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FOREWORD

This brochure is one of a series or reports resuJ.tiDg tram
overseas teclmical inquiries on tactorT orcoamercial estab­
1ishments, operation, management. aDd engineering. The
report is designed to provide only' a general. picture or the
factors that must be considered in establishing and operating
a factory or this type. In JIl()st cases, plans tor actual
installations will require expert engineering and financial
advice :in order to meet specilic local conditions.

Mention of the name of any firm, product, or process in
this report is not to be considered a recommendation or an
endorsement by' the International Cooper~tiQn Administration,
but merely a citation that is typical :in its field.

IntlustriaJ. reports prepared. :tor rCA under special. coW"..ract
are customarily reviewed and edited before publication.
This repo:r:t, however, like other t.echnical inquiry replies,
h&s not been reviewed; it is the dOle reSpl>4s!l ility 0: the
firm that prepared the report.

This brochure was prepared in August 1~i59 by Foster D. S."ell,
Inc., New York, Ne...~ York, wit::t technical B:uidance by the
V. D. Anderson Company, Cleveland, Ohio.

**-::.... ***

For further information and assistance, contact shoUld be
cade with the local Productivity Center, Industrial Institute,
Servicio, or United States Operations l>fisSion.

Code Number
46
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CASTOR OIL

INTRODUCTION

This report covers the procedures, plant equipme:nt. and economics
invulved in the proces5ing of 5,000 tons per year of castor beans to
castor oil and oil derivatives. AU costs presented are based on current
United States prices and must be converted to correspond to the standards
prevailing in the reader's country. to determine the estimated profitability
of a plant of this size

GENER AL ASSUMPTIONS

In the presentation of cost data and the prepar;ttion of cost estimates. the
following assumptions have been made:

1. The economic data shown are based on the procea sing of 5000
short ton!." of huskeci castor beans per year.

2. The average total oil content of the castor beans is 48 per cent
by weight.

3. The pl"l.nt v'ill operate 24 hours pel; day, 300 days per year.

4. AU equipment, material, la~or, utiEty and other costs
shown are based on current United States quotations and
rates. These figures must be converted to local standards
for proper evaluation.

5, It is assumed that utilities (water, sewers. power) and trans­
portati- _facH:i des (rail::oad or highway) are already available
at the plant site,
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CASTOR OIL AND ITS DERIVATIVES

1. The Castor Bean

Castor oil is derived from the seeds of the plant Ri..::inus Communis, which
occurs naturally in almost all tropical and near-tropical areas as a perennial.
It is also Widely found in temperate climates, but where fr,)stoccurs,the
plant must be cultivated as an annual.

The seeds of the plant, commonly called castor beans, grow in clustersoD
spikes of the plant. The seed or bean itself is encased in a spiny outer sheU,
from which it may be separated by mechanically dehulling, or by sun-drying
in the open until the casing splits. The bean itseU consists approximately of
75% kernel and 25% husk. The oil content of the whole seed varies between
35-55%. A typical analysis will show: moisture - 5. S'-; oil -48.6";, protein ...
17.9'-; carbohydrate - 13.0'-; fiber - 12.5%; and ash - 2. SS.

The oil is a rarity in nature, being almost a pure compound - about nine­
tenths the glyceride of ricinoleic acid. The average fattyaciJ composition
of castor oil i. 86'10 ricinoleic, 8'" oleic, 311- Unoleic. and 3" stearic and
dihydroxy.tearic.

Although the mealy residue of bean follOWing oil extraction is high in protein
(about 35ft) it is not suitable for use all a foodstuff due to the presence of the
toxic albumin ricin. The ricin may be deactiv'ated to some degree by steam-
ing or heating. but since the bean also contains heat-stable allergenic material••
it is advisable not to use it as a feed ingredient.

The lnajar usage for extracted castor-bean meal is as a fertilizer -- for which
use it is eminently suited. It releases its nitrogen content slowly. and is
quite high in humus value. Further. the meal[ also contains several other
elements of plant food.

Castor Oil

Two grades of castor oil are recognized in the United States. These are
No. 1 oil, consisting of the first pressing (cold) of the oil seeds. T~is ::,ress;,.
ing is fonowed by bleaching and filtration with activated carbon or earths.
The No.. 1 oil is light in color, brilliant. and low in acidity. It is suitable
for use in medicinal preparationa.

The other grade of ("it is No.3. Thia. is extracted from the press cake from
No. I oil pressing by means of hydrocarbon solvents. The No. 3 oil is
darker in color, and higher in acidity than cold pressed oil. and is considerea
unsuitable for medicinal purposes.
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Castor Oil Derivatives

For uses other than medicinal or lubrication, castor oil may be processed
in several ways:

1) SuUonation: Treatment of castor oil with concentrated sulfuric acid
yields the sulfonated (actually ;sulfated) ester known as "Turkey-red" oil.
This product is an anionic wetting agent widely used in textile drying and
finishing.

l) Blown or Oxidized Castor Oils: Bringing castor oil into intimate con­
tact with air or oxygen at elevated temperatures produces an oxidized or
partially polymerized oil in a wide range of viscosities, color3, and acid
values. These oxidized oils are used as plasticizers or elasticizers in
the manufacture of nitrocellulose films, artificial le:athers and oilcloths.

3} Dehytlration: The dehydration of castor oil can be controlled to yield
two d1stinct types of Inaterial. One is the partially dehydrated oil which
is soluble in mineral oil or glycols. Although this oil was once Widely
used as a lubricant it has been l:iupplanted in recent years by specially
"tailored" mineral lubricants. Its major present use is due to its low
viscosity index -- in shock absorber fluids and brake and hydraulic
fluids.

F'.1l1y dehydrated ca8tor oil is an excellent drying oil, ~he equivalent of good
tung oil. This dehydrtted 0':'1 is the largest single present use of castor oil.
The oil is dehydrated by heating to elevated teInpera.tures, in vacua, in the
presence of metallic salt catalysts.

4) Hydro~enation: The complete hydrogenation of castor oil yieldsessentiaUy
trihydroxystearin. m. p. 85-87· G.• a waxy fat. Partial hydrogenations win
}ri.eld intermediate Inelting point fats. Hardened castor oils are utilized in
the manufacture of certain waxes .. ointments and cosmetics. Hydrogenation
is accomplished under HZ pressure and Inoderately elevated temperatures
in the presence of nickel catalyst.

5) Saponification: Saponified castor oil is used to a minor degree in the
production of lathering soaps. More recently, it has been used in increas­
ing amounts as a chemical intermediate and as a source of "ucb dlbasic
organic acids as suberic, sebacic, and azelaic. used for manufacture of
nylon-type polymers.

Manufae.turing Processes - Gastor Oil

Castor oil can be produced from t~e castor bean by two processe.:;. One is
straight mechanical expression. tne other is mechanical expression fonowed
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by solvent ext:l'action of the press-cake. Purely xnechanical expressl.on
produces a meal containing about 5. 510 oil by v,eight. If this cake is solvent
extracted. the oil content of the xneal is reduced to 1. 0". The economics of
an individual operation will determine whether a so lvent extraction installatiolJl
is practicable.

Under usual operating circumstances, the oil product from mechanical ex­
pression is of No. 1 grade, and that froxnsubsequent operations is No.3.
Some plants operate for the production of a No. 1 grade of oil from the
entire supply, under very closely-controlled conditions.

In general, process operations are as follows:

1. Dehusked beans from the field harvest are stored for use in co.otrol1ed­
humidity silos. Moisture content of beans in storage should not exceed 12.~

to avoid spoilage.

2. The day's run bin i..-charged by convey"!rs from the silo storage i'acilities
with sufficient bean for that day's oil production.

3. The beans are cleaned by screening separated from tramp iron. and de­
hulled from the hard shells in an impact decorticator. The huU. and :meats
(kernels) are separated by aspiration.

4. The kernels are conditioned by cooking at 175-7. and IS" moisture.
followed by drying to 4" moisture at 210-F" This conditioning facilitates
separation of the oU from other constituents.

5. The conditioned kernels are then pres sed in a continuous double -screw
press which removes about 90" of the oil contient. The press cake contains
about 5. 5'" oil at 10'" moisture.

6. The expressed oil is cooled, screened to remove larger particles of
cake. and filter~d with filter aid in fitter presses. The product from these
operations is No. 1 oil.

The press cake is eIther ground and sold as is. or. if economically feasible.
is subjected to solvent extraction for recovery of the residual oil content.

These procedures are:

7. The press cake is prebroken, conditioned again to proper Inoistur~

and temperature conditions, and flaked to proper size between rolls.
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8. The conditioned flakes are charged to a counter-current solvent ex­
traction system for rernoval of the balance of the oil.

9. The solvent-wet meal from the extraction tower i3 r~ated in jacketed.
screw-conveyors for removal and recover,' of its solvent content. The
meal is then ground, screened and packaged; the solvent is recirculated.

10. The solvent-oil misceUa is distilled and fractionated under vacuum
to separ~te out the solvent. The solvent is recycled. The oil product is
either combined wIth the press-product if pure, or stored separately for
further use.
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The ProceaaiD, Esuipment •
Cutor heana arelenerally purcb.8ed at harvest time, when prices are
moat favorahleand stored for the year's u.e in sUos. Tbes. sitos, wbich
mu.t be .pecially deailfted units for control of moiature content, are
often cooperative ventures between cultivators and processor.

This plant will process SO~O tons per year of castor bean, whicb ia equi.
valent to a volume of about Z67, 000 cubic feet.. 1\ grain elevator of
sufficient .ize to bold this &Jnount of bean w3uld be a series of 8 silo.,
structurally joined, eacb ZI feet in diamet~r by 100 feet in height. Since
a :It:rucwre of tIIi. magnitude would C08t, in the U. 5., approximately
$Z50, ODD, it iI obvioul that no .ingle small manufacturer could afford
to carry ita COstl alone.. AccordiDlly, fOIl' the purposes of thi8 report.
it ia a ••umed that the bean ltorale faciUties will be a joint venture belW'een
grower. and processor. with 1/4 of the cost of these facilities borne by
the processing plant:

Since the plant site should be centrally located in the bean-growi,ng area,
it i., assumed that the bUlk-staraa' sUo. will be located there, These
8Ub. wUlbe direct-eonnected to the processing unit by continuous con­
veyors.

The • ilo dis charge conveyor8 win move the raw bean to a plant hin haviug
a cap,lcity of 1000 cubic feet. This bin will hold sufficient beans fora fuU
Z4-hours' operation. The daY's-run bin will discharge by elevating con­
veyora directly into a scale hopper whicb wHIrecord tbeactual weight
of bean consumed in plant ·operations.

The scale discha.rge pas8es through a chute fitted with magnets for re­
moval of tramp iron and faUs into a 8eries of ribrating screens for
separation of dirt. StORe8. twigs. and other refuse.

The cleaned beans are conveyed to an impact min which breaksawa)'" tbe
hard outer shell from the oil-bearing kernels. The bean kernels are
separated from the hulls in an air-blast. The hulb, being much lighter
in weight. are carried away by the air-stream; the kernels faUto tbe
bottom of the chamber and are collected. The hulls are collected in.a
cyclone separator anI conveyed to the cake grinder for blending with the
bean solids from the oil-removal systeml.
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'I'he de-hulled or de-corticated bean kernels are charged to the cooker­
dryer unit for conditioning. This unit consist~ of a 8eries of screw con.
veyors equipped with heating jackets &nd turning flights. Live steam
meay be injected for control of moisture. The umt iSi controlled auto ..
matically for maintenance of proper material characteristics.

The discharge from the cooker-dryer is conveyed to the press ..coD­
ditioner. This is a long horizo:ltal enclosed screw-conveyor with
integral facilities for adjustment o! feed-.naterial temperature. This
conditioner-conveyor feeds directly into the vertical. screw of a double­
screw press. The material is compressed at a given rate in the
verti~al chamber and i$ fea directly therefrom, at a, predetermined
pressure into the horizontal-screw barrel. Oil discharge from both
horizontal and 1/e rtical press -barrels is collected and ~onveyed to
purification facilities" The compressed cake. contaiining about 5-6"
oil is discharged to a conveyor at the end of the barrel. The cake is
cooled in a continuous cooler, ground together with the hulls from the
decorticator and charged via conveyor to a bin for 'QIreighing and pa,ckaging.

The crude press oil, containing solid fines arid some gelatinous solids
is conveyed from the press toa settling tank equipped with a perforated..
screen scraper-conveyor. The heavy solids and '"foots .. are settled out
and removed autornatically. These materials are returned to the press
feed continuously. for reprocessing. The settled oit is drained oU
througb a 5 creen and pumped to the filter -pres s d:.arge tank. Filt:er
aid is added and the oil clarified by pumping througb a filter press.
The oil discharge from the filter is of No.1 quality and is removed to
storage, packaging, or further pro':"essing facilities. The filter press
sludge is removed periodically and re-introduced into the screw-press
feed in a slow but continuous feed.

Solvent Extraction

U a solvent extraction procedure is to follow pressing. the cake disct-"J.rge
frem the horizontal barrel of the screw-press is conveyed to iii. sizling
machine which breaks the press lumps into smaller pieces. lehe broken
cake is charged to another conditiomng screw (jacketed) for adjustment
of temperature and mcisture content to &.anditions proper for flaking and
extraction. The conditioned pieces drop from the conditioaer direictly
into the flakeI'. The flaking macbine conais ts of a set of grooved rolla
in an enclosed houdng. These rolls rotate at different speed, the eft8Uing
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shearing action forms the meal into flake form.

The conditioned, formed flakes are conveyed to tbe top of the extractioD
COlUrJ1D in a fllow ..epeed inclined Conveyor. Thl,s conveyor has flighte
deaignedfor gentle handling of the flakes to aVQlid particle degradation,.
The solvent-extraction tower is a taU cirC'ular column fitted with per­
forated shelves along the vertical axis. Each shelf is scraped by a
horizontal blade driven by a long shaft along the axis of the tower.
Each s:lell has an opening through which solids may hU to the shelf
below.

The flakes are charged through air -locks at the top of the tower and
faU through a chute to the top shelf of the extraction section. Fre~h

solvent (hexane, heptane) is pumped into the tower below the bottom
shelf of the tower and flows upward through the shelf-spa.:es and
through the faUir.g flakes. At the top of the column the solvent, laden
with extracted aHand fine particles, enters a tower section of diameter
wider than the extraction section. The reduced flow rate caU3':S most
of the &uspended solids to drop back into the extraction section The
solvent-oil misceUa flows out through a pipe at the top fof '::,his section
into a storage -8urgf.; tank.

From thil!l tank. the misceUa is continuously dischal"ged to the separa­
tion facilities. The first stage is pre:.osure-filtration cl the misceUa in
parallel tank filters to re~'1ove suspended so'~ds. The clarified misceUa
is pumped to the hottomo£ a long-tube rising-fUm evaporator which heats
the mass to its boiling point. Boiling liquid is removed [rom the top of
the evaporator and charged to the top plate of a bubble -cap stripping
colu.mn. The oUEalls to the bottom of the stripping colu.mn losing solvent
..,n. the descent. Pure. solvent-free oil is discharged at the bottom of th.e
column to storage.

The solvent vapors are condenseci. settled to ren'love water, and returned
l.0 the extraction column.

The extracted meal is diechar, ~ from the bottom of the extraction column
through a graded-screw conveyor which press~s out a large portion of the
solvent. The solvent-rich meal is conveyed to the top of a vertical bank of
heated padc.ile conveyors. As the meal falls through this system, the IIlolvent
content is evaporated and removed to scrubbers and condensers. '.rhis>
solvent is separated from entrained water» combined with solvent from
the misceUa-separi:ition stages. and returned to the extraction column.,
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Tbe solvent-free meal is dhcbarged from the lolvent-recovery emt throulh
a vapor-lock apd is conveyed to a rotary cooler. This cooler re.O:ore8 the
moilture content to atm'o.pheric balance, and di.charges the me al at
ambient temperatures. The meal is mixed with hulls from 'the bun Irinder,
and.tored in a surge bin prior to bagling.

Process Economics

The smallest solvent ..extraction plant sYltem available in the U. 5", il
designed to process l5 tOM pel' day of caltor beal. It i. the cOD.lel.red
opinion in the industry tbat the lolvellt-extraction lIy.tem il Dot .COllOmit:
at lower capaclnel. Since labor COltl do not imttl.nce extractioD opera­
tions to a significant degree, it iI Ukely that foreign operations at lower
capacities will prove no more economic.

The economic balances shown below are based on an expre••ioD plant
which will discharge pressed oil of first gradl•• plua a cake containial
about 5-6% oil by weight. The plant w~U process approximately 1390
pounds per hour of husked castor beans, and will work 300 day. per year,
:Z4 hours per day.

The oil content of the bean is an average of 48" by wei~bt, ano the cake
Will contain an average of 5.5" oil by weight., The net p:t-oduction of
oil by the modern expression techniquesi. approximately 450 pO\Ulds
per 1000 pounds of bean processed. The meal dischar,ed contains 55
pounds of oil p,er 1000 pounds of meal. The aail)" castor oil production
for this plant will be about 15, 000 pOund3.

Raw Material

The plant will consume 5000 short tons of castor beans per year.. At the
currently ~uoted price of $0. 063/pound. this amounts to an annual r'aw
material cost of $630,000.00.

Buildings and Storage Facilities

The plant buildings will vary in type depending on the clbnatc:.. In w&:!"'m.

temperate locales similar to Southwestern United Statea. open, shed-type
construction is used, w:th only the open tanks and control section8 completely
enclo.ed. In general, light steel fra:nework on a concrete base, with cor­
ruga.ted metal or fiber roofs and walls are suitable for enclosing this type
of plant. Oil storage tanks may be in the open, as may drum storale areas ..
Storage facilities 1\,.1" bagged meal must be protected from the weather by
light shed construction.
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The process area. including all equipment required for processing tbe
bean,C"'il, and nleal can be enclosed in.an open-framework. roofed shed
100' long by 30' w1de by 20' bight An auxiliary buildin~ about 20' by
40' by 20' high will contain the steam generator lt pumps. and utility
connections., The bagged meal storage shed win be about 20 x 30 x
10' high. TVwo finished oil storage tankd should be provided,each with
a capacity of 15,000 gaHons.

It i8 assumed that the bulk bean storage silos will be owned jointly by
the plant and fal~mers. The plant's share of this expense would be
about $63.000.00.

The plant buih!2Ugs (process. utility. and storage) are .relatively in­
expensive by U. S. standards. The tota.: erected cost of these structures
is estimated to be $35.000.00.

The two oil storag'" tanl<s may be in9talled for a cost of $11.000.00 for'
b-Jth.

Equipment Req.wrements for the Processing of 16 Tons/day of Castor
Beans to First Grade Castor Oil.

No. of
Units

1
1
1
1
1
1
1
l
1
1
1
3
1
2
1
1
1
1
1
1
1

Item----_.._--------_._-----
Days run bean storage bin
Bean ctlarging scale
Bean cleaner
Hulling aud separating unit (decolticator)
Cooker ..dryer unit
Double-barreled oil expeHing unit
Press-oil screening tank
Heat ex(·hangers for circulating oil
Circulating oil pump
Unfiltered ·"',il tank (steam heated)
Filter prelnix tank (steam heated)
Agitators for oil tanks
Oil clarif).ring filter· press
Sets filter cloths
Filter hoppe. :lud mount
Filter press feed steam pump
Filtered oil surge tank
Air compres lior
Filtered oil transfer pump
Bean overflow bin
Pres 8 -cake cooler

- 13 -

Price

$ 4.360.00
5, 331.00
4.119.00
9.262..00

14.. 028.00
23,461.00

5. 181. ,00
'108.00
722.00
5a4.00
584.00

1.732.00
3.406.00

427.00
1,72.0.00

105.00
454.00

1.132.00
464~OO

S3~.00

4,4(,0.00



No. of
Units Item Price

1 Mill exhauster for dust control $ I, 156.00

1 Lot of convevors and bucket elevatore Z3, 034.00
1 Calte and Hull grinder 2,700.00
1 Meal storage bin 4,081.00
1 Meat bagging 8 cale S, 125.00
1 Oil-drun"l batch.fHUns meter and pu.mp 2.241.00
1 Process steam g""'nerator (30 HP) 6.120.00
1 Water cooling tower (40 gpm) 910.00
1 Water circulating pump 710.00

Total Equiptr...ent Cost $ 129,735.00
(Delivered to U. S. plant)

Plant installation (piping, wiringlj etc)
@ 40-,. $ 51,894.00

Total Installed Plant Cost $ 181,6Z9.00
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..!!tility Requi~er_t9

1. Electricity: For power and lighting.: 90 -100 kilowatts.
Daily power consumption = 2160 Kw-hrs

day
Cost of eleci:ric power =$8,100. OO/year

2.: Steam - For process heating and humidification
Ddly requirem~nt=10,500 lba./day
Cost of process steam = $5. Z5/day or $1,575. OO/year.

3. Wa.ter - a) For prucess cooling
Requ.i rement ::; 40 gallons ?er minute
@ 2S·F. recovery (recirculated)
Cost = $0.60 per day or $18C. 00 per yea.r
b) For replacement of suppl)'
Requirement = I, 152 gallons per day
Cost =$0. 23/day or $69.00lyear
Total Utility Cost = $9,924.00 I year

Labor

I. Direct Labor

Pla:lt operations
(al Expeller operation, one ma.'l/shift @ $2. SO/hr.
(b) Plant helper, one man/shift @ $2.00/hr.
(c) Power plant and maintenance, one m.an/shift @ $2. 25/br.
(d) Packaging (' 'f;rationsJ two men/s1:·ft @ $1, 8S/hr.
(e) Receiving a:ld Shipping, one man/s!hift @ $1. SO/hr.

ll. Indirect Labor

{a) One general manager @ $9. SOO/rear
(b) One clerkl shift @ $3,900 Iyear
(c) One plant super'\;isorlshift @ $6,OOO/year
Total Labor Cost per yea~' = $113, 7Q8. 00

Materials and C;upplies

1. Oil drnms, 55 gal. each, re-usable,. @ $57.360. OO/year
2. Sack•• 100* capacity each,. @ $0. 25 each. @ $12. OOO.OO/yea.r
3. Replacement parts for expeller. $2. 750/year
4. Miscellaneous supplies @ $2, 500/year
Total Supplies $74,610. OO/year
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Revenue

Castor oil sells for $0.lS7S/pounds in tank•• and $0. Z,IS/pound in druIDs.
For purposes of this report, it is assumed that7Sfo of the plant production
will be sold in returnable drums and 2S% in tank 10t8.

Total plant production will be about 4, SOO.OOO pounds of oil per year. Total
expected revenue of all oil sold as such will be $90Z" 81Z. 00.

Castortneal, expressed, sells for approximately $35.00 per ton. Total
plant production will be about 5,500,000 pounds or Z,150 taos/year. Total
expected revenue f.i"om meal sales will be $96, Z50. 00.

Maxilnum Plant Income =$999.062. DO/year.

Sales e::xpense @ 5Yo of sales:: $50,000. OO/year.

Fixed Capital Cos.!!..

(a) Storage silo
(b) Plant <Lluildings and storage
(c) Installed plant equi?ment
(d) Ancillary services

Total Estima!:eo Fixed Costs

Working Capital

Raw materials (riix months'
supply)

Product ir.ventory (two weeks)
Accounts receivable (30 days)
Labor costs (30 days)
Selling expenses (30 days)

Total Estimated Working Capital

Total Estimated Plant Investment

- 16 -

$ 63,000.00
46,000.00

181, 6Z9. 00
15,000.00

$ 305,629.00

$ 315. 000. Oc.
38.360.00
99.900.00
11,371.00
5.000.00

$ 469.631.00

$ 115,Z66.00



Estimated Production Costs

Raw materials
Labor
Utilities
Supplies
Depre ci~tion

St:lling expense
Total Cost, Exclusive of Taxes

and Insurance. etc.

Estimated Profit Before Taxes

Safety Precautions

$ 630,000.OO/year
113. 768.00

9,92,4.00
74,610.00
2.5. 2R3. 00
50.000.00

$ 903, 585.00

$ 95,477.00

Castor bcl,ans contain an allergenic substance, r1c1n, towards which some
persons r'eact moat adversely. AU workers for a plant of this type muat
be screened by medical examination to insure that they will not be affected
seriously by contact with the process materials.

Further, aU screening and gTindir.g equipment must be enclosed or hooded
such that fine castor meal will not be carried into the processing area. The
discharges from the hoods should be ducted to cyclone separato,l's to remove
as much of the dust as possible, The cyclone air dischar~e should be blown
up through high stacks to insure dilution and dispersal in the atmosphere.
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Castor Oil Derivatives

1. Dehydrated Castor Oil

"lhe primary use of dehydrated castor oil is in coatings. as a good drying
oil. Characterietics of three types of dehydrated castor oil are shown
in tbe following table:

Specific graVity, .!.!:.!.
Z5-C. Viscoaity (~~i!el)
Color (gardner. max.)
Acid value
Iodine value (-NtjS)
Saponification value

"

Unbodied

0.938 - 0.941

1.8 - 2.4
6

3 - 6
125 - 135
188 - 194

Type
Medium Body

0.944 - 0.948

6. Z .. 8.8
6

3 - 6
120 - 130
188 - 194

Heavy Body,

0.953 - O. ,958
40
6

3 - 6
lIZ - 118
188 .. 194

Dehydration and polymerization to any degree of body may be carried out in
a standard closed reactor on a batch scale. The oil and catalyst are charged
to the reactor and heated to 250 - lOO·C. under a vacuum of 25 - 40 mm of
mercur}·. The catalyst concentration may vary between O. 1 - 0.5% by
weight of oil, and the time of reaction win depend on the viscosity desired,.
For medium-bodied oils a temperature of Z80·C. for 2 - l hours isuged.

The catalysts us.,d are 98~ sulfuric acid, diethyl sulfate, boric ac:;'d. etc••,
arJ may be added directly to th..:oil prior to heating. or mixed with a smaH
amount of cold oil, and added to t~.e mass to be treated after tbe mass bas
reached the reaction temperature. The dehydration procedure cause& a
loa. in weight of Il - 16'-.

Equipment

The dehydration procedure may be conveniently carried out in a direct­
fired closed vessel fitted with bottom outlet and top cover inlets. A
condenser is fitted to an outlet top and the condensate receiver connected
to a vacuum pump or stealn-ie:: ejector. A high-speed agitator sho,~ld be
fitted to the vessel through a tight glani. Figure 4 shows a schelnatic
drawing of a system for production of deh)rdrated castor oil.

Labor Requirements

One man can euperv1ee this operation, including control work. A full batch
of ZOO - 500 gallons (1500 - 4000 pounds) can be processed in four hou.rs
time, including chiirging and discharging of tbe vessel.
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Utility Requirementl

Th••er,quirement. will depend entirely on the 11ae of the batch in procel8.
For an average batch of 300 lallonl (about ZSOO poundl ) utility requi:rem.er.tl
will be:

I. Cooliq water: 1500 lallons or 0.6 gal./pound of batch
2. Fuel: equivalent o£ about 1 million BTU or 400 BTU/pound
3. Power: 8 kilowatt-hours or O. 003Z Kwh/pound

Economicl

The economic. of operation will depend on the batch lize. For estim,ation.
pur~o.!el. a batch time (independent of lize) of four (4) hourI il alsumed..

Raw material requirement will be approximately 1. 15 pound. of light.. colored
castor oil pel" pound of dehydrated oil product. AI.o required win be abOut
0.003 pounds of catalyst per pound of dehydrated oil product. Castor oU
coe!' may be as.mned to be the produc.tion cost of tbe plant delcribed in
Section I of thi. report, or may be calculated on a purchase price baSI is: •
D"!b}rdraled cas tor oUs are preaently selling itl the United States for about
$0.2.45 per pound. Catalylt costs will ave.-age about $0. 15 per poun.d.

Equipment cost depends on tbe desired batcb lize.. For a batch size of 300
galloDs (2.500 pounds) the installed process equipment cost will be ab(Jfut
$1 S, oon. 00.

Labor requirementa wHl be 4-serti-skilled man-hours per batch +0. 5~ man­
hour. of 8uper vbion.. or approxi"'l"lately SID. SO/batch.

The unit cost of production may be calculated from the above costs, varying
with batch size.

II. Blown Castor Oil

Blown. or oxidized castor oU. are used widel)f ilt' plasticizers in lacquers,
oilcloths, artificia.l leathera, etc. These oil. are of hea.vier vilcosity tban
raw c••tor oU, and Ibow les. t..-ndency to exude from films under heatiDI..
Tbey.re u...d primarily in nitrocellulose product•• wherein tbey contribute
glos., el.sticity, and adbesive strength.

The oxida.tion of ca.tor oil may be accomplished in several fashicns. Tbe
simple8t way 18 to sparge a stream of compre8sec air into the bottom of a
beated vessel in such a manner that small a.ir bubbles win be thorougbl)r
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Blown castor oils may be produced in a wide range of characteristic8, as
ia shown in the table below. Generally speaking,. the heavier the viscosHy,
the higher the specific gravity, 8aponification and acid values, and the
lowe r the iodine value.

mixed with the mas. of oil. The temperature of the oil will be maintained
at 180· - 2.10·F. by means of the ves.e! .team or fire ja""ket. If a plant
I. to produce both dehyd:,ated a.nd oxidized castor oil,:'be same equipment
may be used alternatel,. for both procedures. Other systema which can be
employed would be continuous counter current ab8orption towers utilizing
bubble-cap trays or tower packing to afford the required oil-gas contact
8urface.

11 - ZOO
Pale reUow to dark reddisn-ambeI'
5 - Z5
190 -,245
82. - 60

0.915 - 1.040Specific gravity~
25- C. viscosity 15. 5
(poises)

Color
Acid value
Saponification value
Iodine value (wijs)

Economics

There are too many variables in this operat:on to specify the cost of pro­
duction lor blown casto:" oils. In general, the operation will be perfo.rmed
on a batch baais, and the coata listed for dehydrated castor oil will be
applicable in this case. since time. labor. heat., power, and raw material
coats will be essentially the same.

In the United States, blown castor oils sen for approximately $O.2S/pound.

Ill. Sulfonated Castor Oil

Turkey-red oil i8 widely used as an anionic wetting agent in the dyeing and
finishing of cotton and linen.. It is manufactured by treating raw castor oil,.
at room temperature (less than 3S·C.)" with concentrated. sulfuric acid.
for a period of 3 - 4 hours. Acid in the amount of IS - 30" of the weigbt
of the oil is used. the exact quantity depending on the product desired.

FollOWing the reaction period. the mass is diluted with water. forming two
layers. The oil layer iii decanted" and neutralize-d with caustic solution. It
is then washed again with water to remove traces of caustic.
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Thill reaction is a very simple one. requiring only an open ve.'sel fittedl
with cooling ,vater coils and a high-sp..eea agitator. It i8 estimated that
such a vessel could be made and installed for le8. than $3.000.00.

The acid is run in continuously over the reaction period 80 as to avoid
an excess which might char the oil. and the reaction temperature is
controlled by regulating the flow of water to the cooling cCli1s. This can
be done manua.lly, or by a.utomatic contro18.

Economics

This process is also conveniently done on a batCh scale. similarly to
those described above. Since DO heating is involved,there is no fuel
requirement in the operation. Power requirement will be approximately
50% of that required {or dehydration. slince no recirculation 01" vacuum
systems need be employed.

Labor requirement. per ba,tch will be essentially the same as those
stated above. or about $10.00 per batch•

.i\pproximately 1,05 pounds of castor oil and 0.25 pounds of concentrateid
ac are needed fo·r the reaction. to produce 1.. 0 pounds of turkey-Ted (lIIL
Neutralization wi H require t:\'.bout 0.02 pounds of caustic per pou11ld of
protiuct.

Turkey-red oil 8eU. in the United States for $0.. 6Z/pound.. SuUuric ac:idand,
sodium hydroxide coat $0. IS/pound and O. ZO/pound, respectively in I. _1:•• 1.
quantitie••

Raw material C08t per pound of product win be a~proximately$0.22:, based
on sales prices.

Depending or~ the batch size,. overall process economics may be estimated
from the above.

Consultants in Castor Bean Processing

V. D. Anderson Company. Cleveland. Ohio
Allis -Chalmers Manufacturing Company, Milwaukee, Wiscon8il1
The Blaw-Knox Company, Pittsburgh, Pennsylvania
The French Oil ~{Hl machinery Company, Piqua,' Ohio
Foster D. Snell~ Inc •• New York II, New York
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