory stage. A
limited amount of additional material can also be compounded in
at this stage (such as the sulfur and accelerator). This con-
trolled addition of curing ingredients may offer advantages to
the manufacturer, such as increased storage stability for the
intermediate product.

The final process step also shown in Figure 15 is compression
molding at elevated temperatures and pressures. In this final
step, the flexible calendered sheet is laid into a mold, that
can be flat, corrugated, or any other desired shape. Pressures
in the range of 300 to 500 psi are applied, and the materials
are heated to at least 325°F. This temperature must be main-
tained for approximately 30 minutes to cure :he rubber into a
relatively hard state. Temperacures of less than 325°F and
times of less than 30 minutes are not acceptable. Higher
temperatures and longer times were also not allowable or ad-
vantageous. Higher temperatures were a disadvantage for the
fire-retarded formulation, because decomposition of the

chlorinated paraffin oil could take place.

It may not be necessary to cure the rubber to the rigid, hard
rubper stage. Either flat rubber shingles or larger amplitude
corrugations may permit a flexible formulation to be used. This
would require revision of the formulation (e.g., use of less

sulfur) but would permit shorter, more economical curing cycles.
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3.1.2.4 Cost Projection for Ingredients

Costs for materials alone, including no processing, are projected
to be 9 cents per square foot for the fire-retarded BRR composite
and 7 cents per square foot for the lowest cost system. Sales
prices for the roofing shingles or panels are projected to be
three to four times these material costs.

A breakdown in costs for the various ingredients ig shown in
Table VII for the fire-retarded and in Table VIII for the lowest
cost BRR formulations (based on 1976 do.lars and costs). The
situation for the Philippines where natural rubber is available
at about 20¢/lb (even as low as 18¢/1b), is illustrated. 1In
Ghana the world market price of about 40¢/1b prevails due to
existing, but artificial, controls. Costs for material pro-
duced there would differ accordingly.

Materials considered to be indigenous to both the Philippines

and Ghana are the natural rubber and the whole bagasse. The

cost of the bagasse is taken at its fuel o0il equivalent, since

it can be used as a fuel. However, where bagasse is presently
available in excess, it is being sold at a fraction of that cost
and, in many cases, has a negative cost in the sense it is
considered a waste product that must be disposed of. In the

long term, however, the higher price would neegd to prevail to
justify its use in the roofing product in contrast to alternative
apolications such as fuel, cattle feed, bagasse board, etc.

Some of the other ingredien*s already exist in commerce in the
Philippines and Ghana, especially the Philispines. However, for
the most part they require some foreign exchange and therefore
were not considered indigenous in this analysis. The original
objective of the overall program was to reduce costs compared

to alternate roofing materials (e.g., corrucated galvanized iron).
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Table VII
MATERIALS COST FOR BAGASSE-REINFORCED HARD RUBBER ROOFING

Ingredient Formula Component Cost

Ingredient Uss$/1b Wt % Uss/1lb
Natural Rubber 0.20 20.5 0.0410
Sulfur 0.05 9.4 0.0047
FR Process 0il 0.30 8.6 0.0258
Whole Bagasse 0.01 54.2 0.0054
Pigments 0.35 6.0 0.0210
Additives 0.96 1.29 0.0214

Total 0.1103

Eg. Panel Thickness: 0.12 in,.
Panel Weight: 0.84 1b/ft?

Material Cost: 9 US¢/ft?2

72

¢ MONSANTO RESEARCH CORPORATION o



Table VIII

MATERIALS COST FOR LOWEST COST BAGASSE REINFORCED HARD RUBBER

Ingredient Formula Component Cost

Ingredient Us$/1lb Wt % USS/1b
Natural Rubber 0.20 21.1 0.042
Sulfur 0.02 8.6 0.002
Processing 0il 0.15 7.6 0.012
Whole bagasse 0.014 55.9 0.008
Pigment 0.5 5.6 0.028
Additives 0.8 1.2 0.010

Total 0.102

Eq. Panel Thickness: 0.12 in.
Panel Weight: 0.6 1lb/ft?

Material Cost: 7 US¢/ft?
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Minimizing the foreign exchange costs also was of interest,
while retaining a competitive absolute cost per square foot.
The percentages of cost of imported materials alone, based on
only total materials cost, are respectively 58%, and 51% for
the fire-retarded and the lowest cost compositions. These
percentages are remarkably low considering the indigenous

materials are so very low in cost and represent 75% by weight
of the formulations.

The sales cost for the roofing is projected to be in the range

of 3to 4 times that of the basic materials cost. This factor
includes the processing cost (normally expected to be about

equal to the cost of raw materials) plus sales and administrative
expenses and profit. Using an average 3.5 multiplier to achieve
the sales prices for the two types of roofing, the imported
materials cost then represents 173% and 15% of the sales prices,
respectively. The remaining 80 to 85% value in the roofing

material would be added in the country manufacturing it.

Over-capacity in the required equipment for the process exists
in the Philippines and Ghana providing for the immediate im-

lementation of such manufacturing, with little added capital.
P

Because of the formulating latitude allowable, as discussed in
Section 3.1.2.2, it can also be anticipated that substitutions
for various ingredients could help in reducing costs even
further. That can only be achieved with time as experience is
gained by the manufacturers, the demands of the market place,
and the controls set by the governments. These costs do not
include importation duties and restrictions of the various
governments. It 15 assumed they can be minimized and/or
eliminased for government-sponsored housing applications,

i€ deeomed advisable by the participating countries. While all

of the prices will inflate with time and have been especially
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dynamic for the past five years, none of the materials in the
formulation is expected to escalate in cost disproportionately
with projected inflationary factors, and none has any projected
availability problems over the next few decades of time.
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3.1.3 Bagasse-Reinforced, Durable Thermoplastic (BRT)

Composite Roofing Material

The bagasse-reinforced, durable thermoplastic (BRT) composite roof-
ing material is a relatively simple system with respect to the
number and nature of the components. It uses established plactic
compounding and forming processes. [ts appearance and outdoor
durability are very good. It is similar to the bagasse-reinforced
hard rubber composite roofing material with respect to processing.
It is a highly water resistant, lightweight, low thermal capacity
panel system that can be formed into a variety of roofing shapes.

This roofing product is a rigid, tough, dark red panel that can
be molded into flat, corrugated, or other roofing element shapes.
It can be drilled, cut, sawed, etc. for installation of a panel-
type or shingle roof. It is botn moisture resistant and water
resistant. Nailabl.lity, however, is marginal and will depend

on the type of nails and the thickness of the panel since the
prcduct is hard and tough. Small diameter steel nails might
work with 0.1 inch thick panels.

The outdoor durability of this roofing product was very good as
determined both by accelerated Weatherometer exposure and out-
door exposure in Jamaica, Ghana, and the Philippines. Either of
two alternate thermoplastic matrix or binder materials can be
used in this product, ABS or SAN (see Table IX) with near equal
results. The outdoor aging properties of these panels are
slightly better than those of the alternative BRR material. The
thin top surface layer, which is rich in resin binder, was de-

_ graded and eroded away in the first 90 days. This resulted only
in changing the surface from a glossy %o a dull finish, which
was expected and considered generally desirable with respect to
appearance. In spite of this minor amount of controlled erosion,

the fibers did not become exposed.

Durability was judged qualitatively on the panels exposed in
the Wea-herometer up %o 5000 hours (4000 hours in intense sun,

mingled /ith 1000 wet/dry cycles) and with 1l square foot panels
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Table IX
MECHANICAL CHARACTERISTICS AND DURABILITY OF BAGASSE RZINPORCED
DURABLE THERMOPLASTIC COMPOSITE ROOFING MATERIALS
WITH ALTERNATIVE BINDERS '3

Initial Following Exnosuze(d)
Flexural(C) Tensile(d) Tensile/1000 hr Tensile/430 hr
(b) Str. Mcodulus str. Modulus Str. Modulus Str. Modulus
Binder {psi) (103 psi) (psi) (103 psi) {psi) (103 psi) (psi) (103! osi)
SAN 6400 1230 4000 960 3900 942 3900 930
ABS 5400 1110 4200 970 4200 940 4600 960
PS 5650 1265 3400 1067 1650 500 3100 1000
(a)

Melt-compounded, resin-bonded, bagasse-reinforced composite.

Process: Banbury melt blending, grinding to molding compound, compression
molding at ~500 psi. Molding temperature 400°F for SAN and 375°*p
for ABS.

SAN - styrene acrvlonitrile.

ABS - acrylonitrile butadiene styrene.

PS ~ polystyrene, shown as reference.

ASTM D790 =- flexural, D638 - tensile, rate 0.0.5 in./min.

Tensile strength following either 430 hours of intense UV or 1000 hours of

weatherometer exposure with cyclic UV (carbon arc), water spray, temperature
and humidity,

(b)

(c)
(d)
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mounted on exposure racks in Jamaica since May 1975 and in Ghana

and the Philippines since September 1975,

The mechanical characteristics of the BRT roofing product are
shown in Table IX for the two alternative SAN and ABS binders.
Also, for comparison purposes, data are given for the product
made with just polystyrene as a binder. Results are for the
initial conditioned materials and following either 1000 hours of
Weatherometer exposure with cyclic UV (carbon arc), water spray,
temperature and humidity, or 43C hours of intensive UV at 74°F
and 50% relative humidity.

Rention of tensile and flexural strength and modulus was greater
than 97%. What could happen if a less desirable matrix were
used in this system is illustrated by the data for the poly-
styrene (PS) binder. 1In this case, over half of the tensile
strength and modulus were lost following the Weatherometer
exposure. The fact that this degradation was much more severe
than that shown for the intense UV was due both to the longer
exposure time and to the presence of water and moisture. The
water wicked into the bagasse fibers, which then swelled and
thus accelerated the degradation of the composite. That this
did not occur with the SAN or ABS binders was highly significant
and could be partly attributed to the great affinity of the

SAN and ABS for the bagasse fiber.

Test specimens of the BRT composite completely immersed in water
for periods of up to 7 days picked up less than 1.0% moisture by
weight and lost this water after a few days of drying. 1In this
respect it was very similar to the BRR material. The material
has a specific gravity of approximately l.l, a low thermal
capacity, and an insulating quality superior to metal rocofing

78

o MCONSANTC RESEARC~ CORPORAT/.CN e



when formed in a thickness adequate for a roofing shingle
(approximately 0.1 in.). It has a weight of less than 1 pound
per square foot and standard panels readily can be handled by
one person.

A composite with one of the high rubber grade ABS binders has a
potential for nailability which does not exist with the SAN
matrix. However, the slightly shorter expected life, and higher
cost, could make ABS less attractive than SAN as a binder.

The fire resistance of this type material was not determined.

It is not, however, expected to be outstanding. As with the
natural rubber system, additives could be used to obtain a fire-
retarded material.

3.1.3.1 Composition

The bagasse-reinforced durable thermoplastic (BRT) composite is
basically a simple, filled thermoplastic. It is unique, however
among filled thermoplastics in containing 60 volume percent of

a filler. With respect to the number of ingredients, it is
indeed the simplest of all developed materials. Two alternative
binders are available and dried whcle bagasse is the preferred
filler,

The formulation for the BRT roofing composite material is shown
in Table X, on both a volume and weight basis. Volume because
this indicates the relative effect of the ingredients on the
mechanical characteristics of the composite. Weight because
this is the basis for formulating and determining costs in manu-
facturing. The BRT formula is almost identical to that of the
BRP material except that a thermoplastic binder takes the place
of the combination of a thermosetting phenolic binder and a
processinngil. The density of the thermoplastic resin is

approximately 20% less than that of the thermosetting resin.
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Table X

COMPOSITION OF BAGASSE~REINFORCED DURABLE PLASTIC MATERIAL(a)

Percent
Ingredient(b) Volume(c) Weight
SAN or ABS binder 35 26.7
Whole bagasse 60 63.2
Dry ground clay 3 4.9
Iron oxide pigment 2 5.2
Pentachlorophenol 0.05 0.06

(a)Melt-compounded, resin-bonded, bagasse fiber-reinforced com-

posite.

Process: Banbury melt blending, grinding to molding compound,
compression molding at ~500 psi. Molding tempera-
ture 400°F for SAN and 375°F for ABS.

SAN - Monsanto LNA 21 or equivalent.

ABS - Monsanto LNI 780 or equivalent.

Whole bagasse - dried to ~20% moisture, but weights based on
dry material.

Clay - brick grade ground to %20 mesh.
Extender oil - Mapico red #477, Cities Service Company.

(b)

(C)Determined experimentally from specific gravities of:

SAN - 1.02 bagasse ~1l.4, clay ~2, iron oxide ~5,
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The thermoplastic binder can be either SAN (styrene/acrylonitrile)
or ABS (acrylonitrile/butadiene/styrene) and is the matrix which
is the continuous phase in the System providing the strength,
toughness, durability, rigidity, surface appearance, and water
resistance. The primary difference between composites made with
ABS or SAN is in nailability. The ABS binder is a rubber-modified
rigid thermoplastic. It is tougher and more readily nailable.

The SAN binder is more rigid and hard. Therefore, driving a

nail through it without causing brittle fracture is very diffi-
cult. If it were used, nail holes would have to be "molded in"
or drilled.

The advantages of SAN over ABS are that lower temperatures are
required for processing, it has an expected longer outdoor life,
and it was recently slightly lower in gost. 1If this type of
system were to be exploited, it is suggested that research be
conducted and the various benefits weighted to select the most
appropriate thermoplastic binder. This was not done in this
program because the alternative composite systems were consid-
ered more appropriate for demonstration due to available plant
facilities and projected better long range cost benefits.

It originally had been anticipated that lower cost polystyrene
could be used as a binder in this system when combined with
minor amounts of relatively expensive stabilizers. The poorer
aging and rapidly escalating price of polystyrene, however,
ruled out this material in favor of the SAN and ABS thermo-
plastic binders. SAN and ABS inherently have superior outdoor
aging properties and are commercially available in grades that
contain the necessary stabilizers to protect against exterior
environments.

The whole bagasse is multifunctional in the composition. First,
it replaces 60 volume percent of the binder, thus increasing
the relative amount of both indigenous and low cost materials.
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Second, and important to the economics of the system, is the
fact that whole bagasse, as it comes from the sugar mill, is
used. A large portion (60-80%) of the bagasse is fiber. Thus,
it acts both as a filler and as a reinforcing element. This
reinforcement is reflected in retention of rigidity, improve-
ment in impact resistance, and minimal loss of strength, in
tension or flexure. The remaining portion (20-40%) is pith.
The pith contributes by improving melt flow during processing
and by filling the spaces between the fibers that otherwise
would require binder.

The incorporation of clay in the composite is an extension of
the beneficial function of the pith in processing. The clay
also assists in filling in the space between the oriented
fibers and provides an internal "mechanical lubricant" that
aids in the processability of the composite.

The iron oxide pigment shields the binder from the external
environment, especially the ultraviolet component of sunlight.
It also provides coior. It functions because it is highly
compatible with the thermoplastic binders. The clay and pith
also contribute to this "hiding" effect.

A preservative (pentachlorophenol) is present at a level of
approximately 0.l1% (based on the bagasse) to prevent biological
degradation of the bagasse and residual sugars. The existing
outdoor exposure test specimens intentionally did not include

a preservative, in order to accelerate the aging effect. Even
so, no mold growth or other problems were observed. It is
recommended, however, as with the other systems, that the pre-
servative be retained to inhibit growth in certain high humidity/

low sunlight areas.
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3.1.3.2 Composition Latitude

The bagasse-reinforced durable thermoplastic composite formulation
was developed to perform in a roofing application, but was not
optimized to a given set of criteria. Accordingly, the latitude
must be narrowed to provide an optimized system. OQOptions should
then be made available based on this specific tailored formulation.

The advantages of two alternative binders, SAN and ABS, are
explained in the previnus section. Others might also be con-
sidered by those skilled in the art taking into account the
results generated and reported in the first two years of this
program. The binders should be limited, however, to thermo-
plastics that are processable at less than 425°F (thus preventing
degradation of the bagasse) and that have established outdoor
durability (either alone or stabilized with additives).

The amount of whole bagasse could be reduced to improve the
thermoplastic processability of the system, but with obvious
penalties to the economics and some loss of toughening, especi-
ally with the SAN binder, which is relatively rigid and brittle.
There is also a possibility that bagasse pith, the residue from
a bagasse board operation, could be substituted for the whole
bagasse. The pith actually contains a quantity of small fiber
bundles that might provide sufficient mechanical performance,
but some loss in tensile, flexural and impact properties would
be expected. Such a substitution would be more advantageous
where this pith presently exists as a waste precduct.

Latitude exists in the use of the clay and iron oxide pigments.
One of these could be completely substituted for the other, if
compatability were maintained to allow wide and uniform dis-
tribution throughout the thermoplastic matrix. Additional
experimental work would be needed to verify a correspondence,
however.
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The risk of altering the amount of preservative has already been
discussed. The type of preservative could be altered, if judged
advisable if based on actual performance, cost, and availability.
Even though this system has a high degree of water resistance, it
is recommended that water scluble preservatives not be considered
due to possible environmental hazards (especially where rainwater
is collected from roofs for human consumption). The incorporation
of fire retardants might be advisable from a performance view-
point. Both would require a separate study and would most

probably impact the absolute and foreign exchange cost negatively.

3.1.3.3 Process

The process requires only a few relatively simplie and well-estab-
lished steps routinely used in thermoplastic compounding and
manufacturing industries throughout the world. An intensive
mixing step similar to that for the BRR material is unique only
in the result that is achieved and not how it is done. The melt
flow characteristics of the system are poor, due to the high
filler loading. Therefore, thermoplastic forming techniques are
limited to calendering and compression molding.

The process for making the dense, bagasse-reinforced durable
plastic comprises the four primary steps shown in Figure 16.
They are identical, except for details, to that for the bagasse-
reinforced hard rubber. One practical difference in manufactur-
ing is that whereas Banbury type intensive mixers are nearly
always used in rubber compounding, they have been found to be
used less in thermoplastic compounding in the manufacturing
facilities in participating countries.

As with the BRR system, the second step, Banbury-type intensive
mixing, is the most critical and technically the most complex.

The second, third, and fourth steps require the availability of

significant capital eguipment, but are routine to the plastic
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I Oven Drying
Whole Bagasse

1 Heated Banbury Type
Intensive Mixing

Rough
I11 Calendering
Sheet

|
¢

Thermal Cyclic
IV Compression
Molding

|

Durable Roofing Shingle

Figure 16. Iour primary steps are shown in the process outline
for making the bagasse-reinforced durable thermo-
plastic (BRT) material.
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manufacturing industry. The first step requires only oven dry-
ing of whole bagasse to remove moisture, and packaging it so
that moisture is not reabsorbed prior to process step II. The
calendering step (III) converts the material from large chunks
into a continuous sheet. In step IV the sheet is then cut, laid
into molds, and run through a pressure-heating/cooling cycle to
form and rigidize it. As a thermoplastic, however, it can re-

versibly be reformed upon the application of heat and pressure.

The first step, drying the whole bagasse, is important to rid
the material of all moisture prior to compounding. In contrast
to the BRR system, however, some water can he boiled out in the
second step and/or some water can remain in the system without
introducing the conseguent blistering and/or blow up of panels
in the molding stage. As will be shown, with the thermoplastic
it is necessary to cool the formed panel well below the boiling
point of water before release of mold pressure. Any water would
be condensed and thus would be less of a problem. In spite of
these advantages of the process, it is recommended that moisture
contents be reduced to below 0.1% in an initial oven drying
since any water encapsulated in the roofing panel could have
long-term detrimental effects, especially when roofs reach the
readily attainable temperatures of 150°F or higher. Wet bagasse
is also less compatible with thermoplastic binders, introducing
mixing problems,

The second step, Banbury-type intensive mixing, is again the key

to the production of this roofing material. The process taking
place is called melt compounding. A number of processes occur
simultaneously. These include: (a) fluxing, (b) blending,

(c) chopping, (d) fibrillating, and (e) dewatering.

Fluxing involvj} raising the temperature of the binder to above
its glass transition temperature to render it a viscous fluid.
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Blending involves separating, distributing and dispersing the
ingredients. Chopping involves reducing the size of the bagasse
filler. Fibrillation involves further separation of the bagasse
into smaller fiber bundles by physical breakdown of the pith
that holds these fibers and fiber bundles together. Dewatering
involves the boiling out of residual moisture by the application
of relatively high temperatures to continuously re-exposed
melted surfaces.

The importance of the melt compounding is that one piece of
equipment is used to process all of the ingredients of a formu-
lation. The result is a material, known as a molding compound,
that can be melt-formed by a variety of standard plastic process-
ing techniques. It can be granulated and fed into a variety of
plastic proccssing equipment, or it can be left in large chunks,
direct from the Banbury intensive mixer and dropped to heated
rolls,

The third step involves the conversion of the irregularly shaped
molding compound into a roughly dimensioned continuous sheet.
This can be done using a calender (3 or 4 rolls), or a two roll
mill. Heat is required on both the calender and the mill. This
is usually achieved with high pressure steam, but some thermal
energy is generated due to the work going on in the system. As
long as temperatures are maintained below the degradation point
of the bagasse (450°F), heating is not a problem. This is in
contrast to a similar stage for the BRR material where elevated
temperatures could induce premature curing of the system.

Conversion of the molding compound into a sheet by extrusion,
i.e., by forcing the melt through a die, is not practical due to

the very high filler loading and the relatively poor flow char-

acteristics of this formulation. To achieve an extrudable
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compound the resin content would have to be increased to the
level of 60~70 volume % which of course, in this specific appli-
cation, negates the value of the system,

The fourth and last of the Primary process steps is compression
molding. This step differs from a similar step in the BRR
alternative system, with respect to the necessity for thermal
cycling. This is due to the nature of the matrix material, a
thermoplastic that softens upon heating and rigidizes upon
cooling. This is in contrast to a thermosetting binder, which
becomes irreversibly rigid at elevated temperature by chemical
reaction.

The compression molding step consists of placing the calendered
sheet, or even irregular shapes of the compound, onto a caul
sheet (a thin mold plate), inserting a simple forming frame,
and enclosing with a second caul sheet. Al1l of the metal mold
surfaces should be coated with a good thermoplastic release
agent, such as a silicone. This mold is then placed into a
hydraulic press, where contact pressure is first applied, then
heat, and finally an elevated pressure,

In the case of molding the ABS binder, temperatures of 350°F are
adequate, but for the SAN binder, temperatures of at least 400°F
must be reached. Pressures are usually on the order of 300 DS1i,
but 500 psi is preferable. The final step in forming the part
1s to cool it in a mold to a handable temperature, usually less
than 100°F.

The compression mold can be flat, corrugated, or any other

desired shape. Since the flow of this type of molding compound
is poor, it must be distributed evenly throughout any given

mold. This low flow, however, isg advantageous hecause it allows
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simplification of the molds. Corrugated molds would not need
to have confining sides.

After the part is removed from the mold it can be used as is or
trimmed to the desired size. When the SAN binder is used, it
would be necessary to drill holes for placement of nails due to
the very high strength and rigidity of the product. Panels
made with the ABS binder can be nailed.

3.1.3.4 Cost Projection for Ingredients

Costs for materials alone, not including processing, are projected
at 14 cents per square foot. The price for roofing shingles or
panels are projected to be 3 to 4 times these materials costs.

A breakdown of costs for the various ingredients is shown in
Table X1, for the BRT formulations (based on 1976 dolliars and
cost). Ingredients considered to be indigenous to all three
participating countries are the bagasse and clay.

The cost of the bagasse is taken at its fuel oil equivalent,
even though it is presently, and probably will for sometime, be
available at a fraction of that cost. In the long term, how-
ever, the higher price would need to prevail to justify its use
in the roofing product in contrast to other alternative uses.
The thermoplastic binders and pigments exist in commerce in the
three participating countries, however, for the most part, they

require some foreign exchange and therefore were not considered

indigenous in this analysis.
The sales cost for the roofing would be about 3 to 4 times the
basic materials cost. This factor includes the processing cost

(normally expected to be about equal to the cost of raw mate-

rials), plus sales and administrative expenses and profit.
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Table XI

PROJECTED MATERIALS COST FOR BAGASSE-REINFORCED DURABLE
PLASTIC (BRP) COMPOSITION ‘2’

Ingredient Cost Formula Component Cost

Ingredient (USS$/1b) (We %) (USS/1b)
SAN binder 0.50 27 0.135
Whole bagasse 0.014 63 0:009
Iron oxide pigment 0.50 5 0.025
Ground clay 0.01 5 0.001

Total 0.170

Eq. Panel Thickness(b): 0.12 in.
Panel Weight: 0.85 1lb/ft?
Projected Material cost (), 14Us¢/f¢?

(@) 1976 pata
(b)

(c)

Corrugated 0.1 inch thick panel

Selling price projected at 3 to 4 times this cost.
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Using an average 3.5 multiplier to achieve the sales price for
the roofing, the foreign exchange requirements then represent
29% of the sales price. The remainihg 71% value in the roofing
material would be added in the country manufacturing it.

Because of these percentages, this system is less attractive
than the other three systems. Only the excellent durability and
water resistance salvage this system as a potential alternative.

These remaining costs would not be free from foreign exchange
requirements, which would need to include capital, equipment,
and fuel. However, it is expected that this foreign exchange
requirement would represent, at most, an additional 20% of the
sales price, Facilities, when modified to operate at higher
temperatures, are available to handle such materials in the
Philippines and Ghana.

Not much latitude is available in reformulating that would allew
any significant reductions in costs of the system. While all of
the prices will inflate with time, and have been especially
dynamic for the past five years, none contained in the formula-
tion are expected to escalate disproportionately with projected
inflationary factors, and none have any foreseeable availability
problems over the next few decades of time.

It is possible that the entire sheet forming process could be
achieved in the calendering step alone. Trimmed hot sheets from
the calender would be cut to length and rigidized by cooling on
a flat (or corrugated) surface. This type of process could
effect considerable cost reduction (i1f successfully demonstrated)
by eliminating the expensive compression molding step.
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3.1.4 Phenolic Bonded,"Oriented Bagasse Fiber (BOB) Composite

-~

Roofing Material

The phenolic-bonded, oriented bagasse fiber (BOB) composite roofing
material “ncorporates the most indigenous material of any of the
four deveioped roofing systems. It has great long-range potential
as roofing and as a general, very low cost material of construction.
This product differs advantageously from the other alternative
materials in that a very low cost structural panel is first made
and then secondary treatments are added to make the system more
water and fire resistant.

This roofing product is a rigid, textured, light-colored

panel that is visibly quite different from the other three
alternatives. It has been made in the form of both flat and
corrugated panels that can be nailed, drilled, cut, sawed, etc.
as needed for simple installation. .

The outdoor durability of this roofing product has been very
good, as determined both by accelerated Weatherometer exposure
and outdoor exposure in Jamaica, Ghana, and the Philippines.

The panel consists basically of a thin, porous structural element
that is impregnated with waterproofing agents, and preservatives,
and coated with a reflective paint film.

In the outdoor exposure studies, conducted on both the treated
and the plain structural elements, excellent retention of
properties was indicated. The only change in performance of the
treated panels was a slight loss of gloss, resulting in a dull
aluminum finish that occurred in about six months. The unex-
pected good outdoor wverformance of untreated nanels continued
with the only indication of any shortcoming beina initiation

of mold growth after about one year of outdoor exnosure.

Durability was judged qualitatively on the panels exposed in the
Weatherometer for up to 1000 hours (800 hour intense sun mingled
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with 200 wet/dry cycles) and with square foot panels, both

flat and corrugated, treated and untreated, mounted on exposure
racks in Jamaica since May 1975 and in Ghana and the Philippines
since September 1975, as shown in Figure 17.

This product is very different from the other three alternatives.
The key difference, which is a major contributor to the cost
effectiveness of the system, is that the structural strength and
rigidity is generated by a continuous matrix of oriented bagasse
fibers. In the other three systems the bulk of the mechanical
performance is the result of the binder material which is a
continuous phase surrounding the bagasse that is used to extend
or dilute the resin.

While the roofing panel consists essentially of bagasse, it is
obviously distinctive from available and known commercial bagasse
boards, that have a poor reputation for exterior use, in four
major ways.

The first difference is density. When examined on a volume
basis, ordinary bagasse board will have up to 50 volume percent
of air, implying that it ig Very porous. The roofing composite
on the other hand, has less than 10% free space and that is
filled with waterproofing ingredients. The density of bagasse
board is approximately 35 lb/cu ft, while the density of this
material is ~70 lb/cu ft.

The second factor distinguishing the roofing panels from bagasse
board is the absence of pith, which assures bonding of indi-
vidual bagasse fibers or bundles together. Pith is a very low
strength, non-fibrous material that contributes nothing to the
mechanical performance of a board. It also attracts and soaks
up binders, thus causing the binder to be concentrated on the
low strength pith, rather than on high strength fibers.
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(a) Painted flat panel after
one year exposure in
Ghana showing no changes.

(b) Treated corrugated and flat
panels after at least one
year exposure in Jamaica
indicating only some deteri-
oration of painted surfaces.

Commercial bagasse beoard,
that has urea/formaldenyde
rasin binder and low density,
which has a generally poor
reputation for unintended
outdoor use.

Figure 17. BOB panels were expcsed as both flat and corrugated

panels in Jamaica, CGhana, and the Philippines for
more than two years.
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The third factor distinguishing the two materials is the orient-
ation of the bagasse fibers. This significantly increases the
strength and modulus in a given direction. It also allows bet-~
ter packing of fibers, providing the basis for the higher density
indicated above. This close packing minimizes free space within
the composite, reducing porosity and the amount of resin required
to completely bind all the fibers together.

The fourth factor distinguishing the roofing panel from commercial
bagasse board is after-treatment. This includes adding water-
proofing, preservatives and surface treatments that render the
product usable in an outdoor environment. The roofing panel is
relatively thin (0.1 inch) thus the weight and cost of the treat-
ment per square foot is kept low. At least 10 times as much
treatment material would be required for typical 0.5 inch thick
bagasse board because of both its greater thickness and free
Spac= resulting in prohibitive costs. The untreated roofing
panel also has a high degree of water resistance; it will main-
tain the necessary portion of its strength when wet, and will
recover its strength when redried. In contrast, when commercial
bagasse board becomes wet it is usually irreversibly swollen

and destroyed. This is due to the type resin binder used.

The mechanical properties of the bonded, oriented bagasse fiber
composite without waterproofing, preservative, and surface
treatments are shown in Table XII compared to a similar thin
panel made with randomly oriented bagasse fibers. Flexural

and tensile strength pProperties, initially, following immersion
in water for 48 hours (tested wet), and after redrying, are
shown.

That the fibers are oriented, and that improved strength and
modulus are actually achieved is illustrated best by the tensile
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Table XII

MECHANICAL PROPERTIES OF THE UNPROTECTED BONDED, ORIENTED

BAGASSE FIBER COMPOSITE MATERIAL'2'2rC)
*(d) =(d) [ (a)
Flexural Strength (psi)
Original 3100 4700 1740
Wet 1500 1900 520
Dry 3000 4700 1700
Flexural Modulus (psi, 103)
Original 480 600 250
Wet 200 330 95
Dry
Tensile Strength (psi)
Original 1780 5410 1130
Wet 600 1700 510
Dry 1700 5400 1100
Tensile Modulus (psi, 103)
Original 650 910 365
Wet 240 290 100
Dry 650 900 360
Water Pickup (%) 40 33 34

() yet process, phenolic resin bonded, deoithed fibril-
lated oriented bagasse fiber-reinforced composite.
Process: bagasse fibers prepared with wet caustic
treatment to depith and beating to fibrillate, fibers
oriented in centrifuge, wet resin precipitated to
fibers, compression molding in pressure cycle at 300°F.

(b)Immersion in water for 48 hours. Tested wet.

(C)ASTM D790 - flexural, D638 - tensile, rate 0.05 in./min.

(d)*Unoriented bagasse fiber for reference.
=properties measured with load parallel to fiber directiod
Lproperties measured with load perpendicular to fiber
direction. 96
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properties measured both parallel and perpendicular to the fiber
direction and compared to the panel made from randomly oriented
fibers. The strength is improved nearly five~fold and the
modulus 2,5-fold. These properties are respectively 3 and 1.5
times those of the randomly oriented panel. The flexural proper-

ties are affected by the orientation significantly, but to a
slightly lesser degree.

It is most important for the roofing application to observe that
following the exposure to total immersion in water and then
drying the flexural strengths and moduli where fully recoverable.
This indicated that no irreversible degradation occurred, such as
breaking of the bonds between the bagasse fibers and the adhes-
ive binder. As expected, the added performance provided by
orientation was retained even when the samples were quite wet.

The water pick hp is for the unwaterproofed panels and following
direct immersion (normally not encountered in a roofing situation)
in water for 48 hours. The pick up appears relatively high but
is significantly reduced by the waterproofing treatment which
introduces a time delay. Panels of the oriented boards were
actually boiled in water for periods up to 24 hours. These
panels remained dimensionally stable, visually showed no degrad-
ation, and lost no more than 5% of their mechanical strength

upon redrying. This loss is acceptable for roofing since the
level of strength available is needed for handling and shipping

of panels rather than performance on the installed roof.

The fire resistance of the untreated oriented bagasse fiber
panels is "good". The material burns slower than most wood
panels of equal thickness and gives off little smoke or fumes.
When waterproofed by low cost asphalt impregnation, the fire

resistance is substantially less, however.
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Fire retardant additives can be incorporated, along with the
asphalt waterproofing to improve fire resistance. However
these add to the cost. Whether or not this is satisfactory
will need to be determined by local decision makers, and
naturally will depend on the specific application. It is
expected that a tradeoff between fire and water resistance
will need to be made as this product is further developed.

Another option, not investigated, would be to apply a thin,
dense coating of phenolic-bonded bagasse to the surface of

the oriented fiber panels. This would be a combination of the
raw materials from the BRP and BOB systems.

3.1.4.1 Composition

The phenolic-bonded, oriented bagasse fiber (BOB) comoosite
composition is new and unique and fits between bagasse-type
particle board and bagasse-based paper with respect to degree
of refinement. Different is the nature of the bagasse from
which a large percentage of the pith has been separated with
only small fiber bundles remaining. Phenolic resin technology
that is well-known by the particle board and plywood industries
is utilized.

Shown in Table XIII is the formulation for the phenolic-bonded,
oriented-bagasse fiber roofing composite on a weight basis. It
is made up of four basic parts. The first are the components
that provide a strong, rigid structural board, The second are
the ingredients to waterproof and preserve it. Third are the
ingredients that provide outdoor durability. Fourth are the
ingredients that are necessary for use in the process but that
do not necessarily remain as part of the system.

The components that provide strength and rigidity are the pro-
cessed bagasse and phenolic resin. Obvious are the high level

of bagasse (near 80%), and the very low level of phenolic resin
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Table XIII

BONDED, ORIENTED BAGASSE FIBER COMPOSITE FORMULATION

Weight
Ingredient (%)
Group 1
Processed bagasse fibers 78.66
Liquid phenolic resin 4.14
Group 2
Preservative 0.55

FR waterproofer

Asphalt 2.04
Cl paraffin oil 5.77
Organo phosphorus liquid 4.21
Groug 3
Aluminum surfaces
Paint solids 4,53
Sb,04 0.10
Group 4
Alum (0.4)

Sulfuric acid (0.2)

Solvents (2.5)

Phenolic Resin - Borden International Cascophen PA-2
liquid resin
Preservative - pentachlorophenol

Cl paraffin oil - Chlorowax C-70, Diamond Shamrock Co.
Organo phosphorus liquid - Phosgard C22R, Monsanto Co.
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(near 4%), relative to the alternative systems, which utilize
60% and 30% of these components, respectively. This is the
primary factor in the cost effectiveness of the system on both
an absolute and foreign exchange basis. It i, significant,
however, that processed bagasse is required, so the advantage
of using whole bagasse is lost and the residual pith can not
be used for other apvolications without prohibitively costly
treatments.

The second group of ingredients retards the imbibing of water

and biological growth and/or decay in the bonded structural
panel. This group includes asphalt, chlorinated paraffin wax,

an organo phosphorus liquid compound, and pentachlorophenol.

The waterproofing agent must wet the bagasse fiber and the cured
phenolic resin so that the resin will deposit on the fibers and
spread uniformly to provide a water barrier. Additionally, the
waterproofer should fill all the free space within the structural
panel to prevent the entrapmert or absorption of water. The

best (i.e., lower cost) single ingredient to perform this
function is asphalt. 1It, however, is easily ignited and contains
a high guantity of fuel, thus contributing poor fire resistance
to the panel.

wo other materials, a chlorinated paraffin wax and an organo

prosphorus compound, are also used. Both compounds add to the
fire-retarding effect,

The preservative, as with the other systems, is pentchlorophenol,
the level of which is based on the amount of bagasse. It is

used at a slightly higher concentration here, however, because

a larger surface area of bagasse is exposed and the average
moisture content of this system is expected to be higher.
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The outdoor durability and attractive surface appearance of the
panel are provided by a flake aluminum (or other colored) filler
in a durable acrylic paint. Antimony oxide is added to this
paint to produce a level of fire retardancy, both to the paint
itself and to the paint as a barrier between an open flame and
the waterproofed structural panel.

The last group of ingredients include reagents and solvents
used in the processing which do not end up in the final product.
The alum and sulfuric acid are used to precipitate the phenolic
resin from a water soluble state (where it exists as a salt) to
an insoluble state. Sulfuric acid alone may be used but pre-
cipitation, in combination with alum, adds a minor degree of
water resistance., The alum also causes some swelling of the
bagasse fibers in water which then allows better and more
uniform distribution of the phenolic resin in the bagasse.

The solvent in the formulation, toluene, was included to lower
the viscosity of the fire-retarded waterproofing ingredients so
that they could be applied by dipping. This solvent was then
evaporated and collected for reuse.

A final, very necessary part of the system, not shown in the
formula, is water. For every pound of product obtained, at
least 40-80 pounds of water are required in the process. Whilr
this water was not recovered in the experimental work, it is
possible that in a continuous manufacturing process the water
could be recovered and a portion of it reused following a
purification step. This water would contain the pith from the

bagasse and would be slightly acidic. Thus it would have to be
treated and pith removed before discharge into a stream or

before reuse,.
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3.1.4.2 Composition latitude

The phenolic-bonded, oriented bagasse fiber composite formulation
vas optimized to perform in a roofing application and have at
least a minimal level of fire resistance while retaining its

low foreign exchange costs. A high degree of tailorability is
available, however, which, with some compromise of water and/or
fire resistance, would provide significant reduction of costs

of ingredients and processing.

In considering the latitude available in the recommended formula
toward retaining the bulk of its desired properties, the follow-
ing is recommended. No less than 4% phenolic resin based on

its dry weight relative to the dry weight of the processed
bagasse, can be used without jeopardizing the outdoor mechanical
performance and durability of the system. Higher levels may be
used but would contribute little to compensate for the additional
costs. Any liquid phenolic resin with satisfactory shelf life
may be used. A urea/formaldehyde resin should not be used under
any conditions. Urea/formaldehyde resins will'not provide the
water-resistant bonding that is absolutely necessary for the
roofing product.

The amount of processed bagasse should be at least 75% by
weight of the composition. Less bagasse would be indicative
of a lower-density, less-structurally-sound panel. The pro-

cessed bagasse should contain no more than 2% free pith.

The pentachlorophenol preservative should be at a level of no
less than 0.5% nor greater than 1%, (preferably 0.7%) by weight
based on the weight of the processed bagasse. It must be a

water insoluble type.

Latitude is available in the fire retarded waterproofer with

respect to decrease in the amount of asphalt. However, any

102

o MONSANTO RESEARCH COSRPORATION o



decrease must be made up by added amounts of the chlorinated
paraffin or organo phosphorus compound, which would add a cost
penalty. Similar fire-retarded compositions could b2 made

from other ingredients. They could be used if proven to pro-
vide the same level of water and fire resistance.

The surface film providing the outdoor durability should be
based on acrylic and have a relatively low Viscosity so that it
can be sprayed as a very thin film. Less material than that
shown would not cover the surface adequately and additional
material would add more non-fire retarded fuel. The level of
antimony oxide in the paint could be increased, bLut with little
added benefit, and decreasing it should be done based only on
evidence achieved from burning tests.

Four alternatives to the formula may be considered. The two
shown in Table XIV have a major benefit of very significantly
reducing the cost per square foot ‘f the roofing system. These
alternatives should be considered, however, only after due
regard is given to their negative aspects, namely, reduced fire
and/or water resistance.

In the first of these alternatives simple substitutions are
made for the fire retarded waterproofing agent and paint film.
In its place, plain asphalt is used as a waterproofing agent,
and a typical aluminized asghalt roofing paint is used as the
durable surface finish. A panel derived from such a formulation
will have equivalent water resistance to the recommended
formulation but would burn vigorously once ignited. A roof made
from such panels, if protected by a fire-resistant ceiling from
the inside of the house, might be considered. Otherwise the
relatively high surface area of available fuel (asphalt) would
make such a system inadvisable. Outdoor performance of this
system has been very good to excellent in Jamaica.
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Table XIV

TWO VIABLE LOWER COST ALTERNATIVES EXIST FOR AFTER-TREATING THE
BONDED, ORIENTED-BAGASSE STRUCTURAL PANEL. THESE ALTER-
NATIVES MAY BE CONSIDERED INDEPENDENT OF THE BASIC STRUCTURAL
ROCFING PANEL THAT IS THE SAME IN ALL CASES

ALTERNATIVE A

Waterproofed, Non-Fire Retarded Bonded Oriented-Bagasse
Composite Formulation

Ingredient Weight
Processed bagasse 79.3
- Liquid phenolic resin 4.2
Preservative 0.5
Asphalt waterproofer 12,0
Aluminized asphalt paint 4.0
Alum (0.4)

Sulfuric acid (0.2)

ALTERNATIVE B

Minimal Cost Bonded~Oriented-Bagasse Composite Formulation

Ingredient Weight
Processed bagasse 86
Liquid phenolic resin 4.5
Preservative 0.5
Roofing paint 9
Alum (0.4)
Sulfuric acid (0.2)
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A second viable alternative for slightly less permanent roofing
exists in the second formulation shown in Table XIV. 1In this
case the waterproofing is eliminated entirely and the burden of
preventing water penetration is provided by a thick, durable
roofing paint that seals the top side of the structural panel
and sheds the water. Since the structural panel itself burns
no more readily than wood, additional fire retardants would not
be required.

A key to this alternative is using a cost effective roofing
paint that will seal the top surface of the structural panel
and be durable with time. One such paint already exists com-
mercially. It is known as Roofmaker (Plastifiber Formulations,
Inc., Miami Beach, Florida, or Mercedita, Peurto Ricc), and
is being marketed in the Carribean and as well the United
States. This is an acrylic paint that is reinforced with
bagasse fibers. It is cream colored and shown in Fiqure 18.

J
While an extensive study on this paint was not made it has been
independently evaluated by Battelle-Columbus Laboratories. Ac-
celerated weathering tests in a Weatherometer of this »aint on
the bonded oriented-bagasse composite has demonstrated it to
be an excellent performer. In any futuic investigation, thisg
particular formulation should be evaluated in more detail.

A third, lowest cost, alternative is to use the molded panels
"as is" without added waterproofing. A slightly higher resin
content might be used to further improve water resistance a.id
wet strength. Fire resistance of this product would be good
and it would burn slowly, with little smoke or fumes, if
ignited. The main negative aspect of this otherwise attractive
alternative is the less generally acceptable unpainted tan
appearance of the exposed bagasse fibers. Durability up to 5
years may be expected, as illustrated in Figure 18.
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(a) Corrugated panels painted
with a thick bagasse rein-
forced acrylic coating
before installation at the
Scientific Research Council
in Jamaica.

(b) Completely unprotected
corrugated panel after
two year outdoor exposure
in Jamaica. Only moderate
mold growth observed with-
out ary physical changes.

(e) Unprotected and paint striped
flat panels after almost three
years exposure in Jamaica.
Severe black mold growth shown
on unprotected surface and no
mold on painted surface.

Figure 18, There are several potential alternative treatments for
the B0B rcofing material which can reduce its cost with
some compromise in durability.
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A fourth alternative would be to combine the materials for the
BRP system by applying a thin dense coating of a phenolic-bonded
powdered bagasse to the surface of the oriented bagasse fibers
during molding.

3.1.4.3 Process

The process for the phenolic-bonded, oriented bagasse fiber
composite material is the most complex of the various developed
alternative material systems. This complexity could be handled
by a large manufacturing process or used to advantage in a labor
intensive process in almost any scale operation. The process

is similar to others in finally requiring compression molding in
a press, but differs in that an oriented bagasse panel is first
formed, which provides the structural characteristics of the
system. This is then treated to provide the necessary durability.

A BOB composite roofing panel is manufactured in three primary
stages, as shown in Figure 19. The first step is the prepara-
tion of bagasse fiber, starting with whole sugar cane bagasse,

in a wet process. The second stage, also a wet process, involves
depositing a phenolic resin binder onto the bagasse fiber,
orienting and forming these fibers into mats, laying up these
mats, and finally compression moldiag them into a structure
roofing panel. At this stage, the final mechanical performance
and the shape of the panels are fixed.

The third stage is the stabilization of the structural roofing
panels by the application of treatments to Provide waterproofing,
outdoor durability, and resistance to biological attack. It is
at this stage that alternative formulations can be applied.

This provides more product versatility than exists with the
other candidate roofing systems.

Before proceeding with a discussion of the process details, it

is important to consider that the process was tailored around
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Slaje | Stage 11
BACASSE FIBER "REPARATION FABRICATION OF ORIENTED FIBER MAT PREFORMS

Whale Bagasse Al NG OF STR RAL PA
from Sugar Cane

Processed 8agasse Fibers
! i
Ory Cnap Siurry Fibers
and Depith in Water
Dry Separate Aod Liquid
by Screening Phenolic Resin
m Precipitate Resin
into Fibers
Wet Depuin Form Unbonded
and Chop Oriented Fiber Mat
i by Differential Shear
Wet Separate : - U; M‘
Screeni 2 Up Mals
Y ‘ o into Mold
Clean Fibriilatad Depithed Mold Mat with
Wet Bxjasse Fbers Pressure and Temperature

l

Structural Roofing Panel

Stage 111
STABILIZATION OF THE STRUCTURAL ROOFING PANEL

Strudtural Roofing Panel

Impregnate with
Preservatives
and
Water Proofing
Agent

Appty Exterior
Appearance Surface

Ourale Roofing Panel

Figure 19. Threes primary stages are shown in the process
outline for making tonded, oriented bagasse
(80B) fiber roofing panels.
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existing, easily obtainable, or Projected available facilities
in the MRC laboratory and the participating countries. Accord-
ingly, the most efficient techniques probably were not used for
manufacture of the experimental samples. Where possible, better
alternative processing steps will be mentioned for those consid-
ering scale-up of the operation. In any case, further develop-
mental work should be conducted to validate those projections.

The first major stage, that of bagasse fiber preparation, com-
prises five steps illustrated in Figure 20. In the first two
steps the whole sugar cane bagasse is chopped and a portion of
the pith is broken away from the small fiber bundles. The
desirable fiber bundles are then separated from both the pith
and large bagasse pieces by screening. These first two steps
could be eliminated in the process. However, it is more effi-
cient to conduct this initial pith separation on a dry basis,
because it reduces requirements for process water and its fur-
ther treatment.

The third step of the first stage is the soaking of the small
bagasse fiber bundles (approximately 1 inch long and 1/16 inch
diameter) to weaken the adhesive bonds between the pith and the
bagasse fibers. It takes time for the water to soak into the
bagasse and weaken the pith. However, an overnight soak without
agitation was found to be adequate. Agitation or minor addition
of caustic could be used to éccelerate the breakdown where bulk
storage of the bagasse is not convenient,

The wet mass of bagasse is then exposed to severe beating and
shear in a vertical cutter mixer (various wet depithers could
also be used for this purpose). This step is very similar to
the first step except it is done in a wet state, and therefore
causes much greater separation of fibers and Pith. The last

step in this stage is wet screening and washing of the bagasse
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{(a) Wet whole cagasse contain-

ing fibers bonded with pith.

Figure 20, %hole bac
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pith from the fibers so that only clean, defibrillated, depithed
small bagasse fiber bundles reamin.

The second major stage comprises six processing steps in which
the clean processed fibers are converted into a structural
roofing panel which may be corrugated, flat, etc., as desired.

The second stage starts with slurrying the wet fibers into
water (about 20 pounds of water per pound of dry fibers). The
small individual fiber bundles in this slurry are separated by
stirring slowly. Then, a liquid phenolic resin is added and
distributed with a minor amount of gentle stirring.

The phenolic resin is then precipitated onto and into the
fibers by acidification of the solution. Acidification is
achieved by addition of the sulfuric acid and alum slowly

to the stirred slurry. The individual small fiber bundles,
then each contain a quantity of unreacted phenolic resin. Up
to this point, the process is not much different from wet hard-
board manufacturing and is illustrated in Figure 21.

The next process step is the key to the performance of the
panel. It requires that the fiber be properlv prepared as
described. The resin-impregnated fibers are aligned in one
direction and densified into a mat that can be handled. At
the same time most of the water is removed. All of these
functions are performed at once by dumping the slurry into a
centrifugal extractor (a ccmmercial spin drver) containing a
very fine screen. The fine screen strains out the water at a
controlled, relatively slow rate, while retaining the fibers.
The centrifugal action causes a column of water to form in
which the fibers are suspended. These suspended fibers line

themselves up in the direction of the spinning action due to
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(a) Clean fibrillated fibers are
reslurried before addition
of the resin.

(b) The liquid phenolic resin
in the form of a salt is
added to the fiber slurry
and then precipitated onto
the fibers by acidification
of the solution.

(¢) For orientation of the fibers
a dense screen which retards
the water flcw is placed in-
side of a commercial water
extractor (spin dryer).

)

22

A

Y
o
"

Figure 21. Liquid phenolic resin is added to the wet processed

bagasse fibers refore the orienting step to achieve
wide and uniform Zistribution,
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differential shear. When the column of water containing the
aligned fibers has been formed, the water is then forced out
through the screen by the centrifugal action. The screen is a
very important part of the System because it holds the water
column long enough for the fibers to align. Screening which
will provide the necessary retardation of water flow is readily
available., It is a very tightly woven, hard fabric used in the
manufacture of paper and is referred to as a Fourdrinier fabric.

The mat forming step provides what is commonly referred to as a
"wet prepreg". The prepreqg contains bagasse fibers with a high
degree of orientation, an un: eacted resin, and a "solvent"
(water). These prepregs, which will be referred to herein as
mats, are too weak to be carried by themselves but can be
carried around on a supporting fabric or on the thin metal
screen used in the orientation step shown in Figure 22.

A number of these mats, prepared as described above, are then
laid up into molds of the desired configuration (flat, cor-
rugated, etc.). The molds mustc be designed for heating and
pressure to the extent discussed below.

During the experimental effort mats as wide or as long as the
s5ize of the panels desired could not be made (except for small
exposure plagues). The mats nowever, can be laid up together
to form panels much larger than their individual size, but then
there is no structural support between the mat edges since
fibers do not fill this boundary laver. Accordingly, a pro-
cecdure was developed to oridge these gaps. The procedure
consisted of first forming mats that contain only enough mate-
rial for half the thickness of a vanel. These half-thickness
mats were then laid down in a staggered fashion so that a
continuous portion of the mat always covered any butt joints.

Although this procedure worked guite well, it would ke better
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(a) The slurry is dumped into
a spinning water extractor
where a standing column is
formed and the fibers line
up in the direction of
rotation.

{b) Water is removed from the
Mat by the centrifugal
action of the extractor.

(¢}  The moist mats are sup-
corted by a fabric which
is used to remove it
from the axtraccter.

T S04 00,

figure 22. A Xey ster in zhe 2CB process is the orientation and
simultanecus dewatering ofF the resin containing
: a handleable mat preform,
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to form mats that are at least as large as the final desired
panel, because hand layup work and chances for imperfections
would be reduced.

The final step in the second stage is the molding of the mats
in compression using pressure and temperature. In contrast to
the processes for the alternative materials, the mat is very
wet at this point, which is a benefit. Usually the molds are
part of the press and therefore can be preheated and remain
heated during the entire operation. In such a case, the mats,
rather than being laid-up in the mold, are laid onto a flexible
caul sheet and carried in the mold. An ideal caul sheet for
this purpose is the Fourdrinier fabric previously mentioned.
When making corrugated panels this caul sheet must be flexible
SO it can bend into the corrugations. It must also be strong
enough so that when pinched at the peaks of the corrugations it
can be stretched down into the corrugation without breaking.
Accordingly, simple, lightweight apparel fabrics would not be
adequate.

After charging the mold (which is at 270 to 290°F) with the
properly laidout mats, pressures of at least 300 psi are applied.
Upon the first application of pressure, as might be expected,

a considerable amount of steam is generated and ejected from

the sides of the press. To assist in venting this steam the
pressure is relieved from the press, held off for about 30
seconds, and then reapplied. This process stage is shown in-

Figure 23, A discussion on molds is contained in Appendix J.

During the generation of steam no curing of the resin occurs
since the steam itself will control the temrerature at about
210°F. When the pressure is reapplied, however, and the mat is
heated to about 2757F, the resin cures and the bagasse fibers
are ccmpressed into a cdense mass. The total heating cycle

te

ranges from 10 to 15 minutes derending upon the mass of the
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press, the mold and the amount of heat dissipated in converting
the water to steam. This cycle time can be reduced by some
predrying of the panels, but the bagasse should contain at
least an equal weight of water because this alliows its com-
pression under pressure and results in better packing and
higher densities.

Once the curing cycle is complete, the press is opened (while
still hot) and the structural panel removed. It then only
needs to be trimmed (with any type saw) to remove low-density,
nonuniform edges. The result is a structural roofing panel
that has all of the mechanical strength and rigidity that it
will ever attain. It may contain moisture which rapidly evapo-
rates. Such a panel can easily be handled by one person,
stacked, shipped, and subjected to any cof a variety of forces
without injury.

The third and final stage of the process for the BOB composite
roofing panel involves stabilization with additional materials.
These retard water from entering the bagasse, prevents biologi-
cal degradation, and provides outdoor cdurability and an appropri-
ate appearance. 1In the preferred composition, a fire-retarded
waterproofer and preservative are added at the same time from
solution. These materials are asphalt, chlorinated paraffin

wax, the organo phosphorus liguid, and pentachlorophenol.

The additive materials are dissolved in toluene. The panels
are dipped into and readily soak-up the solution. When the
panels are removed from the dip, the solvent evaporates, leav-
ing behind the active ingredients. The concentration of the
lngredients in the solvent and the number of dippings can be
controlled to applv the cptimum amount of material (which is
designated in the fcrmulat:ion described in a previous section).
However, usually only one dip is reqgquired, as illustrated in

Tigure 24,

117

¢ VMONSANTO RESEARCH CORPCRATICN o



(a) Waterproofing is best intro-
duced by dipping into a firaee
retarded asphalt solution,

(b) Solvents used te facilitate
dipping are removed oy air
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At this point a waterproofed, stabilized, structural roofing
panel has been made. All that remains is to apply an outer
surface that is durable to the weather and provides the desired
appearance. Suggested is a fire-retarded flake aluminum filled
alkyl or acrylic paint. Spraying is necessary in order to rini-
mize the amount used while achieving uniform coverage. The
addition of too much paint would adversely affect the fire-
resistance of the panel since the paint itself is a fuel. Fire-
retarded paints are commercially available, but they are
normally too expensive and lack sufficient outdoor stability to
be considered for this apolication.

The panels need only be painted on the side and edges to be
exposed to the weather. However, the bottom side can also be
painted if so desired, especially where this side will be the
interior ceiling of a structure. The last step of the process
is the drying of the paint. The panel can then be handled in
much the same way as corrugated iron or aluminum panels, It
will be much lighter in weight and much tougher than these or
equivalent asktestos cement roofing panels.
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3.1.4.4 Cost Projection for Ingredients

The cost of materials alone, not including processing, are projected
to be 12 cents per square foot for the fire-retarded BOB composite
and 6 cents per square foot for the lowest cost system. Sales
prices for corrugated roofing panels are projected to be 4 to 5
times these materials costs. The foreign exchange requirement for

resin for the structural panel alone is less than 2 cents per square
foot.

A breakdown of costs for .the various ingredients are shown

in Table XV for the fire-retarded and lowest cost BOB formu-
lations (based on 1976 dollars and costs). The third alternative
BOB formulation, which is just waterproofed with a surface
paint, would cost about the same as the lowest cost asphalt
waterproofed and painted system (6¢ per square foot).

The material indigenous to Jamaica, Ghana, and the Philippines
is bagasse. The cost of the bagasse is taken at its fuel-oil
equivalent, since it can be used as a fuel. The cost for the
bagasse shown here is higher than for the alternative roofing
systems because only a portion of the bagasse is used and it is
assumed that the residue has no value. Again, where bagasse is
available in excess, it is being sold at a fraction of that
cost or is considered a waste product. In the long term,
however, this higher price must prevail. Phenolic resin is
presently manufactured in the Philippines and has been manu-
factured in Jamaica, but still a significant portion of its

cost is in foreign exchange.

The selling price of the roofing is projected from inddstrial
experience to be in the range of 4 to 5 times that of the basic
materials cost. This factor includes the processing (normally
expected to be about =qual in cost to the raw materials, but
for this system is anticipated to be about double the cost of

the raw materials), sales, administrative expenses and profit.
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Table XV

MATERIALS COST FOR FIRE RETARDED, WATERPROOFED,
BONDED-ORIENTED-BAGASSE FIBER COMPOSITE

Ingredient Formula Component Cost

Ingredient (USS/1b) (Wt. %) (11S$/1b)
Processed bagasse 0.03 78.7 0.024
Liquid phenolic resin 0.35 .1 0.014
Preservative 0.42 0.6 0.002
FR waterproofer 0.51 12.0 0.061
Al surface 1.22 4.6 0.036

Total 0.157

Eg. Panel Thickness: 0.12 in.
Eg. Panel Weight: 0.77 1lb/ft?

Material Cost - 12 US¢/ft?

MATERIALS COST FOR LOWEST COST WATERPROOFED,
BONDED-ORIENTED-BAGASSE FIBER COMPOSITE

Ingredient Formula Component Cost

Ingredient (US$/1b) (We. %) (US$/1b)
Processed bagasse 0.03 79.6 0.024
Liquid phenolic resin 0.35 4.0 0.014
Preservative 0.30 0.4 0.001
Asphalt 0.20 12.0 0.024
Al/Asphalt 0.60 4,0 0.024

Total 0.087

Eq. Panel Thickness: 0.12 in.
Est. Panel Weight: 0.6 lb/ft?

Material Cost - 6 US¢/ft?
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Using an average 4.5 multiplier to obtain the sales prices for
the two types of roofing, the foreign exchange requirements
then represent 19% and 15 percent of the sales prices, re-
spectively. The remaining 82-85% value of the roofing material
would be added in the country manufacturing it,

The process can be conducted on a scale ranging from making
fractions of a panel Up to making numerous panels at a time;
thus allowing for capital and equipment investment proportional
to sales volume. Accordingly, the need for heavy investment at
an early stage can be reduced. This investment can be spread
also into a number of smaller plants throughout a country in
order to take advantage of under-utilized labor forces,

Latitude is allowable in the final Processing stage with re-
spect to the amount and cost of ingredients. Thus, optimizing
performance with respect to cost should be achievable with time
and experience of manufacturers, product needs, and the controls
set by the Governments.

Importantly, the utility of this product for roofing (interior
walls, partitions and ceilings) applications is obvious. These
uses should provide a broader base of manufacturing over which
capital costs can be spread. This should assist in reducing
processing costs and eventually bringing the price of these
roofing panels down even further, or preventing them from
escalating as others will do with inflation. None of the
ingredients are expected to increase disproportionately in
cost, or have any projected availability problews over the next
few decades of time.

Several alternative compositions and process modifications have
been discussed in the proceeding sections. These modifications
can be expected to provide improved performance, reduced cost,
or both.
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3.1.5 Non-Roofing Applications for Candidate Materials Systems

Roofing applications require very high performance from materials
with respect to both strength and outdoor durability. But, mate-
rials that are adequate for roofing may also be useful to con-
struct other parts of a building, if the economics are favorable,
Three of the four systems developed, as well as one rejected
earlier for roofing, appear to pe useful in this regard.

The materials systems originally developed for roofing can be
made competitive for other structural and non-structural appli-
cations. However, it will be necessary to modify their physical
form and lower the total raw material costs. Various appli-
catinns are illustrated in Figure 25.

The bagasse-reinforced rubber System can be reformulated and
the process modified to produce a flexible material on a more
economical (shorter) vulcanization cycle. This flexible mate-
rial could then be evaluated for floor tile, kitchen cabinet
tops, molded kitchen sinks, etc., and other applications where
flexibility, toughness, and resistance to water are important.

The bagasse-reinforced phenolic system is especially amenable
to tailoring for lower cost. It was demonstrated in the Philip-
pines that after the powdered bagasse and phenolic resin were
blended, they could then be extended by mixing with very large
quantities of ground wood chip filler. In this way, it was
possible to produce strong, durable, thick or thin panels
having resin contents of 20%, 10%, and even as low as 5%,
Obviously, the lowest resin content materials would not be
suitable for use in the more demanding roofing applications,
but still might be completely satisfactory for sidewalls,
interior walls, partitions, and ceilings (especially if
painted).
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Bagasse Reinforced Phenolic -- BRP

o Bagasse Reinforced Hard Rubber -- BRR
e Phenolic Bonded Oriented Bagasse -- BOB
¢ Phenolic Bonded Clay -- PBC
Wall Panels Acoustical Panels
Ceilings Sinks
Flooring Furniture
Counter Tops Bricks
Fences Doors
Siding Shutters

Figure 25. The materials and processes developed for roofing

have utiiity, when modified, for other applications
in home building.
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The "wood chip dilution" concept is of special interest in

the Philippines because new applications for ground wood-

waste products that could create larger markets for these

raw materials are desired. Participants at the National Housing
Corporation in the Philippines are considering constructing

an entire model house based on 4 ft x 8 ft panels of the
bagasse-reinforced phenolic system, including the "wood chip
diluted" materials,

The phenolic-bonded, oriented bagasse fiber system can also

be tailored to form much lower cost products suitable for
interior applications by removing the waterproofing add-on
ingredients and the associated fire retardants necessary for

the waterproofer. Resin concentrations much lower than the
present 4% level also are expected to be usable for applications
that are not exposed to water. Molded panels containing as
little as 1.5% phenolic resin binder have good dry strength

and are projected as usable for interior ceilings and partitions.
They deteriorate only on exposure to water. A slightly more
porous form of bagasse fibers bonded with phenolic resin

would also provide acoustical sound absorbing characteristics.

It may be possible to combine to advantage the bagasse-rein-
forced phenolic material (BRP) with the bonded, oriented
bagasse fiber procduct (BOB). A pa 21 of the phenolic~bonded,
oriented bagasse could have one surface consisting of the
pigmented bagasse reinforced-phenolic material integrally
molded. In this way, a better combination of cost, strength,
outdoor aging, and fire resistance could be obtained than in
either system alone. Further investigation and possible

cevelorment of this modification 1s suggested.

Some clay ccmpositicns, investigated to a limited degree in the
experimental stages of the program, discussec¢ in the Second
Arnual report, may also have utilitv in non-roofing applications.
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Compositions of clay bonded with 2.5 to 7.5% wt. of phenolic
resin had excellent compressive strength (4000-8000 psi),
along with a useful level of flexural strength (2200 psi)
when dry. At the 5 to 7.5% resin concentrations, the molded
products also retained a useful level of compressive strength
(2300 psi) when wet. It was envisioned that products of

this type could be considered for exterior walls, which, in
the tropics, are ordinarily protected from direct exposure

to rainfall by the larger overhanging roofs. The relatively
heavy weight of such unfired clay bricks might by itself
contribute a measure of stability to the wall. Bricks or
blocks of phenolic-bonded, unfired clay would have rhysical
properties similar to those of "soil-cements and would function
independent of the type or nature of the clay.

Thus, there are several avenues by which the basic systems
developed might be modified and extended to broaden the

field of application for these materials. Collaborators in
the three participating countries are encouraged to investi-
gate development of such products for non-roofing applications,
Full utilization of the products in housing could have wide-
spread and far-reaching beneficial effects in these three
countries. These benefits could in time be extended to other
countries (developing and developed) which have a good source

of the prime raw material, sugar cane bagasse.
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3.2 METHODOLOGY (Programatic Approach)

One of the key goals of the program was assuring that any developed
technology was made available to and left with the participating
countries. Achieving this goal was approached by getting partici-
pating country personnel and organizations actively involved in
making decisions and the work. Financial and in-kind commi tments
were encouraged to assure direct involvement. The approach dif-
fered slightly in detail between the three participating countries.

The program methodology consisted of using two parallel paths
shown in Figure 26, from the start to the completion of the
effort. These two paths were used to better define the method-
ology sepjarating the materials development per se from the
collaborative efforts and the transfer of technology. The

two paths are highly interdependent.

The materials development path is the one commonly used in the
performance of an R&D effort such as this one. Basically, it
concerned development of materials systems and demonstration

of the benefits of these systems in the participating countries.
The desired result was technology per se.

The second path, collaboration and transfer of technology, was
set up to provide for intimate involvement of personnel and
organizations in the participating countries to: (a) gain

their expertise concerning the local situation, (b) coordinate
the effort, and (c) most importantly, transfer the knowledge
developed in the program so i* would be available in the partici-
pating countries independent of AID's future involvement.

It was hoped that continued technology transfer in other in-

terested countries could actually be performed through these
knowledgeable individuals who would probably be better able to

communicate the ideas and relate to the various socio-economic
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MRC Project Team

Philippines
Collaboration V
tion, . Materials
Demonstration and Jamaica Development
Transfer of Technology ; g
Ghana |-°

Program Objective

Technology on Roofing
in each Participating Country

Figure 26. The methocdolegy encompassed following two, parallel,
interrelated paths toward meeting the program objec=-
tives in Asia, Africa, and latin America.
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needs. Tt was also designed to generate expansion of the partici-
pating individuals knowledge and interest in roofing and construc-
tion, with natural benefits to the host countries.

The total effort was conducted in three phases, each originally
defined to encompass one calendar year (primarily for contract
purposes). The program was actually conducted over a fifty-two
month period, with phase one lasting twelve months, phase two
sixteen months, and phase three, twenty-four months. The much
longer time for phase three was judged necessary to allow time
for shipping of materials, for events to occur and be analyzed
before proceeding further, and for gaining the benefits of
lessons learned in one participating country and transferring
those benefits to the others.

3.2.1 Collaborative Effort and Transfer of Technology

The collaborative effort and transfer of technology was initiated
at the start of the program and continued throughout its duration.
This early and continued intimate inter-relationship berween the
MRC team and the participating countries was one of the most im-
portant aspects of the methodology.

Early in the program it was necessary to define the problem and
to select one participating country each in Asia, Latin America,
and Africa. Defining the problem, then, from the very start
was done in conjunction with individuals and organizations in
candidate participating countries.

The Iirst stage, shown in Figure 27, provided for two needs:

(a) defining the roofing and potential materials situation in

the candidate participating countries, and (b) defining poten-
tial collaborative organizations and individuals with whem weork
in the orogram could be accemplished, and who could be resronsive
to follecwing throuch with an effort even after AID support was
concluded,
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APPROACH
G ——

COLLABORATION, DEMONSTRATION AND TRANSFER OF TECHNULOGY

Survey Screened AlD
Countries in Asla,
LA and Alrica

=t

PHASE |

?

PHASE It

-4 -

PHASE 111

Define Representative and
"Workabie" Country
(1 each in Asia, LA and Africa)

e

1

Define Potential Cotlaborative
Institutions and Individuals
In Selected Countries

:

Form Advisory Committee
of Expertise
in Selected Countries

Form Working Group
to Perform Development Work
in e3ch Selected Country

J

Conduct Development Effort
and InKiate Education
and Promotion of Intent

Compile Resuits
and

Perform Demonstration

l

Define Criterla
for Selection
of "Workable" Country

Define Program (ntent
and Status

Oefine Expertise Needed

Oefine Typs and Amount

of Work Required

Reform Committee to Estadlished ¥ing

of Organization or Institution
to Promote Use

and Further | mprovement of Results

Figure 27,

Collaboration, demcnstration and transfer of technology

were the comperents of one of the two metrhodolcgy paths
that put the develcpoed te2chrology into practical use.
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The initial contacts made in the candidate countries eventually
selected thus provided the framework for the future extensions
of the program.

The first stage was the most difficult to perform since it was
known only that roofing was the area of interest and that resin
binders and indigenous materials were to be used ip development.
No specific information was available. The problem can best be
illustrated by comparing the nature of an existing roofing,
corrugated galvanized iron,,and.comparing it to a roofing penrel
made from bagasse. First of all, those individuals involved

with corrugated galvanized iron roofing, while highly knowledgeable
in its performance, characteristicy, etc., would not be expected
to know about the nature and properties of bagasse, resin binders,
resin processing, etc. Such personnel and organizations thus
would have little or even DPOssibly a negative interest in the
development of alternative systems. Thus, just who could
contribute was difficult to determine,

3.2.1.1 Advisory Committees

It was necessary to call on a wide variety of expertise in the
areas of materials, processing, agricultural residues, roofing,
architecture, building materials, etc., so that when the better
systems were defined, potentially interested and skilled indi-
viduals would be available to pursue the effort. The approach
taken was the formation of advisory committees with broad
experience,

A prime objective was to define organizations and individuals
who would prooably be directly involved because of the nature
of their business or who would have the versatility ané open-
mincdedness to dursue a beneficial development. The obvious
interest and enthusiasm of a nost of individuals in the candi-

date countries assisted in reacning this cbjectiva.
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The approach taken for making the desired expertise available
was the formation of advisory committees, set up on at least a
semiformal basis. Invited to participate on the advisory
committees were those who were felt might have something to
contribute, even to a minor extent. It was explained that as
the program progressed certain participants might have trouble
relating to what was being done, but their participation was
still welcome. 1In a similar vein many of those on the commit-
tees might not have been able to participate until later in the
program, but their knowledge of the evolution of the program
would be highly valuable and would reduce the necessity for
repetitive explanations of just why various conclusions had
been reached.

A chairperson was elected or appointed for each of the advisory
committees who acted as an overall coordinator for the effort.
The chairperson saw to it that the various disciplines were
represented on the committee and that replacements for indi-
viduals were made when members found they could no longer
participate. It was important that this chairperson live in
the vicinity of the activity, be able to communicate with the
members of the committee, and be able to convene the committee
when riecessary. Membership in the committee just for the sake
of holding that position and meetings just for the sake of

having meetings were highly discouraged.

The mempers of the committees included individuals frem the
government, private industry, and academic ins<itutions.
Experts in the areas of finance, business, entrepreneurship,

socio-economic reguirements, etc., were also encouraged.

It was then important to obtain commitments from the advisory

committee members for their participation in greater detail if
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program developments should so warrant. It was necessary to
define those who could make the commitment and those who would

be selected to fulfill it (if not one and the same). For
instance, usually a commitment had to be made by an individual

in top management, who usually would then appoint a delegate to
fulfill this obligation. Generally, these commiiments were

made without hesitation and assistance was made aveilable at
appropriate times. There is no doubt that this generous attitude
was a key factor in obtaining the results that were achieved.

3.2,1.2 Technical Working Groups

The working group was to consist of key individuals who were to
be directly involved in the experimental effort and who would
thus have detailed knowledge of the materials, process, and
applications being considered. It is through these key individ-
uals that technology was to be transferred.

A key important point in our methodology was the transfer of
technology from person to person rather than through some
inanimate structure such as a report. Reports and written
material were to be used to aid the involved individuals,

but nothing was to replace inter-personal communications.

The working groups were made uo of those who coulsi directly con-
tribute to obtaining the necessarv raw materials, manufacturing,
developing, testing, utilizing the product, utilizing the
technology, and constructing the demonstration roofs. The

type of expertise required depend ugon the system being con-
sidered at the time. The working group was to have a chairman
or coordinator to facilitate its functioning.

The working group in all cases conducted laboratory or small
scale pilot experiments to gain fam:iliarity with the system or

systems of interest, Attempts were made to relate the knowledge
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gained to the particular materials and manufacturing situation
anticipated. Experiments were done both in anticipated manu-
facturing facilities and also at independent laboratories
(usually government sponsored) depending on the nature of the
working group infrastructure.

Introducing the technology into a government laboratory that is
free to make the information generally available was considered
advantageous. However, introducing the technology into an
organization having a vested interest in making a profit usually
provided a better incentive to early adoption and utilization.
Both types of relationships were encouraged, where possible, to
achieve better short term results and guarantee long term

utilization.

After transferring the technology to the working group and
after having determined their competence by their performance
in local experimental programs, a demonstration in the manu-
facture of roofing panels was scheduled. Additionally, the
groundwork was laid for the utilization of these roofing panels
on houses in the immediate local. Performing the demonstrations
required the coordination of a great number of details, all of
which had to occur on schedule. The complexity varied with
the local situation; as few as three and as many as eight
organizations were involved. At-this stage the working group
coordinators and the Advisory Committee chairmen played key
roles and, in fact, determined the degree of success of the
effort.

The final stage of the collaboration and transfer of technology
was a review by the advisory committees and working groups

of the results achieved, their analysis of overall performance,

and recommendations for how the technology should be pursued.
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It was recommended that the advisory committees remain in
exXistence to assist the future development and use of roofing
products and facilitate any interface required between industry,
individuals, and the government (especially with respect to low

cost housing which should be a prime target for the roofing
materials).

3.2.2 Material and Process Development

The development of materials and processes for the manufacture of
roofing panels was conducted in a systematic manner, The method
comprised an initial extensive screening process, followed by an
intensive laboratory program, and finally demonstrations involv-
ing actual construction of roofs in the three collaborating
countries,

The materials and process development generally followed the
recommendations of the special National Academies of Science
Committee, set up by the United Nations to study the problem

of roofing in developing countries. This committee recommended
that available indigenous resources (e.g., agricultural or
mineral residues) be investigated to determine those which were
suitable for combining with minimum quantities of synthetic or
natural resin binders to make functional low cost roofing.

The material develooment critical path, shown in Figure 28 can

best be simplified by a brief discussion that follows it through
its various stages.

The first step of the materials development aspect of the pro-
gram was the determination of the availability and character-
istics of low cost agricultural residues, etc., that could be
raw materials for structural components: (a) first in all the
candidate countries, and (b) second, in greater detail, in the
three selected collaborating countries. The availability of
these raw material components was a deciding factor in the
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MATERIALS DEVELOPMENT

PHASE 1

Determine
Availability and Characteristics
of Potential Structural Material Components
in Selected Countries

Y

Screen for Components
of a Composite Material
at MRC Oayton from Selected List

Define Generalized
Criterial for Root

‘ {

Y

Define Candidate

Composite Material Ingredients

- e

PHASE 11

!

Define Candidate
Composite Material Processes

Determine Suitable Recipes
Based on Physical Properties,
Life and Cost

!

. e

Determine Practicality
and Compatadility of Processes
with Ingredients

Y ¥

Optimize and Select Most Promising Sets
of Materials and Processes
Based on Performance and Cost

!

Define Materials and Processing
to Cotlatorators and £stablish Relevarce
1o I1ndividual Situation

Initiate Development Programs
in Collaborating Countries

PHASE 1| to Refine the Materials and
Processes 10 Fit Available Capabiiities
Design Roofing Perform Pilgt Run of Material

and Roof Structure

to Produce Roofing for Four Houses

!

Install Roofs

T

!

Monitor Performance and Report

Figure 238.

Collaborators

regeeeesd D Ine Specific Criteria

for Root(s)

Sedect Sites for
| Roofing Demonsiration

Material and process develorment constituted the

main technical cath o7 :the methodology laadirg to
the alternative roofing systems,
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selection of the participating countries and therefore had to
be done early, even though summarily, in phase one. Following
selection of the participating countries, more detailed infor-
mation was generated and actual samples of materials were
collected for study in the laboratory. 1In this way candidate
material components from three countries were obtained and
introduced into an experimental program.

The experimental program was conducted initially at the Dayton
Laboratory of MRC with suobport from Dr. Ben Bryant at the
University of Washington. It consisted of a screening effort
to eliminate obviously poor candidate materials ané to provide
some good.alternatives for the future laboratory experimental
effort. At this stage, some candidate roofing compositions
were made using known processes, since it was the properties of
a composite material that were expected to achieve the desired
results. Individual evaluation of components of the composites
was not adequate to project the desired performance.

As candidate roofing products became available from the screen-
ing experiments, and as better candidate samples became avail-
able during the material and process studies, they were delivered
to the participating countries where they were put on outdoor
exposure racks for measurements of durability. While some of
the earlier samoles did not have all the refinements of those
systems oroduced later on, it was important that they be out
out for exmosure early in the orogram so that some realistic
exposure time periods could be achieved. Forcunately, test
fences of this type, usually used for exposing paints, were
available in the participating countries, and the organizations
who had them were most cooverative in nroviding svace and
analysis.

At the same time that the screeninag of the materials was cor-
ducted, a generalized set of criteria f‘or roofing was defined
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in conjunction with participating country personnel. This

was necessary to define the functioning of a roof and what
types of roofs were to be considered. Residential roofing

and low cost housing which better fit in with AID's overall
objectives of putting work where it would benefit the most

poor people was stressed. Complicating the definition of a
roof was guessing what material could be generated from a com-
Posite consisting of some sort of agricultural or mineral resi-
due held together with a resin binder.

It could easily be said that all that was desired was a roof-
ing material that performed as well as a corrugated metal roof
but at lower cost. Given all of the metal roof's individual
attributes, this result in fact could be achieved by nothing
other than corrugated metal itself. It thus was necessary

to determine qualitativelv just what were the necessary and
desirable features of the roof itself, the roofing panels,

and the roofing materials frem which they were made.

Having knowledge of potential raw materials and a preliminary
definition of the desired properties of a manufactured

roofing product, it was necessary to define a process for
producing a roofing material from them. Accordingly, at

this stage a preliminarv feel for existing technology and
facilities was required. For instance, manufacturing facili-
ties '0f any kind that were available in *he participating
countries had to be factored into studies done in the selecticn
of these countries. In all caces some facilities did exist.
Hewever, the availability and size of facilities and the

manner .n which they were being utilized was all important

to the research program, Accordingly, a survev and inspection
of facilities was conducted and information retained for future

reference and use irn the program.
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3.2.2.1 Selection of Best Alternative Candidate System

Four candidate roofing material systems were developed in a
laboratory program using knowledge of potentially available
materials and facilities and established composite technology.

An experimental seed program to develop both composite materials
and processes was undertaken in MRC's Dayton laboratory. It was
conducted there because of the existence of: materials and com=-
posite technology derived from defense and space technology;
processing facilities and skilled operators; and testing,
analytical and weathering capabilities. Conducting this aspect
of the work in the three countries would have probably required
duplication of effort and would not have provided as broad a
look at both materials and processes as could be achieved in

one facility already set up for just such experimentation.

The experimental program took the form of defining candidate
composite material ingredients and optimizing recipes based on
the results of tests for physical properties, durability, and
Cost. Process development paralled the material analysis.
Processes were necessary to fabricate specimens from the candi-
date materials. In some instances an expedient process was
used to prepare a specimen so that it could be evaluated. As
the effort progressed it was necessary to define and use more
pPractical processes that could be scaled up into the plant
manufactur}ng level,

It was felt that one of the Drocesses needed refinement on a
larger scale. Therefore, collaktorators at the University of
Washington set up a pilot facility for fabrication of full size
corrugated panels, proceeded to detail the process and manu-
factured a small gquantity oI panels for evaluation. This is

illustrated in Figure 29,
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(a) A sSprout-waldren defibrile (b)
lator was used to wet
fibrillate bagasse fibers
after inicial dry processing.

Cawiercial water axtractors
incorporating screens and
dense fabrics were used ta
introduce orientation and
form a moist mat.

{c) A single cprening side loai-
ing press was made available
for molding at the American
Piywcod Associaticn in Tacoma
to ccmplete the pilct plant.

Figure 29, A pilct facilicy to produce full size 2 ft x 7 f¢

corrugated BCB panels was set up By the Universizy
of Washing=on,

140

¢ MONSANTO RESEARCH CZRPORA™ OA )



The culmination of this experimental effort (conducted in
Phase II) was a laboratory optimization and the selection of
four of the most promising material and process combinations.
There were several reasons for not limiting the effort to just
a few combinations at this stage.

First, throughout the duration of the program, the cost of
materials, especially candidate resin binders, fluctuated and
increased (probably more so than at any prior time in history).
Therefore, the future cost effectiveness of any particular
system was subject to later change. Some originally proposed
strong candidates were ruled out at this stage because of that
fact.

Second, the program was being conducted in three distinct coun-
tries each of which had its own set of conditions with respect
to availabilities of materials, facilities, and technology.
Thus, the best material/process combination for one country may
not have been the best for another, Or, more than cne combi-

nation may have been of particular interest in a given country,.

Third, some of the systems looked more promising for the near

term because they took advantage of existing materials, facilities
and technologv. Other Systems appeared rore attractive in the
long term, where capital facilities could be added or some change
in thinking could be introduced.

Finally, during this early research only relatively brief deter-
minations of acceptadbility or durability could be achieved.

Thus, it was necessary to have a number of alternatives available
SO that substitutions could be mace should a flaw become apzarent
in one of the candidates. Such flaws could include some non-
techrnical asovect, rala=ing to a sarticular governmental, noliti-

cal, or sociceconecric climate. For ins%anve, the imrortation
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of materials can readily be made Very easy or very difficult at
the discretion of any government. Similarly, tha government
could either promote or suppress a particular industry :‘or the
overall benefit of the country, but this could possibly result
in a demise of some part of one of the candidate systems.

The availability of bagasse, for example, depends upon a healthy
sugar industry which would have to follow not only political
boundary lines but world demands,

3.2.2.2 Collaborating Countries Participation and Demonstration

The knowledge of material and orocesses and their application to
roofing were transferred to the collaborating countries, Transfer
was achieved and demonstrated by laboratory experimentation, plant
manufacture and actual construction of roofs in the participating
countries with local manpower and facilities.

At this stage in the program the laboratory-optimized roofing
materials and processes and the rationale behind them were
explained to collabofators in the participating countries.

The relevance of the candidate systems to the individual country
was also confirmed. Contacts were also maintained with the
participants throughout to maintain interest and continuity of

’

WOrX programs in the participating countries.

Development programs were initiated in each of the three partici-
pating countries. 2 generalized crogram work Statement used in
Jamaica is shown in Figure 30. Thig program was cdesigned to

maxe the participating working group intimately familiar with

the candidate materials and processes., Experimental work was
conducted on those Systems that seemed to best fis the needs

of the particular country. The work was %o be done in a labor-
atory or small plant, felating as much as possible to existing

facilities to be used in later, larger scale manuiacturing,
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It was also at this stage that the in-country collaborators were
to define as much as possible specific criteria for roofs that
would guide the experimental work and dictate the best options
available. Specific roofs had to be considered to determine

how the roof must function.

The next, most complex stage of the work, included the actual
production of roofing panels at a facility or facilities in the
participating country, selecting housing sites for a roofing
demonstration, and designing a roofing system and roof sub-
structure compatible with the selected houses. The pilot runs
to preoduce roofing panels were %o utilize as much as possible
existing facilities and locally available materials, Those
materials (binders and/or additives) requiring foreign exchange
were provided to the local participants at no charge,

Rath:r than build new houses on which to install roofs, houses
already planned for construction were to be utilized both to
minimize program cos: and provide a more practical demonstration
The rcofing panels were <o be prcvided at no cost, in exchange

for their being installed on a roof, The selected houses

dictated roof design and substructure, Intentionally, as little
modificaticn as necessary was macde, bu- some changes were necessary
S0 acccmmedate the particular rcofing panels that were found to

be practical for the pilot manufacturing,

The rccf was to be designed sc tha« performance, or lack of
periormance could be directly relaced o the material of con-
struction rather than to the roof design, I+« was anticipated
that all the materials could eventually be fabricasted into any
parcicular desired shape, The importance of installing =he
roofs was to get the materials into a rcofing situation for
outdcor expcsure and cractical evaluasicen of curartility so tha«

the life of the preducst cculd be cetermined,
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Sufficient roofing panels to provide coverage for the equivalent
of at least four houses (this arbitrary number having been
selected by AID) were to be manufactured. These were then to be
installed using local craftsmen having experience in installing
rocfing. Emphasis was to be placed on roofing panels that could
be installed strictly by nailing and that could be cut to fit
using normally available saws, knives, etc.

The final stage of the material and process development was to
comprise monitoring the performance of the roofs and preparation
of a report on their performance. It was hoped that the working
group would be able to monitor the performance of the roof for a
number of years so that actual long-term durability could be
measured. This would require only simple visual examination of
the roof from both the inside and outside and interviews with

individuals who were then living under these roofs.
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3.2.3 In-Country Participation Program Details

Programs were conducted in the Philippines, Jamaica, and Ghana,
where collaborative efforts, transfer of technology, and mate-
rial and process developments took place. The efforts varied
in complexity and formality depending on the basic gnvernment
and industry infrastructure. Cooperation and enthusiasm was
good and assisted in moving the programs forward.

The MRC project team assisted in (a) defining the roofing pro-
bleh, (b) developing reliable material and processing alter-
natives, (c) coordinating a developmental) effort in the parti-
cipating countries, (d) performing a demonstration utilizing

the technology, and (e) transferring of the technology by visits
to the participating countries at intervals throughout the four-
year program period.

The timing and duration of the visits to the participating coun-
tries were selected to best utilize the available limited re-
sources and to prevent repetition of mistakes. The duration of
each visit was determined by establishing a cost/performance
criterion, which included manpower, travel and per diem costs
related to the length of a sustained, intensive effort that

could be conducted within the country. Three to four weeks,

ten to fourteen days, and two to three weeks were judged optimum,

respectively, in the Philippines, Jamaica, and Ghana.

The intervals between visits were also optimized to provide

time Ior work to be conducted in the participating countries
between meetings, to allow for shipment of materials and their
clearance through custcms, 0 allow for troubl=z shceoting evneri-
mental work at MRC's Dayton Labc "atory and to allow for planning.
These intervals were five to six months, three to four mornths,
and six to eight months, respectively, for the Philippines,

Jamaica, and Ghana.
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Support was also given by the US AID Missions in the participating
countries. This participation was most helpful and ranged from

a very detailed involvement, including some coordination, to

just smoothing the way by minimizing potentially redundant
formalized reporting and contacting. Formal contacts were

used when necessary, but informal proceedings were found to be
more valuable especially through much of the period that in-
cluded learning by a'l of the parties involved.

3.2.3.1 Philippine Program Coordination and Structure

The more highly structured business, industrial, and governiment
climate in the Philippines introduced a more formal working
atmosphere there. Coordination with a much greater number of
people in a variety of disciplines was necessa / to fully
evaluate the various alternative materials and processes
developed,

In the Philippines, which has a population more than ten times
that of Jamaica, it was judged necessary that a formalized
advisory committee and technical working group be created. The
principal function of the advisory committee was to coordinate
the various aspects of the pbrogram, as well as to obtain credi-
bility and acceptance of the results. The function of the
technical working group, having at the most one represantative
from each of the organizations carrying out the various aspects
of the program, was to actually implemen*: the cevelopment and
demonstration program.

The National Science Development Board (NSDB) was selected by

the National Economic Development Authority (NEDA) as the scienti-
fic agency in the Philippines to carry out the in-country
develooment for the AID roofing project. The chairmap of the
NSDB, General Florencio A. Medina, was selected to form and head

a national advisory coordinating committee for lcw cos: roofing.
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This committee was formally constituted at a meeting at NSDB on
February 12, 1975 and representatives of all the government
agencies critically concerned with housing were invited. The
membership of the national advisory coordinating committee is
shown in Figure 31. °"Some changes in representatives have
occurred throughout the program.

The chairman of the national advisory coordinating committee
designated a technical working grouo with Ms. Lydia G. Tansinsin
as chairperson. The first meeting of the entire technical
working group was held on August 29, 1975.

The technical working grouo, which was to follow through with

direct implementation of the work, including a demonstration,

was made up of individuals from within the advisory committee

and industrial organizations. Those involved in the technical
working group are shown in Figure 32.

The National Science Development Board provided nrogram and
technical coordination. The National Housing Cormoration oro-
vided extensive manpower and facilities for experimentation and
actual manufacture of roofing products on a relatively large
industrial scale. Jardine Davies made availakle a test exposure
facility at one of their plant manufacturing sites and contri-
buted samples of and information on sugar cane hagasse from its
Hawaiian-Philiopine Sugar Company. Goodyear Tire and Rubber
Company provided manpower and facilities necessary €or a portion
of the manufacturing process and thus particivated in the
demonstration.

Latex Products Ccmpany made available manvower and facilities
on a most timely basis early in the program to orovide for the
first pilot-scale manufacture of one of the roofing oroducts in
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LOW-COST ROOPING NATIONAL COMMIT™EE (PRILIPPINES)

Organization

AMNIRNRY COMMITTYE MFMBERS

Representitive

Title

National Science Developssnt Board
Bicutan, Taguiq, Rizal

Nationsl Institute of Science & Tachnology

National Science Developmant Board
B8icutan, Taguiq, Rizal

Forest Products Research and Induatries
Developmant Cosmiseion

872 Isabe). Building

Isabel St., Zespans, Manila

Suilding Research Service
University of the Philippines
Diliman, Quezon City

College of Architescture
University of the ?Philippines
Diliman, Quezon City

College of Engineering
Mindanao Stats University
L and S Building

Roxas Blvd,, Manila

National Housing Corporation
Tala, Zaloocan City

Tondo Foreshors Development Authority
Tondo, Manila

Pecple's Homesite and Housing Corp.
Ellipcical Road, Quezon City

Presidential Assistant on Housing
and Resettlement Agency

Quezon Blvd., Extsnsion,

uezon City

Philippine Institute of Invironmantal
Planners

Sikatuna Bulding

Ayala Averue

Makati, Rizal

Philippine Institute of Civil
Engineering

Delta Motor Sales Corporaticn 3ldg.

Quezon Blvd., Extenaion,

ueron City

Humanitarian and Prive Assistance

Unitad States Agency for Internasional
Sevelopmant

Ramon Magsaysay Center

Roxas 31vd., Manila

Figure 31,

Genersl florencio A. Medina

or. Jose R, Velasco

Or. Prancisco U. Tamolang

Or. Imesto Tabujara (represenced by
G. Hanahan)

Aurelio T. Juquilon

Aufino Ignacio

General Gaudencio V., Tuobias

Mr. Sebastian 3, Santiago

Col. Jaime A. Vanago

Dean Casar H. Concio

Mr. Cesar A, Caliwvara

Mr. Joseph Whelton

Chairman and Country Coordinator

Commissioner

Commigwioner

0fficer~{in-Charge

Exacutive Vice President
Executive Director
General Manager

Officer-in-Charge

Chairman, National Building Code
Committse and President

President

Assistant Director

The Philippine National Advisory committee on roofing

provided extensive experience in their effort.

¢ MONSANTO RESEARCH CORPORATION o

149



JUNIOG-SIqRIRAY 1SOg

0¢T

TECUNICAL WORKING G

National Sclence Development Board
Bicutan, Taquily, Kizal

National Inatitute of Science and
Technouluyy
Bicutan, Taquiy, Rizal

Forest Products Rescarch and Industries

feve luopament Board
Industiics Development Commiasion
872 Isabel building
Isabel Street
Eafrana, Manila

Unlversity of the Philippines
bullding Rescatlds Service
Ui liman, (uezun City

Univeesity of the Philippines
Colleqge of Axchitecture
Liliman, Quezoun City

Mindanau State University
L and 5 3ullding
Roxas ° vd., manila

Natiunal Housing Corpuration
Tala, Caloemcan City

Feople®s Homesite and Housing Corp.
Eliiptical Kad, Quezon Cluy

Pieaidential Assistant on Housing
and Hesettlement Agency

Quezon Blvd., Extension

Quezaon City

National Building Coude
Stkatuna bBuilding
Ayala Avenue

Makati, kizal

Phllippine Inatitute of Civil Engineers

Sikatuna Bullding
Ayale Avcnue
Makaty, kKizal

Furl fur resce

U.5. A.I.b.

Mamoin Magsaysay Center,
Ronas Blvd., Manilas

Natlonal Science Develojeent Board
Bliutan, Taguisy, Rizal

Figure 32.

ROUP FOR THE UEVELOPMENT OF A 1LOM-COST ROOFING (PHILIPPINES)

Representative

Title

Mi. Lydia G. Tansginsin

Dr. Vedasto R. Jose

Joaquin Siopongco

Geronimo Manahan

Anerilio T. Jugilon

Butino Ignacio

Col. Alejandro R. Kabiling

Ramon R. Veto

Dr. Carlos Javier

Cesar H. Conclo

Sangel luazaro, Jr.

Albert S. Fraleigh

Robert Halligan

Mi. Jose O. Jaug

The Philippine Technical Working Group carried out the

Chairman of Committews

Vice Cluimman of Cummittee

Engincer

Profess~:

Dean

Engineer

Dean

Engineer

Assistant Director
Assistant Progream Officer

Member-Secretary

e¢xperimental wqiind demonstrations.



the Philippines. The Forest Products Research and Industrial
Development Commission conducted an experimental effort to
evaluate some of the alternative systems. They also provided
the necessary personnel and excellent facilities. Monsanto-
Philippines assisted in the importation of materials and pro-
vided a communications link between the collaborators and the
MRC project toeem.,

Many other individuals and organizations (e.g., Manila Rubber,
Mabuhay Vinyl) also contributed meaningfully throughout the
duration of the Project, by providing some particular expertise,
material, or facility that was needed at the time. The good
telephone service that exists between the United States and the
Philippines was also beneficial to the coordination effort.

The details of the four prime alternative candidate roofing
systems were discussed with the Technical Working Group first

in August 1975. Based on this information and input from the
Technical Working Group and the Advisory Committee, a detailed
experimental program was drawn up to guide the wvarious partici-
pants who would be performing parts of the investigation. While
the MRC project team originally had time and funds available for
pursuing only one system in the Philippines, there was interest
in pursuing at least three of these. Accordingly, secondary
parallel programs were outlined for the collaborators to conduct
these additional studie:. US-AID Philippine project coordinators
changed several times. However, much active and useful assist-
ance was provided throughout the 4-vear duration of the program,
As will be discussed later, supplementary funds were made avail-
able by AID-Washington and US-AID-Philippines to pursue more
than one alternative.
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3.2.3.,2 Jamaica Program Coordination and Structure

The smaller physical size, the concentration of industry in one
area (Kingston), the availability of relatively modern facilities
and a more {nformal business, industrial and qovernment ¢limate
provided a high degree of flexibility in the Jamaican procram,

A program coordinator directly responsible to MRC and major mane
power and facilities commitments by industry and the qoverrment
expedited the effort,

In Jamaica it was judged that a formal advisory committee on
roofing would be highly desirable as the most effective means
of making available the necessary expertise., A technical work-
ing group could then evolve frem members in the advisory com-
mittee frem those judged to be more relevant to the particular
approach then being taken. The advisory committee is shown in
Figure 33, with membership shown By organizatien, Throughout
the term of the effore, perscnnel changes in variocus organiza-
tions required substitutions of representatives,

The Jamalican coordination effort was unique, among the three
countries, in that the project coordinator had a direct respons-
ibility under tha MRC prime contrace, This was accemplished by

paying that individual for time spent on the project up to a
limit of 500 hours,

There is no doubt that a greater degres of ococordinatien could
have been possible if more funds were avallable for use in the
participating countriee, The lack of such funding = except for
materials and equipment = limited such coordinatien, However,
in spite of these funding limications, total funding of an AID
effort in the participating countries was deemed less advisable
since this would not have required & eignificant commitment en
the part of our collaborators. It was folt that such a commi~
tment was vital %o enceuraqe a continuing effort even after AlD
and MRC participation anded.
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Mr. Alfrico D. Adams, at that time*, a chartered engineering and
partner in the consulting firm of Douet Brown Adams Consultants
Limited, agreed to take on the task of program coordinator if
Supported by an advisory committee. He was also selected as
chairman of the advisory committee.

It was felt that this on-the-spot project coordination repre-
sented an excellent way of conducting the program and should

be pursued in any continuing or similar effort. The selection
of a dedicated, knowledgeable, and personable individual such

as Mr. Adams, with good communication skills, is highly critical.
Strong support by and the cooperation of committee members is
also required.

Mr. Adams was given the task of forming the advisory committee,
starting with those individuals and organizations who had agreed
to participate during earlier survey discussions. It was hoped
that various of the committee members could represent two or
more organizations or agencies, in order to minimize the size of
the advisory committee. For example, a representative of some
government or industry organization might have been able to per-
form a dual role in also acting as a representative from the
Jamaican Society of Architects.

The technical working group, which actually followed through

with direct implementation of the work, was made up of individuals
from within the organizations participating in the advisory
committee. Those involved in the technical werking group are
shown in Figure 34. The specific role of these individuals,
discussed in detail in the next section, can be summarized as
follows. The Scientific REsearch council provided technical

coordination, an experimental effort, and use of facilities.

*Mr. Adams is presently with SMADA Ltd. in Kingston, Jamaica.
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Organization

IMPHOVED ROOFING MATERIALS WITH E

Representative

ONOMIC TRADE BENEFITS TO JAMAICA; WORKING GROUP

Title

Role

Duvet Brown Adasms and Partners
7 Lismure Avenue

Kingstua 5

Fhone: 926-3485

Minlatiy of Housing
2 Haglay Park Road
Kingstoen 10

Fhone: 936-15%30

Sclentiflc Kesearch Counctl
013 tuge Kaad, P.O. Bax 350
Kingstun &

University ot West Indies
Buna koad

Kiteystoa 7

Phuone: 927-01751

Berger Patuts

2%0 Spanish Tuwm Road
Yingatoun 11

Fhatie: 923-6226

Stamlard Building Products
{Jamatca) Ltd. (SBY)

P.O. bux 29

66 Corletts Road

Spanish Town

Fhone: 984-2295 {96)

Gaxslyear Jamaica Ltd. (GY)
Oftice - 29 Tolwgo Avenue
Kinyston 1lu
Flant - Murant Bay
Fhone: 926-8014

942-2135)

Bareau of Standards
6 Winchester Road
Kingston U

Phione: 92L-1140

Figure 34.

Alfrico D. Adams

Ms. Nadine lsaacs
Mr. Al Richards

Mr. Fred Camplwll
Mr. Uran Bowen
Mr. G. J. Denny Williams

Ur. Thoamas Hughces

Mr. Dervin R. Browm
Mr. Ken Espeut
Mr. Trevon Neal

Mr. John Crafton
Mr. Duuglas Wynter

Mr. Richard Greene
Mr. Helmet Schueller

Mr. James Campbell

The Jamaica Technical Working Grou
Advisory Committee making available
develop and manufacture the mate

Chartered Engineer and Roof Programs
Coordinator for Jamaica

Architect
Architect

Senlor Principtal Sclentific Officer
Scientific Offficer
Scientific Officer

Professor of Material Sclence

Technical Manager
lLaboratory Manager
Marketing Manager

President
Technical Director

Production Director
Technical Superintendent

Head, Mmaterials

Overall Program Coordination and
Engincering

Architectural support
Housing Selection

Materials and Design Research
Production Technical 2seistance
Composite Materials and Teating

Consultant

Outdoor Exposure and Analysis

Pilot Manufacturing and

Technical Support

Banbury Pilot Manufacturing

Physical Testing

> was constituted from within the
the personnel and facilities to
rials systems and put them to use.



Standard Building Products, Ltd. provided technical support,
manpower (thousands of hours), and facilities for manufacture

of demonstration panels. Berger Paints, Ltd. provided an out-
door exposure effort and appropriate analysis starting with the
very early stages of the program, and continuing through its com-
pletion. Berger has made a commitment to follow through with
technical advice. Goodyear-Jamaica Limited made available
manpower and facilities to perform a critical part of the manu-
facturing process. The Minstry of Housing provided considerable
guidance in the roof design and made available houses for the
roofing demonstration. The Bureau of Standards and the University
of the West Indies provided valuable assistance in physical
testing and analysis of the composite material systems. The
remaining members of the advisory committee also contributed
importantly with specific details in a positive manner. The
excellent telephone system that exists between the United States
and Jamaica a.lowed instant communications that played a major
role in fulfilling program objectives.
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3.2.3.3 Ghana Program Coordination and Structure

A relatively informal business, industrial, and aovernment c1i-
mate provided a very workable degree of flexibility in the Ghana
program. The intense interest of relevant government agencies
and industry to gain advantage from the program provided an excel-
lent incentive. Commitments by aovernment, business and industry
and the availability of directly appropriate facilities also con-
tributed. The lack of good telephone communications between the
MRC project team and the collaborators and between the collabora-
tors at different locations in the country was a significant
barrier to efficient implementation. However, the interest and
directly applicable expertise within the country outweighed this
communication disadvantage.

It was judged that a separate advisory committee and technical
working group were rot necessary in Ghana. This was true be-
cause of the lecs complex business Structure and the intense
interest of the Building and Roads Research Institute (BRRI) and
its director, Dr. J. W. S. de Graft-Johnson, to participate in
the program. Dr. de Graft-Johnson stated that the necessary
expertise with respect to materials, construction, roofing, etc.
would be available from within BRRI and the Council for Scienti-
fic and Industrial Research (CSIR). This expertise, combined
with that from business and industry, should be adequate to
provide the necessary Xnowledge and technology needed for an
optimum development in Ghana.

Dr. de Graft-Johnson agreed to a single, combined advisory/
technical working group for rocfing in Ghana and to appoint to

it a variety of individuals knowledgeable in anticipated relevant
areas. Thosec organizations and individuals appointed to this
committe2 are shown in Figures 35 and 36.

Dr. de Graft-Jchnson also agreed tc assign an associate from
BRRI to act as technical coordinator for any effort to be

conducted within BRRI and outside industry. This indivicdual,
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Kofi Obeng, a chemical engineer, was assigned to become know-
ledgeable in the roofing material and process alternatives

developed in the effort; to perform some experimental work to
demonstrate his knowledge; and to coordinate the obtaining of

materials, shipping of panels, roof installation, etec. necessary
for the roofing demonstration.

The main objective of the program at BRRI was to obtain enough
data to verify the process, properties, and costs of the alter-
native roofing materials. Such data obtained locally, would be
sufficient to verify for the government of Ghana that these
roofing products should be adopted and used in typical housing.
Dr. de Graft-Johnson agreed that this work at BRRI would be
performed as part of their normal budget, with a priority diverted
to it. He pointed out clearly, however, that it would be ab-
solutely essential for any foreign exchange requirements to be
supplied by the AID contract. It was agreed by BRRI and MRC
that a formal agreement would not be necessary for the perform-
ance as agreed upon.

There were four major participating organizations in the Ghana
roofing development and demonstration program. These included:
BRRI, in their role as discussed above; Ghana Rubber Products,
which contributed major amounts of manpower and facilities for
the manufacture of roofing product; Ghana Sugar Estates, which
made available and delivered the necessary bagasse; and Reiss

and Ccmpany, which assisted with the importation of materials

and at times provided for timely intercontinental communications.
The Forest Prcducts Research Institute was to have made available
scme needed facilities but was unable to de SO.

Discussions by the roofing committee were held in 1975 and 1976,

covering all aspects of the effort with emphasis on the rural,
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low-income housing situation. Based on the information generated,
a detailed experimental pProgram was drawn up to guide the various
participants who would be performing parts of the investigation
and demonstration.
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3.3 TECHNOLOGY DEMONSTRATIONS IN THE PARTICIPATING COUNTRIES

One goal of the program was to demonstrate the utility of the vari-
ous roofing material candidates by manufacturing at least one of
them within each of the participating countries and installing

roofs that would allow their evaluation. The bagasse-reinforced
hard rubber system was demonstrated in the Philionines and Ghana,
and the bagasse-reinforced phenolic system in Ghana, Jamaica, and
the Philippines. These demonstrations helped force a transfer of
technoloay. Secondary systems and alternative uses for the oroducts
were also explored.

One goal of this program, which was achieved, was to manufacture
at least one of the alternative roofing systems in each of the
three varticipating countries using available facilities and
manpower. These demonstrations had a number of purooses, which
included: (a) illustrating the practicality of the system for
the local situation; (b) illustrating that the technology had
indeed been transferred; (c) establishing a baseline for dura-‘
bility studies; and (d) illustratinc the validity of a scaleuo
from the laboratory studies. Figure 37 summarizes the scooe of
the demonstration effort.

The bagasse-reinforced hard rubber (BRR) system was used for
demonstrations in the Pnilippines and Ghana. The bagasse-rein-
forced ophenolic (BRP) was demonstrated in Jamaica, Ghana, and
the Philippines. 1In the Philippines, Ghana, and Jamaica, mate-
rials were compounded, panels were “abricated, and roofs con-
structed. 1In Ghana BRR materials were also compounded, but only
small samples were molded, since adequate mold temperatures could
not be reached in the olart of Ghana Rubber Comvany. The Ghana
Rubber Company, however, is highly committed to going ahead with
the product, and it has therefore scheduled the installation of
a new boiler that will allow achieving the necessary steam
temoeratures. This facilitity should be overational in the
first gquarter of 1978.
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Philippines

/Materials
BRR \Panels
Roofs
Primary
Demonstrations .
Materials

BRP

< Panels

Roofs

Secondary

Interest { BOB Experimental

Construction
BRP Materials
Demonstration
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Figure 37. Technology demonstrations were conducted in all three countries with the
proof evidenced by the existence of roofs manufactured and installed

locally.




The most extensive (and largest scale) demonstrations of roofing
materials manufacture, and roofing installations, was conduct

in the Philippines. Many tons of both BRR and BRP materials

were manufactured (primarily at the National Housing Corporation).
BRR roofs were installed on four full size houses. Sufficient
BRP material was made to fabricate at least one entire model
house, including walls.

Interest in alternative and supplementary material systems also
existed in the participating countries. Accordingly, experimental
Programs to examine the alternative Systems were set up. This
secondary emphasis in the Philippines, and Jamaica was

placed on the bonded, oriented bagasse fiber (BOB) system. The
BOB system was studied some in the Philippines with considerable
interest at the Forest Products Research and Industries Develop-
ment Commission (FORPRIDECOM).

The ground work for successful demonstrations was introduced
through the implementation of experimental programs at labor-
atories and factories in the countries. Members of the advisory
committees and working groups became knowledgable in the systems,
materials, processes, and products and in their applications.
The most formal program was conducted in Jamaica where coordi-
nation was easier and where the Scientific Research Council
agreed to conduct the experimental work. Good participation by
all of the members of the Advisory Committee and workinge groups
was achieved through stimulation by a local procgram coordinater.
The coordinator played a major role in having work conducted,
especially with respect to defining the criteria for roofs that
were desirable.

Reports and extensive correspondence were generated throughout
the three parallel efforts. While all the information would be
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informative, its inclusion would require at least doubling the
size of this report. Accordingly, selected documentation is
reproduced in an appendix. The purpose of the documentation is
to illustrate both what was done and how it.was done, since the
methodology used in this program was judged to be as significant
as the technical achievements themselves.

3.3.1 Philippines - Roofing

The facilities required for manufacture of the bagasse-reinforced
hard rubber (BRR) and the bagasse-reinforced phenolic (BRP) roof-
ing existed in the Philippines. Thus, both BRR and BRP flat
roofing shinges were manufactured in the Manila area and installed
on at least five houses. The demonstration was facilitated by the
technical working group, which became familiar with the system
while planning for the demonstration. The demonstrations encom-
passed the manufacture of 50 tons of materials and thousands of
square feet of roofing shinales, enough to cover a substantial
number of houses.

The roofing development program in the Philippines went through
three separate stages, as depicted in Figure 38. The first
stage was a learning, teaching, and selling experience for both
the MRC project team and the potzntial Philippine collaborators.
In-depth surveys of natural resources and available facilities
were made. Working relationships were established with appropri-
ate personnel in the government, industry, and the academic
community. The second stage involved small-scale research on
three of the candidate roofing material systems, beginning in
August 1975 and continuing through 1976. The third stage
included two separate demonstrations involving large scale manu-
facture and installation of roofs of (a) bagasse-reinforced
natural rubber, and (b) bagasse-reinforced phenolic roofing.
These demonstrations were carried out from September to October
1976 and from June to July 1977 and roofs are shown in Figure 4,
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Figure 38. The rcofing develorment program in the Philippines went

through introductory, experimental, and demonstration
stages to achieve goals,
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The cooperative program was conducted based on an informal,
"gentlemens' agreement", since several attempts at achieving a
more formalized working agreement encountered bureaucratic road
blocks that could not have been resolved within the time frame
of the program.

3.3.1.1 Experimental Program

The experimental program was designed to bring together the
necessary expertise and facilities in the Philippines, to
prepare and test candidate alternative roofing materials in
conjunction with the efforts of Monsanto Research Corporation.
The research was done in two government laboratories and was
dugmented by experiments at industrial sites. Industrial
organizations which might become involved in future production
of the roofing material were kept informed. The experimental
program introduced first-hand experience and confidence that
led to subsequent large-scale manufacture and a roofing
demonstration. -

The experimental program got underway in the Philippines in
August 1975, when a National Advisory Coordinating Committee
for roofing was formed. The experimental program for roofing
development was outlined and agreed upon at a meeting of the
Technical Working Group in Manila on August 29, 1975. The
experimental work was conducted at two locations: the

Forest Products Research and Industries Development Commission
(FORPRIDECOM) , Los Banos; and the National Housing Corporation
(NHC), Caloocan City. The experimental work continued

through 1976 when it became part of the demonstration program.

The experimental effort at TORPRIDECOM concentrated on the
BOB system, including a study of the process parameters.
Small scale equipment was available there for fibrillating
the bagasse, preparing randomly oriented mats, molding the
resin-impregnated mats, and testing the products.
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Initially, the NHC concentrated on developing the BRR system,
and eventually the BRP system. Facilities at Latex Products
Company were used to prepare ~300 pounds of BRR compound, whick
was then molded into large, flat test panels at the NHC on
their laminating press. Smaller test specimens were molded

on a laboratory press at Mabuhay Vinyl Corporation and
FORPRIDECOM. Evaluation, including strength tests on all
specimens, were performed at the NHC.

It became apparent, as time went on, that the organization
having the most pertinent capabilities and highest interest
in commercializing a roofing system was the NHC. This was
understandable, since the NHC is a quasi-private corporation
which makes components for houses (trusses, lightweight
block, and urea/formaldehyde particle board). The NHC's
particle board press is a high capacity production type that
was projected to be usable to produce roofing of the type
contemplated, with reasonably little modification.

Accordingly, the entire experimental Program was gradually
taken over by the NHC, since they would be responsible for
the production demonstration phase. Thus, the overall
direction of the program shifted to General G. V. Tobias,
Executive Vice President of the NHC. General Tobias, in
turn, delegated Mr. Victor Cedro, superintendent of the PVC
zlant, as coordinator of the experimental program and any
demonstration project.

The experimental program was largely concluéded in the fall
of 1976 when pilot plant production was started. Thereafter,

most of the experiments (variations in formulation, curing
time and temperature) were done in Pplant production equipment.
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Simultaneously with the experimental program, outdoor exposure
of panels of the candidate roofinq systems was conducted
(starting in August 1975). The paint test fence facility of the
Sherwin Williams Paint Company outside of Manila was used. This
company is a partially owned subsidiary of Jardine Davies, a
large corporation that produces a variety of products, including
sugar. These panels were visually examined periodically, and
photographed. Other than for some early surface "roughening",
giving a "flat" surface appearance, little change occurred after
more than two years outdoor exposure. These tests of outdoor
stability will be continued for five years, or until the program
is completed (whichever occurs first).

3.3.1.2 Roofing Demonstration - Manufacturing

Two of the composite roofing systems, the bagasse-reinforced hard
rubber and the bagasse-reinforced phenolic, were manufactured in
the Philippines as a basis for a demonstration. Flat, riqid 4 ft
x 16 ft BRR panels were manufactured and subsequently cut into

2 ft x 4 ft flat roofing shingles. About 14,000 sq ft of similar
panels of the BRP were also manufactured. The lower curing temper-
atures and shorter cure times made the BRP process more attractive.

Manufacture of two complete alternative roofing systems was
demonstrated in the Philippines (see Figure 39). The details

of the demonstration project plan, results, and future efforts
are presented in three reports reproduced in Appendix H. The
project plans are contained in a report dated 12 August 1976 and
the results of two efforts in the area of manufacturing are
described in the reports dated 30 October 1976 and 9 July 1977,

There were two separate demonstrations of plant scale manufacture,
at the National Housing Corporaticn, of the BRR and BRP composite

roofing materials. 1In the first of two demonstrations, both the
BRR and the BRP materials (7 tons and 1/2 ton, respectively)
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Figure 39. Two complete alternative roofing materials were demonstrated in the Philippines

by plant manufacture of large aquantities of shingles.




were manufactured using a combination of the pProcessing facili-
ties at Goodyear-Philippines Ltd. and the National Housing
Corpcration. The field report on this demonstration, dated 30
October 1976, is in Appendix H.

The BRR composition was compounded in a Banbury mixer and cal-
endered into sheet at Goodyear-Philippines, illustrated in
Figure 40. A total of 15,033 pounds of BRR, compounded in the
form of sheet, was prepared using the standard fire-retarded

and low-cost formulations described in section 3.1.2. Bagasse
in various forms was also examined. In particular, bagasse that
had been depithed was evaluated against raw, whole bagasse in

both the fire retarded and lowest cost formulations.

The compounding went as expected, with only one exception to the
recommended proce:s. This exception involved the time for addi-
tion of the accelerator and sulfur to the compounded ingredients
in the Banbury. Because of the high efficiency and relatively
high temperature generated in the Banbury mixer at Goodyear-
Philippines, the compound was elevated to too high of a tempera-
ture to allow the addition of the accelerator or sulfur. Accord-
ingly, all materials except the accelerator and sulfur wern
first compounded in the Banbury. They were then dropped out of
the Banbury and left to cool. After cooling, the mixture was
reintroduced to the Banbury for addition of the accelerator and
sulfur and brief mixing.

The compoundea material was then dropped directly from the
Banbury onto a two-roll mill where it was formed into a thick
sheet that was removed continuously. This sheet was fed to a
calender to further refine and then rolled up. The sheets
were at least 50 inches wide and about 1/8 inch thick.
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The rolled sheets were taken to the National Housing Corpo-
ration where they were press-cured into 4 ft x 16 ft panels in

a large, five-opening automated press. The curing cycle was 30
minutes at 330°F at a pressure of 300 psi. Cooling the part

was found to be necessary before removal of pressure and removal
from the mold; otherwise, blistering occurred. Achieving these
press temperatures was difficult because available boilers had
not been designed for this purpose and were wood-fired.

Following cool-down of the panels, and their removal from the
mold, shown in Figure 41, they were trimmed square and even and
cut into 2 ft x 4 ft roofing shingles (some 1 ft x 4 ft and 4 ft
X 4 £t shingles) to provide for best fit on the anticipated
roofs. These panels were then delivered to a housing site for
installation.

During the October 1976 period, and again in June 1977, very
large quantities (multitons) of the BRP product were manufactured
for use as roofing materials.

The process used for the BRP composition was that described in
section 3.1.1 using similar materials, but with modification.

This modification consisted of examining the use of a fire-
retarded liquid (Chlorowax-40) in place of the processing oil
(Mobilsol-30), to achieve an even higher level of fire resistance.
The Banbury-procescsed bagasse was dry-blended with 30% Monsanto
PR-736 phenolic molding powder in a concrete mixer. The concrete
mixer was found to efficiently provide a high degree of uniformity.
The blended molding compound was then fitted into the molding and
pressing operation of the National Housing Corporation Particle
Board Plant. This material system fit beautifully with the
existing facilities that originally had been set up for wet

process hard board, but more recently had been used for a dry
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(a) The flexible rubber sheet
was placed between smooth
£lat aluminum caul sheets
treated with release agent
prior to inserting into a
press.

(b} The sheezs i1n their molds (¢) Four fr x 16 f¢ canels
were inse ted into a five- were molded in the press,
opening heated hydraulic ramoved and cut into 4 ft
press for curing. x 8 ft pieces, that ware

eventually cut into 2 ft
x 4 ft shingles,

Figure 41. The calendered 3RR sheet was rigidized into panels in
molding presses at the National Housi:r g Corporation,
Calcocan City,
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process. The molding powder was dumped into 4 ft x 16 ft trays
and leveled with comb-like devices. After leveling, the product
was put between rough aluminum caul sheets coated with Moldwiz EQ6
release agent and subjected to pressures of about 300 psi and
‘temperatures of 290°F. It was found that cycle times could be
reduced to as little as 10 minutes. Following curing, the

panels were removed hot, left to cool, and then cut into 2 ft x

4 ft shingles.

Along with this effort, some bagasse was chopped, cut, and
screened in the National Housing Corporation vparticle board plant
chip processing equipment. This was to determine if something
other than a Banbury mixer could be used for this bagasse pro-
cessing. 1Initial indications were that indeed the bacasse could
be prepared using this equipment cf the particle board plant.
Accordingly, the National Housing Corporation particle board
plant could be used as it Presently exists for the manufacture

of the bagasse-reinforced phenolic roofing panel system.

Most of the molding was done with imported Monsanto Company
phenolic resin (Resinox 736), but locally manufactured Borden

MC-282 pheriolic powder and a plywood liquid glue (Borden HL-4645)
were also used, as is discussed in Appendix H.
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3.3.1.3 Roofing Demonstration - construction

Bagasse-reinforced hard rubber (BRR) roofs were installed on four
low cost employee houses located at the National Housing Corpora-
tion (NHC) near Manila in November 1976, The roof consisted of

24 in. x 48 in. x 1/8 in, BRR shingles nailed to a wood purlin
and stiffener substructure. NHC employees have since been living

in the houses and monitoring performance. Bagasse-reinforced
nhenolic (BRP) panels, manufactured in July 1977, also were to be
used to roof one model house at a site near Manila.

Emplovee houses were needed at NHC. Thus it made good sense,
logistically, to build demonstration houses there and install
roofs on them. The employees' housing site ig located adjacent
to the NHC factory, where the roof panels were made, in Calaocan
City, outside Manila. It was originally anticipated that

the four demonstration roofs would be installed on low-cost
houses in a squatter resettlement area near Manila, such as

Das Marines. However, Das Marines is located some distance
from NHC and transportatation of equipment, building materials,
and versonnel to that site for just four houses was considered
to be too time-consuming and expensive,

The houses selected were of a simple, single story design with
488 sq ft floor area, identiecal in size and shape to other nearby
employee houses. The foundation, extending 18 in. below ground
level, and the floor, were poured concrete. The walls consisted
of NHC-manufactured lightweight concrete blocks, tied together

at the roof line with reinforcing steel wire. There were two
rooms (kitchen/living area ang bedroom) plus a bath (shower/toilet).

The design and construction of the house and roof framing was
done by NHC employees. The roofing shingles were installed by a

local contractor. An outline of the demonstration effort is

shown in Figure 42,
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MRC |-----.
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of Low Cost Houses
Roofing Roofing
with BRR Shingles with BRP Shingles
4 Roofs At Least 1 Roof

Figure 42. Manufactured BRR and BRP shingles were used to roof

houses selected by the National Housing Corporation,
Caloocan City.
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The roof consisted of prefabricated trusses with a 30° double
pitch and a 24 in. overhang on all sides of the house. Roof
area totaled 849 sq ft. A wood pPurlin and stiffener sub-
structure was designed to accomodate the 2 ft x 4 f¢t shingles,
The shingles were fastened to the wood substructure using con-
ventional steel flat head roofing nails. 1In the nailing pattern,
most of the nail heads were hidden.  Figure 43 shows the roofs
as installed.

One minor problem encountered during the installation of the
roof was the unexpected "slipperiness" of the smooth molded
surface of the BRR shingles on the 30° slope of the roof. This
problem was resolved by the Filipino roofers removing their
shoes and working barefooted.

Installation of the four roofs was completed in November 1976,
and the houses were immediately occupied by NHC employee families.
Performance has been monitored by NHC technical employees.

There have been only two recorded minor Problems. One of the
four BRR roofs leaked. When investigated, this leak was found
to result from a roof nail that had been driven entirely through
the roof. The hole was clearly visible from the bottom and was
repaired. The Ooccupant of this house also reported a noticeable
odor of rubber vulcanizate (sulfur) in the house. A visit to
the house by MRC and NHC technical personnel failed to confirm
any detectable odor. Some warring of the flat shingles has also
been noticed.

During June-July 1977, multiton quantities of thin BRP roofing

panels and thicker BRP wall panels were manufactured at NHC.

Using these materials, at least one complete model hcuse is
scheduled to be built and roofed subsequently,
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{a) The shingles were attached
to a wood purlin and stif-
fener substructure designed
to withstand local severe
wind cnnditions.

(b} The 2 f= x 4 7= shingles
were attached by nailing
and could be cut with
available carpenters
saws and knives.

{:) After one vear exposure
the rcofs exhibited only
the expected ainor sur-
face wear and some warping
but otherwise Performed
well arcording to those
living in the houses.

Figure 43,

Four NHC employee houses were roofed with the BRR
shingles in November 1976.
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feature factory (NHC) prefabricated panels, on wood frames,
which were to be assembled on site, based on a concept of
J.P.R. Falconer. The model house(s) is to be located at a
"“more visible site" near Manila (NHC is more than a l-hour
drive from Manila). Construction of several of these model
houses is planned to follow.
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3.3.2 Jamaica - Roofing

The various facilities required for manufacture of the bagasse-
reinforced phenolic (BRP) roofing existed in Jamaica. Thus, BRP
flat roofing shingles were manufactured in the Kingston area and
installed on the equivalent of four houses. The demonstration
was facilitated by the technical working group who conducted
experimental work and became familiar with the systems prior to
the demonstration. An initial interest in the bonded, oriented
bagasse fiber (BOB) system was exploited by the installation of
a corrugated roof from panels manufactured at the University of
Washinqton pilot plant.

The effort in Jamaica consisted of three parts, arbitrarily
separated into the experimental program, the manufacturing
demonstration, and the construction demonstration. The effort
is illustrated in Figure 44.

The experimental program 1lzd directly into the roofing manu-~
facturing and construction demonstration program, but was much
broader in scope. Three of the available candidate roofing
systems were examined in the laboratory by the technical working
- grouo to assist in determining their viability in Jamaica and,
also to gain experience on working with these new systems. Be-
coming knowledgeable in composite materials was a very important
part of this experimental effort to understand the role of the
various ingredients in generating structural materials from
components that themselves are unsatisfactory.

The experimental program was conducted by a combination of the
Advisory Committee, the Technical Working Group and the MRC
Project Team in Jamaica. The nature of the effort changed as
the needs dictated.

A complete manufacturing and roofing demonstration was conducted
on just one system (the BRP). The rertinent details concerning
the effort to manufacture roofing panels made with that material
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Jamaica
Project Leader [----cecece--- Project
Coordinator
Advisory
SRC Committee
MRC secs and Technical
Working Group
|
Experimental Program
\
Y
Roofing Product
Defined
and Evaluated
Roofing Demonstration
Manufacturing
Construction
Figure 44. In Jamaica an experimental program was conducted to

preceed the manufacturing and construction demon-
stration stages and overall coordination was dcne

locally,
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‘and install roofs will be discussed. A roof was also installed
consisting of corrugated painted BOR panels, that had been made
at the U. of Washington pilot plant. Cther work proceeded con-
tinously in support of these demonstrations, providing economic,
social, and other information of necessity to the roofing systems.
Flat, BRP roofing panels were manufactured and roofs installed

in order to initiate a practical durability eXposure. However,

it is suggested that more appropriate corrugated panels (like

the BOB) that better fit in with rcofing designs, be considered
to further validate the efficacy of the recommended material.

3.3.2.1 Experimental Program

The experimental program was designed to bring together the
expertise in Jamaica to define, manufacture, and evaluate a
viable roofing alternative based on the work done by Monsanto
Research Corporation in conjunction with the early work of the
Jamaican Roofing Advisory Committee. The effort included
experimental work at the Scientific Research Council, analysis
of roofing criteria by members of the Advisory Committee,
selection of candidate roofing sites by the Ministry of Housing,
and outdoor exposure studies at Berger Paints. The result was
the basis for a roofing product demonstration.

The Board of Directors of the Scientific Research Council (SRC)
agreed to provide the manpower and facilities for conducting

an experimental program to further the roofing product develop-
ment in Jamaica. This fit in directly with the designated
objective for the SRC, namely, transferring technology for the
betterment of Jamaica. One man plus supporting personnel were
made available for a period of 18 months. They were not able,
however, to contribute funds for incidentals, materials or equip-
ment requiring foreign exchange.

The effort at SRC consisted of conducting experiments in the
laboratory (see Figure 45) to duplicate, verify and extend the

experimental work done by MRC at its Dayton Laboratory. At the
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(a) An electric heated lab hy- (b)
draulic press was used to
make BPP and BOB samples.

Various BRP formulations
and molding schedules were
examined toward optimi-
zation and learning.

{(c) A defibrillator was set {d)
up for experimental work
on the BOB system with
AID funds.

The largest commercial
Boch water extractor for
orienting bagasse in the
BOB process was supplied
with AID funds.

Figure 45. The experimental program in Jamaica was performed by
the Scientific Research Council with their facilities
and some equipment supplied under the AID contract.
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time that the effort was initiated, only two of the rocfing
systems seemed appropriate for Jamaica. These included the BOB
and the BRP. The others, which at that time also included a
clay-based system, were considered to be inappropriate for the
Jamaican situation due to higher binder costs within the local
economy.

The experimental Program was a joint effort between the
Jamaican Scientific Research Council, the Roefing Advisory
Committee and Technical Working Group, and the AID-sponsored
Monsanto Research Corporation Project team. The overall
coordination of the pProgram in Jamaica was handled by Mr.
Alfrico Adams, who brought together the needed expertise.

Mr. G. I. Denny Williams was the technical investigator for
the Scientific Research Council and was supervised by Mr,

Uran Bowen, a Principal scientific officer, and Mr. Fred E.
Campbell, a senior scientific officer. The Advisory Committee
and Technical Working Group effort was coordinated by Mr. Adams
with strong support [rom Messrs. Doug Wynter of Standard
Building Products, Tom Hughes of the University of the West
Indies (Mona Campus), Al Richards and Nadine Isaacs of the
Ministry of Housing, Xen Espeut of Berger Paints, Jimmy
Campbell of the Bureau of Standards, and Richard R. Greene

of Goodyear Jamaica Ltd. The MRC team coordinator in Jamaica

was Mr. George L. Ball III.

The experimental emphasis in the SRC laboratory was on the

BOB system with mats being spun in a small Bock water extractor
supplied with AID funds. A Progress report, dated July 197s,
is in Appendix D, containing data generated by Mr. Denny
Williams of SRC. While this report did not completely con-
firm the results achieved at MRC's Dayton Laboratory, it did
illustrate knowledge of the product and process, which was
considered to be more important. Their experiments and
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analysis in the areas of waterproofing, particle size effects,
and moisture contents demonstrated their understanding of
the system and ability to tailor it as required.

Only one large Banbury intensive mixer existed in Jamaica and
it could not be used in small laboratory experiments. Experi-
mental work was conducted on the BRP system at SRC. Included
were studies on various alternate (to Banbury mixer) ways of
preparing the bagasse fibers, blending techniques, molding
cycles, molding temperatures, molding pressures and times,
types of molds, mold filling techniqueé and other latitudes

in the molding cycle. No other piece of equipment was found

to work as well as the Banbury for intimate mixing, for
fibrillating the bagasse fibers, coating them with o0il, pigment,
etc. Good laboratory specimens were prepared, however, from
bagasse fibers prepared in the MRC Dayton Laboratory, verifying
results and laying the ground work for a scale up into a
demonstration program.

Paralleling the laboratory experimental work was an effort

by the Advisory Committee and its coordinator concerning
selection and analysis of criteria for roofing materials.

This work was done using guidelines set up by MRC for the
original material screening effort. The purpose of this study
was to obtain Jamaican ideas on just what a roof should do,

what it should look like, how much it shculd cost, etc. Interim
reports dated 9 January and 16 February 1976 concerning this
analysis are provided in Appendix E. The basic regquirements
for a roofing system in Jamaica, including both highly desirable
and desirable characteristics, were examined. The judgements
made were very similar to those reached by the MRC project

team, indicating a strong relationship between acceptable
performance and cost.
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Contrasting with information Previously derived in discussions,
reports, etc. was the high desirability and acceptability of
wooden shingles. It was judged that this did not actually con-
tradict what had been found earlier, but instead reflected a
desirability for better quality, higher cost housing. The
association of the wood shingles with higher cost housing was
indeed significant, especially when compared to the association
of corrugated panel roofing with low cost housing.

The basic requirements determined by the Advisory Committee
were considered mandatory for any roofing product and were in
complete accord with the basic criteria developed by the MRC
project team in their original analysis.

A very significant part of the experimental work was the per-
formance of outdoor exposure testing and analysis conducted on
panels prepared by the MRC Dayton Laboratory and SrC. The
exXposure was conducted on paint exposure fences at Berger
Paints, located adjacent to the demonstration housing site
finally selected in Kingston. These rences were positioned

to the south at 45° according to accepted ASTM procedures.
Ken Espeut supervised the installation and monitoring of the
test panels on the fences at Berger Paints, providing this

service from very early in the program through its completion.

Analysis of the test panels consisted of periodic visual exami-
nation and recording of observed changes, as shown in Figure 46,
on the panels with time under the clima%tic and environmental
conditions of the Kingston seashore area. The results are
reflected in the discussions in section 3.1 concerning the
nature of the roofing products. The aging results were very
good-to-excellent for all the materials exposed, including those
eventually of less interest in Jamaica. These timely exposures
provided an evaluation basis for the entire world-wide roofing
development program.
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Dozens of test panels were
placed on the Berger test
fence during the program

Typical of exposed panels
is the BRR panel marked
75-08B which was installed

and will remain there to
provide long-term infor-

mation.

FINISH

in August 1975 and is shown
here in October 1977.
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(c) Data for the typical BRR
panel is shown as generated
by Berger using paint ex-
posure terms,
Figure 46, Outdoor exposure and analysis was performed at

Berger Paints, Ltd., Kingston, starting in May
1975 and continuing throughout the program,
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3.3.2.2 Roofing Demonstration - Manufacturing

A practical demonstration of the bagasse-reinforced ohenolic roofing
material was conducted. Only the resin binder, pigment, and stabi-
lizer were imported. Otherwise, local materials, facilities, and
manpower were used to manufacture roofing panels. 3400 square feet
of flat roofing shingles were manufactured.

The details of the demonstration project oian, results, and
future efforts are presented in three consecutive reoorts repro-
duced in Appendix F. The project plans are contained in the
report dated 6 September 1976, and the changes in these plans,
the results, modifications, and future plans are contained in

the reports dated 12 November 1976 and 26 October 1977. The
reports itemize voint-by-poinc both what was to be done and

who was to do it. The effort involved eleven different organi-
zations and over 80 individuals. Fiqure 47 devoicts the relation-
ship among the organizations and the work done by each.

The demonstration program was tailored specifically to the
local situation, taking advantage of a variety of facilities
and expertise at different locations. The fact that all
facilities were not available within one organization increased

the need for coordination.

The raw materials for the project were made available by
Standard Building Products and Monsanto Research Corporation.
The bulk of the raw materials (63%), consisting of indigenous
whole sugar cane bagasse, came from Standard Building Products
storage, and originally came from a nearby sugar mill. The
remaining materi;ls (37%), consisting of phenolic powder,
pigment and stabilizers, were imported from the United States
by MRC under the AID contract.
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Standard Monsanto

Building Research
Products Corporation
Local Materials Imported Materials
Goodyear \ /
[ ™1 Jamaica Ltd. ~ Banbury Intensive Mixing
Alfrico Adams j
Coordinator 1
Scientific .
Research Screening, Drying, Blending,
Council Metering, and Packaging
|
1 V
Standard ‘ _
A= Building - Lay Up, Compression
Produdts Molding and Trimming
¢ Ministry !
of Housing - Construction of Roofs
. '
— | Berger - Performance
Paints Evaluation
Figure 47. The Jamaica demonstration involved a number of

organizations which cooperated to provide the
needed expertise, manpower, and facilities.
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The conversion of these raw materials into roofing was conducted
at three sites (all within a 25-mile radius in the vicinity of
Kingston). These three sites included the Goodyear Jamaica
Ltd. Tire Manufacturing Plant in Morant Bay, The Scientific
Research Council (SRC) pilot plant in Kingston and the Standard
Building Products bagasse board plant in Spanish Town. A
critical aspect of the coordination, which sometimes was more
difficult than would have been expected, was the simple trans-
portation of materials first to Goodyear, then from Goodyear to
SRC, then from SRC to Standard Building Products and finally to
the roofing site.

Banb%Ez intensive mixing was conducted at the Goodyear Jamaica
site in equipment normally used to compound the inqgredients for
rubber tires and belting. Required was one 8-hour shift
involving an eight man crew plus supervisory and support techni-
cal personnel (a relatively large crew because of the experi-
mental nature of the effort). The compounding was straightforward,
being conducted by a skilled Banbury operator who required
little or no supervision after the pProper size batch was deter-
mined. The only modification to the equipment, as shown in
Figure 48, was the insertion of a large plywood box and chute
into which the product was dumped from the Banbury (normally
the rubber from the Banbury goes on to a roll mill, which was
not required for this Process). The material was then scéoped
into plastic bags for transport.

One isolated problem occurred during optimization of the batch
size. It was found that if too much bagasse were introduced
into the Banbury at one time, the bagasse bridged in the neck

of the Banbury causing it to Plug. This phenomenon had never
before or since been Observed in any other experimental work

and is not expected to create any future problems. Goodyear-
Jamaica provided help that minimized the cost of this occurrence
to the program,

191

o MONSANTO RESEARCH CORPORATION o



(a) About 350 pounds of bagasse
shown going into the Bap-
bury were processed in each
batch.

{b) The processed, oiled,
pigmented btagasse was
collected on a plywood
box, the only modifi-
cation to the equip-
ment, and pulled from
there into bags.

{c) The processed bagasse,
considerably reduced in
volume, was shipped in
bags to the Scientific
Research Council labo-
ratories.

-

Figure 48, Ccmpounding of tons of bagasse with oil, pigments, and
stabilizer for the BRP material was conducted in a
Banbury mixer at Goodyear-Jamaica, ‘crant Bay.
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The proper amount of ingredients to make one panel (14 lb) was
placed in a polyethylene bag. The material was blended by
vigorously shaking the ingredients within the pPlastic bag by
hand until a uniformly pink color was achieved. More efficient
mixing facilities that were available, would have introduced
undesirable contaminants. It was Suggested, but not shown,
that better mixing could be achieved in a large, slow-speed

concrete mixer.

The final manufacturing stage for the roofing panels was con-
ducted at Standard Building Products. It consisting of laying
up the molding powder into 2.5 ft by 9 ft cavities, compression
molding the layups, and trimming and cutting of the panels to
~v2 ft x 4 ft (0.1 in. thick) panels. Part of this work is
illustrated in Figure 49.

The molds consisted of two pieces (3 ft x 10 ft) of 18 gauge
aluminum, treated on the contacting side with a very thin film
of Moldwiz EQ6 release agent. A temporary spacer for gauging
the thickness of the molaing powder onto the mold sheet con-
sisted of a 0.25 inch thick 3.5 ft x 10 f¢t bagasse board into
which had been cut a 2.5 ft x 9 ft cavity. This "picture frame"
was laid on one of the treated aluminum plates, and one plastic
bag (14 1b) of molding powder was dumped into the carity and
distributed unif rmly within it using the edges of large
spatulas. A final leveling was achieved using a 4 ft wide
draftsman's straight edge to slightly nack the material into

the cavity and to assure uniform distribution.

The layup process was one of the most tedious, but one of the
most important aspects of the molding step. The molding nowder

has essentiallv no flow, thus it must be ohysically distri-
buted and leveled within the mold before it is heated. In the
compression molding step the temporary picture frane is removed
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(a) At SRC the compound was
screened to remove large
unprocessed bagasse
chunks, dried to remove
moisture, mixed with
phenolic powder. and
weighed and bagged into
lots the size needed for
one panel,

(b) The molding canpound was cast
onto a treated 3 ft x 10 ft
sluminum caul sheet at SBP
using a picture frame to
gage thickness,

(¢) A treated aluminum caul sheet
was placed over the cast com-
pound completing the mold.
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tZic Research Council (SRC) and then
Standard Building Products (sBP),
for lay up and molding.
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and the material is molded without edge constraints. The fact
that the powder does not flow after distribution and removal of
the frame actually“simplifies the overall process.

After removal of the temporary gauging frame, the second treated
aluminum sheet is laid over the top of the molding powder. The
edges of the top and bottom aluminum plates were taped together
in spots. This prevented shifting of the aluminum plates and
facilitated removal of the part (and the mold) with vacuum chucks
(which existed as part of the compression molding equipment), The
molding and finishing steps are illustrated in Figure 50,

The molding press was preheated to 275°F (135°C) and preset to
Close slowly (fast closing resulted in blowing away of some of
the molding powder). The préss was opened, the filled mold
inserted, and pressure applied. The pressure was then released
by opening the press to allow the expulsion of volatiles, and
immediately reclosed (which took about 50 seconds). The pressure
(~700 psi) was then reapplied and held for an additional 15
minutes (this time probably can be reduced to 5 minutes, but
faster molding was not required since it touok at least 15
minutes to prepare the next mold for insertion). At the end

of the 15-minute period the press was opened and the mold and
panel were removed as a package with vacuum chucks. The mold
was then opened by cutting the tapes, and the sandwich was
separated by lifting. No release problems were encountered as
long as the release agent was properly used. The molded panels
were then stacked on a flat surface and allowed to cool.

These panels, which were about 2.5 ft x 9 ft were then trimmed
with circular saws into individual 26 in. x 52 in. panels
and were stacked on pallets ready for shipment and use.
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{a) A5 £t x 10 ft heated
hydraulic laminating
press was used for
molding.

{b)  Iasersed intc the sress
were the two %hin alumi-
aum caul sneets -ontain-
ing che leveled cempound.

{c) 7The zaul sheets and Darel
vera removed frem the
Press with vacuum chucks
and seraratad ‘rom each
other simply by lifeing
apart,

Tigure 50. Molding of zheucands of sguare feet of 2.5 St x 9 ¢
ERP rarels was conducted in the laminating cress at
Standard 3uilding Products.
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3.3.2.3 Roofing Demonstration - Construction

Eight BRP core roofs were installed at the Hunts Bay Tow cost
housing project. The remaining BRP shingles are to be installed
on a house to be constructed. The first roof was installed

11 November 1976. Flat ~2 ft x 4 ft shingles were manufactured
as an expedient substitute for larger corrugated panels, Per-
formance of the roofing material during the first year exposure
was good. Long-term performance of the roofing installation
will be monitored by the Advisory Committee. A painted cor-
rugated BOB roof was also installed at SRC in October 1977.

The houses to be roofed were selectad by the Ministry of Housing
and, in particular, a group involved with World Bank Site and
Service Facilities. Houses at these sites are low=-cost core

and shelter expandable houses that pProvide an alternative to
Squatter housing. One complication of this type housing with
respect to the program was that the roofing for the shelter is
usually not provided, but is purchased and installed by the
eventual home owner. However, roofing for the core (bathroom)
is provided and installed as part of the basic housing unit

that is sold as shown in Figure S1.

The particular housing units vary from duplexes to quadrupleies.
For a demonstration effort the quadruplex was of particular
value. The quadruplexes are joined together by the four cores

at a ccmmon cernter. A roof is provided over these four core
units which has an area of about 200 square feet and a double
pitch from a center peak. These roofs were ideal from the
standpoint of a demonstration since all aspects of roofing, that
needed to be considered with respect to coverage, sealing,
joining, etc. were present, but large amounts of roofing
material did not need to be consumed.

The roofs over these cores normally consist of corrugated
aluminum nailed to 1 in. x 2 in. lathing spaced at 2-f+

intervals. The pitch of the rcof is 10°, easily accommodated
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{a) The Hunts Bay homes fit
into the category of
low cost augmented by
the efforts of the
purchaser.
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{(b) Roofing of the corruygatad
aluminum tyge is cnly
partially provided in the
Hunts 3ay heomes and then
just over the core bath-
room area.
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The homes are cuads 3oined
at their bathroom cores
which forms a single rcof
element of 290 sg £t used
in the demenstraz:ion.

Figure 51. 3cme of the houses selasted for roofing in Jamaica were of
seli-help tyze in the Worid Bank, Hunts Bay Site and Servise

project, XKingston.
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by the continuous sheets of corrugated aluminum which are
precut to the required length. Thus, no horizontal seams exist
other than at the peak of the roof which is covered with an
arched aluminum cap. Sealing of the corrugated sheet to the
ridge cap is provided by scalloped foamed neoprene rubber that
fits in between the ridge cap and the corrugated sheet and is
compressed by the ridge cap when it is nailed. The vertical
seams are sealed by a one or two corrugation overlap. The
panels are nailed with flat-head aluminum roofing nails which

sometimes contain a rubber washer seal.

Rather than introduce any redesign to the basic structure,
which would have been desirable especially from the standpoint
of increasing the pitch of the roof to at least 30°, the exist-
ing basic roofing substructure was utilized as is. The only
addition was the incorporation of 1 in. x 2 in. lathing at one
foot intervals (instead of 2 ft.) to accomodate the 26 in. lona
shingles (which would overlap approximately 55%.) Sketches
were made of the desired roof starting with the Ministry of
Housing Plans, but it was found that actual dimensions varied
considerably from those in the plans. Therefore, the greatest
value of the plans was in predicting the number of shingles
required for a roof.

The roof was to be made up of 26 in. x 52 in. shingles with
complete double overlap and no straight through paths at any
seams. ‘This was straightforward and typical of any large
sningle~type roofing (typified in the United States by asphalt
shingles). When laid up in this manner, the shingles were
attached by two rows of nails, one along the top edge and the
second slightly above the middle. Shingles laid up in this
fashion would cover all nails so that none would then be visible.
This was to provide a better appearance and reduce exposure to
the nails, thus increasing their life.

199

¢ MONSANTO RESEARCH CORPORATION o



The actual approach used in fabricating the roofs was simplified
intentionally. It consisted of taking a stack of the panels,
hiring a skilled carpenter, telling him that a 1 ft lath spacing
was necessary, and finally telling him to go ahead and make a
roof from the shingles. Support and assistance was given by

the project coordinators and technical team, but basically the
carpenter took the shingles and made a roof, shown in Figure 52.

The same carpenter had been used earlier to make a half scale
model of a roof from the first manufactured panels primarily to
determine nailability of the shingles, but also to disclose
possibly undefined problems. Very importantly in this model
construction it was shown that the shingles could be nailed
with relatively large aluminum roofing ‘nails, they could be cut
with available hand saws, and they could also be trimmed with a
pocket knife allowing intricate hand fitting.

Roofs were fabricated as described above with the carpenter
first laying down the 1 in. x 2 in. lathing on 1 £t spacing
(with a half spacing to accommodate a half shingle at the
bottom edge). Additionally, because the roofs were so flat,
which could allow water to be blown up und=ar the shingles,

a commercial roofing sealant was used to seal the shingles
together by applying a layer over both rows of nails and pres-
sing down (the sealer was used only to accommodate the shingle
type roof with its very low ovitch). 1In any future application
it is anticipated that either long corrugated panels would be
used on a low pitch roof or shingles would be smaller in size
and used on a roof with a pitch of at least 30°,

Fabrication of the roofs was straightforward; only one oroblem
was observed. This problem was that the shingles were slightly
warped. When nailed down with two rows of nails this was
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(a) A mock up rcof section was
designed and put together

by the carpenter using
12 in. x 24 in, shingles
to determine in advance
nailability.

() The shingles were nailed
with one inch large head
galvanized steel nails
to the same lathing as
used for the corrugated
aluminum,

(¢) The shingles could e
trimmed with a kxnife
or cut with a saw much
like woed,

The BRP rcofs were installed at Hunts 3ay as 26 in.
X 32 in, flat shingles by a skilled carpenter using
only available tools and experience.
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reflected in a bending up of the exposed portion of the shingles
leaving a gap between shingles as observed from the edge of tha
roof. This warping was attributed to a non-uniformity in density
across the thickness of the roofing panels. Accordingly, a

third row of nails was added to the shingles at the bottom

edges (unfortunately exposed) to bend these shingles back down.
This was done to accommodate this specific demonstration that

was primarily to evaluate the performance of the roofing material
and not its design.

The first roof was fabricated 11 November and the other in
December 1976. The remaining shingles were installed on a house
selected by the Ministry of Housing in November 1977, as mention-
ed in Appendix F. The site was Davidson Crescent, Drewsland,

Kingston.

The management of Berger Paints has agreed to provide inspection
and documentation of the long-term performance of the roofing.
They are in an ideal position functionally and geographically to
fulfill this commitment. First, they have an exposure fence
which is examined periodically by skilled technicians who have
the expertise required for the examination. Second, their
laboratory site is only a few hundred vards away from the
installed roofs. Thus, access is guite easy.

Berger has agreed to continue the exXposure testing of the dozens
of rooiing test panels that are presently on their exposure

fence (amounting to at least 100 square feet of exposed surface).
Continued evaluation of these exposed coupons will provide

at least a two-year lead time in projecting the performance of
the materials on the Hunts Bay roofs, and also on the roofs
constructed or to be constructed in the Philippines and Ghana.
The more readily available access to these test coupons by

either the MRC project team or AID representatives, because of
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of their proximity to the United States, is also high advantaq-
eous since it allows for first-hand evaluation at various
intervals.

The roofing advisory committee members had also agreed to con-
tinue in their role until all of the aspects of the roofing
development were wrapped up. Accordingly, the advisory com-
mittee will continue to function and be appraised of the
situation with respect to the performance of the various roofing
materials as time goes on. When they are fully satisfied that
the roofing 1is satisfactory with respect to all the necessary
performance, cost, and availability criteria, they will then

be in a position to recommend its appropriate usage. A more
active participation by any of the committee members or technical
working group will depend upon future funding either by the Jamaica

government, industry, AID, or other international organizations.

A roof was also fabricated from painted corrugated 2.5 ft x 7 ft
BOB panels. These panels were manufactured at the Universitv
of Washingten pilot plant as discussed in Section 3.1.4. The
roof site was at the SRC laboratory consisting of a storage
building requiring a ~100 sqg ft roof. The decails of this
construction are contained in .ne 26 October 1977 repoort in
Appendix T Ger 2lly, the installa _on went well with the
only problem beiny the slightlv greater than desired panel
thickness. It is necessary to overlan 4 varnels in a roof con-
struction and these 4 layers ended up being relatively thieck,

An improved manufacturing orocess (and mold) will eliminate
this problem. The installation and roof a-e shown in Figure 53,
A discussion of the molds is contained in Appendix J.
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(a) The corrugated panels were
2.5 ft x 7 ft and were in-
Sstalled like any other
corrugated panel would be
in Jamaica.

(b} The roof had an area of
100 sg St ang is locatec: . ; ,;LEE‘\,, .'3‘;“"-"-’-"5-"3&’53?‘1‘ A
on a shed at the Scientific Py g
Research Council.

(c)  Aluminum roofing nails and
wood fillets for corrugated
aluminum or cement asbestos
sheets were used.

igure 33. A rscf was installed in Jamaica consisting of fuyll-size
sainzed corrugated BCB panels representing one of the
lower cost apcroaches.
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3.3.3 Ghana - Roofing

The facilities reauired for the manufacture of the bagasse-rein-
forced hard rubber (BRR) and bagasse-reinforced phenolic (BRP)
roofing existed in Ghana with one major exception: high temper-
ature steam to heat the molds properly for the BRR did not exist.
Thus, BRR material was compounded and fabricated into flexible
sheets, hut adequately rigid roofing shingles could not be made.
In spite of this shortcoming, the technoloqy for manufacturing
the BRR product was demonstrated by Ghana Rubber Products Ltd

The effort in Ghana consisted of three parts which are arbi-
trarily separated into the "experimental program," a "manufac-
turing demonstration," and a "construction demonstration”. The
experimental program led into the manufacturing demonstration,
but the latter was broader in scope with respect to materials
considered. Because of the Very strong interest in the BRR
system by a local industry, the other roofing systems were of
lesser interest, except for providing supportive background
into new types of materials and roofing (for instance, many of

those involved did not know what bagasse was, or had never seen
it or worked with it).

The experimental and demonstration efforts were greatly
facilitated by the coordination of the requirements for roofing,
defining of criteria, etc., by one agency, the Building and
Roads Research Institute; and the manufacturing all being done

by one organization at one location (Ghana Rubber Products
Ltd.).

The experimental Program encompassed the work done by the
Advisory Committee, the Working Group and the MRC team in
Ghana. The manufacturing demonstration inclucded only the
direct effort apolicable %o manufacture of roofing canels.
The construction effort incorporateé accumulated thoughts and

commitments to install roofs from fapricated panels.
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The work in Ghana followed that conducted in Jamaica and the
Philippines and, in fact, was initiated a year and a half later
than the other two. Consequently, lessons learned in Jamaica
and the Philippines were able to be utilized to great advantage,
significantly reducing the effort required in Ghana. At this
later stage, the materials had been better developed and the
poorer candidates were not even considered in Ghana.

3.3.3.1 Experimental Program

The experimental program was designed to brina together the
expertise in Ghana to define, manufacture, and evaluate a viable
roofinc alternative based on the work done by Monsanto Research
Corporation in conjunction with a Ghana roofing advisory com-
mittee. The effort included experimental work, analysis of
roofing criteria, and outdoor exposure studies and analysis as
the basis for selecting candidate roofing sites. This qround
work for performing a manufacturing demonstration a: Ghana
Rubber Products Ltd. was conducted by the Building and Roads
Research Institute. The result was the basis for a roofing
material manufacturing demonstration.

The director of the Building and Roads Research Institute
(BRRI), Dr. J. W. S. de Graft~Johnson, agreed to make available
manpower and facilities for conducting an experimental program
to further a roofing product development in Ghana. Such an
effort related directlv to the interests and responsibilities
of BRRI. 1Incidentals, materials or equipment reguiring foreign
exchange were to be supplied by AID contract funds, but any
purchases that could pe satisfied with local currency would bpe
made available by BRRI.

BRRI assigned one man full time to the project, to be available
through its completion (at least 24 months). Supporting person-
nel were also committed as required for the program. This
includead supervisory and technician versonnel, and those indi-

viduals from within BRRI, the Council for Scientific Industrial
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Research Institutes, and the University of Science and Technology
knowledgeable in the areas of chemistry, construction materials,

‘roofing, housing, architecture, and related socio-economic

fields. The fact that all this expertise was committed, available
from, and coordinated through the one institute was highly

beneficial to overall coordination of the program effort,.

The effort at BRRI consisted of conducting experiments in the
laboratory and at local manufacturing facilities to duplicate,
verify, and extend the experimental work done by the MRC Dayton
Laboratories. At the time that the effort was initiated, three
of the roofing systems seemed potentially appropriate for
Ghana. These included the BRR, the BOB, and the BRP roofing
systems. However, the potential for demonstrating all of these
did not exist (especially the BOB) because of the lack of
available local facilities.

The experimental program was a joint effort between the Buildiny
and Roads Research Institute, a roofing advisory committee made
up primarily of individuals from B8RRI, Ghana Rubber Products

Ltd., and the AID-spcrsored Monsanto Research Corporation

Project team. The overall coordination of the program in Ghana
was handled by Dr. de Graft-Jonnson. Mr. Kofi Ckeng, the techni-
cal investigator £or 3RRI, was supervised oy Mr. A. XK. Chatteriee,
Chief Research Officer for Materials. Some gzeneral coordéinatior,
especially with respect to outdoor éxposure was provided by Mr,
Okyere,.

Support in the area of defining rocf criteria and selectinsn of
houses was provided by Mr. John Neutsugah, Research Officer,
Architectural Division ané Mr. Afele, an architec+ involved in
rural housing schemes. Dr. B. Biswas, Senior Associate Professor

of the Department of Chemistry, UST, provided technical supcere,
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especially with respect to resin binder chemistry. Strong
technical supoort was provided by Mr. Phil Westray, General
Manager and Mr. Jiri Subert, Technical Manager, both of Ghana
Rubber Products Ltd. Supplies of bagasse were provided by

Mr. Dim Van der Heeden, Managing Director of Ghana Sugar Estates
Ltd. The MRC team coordinator in Ghana was Mr, George L. Ball ITI.

Experimental work was conducted on all three systems by BRRI
using their facilities and those of Ghana Rubber Products Ltd.
Although emphasis was to be placed on the BRR system, the

lack of availability of laboratory-size equicment nrevented
small-scale work from being conducted. This, however,

Was no problem since pilot-scale manufacture could be conducted
at Ghana Rubber Products, This is discussed under the "manu-
facturing demonstration" rather than at this point.

Interest also existed in the BRP system, and small panels were
to be molded at BRRI from bagasse Processed at Ghana Rubber
Products just for this Purpose. Laboratory work was also
conducted on the BOB system with respect to refining bagasse
fibers, adding liquid phenolic resins, and molding laboratory
specimens. Orientation was cmitted, however, since extractors
could not be located.

The very significant difference in these rcoiing systems ccmpared
to usual construction materials handled by BRRI made experimental
work difiicult because the necessary lab eguipment was not
availiabple, However, the exXperimental work conducted was higrhly
effaczive in transferring che technology to the individuals
iavolved by giving them a feel for the type systams being

considered,.
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BRRI was able to provide outdoor exposure for candidate roofing
test coupons made at MRC's Dayton Laboratory. The particular
€Xposure at BRRI was probably the most Practical of that conducted
in any of the other three countries with respect to its relevance
to a roofing situation ag shown in Figqure 2.

The outdoor exposure facility at BRRI was set up to evaluate
materials of construction, rather than to test paints, as was
usually the case elsewhere. Accordingly, the particular test
rack for the roofing materials consisted of frames set at a 10°
Pitch which is nmore representative of roofing for low cost
housing. Such a placement of panels Puts emphasis on the
moisture and humidity situation, since rain water is retained
on these panels, clings to edges, and actually hangs from the
bottom side. This provides very Severe exposure which is not
duplicated by panels set at a 45° angle (where water is normally
drained away).

The fact that severe water and humidity exposure was introduced
was reflected on composite control samples that ceteriorated very
rapidly and exhibited extreme mold growth (blackening) ccmpared
Wwith similar samples set out on 45° racks. The better systems,
including the BRR, 30B, BRT and BRP, all Periormed well, These
outdoor exposures orovided SLIONG support for their recommenced
use, not ornly in Ghana, but in Jamaica ancé the Philicoines as
well. Excosure of these sTecimens will continue and, BRRI :is
L0 maxke inspections ani recers observations cver at least the

next ten vears.
Presently there is no excess bagasse in Ghana, ané although
additional sugar mills are planned with the intent of making

Gharna self-sufficiens in sugar, it is projected that it will te

at least 10 vears before any excess bagasse will be availatle,
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100% of the bagasse is now required to fire the sugar mills
because of the inefficiency of existing equipment and imper-
fections in the scheduling of the cutting of the crop.

"Mini sugar mills" are being examined and probably have a gecod
future. The bagasse from these mills is less attractive
because of its much higher sugar content and its ccarse
structure because it is chopped to a much lesser degree.
Additionally, smaller quantities of bagasse would be spread
over a much larger geographical area adding handling and
transportation costs. It would be preferable to burn this
particular bagasse as fuel. Some fuel oil could be substituted
for the bagasse in the sugar mill boilers. However, the exist-
ing boilers can only withstand a small amount of oil and the
associated higher temperatures without malfunction or intro-

ducing maintenance problems.

An experimental effort was proposed, but has only been conducted
in part, which calls for substituting hard wood residues or
sawdust for all or a portion of the bagasse in the candidate
roofing compositions. This effort has been outlined and the
materials made available for the work to be conducted in a
combined effort between BRRI and Ghana Rubber Products Ltd.

The immediate future of the BRR roofing system in Ghana will
dezend uvon the reliability of this system, which is prciected
as being good. Cne such experiment is shown in Figure 54 and
discussed in Appendix G where mahogany wood shavings were sub-

stituted for half of the bacasse.

Parallel with the laboratory experimental work was an infcrma-
tional exchiange with the rest of the technical working group,
This Xeot those, who were to eventually be involved in the
program, up to date on the materials develorment and the nature
of the creducts to be manufacsured., Th WOorx conducted was

descrited in detail with the various participants, in meetings
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with both groups and individuals. At the same time, assistance
in selecting the criteria for roofing was solicited.

The acceptable criteria for roofs was found to fit very clcsely
to that originally learned by the MRC project team, but addi-
tional emphasis was given to the need for fire resistance. It
was pointed out that the utilization of wood in Ghana had been
confined due to an inordinate fear of fire, Roofing materials
thus must have a reasonably high degree of fire resistance.
The dilemma of roofing costs was also pointed out with respect
to the designated official price not really being representa-
tive. It is usually impossible to get CGI sheets at those
prices. The actual cost of CGI sheeting rangei from two to
three times the official price, due in part to the difference
in valuation of local money with respect to world markets.

3.3.3.2 Roofing Demonstration - Manufacturina

Practical demonstrations of the manufacture of both the bagasse-
reinforced hard rubber and bagasse-reinforced ohenclic roofing
materials were conducted wherein only the oils, pigments, stabi-
lizers and additives were imported. Otherwise, local materials
including bagasse and natural rubber, facilities and manpower
were used to manufacture the roofing compound. About 390 pounds
of BRR roofing compound were manufactured, but could not be con-
verted to rigid shingles because of the lack of availability of
molding presses that could achieve high enough temperatures.
About 3C0 sg ft of the BRP roofing in the form of 10 in. x 20 in.
shingles were manufactured in Movember 1577.

Details of the demonstration project vplan, results, and sug-
gested future work are represented in three reports reproduced
in Avpendix G. The project plans are contained in the renort
dated 12 August 1976, and the changes in these vlans, results,
modifications and recommended future work are contained in the
reports dated 25 October 1976 and 11 Nevember 1977. The resorts
attemoted to itemize ccint-by=-ooint beth what was done and who
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was to do it, aiong with contingent olans to be utilized, de-
pending on the interim results. The effort involved basically
five different organizations and at least 30 individuals.

The demonstration program was tailofed specifically to the

local situation, taking advantage of the comprehensive facili-
ties at Ghana Rubber Products Ltd. and support from BRRI.
Additional interface included only that from the MRC project

team and the various materials suppliers and their intermediaries.
This minimal number of involved organizations no doubt simplified
the effort in Ghana. Because of the relatively poor communi-
cations network to and within Ghana, a more complex program

could have been managed only with great difficulty.

The raw materials for the BRR project were made available by Ghana
Rubber Products Ltd., Ghana Sugar Estates Ltd., and Monsanto .
Research Corporation. The bulk of the raw materials (84%) were
made available locally. These consisted of the indigenous

whole sugar cane bagasse from Ghana Sugar Estates (54%) and the
natural rubber, sulfur, sulfuric acid, zinc oxide, and iron
oxide pigment (30%) from Ghana Rubber Products Ltd. The remain-
ing materials (16%) consisting of chlorinated paraffin oil,
magnesium oxide pigment, stabilizers, accelerator, and fir
retardants were imported from the United States by MRC under

the AID contract. Reiss and Company, Accra, provided valuazle

assistance in facilitating imzortation a* 10 cost to the zrogranm,

The conversion of the raw materials into a 252 roecfing compound
was conducted at one primary site. The drving oceration was

done in a plant down the street from the site. The primary site
was the Ghana Rubber Products Ltd. plant in the industrial area

of the capital and seaport: city of Accra.
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The bagasse was first dried within burlap sacks (sugar bags) in
a wood kiln {gcated in a plant near Ghana Rubber Products. Dryw=
ing required é;o days because the bagasse was contdined within
the bags and because of the relatively poor drying efficiency

of the kiln. After drying, the bagasse was transferred into
plastic polyethylene bags to prevent moisture pPickup, and vas
transported and stored in this manner at Ghana Rubber Products.

Banbury intensive mixing was conducted in equipment shown in
Figure 535, normally used to compound the ingredients for rubber
products, primarily shoes and shoe soles. Four-hour segments
of time were made available for compounding all of the ingredi-
ents together into a compound that could be further processed.
Usually a six-man crew plus supervisory and support technical
personnel were utilized.

The BRR compounding was straightforward, being conducted by a
skilled Banbury operator who required little supervision except
guidance on the proper order of addition of the various ingredi-
ents and the processing time. No modification to existing equip-
ment was required. The Banbury accommodated about 90 pounds of
material which, after it was processed, was dumped as a block
onto the floor (the usual operating procedure).

It was found that all the ingredients could be added in this
particular size Banbury, including the accelerator and sulfur,
since temperatures high enough to set off curing of the system
were not generated during the Processing. The accelerator was
added about two minutes before dropping the material and the
sulfur atout one minute pefore dropping to insure that no
curing (crosslinking) took place within the Banbury. No
problems were encountered in this process stage. It was a
direct scale up of the laboratory preccess.
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The large blocks of compounded bagasse-filled rubber were cut
into smaller Pieces (approximately 20 pounds each) using a
standard rubber guillotine. The smaller chunks of compound
were then fed to a two-roll mill (though which cooling water
was continuously circulating) which further densifieq it and
generated a thick (1/4 to 1/2 in.) sheet, There was a slight
amount of difficulty at this stage, which had been expected due
to the high filler loading of the rubber. This was reflected
in a slightly longer time required to band the compound onto
the mill roll. The adhesion to the mill rolls was poorer than
that usually eéncountered with rubber compounds. This was a
relatively minor point which was easily accommodated by the
Plant workers who were skilled in correcting for such deviations,

The next process stage further refined the compound frem a
relatively coarse, thick sheet to a uniform sheet with a thick-
ness slightly greater than that finally desired. This was
achieved by calendering on a two roll mill ané batching off
sheets about 26 in. wide, 5 ft long, and about 1/8 in. thick.
This was the simplest form of a calender (two rolls), but was
adequate for the job and was a part of routine Processing.
Again, no changes in standard operating procedures or equipment
were required., These operations are stown in Figure 56.

Following =he calendering, the large sheets were laid on a
woccden table and a metal "picture frame" witih a cavity was
used as a guide to trinm out 24 in, x 24 in, Pieces for
inserticn into a mold. Brass knives were used for cutting
the rubber compound sheets to size.

The control f£inally used to determine %he desirable thickness
for this sheet was lts weight, It was assumed that the

material to be inserted intc the mold should egual the
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weight of the final panel plus 10%. These square flexible
sheets were preforms for the molding operation.

The final stage of the BRR orocess was compression molding. In
this stage the intent was to convert the slightly thick flexible
rubber sheet into a rigid dense flat roofing shingle. This
required only the application of pressure and temperature for a
given period of time within a proper mold.

The 24 in. x 24 in. dimensions of the shingle were determined
by the limitations of the available molding presses (rounded to
English units). Molds for this size part were not available at
Ghana Rubber Products, so five were made at their expense.
Fortunately, this rubber compound was tailored to be usable in
very simple molds, which reduced their cost and made them more
readily available. The molds consisted of about 1/16 in. thick
steel plates (two pieces) and a 0.10 in. thick steel picture

frame with a 24 in. x 24 in. square cavity cut into it.

The molding was conducted in a five daylight (opening), hori-
zontal platen, steam-heated press, with a hydraulic pressure
application system. It'was in a building with about six other
similar presses. They are used on a 24 hour basis in the
manufacturing plant.

The molding process consisted of the following steps. Firs+
the mold surfaces were spraved with a release agent (silicone
Oor stearate) that was available in spray guns at each molding
press. The rubber sheet was then sandwiched between the two
metal plates with the picture frame around its perimeter
(mainly to gauge thickness rather than to confine the material

at the edges).
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The press was preheated (remaining hot all the time) to as high
a temperature as could be achieved, which was about 300°F. The
press was then opened and the five molds with the materials in
them were inserted in the five cavities of the press. The
press was then closed and a pressure of about 500 psi applied
immediately. The pPress was held closed for 45 minutes, opened,
the molds with their parts in them removed from the press, the
molds opened, the parts taken out, and the cycle started over
again by refilling the molds (recoating with release agent
about once every three moldings).

After extensive ad3justment of the steam boiler system during
the duration of the demonstration effort and afterwards by
maintenance personnel and ocutside service peovle, it was found
that temperatures of no greater than 300°F could be achieved
with the existing plant system. Molding temperatures are very
critical with the BRR system and below 325°F longer times
cannot make up for lower temperatures, Molding at these lower
temperatures produced only semi-rigid panels which were not
deemed adeguate for the roofing demonstration. They may have
some utility in the future, especially if some sort of cor-
rugated pattern is used.

The possibility tha: there was something wrong with the ingredi-
ents was thoroughly eliminated when small guantities of the
roofing composition were molded in an electrically heated
laboratory press. Four inch thick discs were manufactured.

This particular point is very important, since it illustrates
that all of the necessary tecrnolegy for manufacturing this
roofing product was made available at Ghana Rubber Products.
Thus, roofing can be manufactured with the BRR system at any
time that temperatures of at least 325°F can be provided to the
molds.,
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Unfortunately, this shortcoming terminated any further demon-
stration of this system with respect to making usable rigid
roofing shingles that could be used in a roofing demonstration.
Ghana Rubber Products, however, has an intense interest in
moving ahead with this product and therefore are purchasing a
new boiler which should be installed and in overation early in
1978. This is a very sizable commitment which helvs to assure
their continued interest. Achieving the higher temperatures of
the new boiler is of little value elsewhere in their plant.

A manufacturing demonstration of BRP roofing shingles was also
conducted in Ghana, although late in the program (November 1977).
The details of this plant run are given in a trip report

1l November 1977, in Appendix G. Included in the demonstration
was the manufacture of 20 in. x 20 in. BRP vanels that contained
a filler consisting of 75% bagasse and 25% mahogony wood shav-
ings. The manufacturing went like clock work using methods
identical to those described for Jamaica. The only differences
were the incorporation of the wood residues, the smaller panel
size, and the reduction in cure time to 1.5 minutes. Over 300
sq ft of 10 in. x 20 in. roof.ng shingles were manufactured at
Ghana Rubber Products Ltd., Accra. The process details are il-
lustrated in Figures 10 and 57, and the molded untrimmed panels
in Figure 11.

3.3.3.3 Roofing Demonstration - Construction

One roof of +100 sa ft was installed using 10 in. x 20 in., BRP
shingles at the C.S.I.R. Secretariet in Accra. No 3RR roofs were
actually fabricated since shingles cculd not be manufactured.
However, plans were developed for fabricating BRR roofs by BRRI
utilizing a low cost rural housing scheme. 1t is honed that

BRR roofs will actually be constructed in 1978 based on these
nlans using shinales to be manufactured by fhana Rubber Products.
Lena-term oerformance of the roofing installations will be
monitored by the Building and Roads Research Institute.

The houses to te roofed were selected by the Building and Roacds

Research Institute (3RRI) and were to be compatible with their
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planning with resvect to low cost housing, esmecially in rural
areas. It was expected that roofing useful for housing based
on BRRI's brick and wood utilization program would be considered.

The building to be covered with the BRP shingles was selected for
its approoriate type and size (with resvect to available shingles),
location (with respect to control by BRRI), and availability.

It was a security house under construction at the C.S.I.R.
Secretariet in Accra. The roof was designed to have a relatively
high pitch (1 £t in 4 ft) which could accomodate a shingle tyve
system. The building had a floor area of 60 sg ft and thus
required ~100 sq ft of roof area. The C.S.I.R. location put

it under the control of BRRI SO that it could be monitored in

the future and be viewed easily by interested outside parties,

It was under construction in November 1977 when the BEP shingles
were made available.

The roof consisted of 10 in. x 20 in. BRP shingles nailed to

1/2 in. x 2 in. curlins smaced at 3.5 in. centers (more closely
spaced than necessary to improve aonearance). These ourlins
were attached to 2 in. x 4 in. rafters. An overhang of at least
1.5 ft was provided on all sides. Construction of the roof is
shown in Figure 58, and the completed roof in Figure 4.

The plans for defining additional houses and detailina their
construction are presented in the 25 October 1976 revort in
Apcendix G. The housinc scheme is a rural one teing develooed
at 3RRI through Mr. Afele. Various tyove houses and housing
arrancements are being considered in this housinc scheme. Some
have been tried, with various degrees of success, and further

WOrk is being restructured to remedy initial objections.
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It appeared during discussions on the rural housing scheme that
materials of construction presented no real problems, except thm
use of more indigenous materials was highly desired, especially
with respect to roofing. The main problems hinged on social
aspects, which were related to economics. For example, cost-
saving designs that introduced social changes, such as shared
kitchens and outdoor and indcor living areas, were meeting with
some opposition. The problem seemed to be compounded in the
rural situation where the average family size was about 14
persons. Thus sharing space, where mcre than one family was
involved, required accommodating relatively intimate inter-
actions between upwards of 20 to 30 people.

The relationship of this roofing development program towards
assisting and solving some of the social problems hinged on
making available lower cost materials so that some form of
separate housing could be considered for each family unit. It
was then up to BRRI personnel to plan for the best utilization
of these materials. Unfortunately, it is probably unrealistic
to think that such a major reduction in roofing costs could

be achieved with the proposed roofing system to accommodate
this intent entirely. However, the cost benefits (especially
as related to Ghana government support and a reduced requirement
for foreign exchange) were expected to increase their latitude
in designing specific houses or housing schemes,

It is anticivated that a roofing demonstration using the BRR
system will take place in 1978 through the efforts of Ghana
Rubber Products and BRRI. It is recommended that the orimary
intent of the demonstration be to make materials, fabricate
rocfs from them, and initiate a test for thelr durability under
Ghana climatic, environmental and soclo-economic conditions,
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Then, while further develoomental efforts with respect to roof-
ing design and defining of the desired type houses are conducted,

evidence will be gathered to demonstrate that indeed the materials
system is viable,

BRRI has agreed to provide a complete evaluation of the roofing
by observing it and performing tests as necessary over the
ensuing years. They will then have the necessary information
available for consideration of this material system, along with
others that are Presently being considered in their Institute,
with respect to aspects of construction.
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3.3.4 Philippines - Non-roofing Construction

Material Applications

The availability of facilities and a very strong interest in the
Philiopines provided a unique opportunity to evaluate the bagasse-
reinforced phenolic (BRP) material for construction aonlications
other than roofing. The BRP system is highly tailorable in this
respect, which was demonstrated in the Philippines, providing the
materials for the construction of total houses from these material
systems.

The bagasse-reinforced phenolic (BRP) dry-blend system for
fabricating 4 ft x 16 ft panels was intensively studied in the
Philippines by National Housing Corporation personnel. The
details of these studies are contained in Appendix H.

The BRP system was examined at various levels of resin content
(from 5 to 30%) to achieve the lower cost panels necessary for
non-roofing applications, such as wall panels, ceiling panels,
etc. Such lowering of resin content would compromise water
resistance somewhat, but this was not expected to be a problem
for interior applications.

Five tons of bagasse in various forms (whole, cut, wet-depithed,
coarse and fine) were processed in the Banbury mixer at Goodyear
Rubber Company with the necessary oils and pigments. These

five types of refined bagasse were transported to the National
Housing Corporation where they were dry-blended in a cement
mixer with a powdered or liquid phenolic resin and molded into

4§ ft x 16 ft panels,

Simultaneously, a comparable quantity of whole bagasse was cut
and screened in standard National Housing Corporation particle
board plant processing equipment to determine whether this type
of refined bagasse could be used in the BRP process. This

226

o MONSANTO RESEARCH CORPCRATION o



equipment would eliminate the need for a Banbury and allow all

processing to be conducted at the National Housing Corporation
facility.

The practical and economically feasible range of powdered
phenolic resin binder was established tu be 5 to 30% by weight,
The higher resin contents are required for the roofing appli-

cation; progressively less could be used for exterior siding,
interior wall panels, etc.

The possibility existed of developing even lower density mate-
rials based on the BRP System. These very low resin content
materials could be used where their acoustical or thermal insu-
lation characteristics are of value. The inherently good fire
resistance qualities of the phenolic-bonded bagasse make it
attractive for these applications.

Three phenolic resins were examined, including one of a liquid
type. These included the imported Monsantoc Company resin,
Resinox 736; a locally manufactured phenolic powder, Borden
MC-282; and a ligquid plywosd glue, Borden HL-4645. The use of
the liquid phenolic resin was of particular importance, since
it would permit the existing National Housing Corporation chip
board plant equipment to be used with minimum modification.
The liquid resins are also much cheaper. The liquid phenolic

resins were anticipated as being useful in these slightly lower
density, non-roofing apvlications.

The extension of the bagasse-reinforced phenolic with ground up
wood chips was examined. The starting point was a BRP system
with 40% dry phenolic powder. Compositions were made incorpo-
rating either coarse or fine wood chips at levels of 25, 50 or

75%. The optimum ratio of bagasse to wood chips in the ccmposite
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panel was tentatively established at a level of 50% fine wood
chips to 50% bagasse, although this point is still being in-
vestigated. '

Curing cycles were also examined to establish minimum curing
times and temperatures. Good cures were achieved in 6 to
l0~minute cycles at 260°F and even at 3 minutes at 300°F, in
small-scale tests.

The physical properties of the products, including density,
modulus of rupture, water absorption, and swelling of the pro-
ducts were determined on all of the products; these data are
provided in Appendix H. The densities were greater than 1 g/cc
over the entire range of resin concentrations from 7.5 to 30%.
Modulus of rupture (strength) values were high at all resin
levels. ror example, at 10% resin concentration, strengths up
to 6500 psi (460 kg/cm?) were obtained. Moisture contents and
percent swell were also low for all samples, averaging about 5%.

Panels from 1/8 in. to 1/2 in. thick, shown in Figure 59, were
molded in the same facilities used to make the roofing panels
discussed in section 3.3.1. The process was identical except

for the blending in of additional wood chips. One problem that
was encountered was difficult release of the molded boards from
the aluminum caul plates. In a few instances sticking was
severe, due in part to the roughness of the aluminum caul plates.
Better surface finish and controlled application of the mold
release can assuredly solve this problem (as was demonstrated

in Jamaica).

It appeared that an economically viable process for manufactur-
ing building panels, based on wood chip-extended, bagasse-rein-

forced phenolic composites had keen demonstrated. This was judged
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from the physical properties and the anticipated material
manufacturing costs. These materials can be manufactured on g
continuous production basis, with only very minor modifications
to the National Housing Corporation particle board plant. Thus,
materials for other parts of a house, not just roofs, can be
developed around the BRP system demonstrated in this pProgram.
Fabrication of one or more model houses from these materials is
scheduled, as illustrated in Figure 60.

Several general conclusions can be stated, based on the results
of the demonstration of the BRP system for non-roofing appli-
cations., First, the most useful form or type of bagasse appears
to be whole bagasse which is dried and cut, without separation,
in the NHC particle board plant chopping and refining equipment.
Thus, it appeared that a 3anbury would not be required.

Second, minimum and useful ranges of resin binder content were
established for several anticipated applications. Extending
the BRP system with wood chip fillers was investigated, and
optimum ranges of compositions are being established. The
phenolic-bonded bagasse acts as a continuous phase surrounding
the wood chip particles in this pParticular system.

Third, physical properties of the products, including déﬁéity,
modulus of rupture, moisture uptake, and swelling in water have
been shown to be very good, compared to urea/formaldehyde-bonded
wood chip particle board.

Finally, the anticipated low raw material and manufacturing
costs of the bagasse-reinforced phenolic composite material
make it suitable for a wide range of applications. The use of
the phenolic (phenol/formaldehyde) resins was successfully
introduced to NHC personnel, effecting the technology transfer
in the processing and curing of these resins.
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Figure 80. The BRP material system is highly tailorable with raspect
to lowering of cost while retaining structural integrity
necessary for construction materials. This was demon-
strated in the Philippines.
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3.4 ENVIRONMENTAL IMPACT EXAMINATION

The possible effects of the wide scale manufacture and use of the
developed roofing on the land, water quality, atmosphere, natural
resources and cultural, socio-economic, health and general aspects

of habitation were given an "initial environmental examination".

It is concluded that the roofing will not have a signficant effect,
and certainly not a negative effect on the environment in the
participating countries.

As a matter of policy, AID is commited to a careful consider-
ation of the environmmental implications of all AID-supported
projects. Accordingly, all AID projects must include an
"initial environmental examination" in which the possible
effects of the wide scale application of the results (positive
Oor negative) are considered.

Major areas to be addressed include the effects on: 1land use,
water quality, atmosphere, natural resources, and the cultural,
socio-economic, health, and general aspects of the inhabitants.
Of the eight areas listed for evaluation, in only three is there
any (slight) environmental impact. The three areas where there
is, or could be, some limited (not necessarily negative) envir-
onmental impact are in the areas of water guality, natural

resources, and health.

3.4.1 Water Quality

In three of the four processes developed, including the ones
most lixkely to be implemented for wide scale use, there are
no by-prcducts intrcduced into the plant process effluent

water, and therefcre no environmental effect on water quality.
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The fourth process, pPhenolic-bonded oriented, bagasse fiber

panels includes inorganic acid salts to precipitate the phenolic
resin. These acid salts, along with soluble organic compounds
from the pith, are carried out with the process water. In these
respects, this process is similar to those in the U.S., and

other developed countries, for manufacturing wood hard board

and paper. Accordingly, if this Process is used on a large-scale,
established methods of treating this type of waste water will

be applied.

3.4.2 Natural Resources

3.4.2.1 Diversion of Bagasse to Manufacture of Roofing

The anticipated effects of diverting bagasse from its present
use to manufacture of roofing differs in the three participating
countries,

In the Philippines, the Production of sugar (and bagasse) is

so large that the 15-25% €xcess, over that required to fire

the boilers at the sugar mills, presents a waste disposition
problem. Utilizing a fraction of the excess for roofing should
have positive benefits in raducing pollution of streams, where
the excess is now dumped,

In Ghana, the bagasse is used exclusively for firing the boilers
at the sugar mills, and there is, at present, no excess. Govern-
ment planners project that increasing sugar production (already
scheduled) will insure excess which could be diverted to roof-
ing in about 3 years. an interim use of bagasse in quantity

for roofing would require that the sugar mills convert to
residual oil firing (from Ghanian petroleum refining). The
Gevernment of Ghana recortedly would like to "encouracge" usage

of the excess residual oil fcr fuel applications.
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Alternatively, saw dust, the second best filler for roofing com-
posites, could be used in Ghana to make products similar to those
from bagasse.

In Jamaica, the sugar mills are now fueled with bagasse (v75%)

and petroleum (~25%). Some of the bagasse by-product is utilized
in making a bagasse board that is bonded with urea/formaldehyde
resin. Because of the deficient moisture resistance of the hinder,
there is a limited market for this bagasse board, and the plant
(Standard Building Products) operates at much less than its
capacity. Partial or complete conversion of the bagasse board
plant to production of the more durable bagasse reinforced phenol/
formaldehyde bonded composite should have only favorable results
(larger markets, increased employment, etc.). The management of
Standard Building Products, with whom we have been working, are
strongly in favor of this development.,

3.4.2.2 Effects of Diverting Natural Rubber to
Production of Roofing Composites

Natural rubber is produced in excess to current use in both the
Philippines and Ghana. Diversion of some or all of the excess
production should have no negative environmental impact. How-
ever, positive benefits (increased markets, employmen:, etc.)
should result from full utilization of this na*tural renewable
resource.

Natural rubber is not produced in Jamaica, ané there is no
intention of importing rubber for a process there. Thus,
there would be no use, and no environmental impact in Jamaica.

~
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3.4.3 Health

There should be no significant impact on the health and safety
of workers manufacturing the roofing, or people living in the
roofed houses. The processes recommended are already being
used in both developed and developing countries for other
applications. Thus, no new hazards will be introduced by the
wide scale manufacture of the roofing.

However, depending on the specific formulation, there are two
areas of possible, or slight, impact which AID has requested
to be included in the initial environmental examination, and
these are discussed below.

3.4.3.1 Fire Resistance of Roofing

Bagasse, the major component in the composite roofing, is pri-
marily cellulosic, and has significant silica content. As a
result, bagasse will burn only slowly and cleanly (little smoke
or fumes). Any fuel (resin binder Oor processing oil) that is
incorporated into the composite can detract from the favorable
fire resistance of the bagasse filler. Additives can be used
to upgrade the fire resistance of the composite. However, as
in the United States, fire retardant additives can introduce
problems of their own in the way of undesirable smoke ard
fumes - if the materials are burned by a separate source of
fuel.

Consequently, a lcwest cost" and formulation
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e
material. As . V. Cedrc, Plan- Superintendent at the Naticnal

235

8 MONSAN™C RESEARCH CORPORAT.ON L



Housing Corporation in the Philippines, expressed it, "People
here need first to worry about whether they have a roof over
thelr head, and conly much later whether it will burn",

It should be noted, however, that none of the candidate roofing
materials presents as great a fire hazard as the asphalt shin-
gles most commonly used for roofing in the U.S. and other de~-
veloped countries.

3.4.3.2 Use of Water Collected from the Roofs
for Drinking

The collection and use of roof water for drinking is undesirable
for many reasons. It is also not practiced, *to a significant

degree, in the major population areas of the three participating
countries (other sources of potable water are readily available).

Of the candidate resin binders that are proposed, phenocl/form-
aldehyde has FDA approval for use in water filters in the United
States. Natural rubber formulations are used in hoses and
kitchenware where water excosed to it may be used for drinking.
The thermoplastic resins sucgested are also used for cups and

glasses where the water will ke drunk.

In scme of the limited preoduction of roofing material to date,
c

we have used a highly effective water insoluble fungistate

e
as "insurance" agains:t mold crowth. This funcistat will be

replaced with ore having FOA apzroval for use in fcods, or
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/ wider scale production.

eliminated altogether in an
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4. CONCLUSIONS

4.1 ACHIEVEMENT OF PROGRAM OBJECTIVES

+ The first program goal was to "match indigenous fillers
with low cost binders to produce roofing with a wide
range of applicability in developing nations".

This technical_approach is also the one recommended by the
National Academies of Science in the study they made of the
housing problem, in resoonse to UN request, Prior to initiation
of the US-AID roofing project in May 1973,

This goal has been successfully completed, through research done
at MRC's Dayton Laboratory, as well as in facilities made avajl-
able in the three Participating countries. Four different pro-
ducts, and Processes to manufacture them, were cdeveloped that use
a major quantity (70~953%) of the indigenous residue of sugar cane
Processing (bagasse), along with a minor quantity of natural or
synthetic resin (30-5%) to form a strong durable, flat or cor-
rugated, composite panel. Raw material costs for these four
composites range from US 6¢-12¢/1b. At the anticipated roofing
Panel thickness, costs/st? would be in the same range.

+ A second goal was to "utilize local labcr and resources
to manufacture a sufficient quantity of the material to
roof four hcuses in each of the three participating
countries (Philipnines, Ghana, and Jamaica)".

This goal has alsc been substantially achiaved. Manufacture of
at least two of the four types of products developed was demon-
Strated on a "plant scale" in each of the three countries, Suf-
ficient roofing material was dreduced to reor four houses in the

Philippines, one irn Ghana, and eight in Jamaica.
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« The third major program goal was to "transfer the neces-
sary technology to qualified organizations in the devel-
oping countries".

This objective has also been accomplished. At least one govern-
ment agency organization, and one pPrivate industry firm, has
been identified and directly involved in both the experimental
and plant scale production in each of the three countries.

4.2 SPECIFIC TECHNICAL CONCLUSIONS

« Out of approximately 50 potential fillers examined,
bagasse was easily the best in terms of product proper-
ties, cost and availability.

. From at least 10 synthetic and 2 natural rubber binders
evaluated, phenol/formaldehyde thermosetting resin was
generally best and adopted for use in two of the four
roofing products.

» Good alternate binders defined included natural rubber
and ABS thermoplastic resin.

. Using the selected fillers and resin binders, four

composite rocfing materiais were developed.

« For each of the fcur rociing products an eccnomical
process, that utilized equigment and facilties avail-
able in the developing countries, was defined. The
processes are adaptable for mass production of the
roofing.
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Bagasse can be readily fibrillated, and depithed, into
strong, water resistant, fire retardant fibers. wWhole
bagasse can be used at abnormally high levels with resin or
rubber binders to achieve a .durable structural materjal,

A process to orient the bagasse fibers to pProduce panels
with desirable directional Strength properties was defined.

The roofing material systems developed probably also have
utility as structural and non-structural building materials
for all parts of houses,

Clay, ore tailings or "red mug" can be bond. ! with thermo-
setting phenol/formaldehyde resin to form strong, durable
composites which, with further development, may be useful
in building blocks for walls, floors, etc.

The bagasse-filled resin bonded composite roofing panels
have shown excellent short term resistance to the tropic
environment and are expected to have the necessary long-
term strength and durability, ‘

Strength, 1life, durability, cost, acceptability and
installability are important roofing material character-

istics (as expected), with cost being of over-riding
importance.

A totally indicencus resin binder svstem was not achieved
in any of the three countries., Even locally grown natural
rubber (Philippines, Ghana) required minor percentages of
imported vulcaniza-ion cnemicals, and locally produced
Phenol/formaldehyce resin (Philippines) regiires imported
phencl. However, cemplete "indizenuity," or lack of it,
was found to ke lossg important to the Froject than visuval-
ized at the oursa-,
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Minimizing the foreign exchange requirement was less im-
portant than achieving lowest total cost in roofing. There
was a willingness to import, necessary ingredients at lower
cost; even when a locally manufactured resin was available
at higher cost.

Fire retardance in the roofing was found to be less im=-
portant than lowest overall cost. "These people need first
to have a roof over their heads, then they can begin to
worry about fire. After all, there's other things (wood)
that will burn in these houses".

Technology at a high level is available in each of *the
three participating countries in both government organi-
zations and industry.

The identification and use of a qualified "Advisory Com-
mittee" to make technical expertise available, and lend
added credibility to the Project was a highly desirable
aspect of the methodology.

The acquisition and use of a participating technical work-
ing group was highly beneficial towards implementation of
the program and successful completion of the technology
transier,

Person-to-person contact was “ound to be essential to

efficient technology transfer.

Locating and utilizing a single, Gualified, enthusiastic
collaborator to coordinate the effort in each participating
country was also essentzial.
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Technology ‘and enthusiasm, required to further the develop-
ment effort, was usually available at the highest level in
pPrivate industry,

Consulting working visits to each of the three participating
countries on a regular periodic schedule maximized the
effectiveness of the MRC team with respect to supporting

the developing country participants.

A follow-on or utilization phase is needed in each of the
participating countries in order to consolidate the results,
to secure continuing plant production of the materials,

and to implement large-scale use of the products in housing,

With a follow-on program of appropriate Scope, prospects
for commercialization in each of the three participating
countries is excellent.

An initial environmental examination of the processes and

products proposed does not reveal any significant environ-
mental threat or hazard to the health of workers or users,
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5. RECOMMENDATION

It is recommended that a follow-on program on an appropri-
ate scale, be implemented in the participating countries
to obtain plant scale production, and large=-scale sale

and use of the composite panels in roofing and other parts
of the houses.

The follow-on work should emphasize developing of process
and facilities for manufacture of thin corrugated panels
for roofing in order to achieve highest directional
strength, longest roof spans, and lowest overall cost.
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APEENDIX A

CONTRACT STATEMENT OF WORK

Previous Paade Blank
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CONTRACT STATEMENT OF WORK

The Contractor shall make available and employ its reéearch

and development facilities and personnel to carry out a three-
year research and development program directed toward developing,
testing, and evaluating low-cost binders applicable in meeting
DC roofing needs. The experimental program will be conducted

in three twelve-month phases as described below.

The binders developed shall be low in cost--particularly in
foreign exchange costs, broadly applicable to a variety of

locally available cheap fibers and fillers, easy to handle and
apply, resistant %o wear, and with thermal and cther properties
suitable to the tropics and soclo-economic constraints of develop-
ing countries.

Although it 1is recognized that the bulk of the research will
likely be in the field of plastics and resins, the project 1is
also to explore other binding materials, such as rubber, .
asphalt and cement (especially "ferro-cement"), pursuing them
1f they appear more advantageous than polymers, etc.

The objective is to provide a key ingredient for DC roofing
es

that can maximize utilizatlion of iocal natural! resou

'3

_ ces,
surplus manpower, and limiced maﬁhfabturing capabilitles, in
producing a cheaper 2nd betten» prcduct than is now available.
Targets are DC low-cost ncusing srolects and develorment ¢f
village level irdustry or self-held metnodology.
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Phase T - Material anc Process Development; and Socio-Economic

Base Study

The initi1a) phase will:

(a)

(b)

(c)

(d)

(e)

involve the selection of three developing countries, one
each in Africa, Asia and Latin America (with disparate
climatic and roofing problem characteristics), as geo-
graphical sites rfopr demonstration Purposes;

native fibers, fillers, op Other plentirfyl and cheap
materials, including agricultural wastes, which may be
used as a resin source or as fibers, etc.,;

collection and study of pertinens literature on DC
roofing needs, on existing rcofing materials and types
in both developed and developing countries, on related
Projects, éxreriments angd Potentials, to avoid dupli-
cation and to utilize earlier €xperlience;
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(g) study of the local labor market pertinent to roofing
manufacture, distribution, self-help processes, etc.,
including quality and trends, and

(h) 4initiation of processing techniques, festing and pre-
liminary design.

Phase II - Design, Manufacture, Testing and Evaluation of

Prototype Roofing

Phase II will incorporate the most promising materials into
prototype roofing panels, provide for scalsd-up evaluation,
testing and environmental eXposure, incorporate advanced
architectural design responding to strength, longevity,
cost, labor and acceptability, and lay the ground work fcor
full-scale construction and demonstration activities in the
developing nations.

Phase III - Manufacture and Fleld Testingz of Fuil-Scale

Roofing

Upon acceptance by AID of fully tested and success<ul proto-
type(s), in Phase III construer a total of at least 12 full-
scale rocfs with 1
local cfficials,

ccal manpower, and evaluate in company wig
Partizular at<ention will be clacsd on
soclo-eccnomic factors in serms of acccotatilizy 5¢ the new
roofing system, She lacxk of forelzn currency r2iulrements,

the total cost, the lavel oF invelven
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