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FOREWORD

!his brochure is one of a series of reports resulting f~
overseas technical inquiries on factory or c<naercial .stabU.....•
ments, operation, .anZtgeaent, and engineering., Tbereport is
designed to provide only a general picture of the factors that
must be considered in establishing and operating a factory of
this type. In MOst cases, plans for actual. lnstallat.ions willc
require e~J't eft(Ji_ering and financial aMee in order· to .et
specific local conditions.

Mention of tt.e n_ of any fint,product, or process in this
report 1. not to be conside:ted a rec(lutlendation or an endorse­
lIent by the Agency for Intemational Developaent, but Mrely a
citation that is typical in its field.

!his report was prepared by the Prant Mayer Engineering COIIpany,
6442 Santa IIonica Boulevard, tos Angele., Callfom'ia for the
techftlcal aldsprogr. th%'tJugh the facilities of tbe Office of
Tecbftical Serilces, u. s. De~nt of CClBaeree•

... ** ............ * .....
'For furth.:"r infomation al'd assistance, eontKt should be _de
with the local Producltivtty Center, Industria.! Institute,
Semel0, or .-1tetJ States Aid IU.s$lon.

Code Nuaber
. FR 96
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INTRODUCTION

This report outliD.es ihe basic processes, plant requirementS
and ecODOm1e factors inv~lved tt) establisb a smallp1ant ill a
foreigtt eountry for the P"'f~uctionof oxygen aDd acetylene for
commerelal use.

GENERAL.\SSUMPTIONS-
The folloWing basic assumptiom: must be ma.de to arii;veat
realistic estimates:

1. Costs of buiJ".iil1gs and genera! faeillUes;·are
~CKI on United States prices.

2. Material costs are based on UDited States
prices.

3. Labor coste reprt!sent current averages for
industry as published by the United Sbut:d

Bureau of Labor statistics.

4. J.Aequate electric power and water are avail­
able at the plant site.

5. The plant site is served by adequate transporta­
tion fadJities.



6. The plant will operate on a ~ontinuous day aDd
night basis, six days per week and :fifty weeks
per year.

7. No special proviSion is made for trdin.ing
personnel.

8. Since the following items eamot be estimated
realistically, po,era! estimates 'Will be made
in order to estabUsh the costs. Adjl:stmeuts
in costs should be made in all eases to conform
to local conditions.

A. Land value
B. Distribution and se1liDg costs
C. Freight ebarges
D. Administratlve costs
E. 'I"axes
F. Utiliti9S

9. Columns are provided in the tables of the report
to facilitate the conversion of costs to local,
standards.

PRODUCT SPECIFlCA'ftONS

All information and cost figures are based on producing commer­

clally pure oxygen and acetylene. Oxygen must be 99..S€J,pure.

PRODUCTION C!APACITY
.

The pIaDt specifications contemplate the production of 150 bottles

of oxygen and 150 bottles of acetylene per day.

-2-



METHODS OF PRODUCING OXYGEN

GeneralPrlnciples

Oxygen may be commercially produced by two 'Widely different metht:Jdj,

the selection of \9hichisgoverned by the use of the ga.sesassoeiated

with this element, 'When it is produced as a primary end proc:1UCt.

The f~.rst of these processes i.e that of electrolysis, if hydrogen is the

by-product desired. In this process a c'..u-rel!t c- electricity 18 pused

through an aJ.kali.ne solution of 15% Na OR or its equivalent, say KOH,

in water,. The current in passing tbraugb this solution disassociateS

the oKygen from the hydr"lg~D, each of which gathers at its resN!Ctive

pole fro::n which it IDaj be ~ollected.

Since the production of hydrogen is not required, this proeess wIll.

not be considered.

The second process is the production of oxygen 'by fraetioDal distillation

of liqUd air. In this process the principal by-product is, of course,

nitrogen..

The two best knoWG commercial methods are the Claude or Heylandt

system and.the Linde, either of wbich is used to liqaefJ air as the

first stage of production. These systems are aBke, to the e_.

-3-



that ihey both employ the prhiciples of air compression, the cooliDg'

~

passed through a'lieat exchanger inwhieh it is cooled, after which it:
," '

is suddenly expanded into a vessel throogh a throttling valve, which

redue:es its pressure from the high to the iDterm.ediate pressure, or

Up to this pba8e of the process, both systems are alike.
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99.5% pure o:A'Ygen may be withdrawn from the column for rmal dis­

position, while the nitrogen fraction may be either ::lee.' off to the

atmosphere or conserved far sale as may be indicated by ecouomic

circumstances. The small percentage of argon is the first fraction

to boil off the liquid air, inasmuch as its boiling point is -188°C

(-30ff'F) or DOC (400F) 4--,bove that of nitrogen, the nest fraetion to be

distilled from the liquid air. 'This small amouot of argor is usua1lJ

bled off and dissipated.

Referring to Figure 1 in this frJstem, the ~old ai,r is expanded 1Dlo a

closed vessel known as a. r1eetifier or fractionating column. As tbe

result of this expansion, its temperature as well as ita; pressure is

reduc,:;d so that it enters the column as a miXture of liquid aDd beavlly

saturated vapor. Tbe liquid eollects in the bottom of the eo11lDU1,

which also f1mctions as a sepa..~r to aepa.rate the liquid frt>:D. the

saturated "vapor; the latter may be re-cyeled to eontribute to the

cumulative process as the result of which the P:l\DpOrtiOll of liquefied

air is steadily increased.

The Linda PrOCf;SS

From the s";a.ndpoint of plant equipment, the Li.n'Je is perhaps the most

simple system; ina&much as this is purely a thermal process iDV~lvJng

heat exchangers only, no air expansion engine or its aesodated equip­

ment being required.





.As the result of this heat exchange, the oxygen leaves

the Heat Exchanger as warm compressed gas which

may be fed directly to the Cy11Dder Cba:rgi.Dg Ma ;ifold.

·or to oxygen storage from wbicillt may be later with­

drawn.

11. The OXYGEN CIU...RGING MANIFOLD comprises a system

of piping, coD8ist1Dg of a horiZontallengtb of 2" pipe

fi~et:i with fiexible "pigtails" of copper tubtDg and valves..

The manifold may be constructed to charge twenty cyliDders

simultaneously arranged as shown in Figure 4.

Each of the two sections of the manifold must be fitted

with special valves, capable of witbstulding a preseure of

5,000 lbs. per sq. in. (350 kg. per sq. em.).

For continuous operation a ten cylinder manifold would be

required. For a charging period limited to eight hours

per day, a twenty station manifold. would be DGCessary to

load !ha fua complement of 150 cyJiDdelrs per day.. Should

the latter schedule be selected, additioml faeilities wo:Ud

be required to store the oxygen during the periods between

loadings.
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Such 1!torage facilities would consist of a steel pressure

sphere or cyUnders together with means for reduciDg

the high pressure and also measuring the flow of the

gaseous oxygen ftl r shipment. It wUl be noted tbat besides

the oxygen feed line, the manifold is equipped for evacua­

tion by a vacuum line for the purpose of evacuating air,

etc., from the cylinders as a prelimiJllary to charging with

oxygen.

12. INBrRUMENTATION necessary for proper oPeration include

as a minimum, indicating pressure gauges to indicate

pressure at each of the following points:

a) High pressure air immediately ahead of the Air

Expansion Valve.

b) Pressure within the lower region of the Air

F'ractionating or Rectifying Column.

c) Pressure within the upper region of the

Rectifying Column.

d) Pressure of the fhashed oxygen.

A thermocouple type of temPerature indicator should be

such as those at the various stag~s of·the PrOCess and

within the Rectifying Column.
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2.

cia! plant for the production of oxygen are -

1. An AIR COMPRESSOR capable of compreSsing·airto a

high pressure. Such a compressor may be designed

with several stages of compression~.but with at least

two, ,to attain a final minimum discrnu-ge pressure of

3, 000 lbs. per sq. inch gauge (or 210 kg per sq. cm.).

It may be driven by any suitable means capable of

furnishing the required power; however, for several

reasons, electric drive is generally favored~



3. An AIR PURr ~R should be inserted in the compressed

air stream, at an intermediate pressure point after the

heat of compression has been removed from the air in

an inter-cooler. This ihter-cooler may be incorporated

into the structure of the compressor or may be a separate

unit. The Air Purifier is usually in the form of a

"scrubbingtf tower or towers through which the compressed

air is passed in counterflow to a recirculated spray of

caustic solution. This solution serves to remove carbon

dioxide from the air by the reaction of the carbon dioxide

with the caustic to fonn water-soluble carbonate.

Circulation of the solution is accomplished by an elec­

trically driven pump.

A miXing and storage tank should be included with this

part of the system for use in mixirig fresh caustic solu­

tion. Such fresh solution may be transferred into the

circulating system by suitable connections with the cir­

culating pump_

This particular operation is quite important; otherwise,

the carbon dioxide, normally present in atmospheric air,

would precipitate as a solid under the low temperatures

- 8-



later encouateredtn the system; howev~1", after lt8re~

the e,ompressed air may be further compressed uatillt

reaches the desired maximum pressure.

An alternate method of remc,viug carbon.d1os:ide is trfmeans

of a filter located in the liquid oxygen line immediately after

the latter leaves the column as shown in thesehematic flow

sheet Figure 3.A.

4. An AFTERCOOLER, in which the heat· of compression may

be removed from the high-pressure air, usllally by water"

is inserted downstream from the compressor. Tbi.safter­

cooler serves to pre-cool the air which cODfajns an

appreciable but variable amount of moisture in the form

of water vapor. This moisture mUi8t be removed.

5. An AIR DRYER is the next piece of equipment r~qui.red.to

remove tbis water vapor. This equipment includes a

separator which serves to knock the entrained moisture

and oil out of the air stream, prior to the entry of the

latter into the drying tower.

There should be two of these vessels connected in parallel,

each containing a desiccator, so that one of these may be

on stream while its twin is being reaetiYated by Ileat

-9-



wblcb may be supplied from any conveniently available

source, electrical, steam, or by heat excbaDge of the

process air or gas as itprogresse8 tbrough the system.

Other equipment associated with the air dryer includes a

blower, usually of the electrically driven positive dis­

placement type, to force dry air or p.s through the

dryer's beater and the adsorbent or desiccating medium,

to reactivate this medium.

6. A THREE SECTION HEAT EXCHANGER is a most important

piece of equipment. The first section of this exchanger

could be used in connection with the reactivation of the Air

Dryer, while the second section would further cool the air

after it has been dried in the Dryer.

A portion of thi- air stream is sometimes used for driving

an engine which in turn drives an electric motor; under

such conditions the motor acts as an electric generator

and its output may be used to reduce the amount of power

normally required to oPerate the system.

7. This EXPANSION ENGINE, besides serving to reduce the

total power demand of the plant, also serves to further

cool this portion of the air stream by the removal of the

- 10-



heat used in performing work. This cooliag is so effecti:ve

thatiJl.e air so expanded may be re-introduced intO the

main air stream after it has passedth.rougb thetbl'otUil:lg

or expansion valve.,

8. An AIR EXPANSION VALVE - by throttling the coldl:dgti

pressure air to the ,lower pressure within the ReetifYinj

or Air Fractionating Column - utilizes the Joule-Thompson.

effect, an effect which may be measured by the decrease in

temperature for eacb unit decrease in pressure, while, the

total heat of the 'system r~mains at a constant value.

The effect of this expansion therefore, is ,to lower'the

temperature of the gas, through that of its vapor phase to

the temperature necessary to !..,quay the air. As a result,

the air issues from this valve as a mixture ,of liquid al1d

beavily saturated vapor. It is at this point thattbe eXtremely

cold air exhausted from the expansion engine should,be

returned to the now stream, immediately prior to its

entrance into the Fractionating Column.

9. A RECTIFYING OR AIR FRACTIONA'DNG COLUMN is a
,

vessel fitted with internal baffles, so designed as to trap

the lighter element, nitrogen as it boiIsout of"tbe lUvUd

- 11-



air at a temperature of 2100e below zero (-346oF), or

aOe (14°F) above the boiling point of the remaining

oxygen fraction.

The baffles sbould be so designed as to segregate the

relatively lighter nitrogen, which tends to rise to the

top of the column leaving the heavier oxygen at the

OOttom of this vessel. This segregation may be·further

facilitated by a baffle or partition which would completely

divide the column into two distinetly separate regions -

the lower region being at the pressure under wbic:n·the

liquid air is contained, while the upper would be maintained

at a lower pressure and would contain liquid oxygen,

together with some niuClgen vaplr. 1he laUe!" would enter

this upper region through an expansion valve in a line whiCIl

could bleed off the nitrogen vaptJr from beneath its collect­

ing dome in the separat:ing baffle which forms the top of

the lower region. Tb1s cold nitrogen vapor tends to collect

at the top of the upper region of the column, from which it

may be withdrawn for further usage in the system.

The column should be further provided with a reflux line

to pass the liquid air- from which some of its Ditrogen

has been removed - from the bottom of the column to the

- 12-



upper region, through aD oxygen expI'DS1oJ1 Ya.lve,· to

reducs the presB'.n-e and thetemperat11re Of themL'"d:ure

to that of this region. Tbis combIned drop m· pressure

and.temperature effectively separates the nitrogen

vapor frou:. the liquid oxygen, the amo~mtof Wblcb uaa.,.
be indicated by a liquid level gauge.

A similar level gauge should be provided to indicate the

level of the liquid air in the bottom of the column.

The complete column assembly should be completely

insulated and should further be enclosed in a well iDsu­

latt.'Ci case or "cold boX"; this box sbould also be large

enough to contain all other contingent equipment such

as the Liquid Oxygen Pump, if such equipment sbould

be used~

10. A LIQUID OXYGEN PUMP may be used to pump the cold

low-pressure liquid oxygen out of the FractionatiDg

Column to its final disposition. This cold li,,!tIid oxygen,

now compressed, is usually pumped through the Beat

Exchanger in which it picks up heat from the warm·

compressed air ,.. as the latter is on its way. through the

Exchanger to the Air Expansion Valve.

-13 -



As the result of tbi8 beat exchanp, the oxygen !eaves

the Beat ExcbaDpr as warm compressed gas which

may be fed d1rect1y to the Cyl1Dder CharglDg Ma..dfold

or to ox.ygeD storage from wb1ca It may be later with­

drawn.

11. The OXYGEN CIU..RGING MANIFOLD comprises a system

of piping, coDSi8tlDg of a horizoDtalleDgth of 2ft pipe

fitte<i with flexible "pigtails" of copper tublDg and valves.

The mauifold may be constructed to charge twenty cylinders

simultaneously arraaged as shown in Figure 4.

Each of the two sections of the manifold must be fitted

with special valves, capable of witbstanding a pres8lU'e of

5,000 lbs. per sq. in. (350 kg. per sq. em.).

For continuous operation a ten cyllinder manifold would be

required. For a cbarglDg period limited to eight hours

per day, a twenty station manifold would be ~essaryto

load th.a full complement of 150 eyHnders.per day. Should

the latter schedule be selected, additi.ooal facilities VlCT.11d ..
be required to store the oxygen daring the periods between

loadings..

- 14-



Such '!torage facilities would consist of a steel pressure

sphere or cyUnders together with means for reducing

the high pressure and also measuring tbe flow of the

gaseous oxygen fe.. r shipment.. It win be noted that besides'

the oxygen feed line, the manifold is equipped for evacua­

tion by a vacuum line for the purpose of evacuating air,

etc '., from the cylinders as a preliminary to charging with

oxygen.

12. INSTRUMENTATION necessary for proper operation include

as a minimum, indicating pressure gauges to indicate

pressure at each of the following points:

a) High pressure air immediately ahead of the Air

Expansion Valve.

b) Pressure within the lower region of the Air

Fractionating or Rectifying Cobmm.

c) Pressure within the upper region of the

Bectifying Column.

d) Pressure of the fjaisbed oxygen.

A thermocouple type of temperature indicator should be

such as those at the various stag~s of the process 'and

within the Rectifying Column.
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st<>ra.ge in suitable containers.

- 16-

If it is determined that a marklet could be developed for

the sale of tcis nitrogen, a compressor cotlld be added

to the equipment to compress the nitrogen prior to

13. The COLD NITROGEN VAPOR from the Column sbould

be used ill the Heat Exchanger to assiSt the cold com­

pressed liquid oxygen ill the abtiOrption of bP..at from

the b1gh pressure air as the latter IJUses through the

exchanger on iu way to the Column. The heat SO

obtained, togP+her with that from the Electric Heater,

would warm the nitrogen to such a temperature as

would make it usafulln drying the deSiccant in the

Drying Towers, should this be desired, after wbicb

the nitrogen could be wasted to the atmOfJllUere.

and sold~ the follo"Wing firms:

together with all pipe and fiwngs necessary for intereODJ1ection of

the various components of the plant. These plants are manufactured

A:v!!Ja1?ility of ~uipment

Complete plants·for the prod:uCtiOD of dry gaseous oxygen of·pu.rit,

of '99.5% and higher are avaUahle as ''ptekageduDits'' or :..oseJD.blies,



Air Products, Incorporated
Box S98
AUeutOWD, Pemlsyl~

American Messer Corporation
·405 Lexi.ngtcn Avenue
New York 17, New York

Ami'rican Oxygen service Corporation
609 Essex
Harrison, New Jersey

Bl4w-KnoxCompany
Chemical Plants Division
936 Duquesne Way
Pittsburgh, Pennsylvania

Gas Equipment Engineering CorJX)ration
Mount Vernon, New York

Koppers Company, Inc.
Engineering and Construction Division
Koppers. Building, Department TR
Pittsburgh, PennsylvaDia

Standard Air Company, Inc.
78 Gardner Avenue
Brooklyn 37, New York

SUperior Air Products Company
134 Malvern Street
Newa.rk5, New Jersey..

These ''packaged'' plants may be obtained in several different sizes

and capacities with or without an Air Refrigerator, the use of which

is usually limited to the starting and/or ttpulldowntt period..

- 17 -



The 'capacities of plants built by Superior Air ProcIucts Company

range from 250 cu. ft. (1.0 cubic meters) per hour to 600 cu. ft..

(16..8 cubic meters) per hour with single rectification aad from

'150 cu. ft. (21 cubic meters) per hoor up with double rectification,

at an output p.reasure of 2, 500 peig (1'15 kg per sq. em) or 168

atmospheres. Those built by American Messer raage from 30

cubic meters (1,070 cubic feet) upward w1th outpatpressUres up to·

3, OOOpsig (210 kg. per sq. em or 204 atmospheres).



quire a floor area of about 520 square feet (48.3 sq. meters), to

which must be added sufficient floor space to accommodate tile

storage of both empty and full oxygen cyJtaders aDd operatIac

supplies, receiving and shippiDg clocks, weigh ecale6 aud Qfftcei.

or cylinders;.

condition and replacement if lost.





These plants are best illustrated by flow diagrams to describe the

, process only. Pictures would not convey any impression of the

plant since these would merely illustrate commercial air com­

pressors, various vessels and piping, even if these were exposed.

However, most of this equipment is always completely enclosed

in the "cold box, " and nothing of interest may be seen. Accord­

ingly, pictures as such, have purposely been omitted.

PLANT OPERATION

Because of the fact that most manufacturers of "packaged" plants

usually furnish the purchaser with complete operating Ll1Structions,

only the highlights of operating procedures will be outlined here.

Power Requirements

The power required for operating the plant will depend upon -

a) The type of process, i. e., whether this would be Linde

or Claude.

b) The scale of operation.

c) Continuous or intermittent operation.

Each of these factors materially affect the power demand.

a) For instance, the Linde demand will average about 1.1

horse power hour per pound of oxygen produced; it will

vary from 0.6 H. P. hr., for large outputs and careful
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requirement of about 144.25 H. P. would be expected;

operation, to 1.6 H. P. hr. for small plants and indifferent

operation. Therefore, for a daily production of 150

cylinders (at 244 cu. ft. per cylinder), representing 1,525

cubic feet, or 131.15 lbs. per hour, an average power

costS because the actual horse power demand .when the

however, this could increase to 210 H. P.

less than the total connected borse power.

For the same production, the· Claude system would require

partly because of tbe use of tbe air expansion engine's

plant is on stream during normal operation is considerably

duetion, tbe lower the cost per pcllund of oxygen.

,

ation of the plant. Obviously, the higher the rate of pro-

an average of 0.77 H. P. hr. per lb. of oxygen. This

would amount to 100 H. P. br~ for the same output and is

c) The third factor - that of continuity of operation - affeets

contribution to the total power requirement.

b} These requirements may be modified by the scale of oper-

air ·pressure may approximate 2, 000 lbs. per square inch gauge.

When the plant is first started up, it may require six to eight hours

The starting load is always higher than the running load; the starting



to pull the temperature .of the process air down to that of condensa­

tion, depending upon ambient conditions, during which time the. total

connected load will be fully used.

At the end of this starting period, the compressor load fallS to a

lower demand; the air expansion engine driven motor ceases to

function as such and begins to serve as an electric generator wbich

contributes to· this reduction in load· as the plant settles down in

normal operation.

If .the plant is· shut down again, for two or three days, these startillg

conditions will be repeated and over the same period. If the plant

is shut down for one eight hour shift, from one to four hours may

be required to pull the temperature down to the normal operating

level.

It must be noted that the motor used to drive the caustic circulating

pump for the Air Purifier is in constant use while the plant is in

operation, as is also the motor driving the Air Dryer Blower. The

heating element of the Air Dryer, which normally demands about

four times the energy of the Blower Motor, is only used inter­

mittently. These power requirements and their costs must be

taken into consideration when working out an operating schedule.

- 23 -



To take care of possible future increase in oxygen demand which

might require plant expansion, it might prove economically

feasible to install a pIant of fifty to one hundred per ceLt greater

capacity and only run it for the time required to fulfill the immediate

demand.

The estimated costs of such a plant and its operation have been

calculated to demonstrate the feasibility of this, type of operation;

specifically, to operate a plant of 2, 500 cubic feet (71 cubic meters)

per hour continuously for a period of ax days per week, then

shuttillg down for the rem.ainder of the week.

Suchan operating schedule would also allow time.for maintenance.

With a plant of this capacity, the following loads may be anticipated:

Horse Power EVA

Air Compressor 125 93.250

Caustic Solution Circulating Pump
(Air Purifier System) 1 0.746

Air Dryer Heater, if electric 4 2.984

Air Dryer Blower 1 0.746

Liquid Oxygen Pump Motor 3 2.238

Air Refrigerator Motor 4 2.984

Total Connected Po,.;~r 138 102.948

- 24-



Cooling Water

The ·plant wlll require a continuous flow of cooliDg .. ater·at the rate

of 30 gallons (113.55 liters) per minute, and at a temperature of

680 P (20°C) entering the plant's cooling equipment wbich wiD. be

necessary if the temperaf.w"~ rise of the water is· to be lImited·to

200 p (11°C) during the cooling of the aftercooler wbile· UDder ft1Jl

load.

Where wen water of reasonable softness is available, no trouble

should arise from .scale deposition in the aftercooler 01" the com­

llressor if the latter is water cooled; if the water is hard, it must

be treated to assure maximum efficiency of the plant.

Where an ample supply of good water is not availlable, recoors'!

to the installation and operation ola cooling tower might be neces­

sary; such might also be indicated in the interest of economy.

If a separate pumping system is avaUable, the full rate of flow of

cooling water should be circulating before sta~up the compressor

to make sure that all water passages are free and clear.

If a Cooling Tower is employed, screens should be kept clean aDd

algae growth prevented by chemical treatment of the water.

- 25-



Air Filter

The Air Filter should be inspected and cleaned; if of the oUed type,

the cells should be completely cleaned by rlnSiDg in jletroleum

solvent, after which they should be immersed in SAE 140 or 150

lubricaflng on and allowed to drain before being reassembled in

the filter cell raclt.

Where COnUnUOUB operation of the plant is required, it might Prove

advantageous to have a ~ual rack, so that ( Ie battery of filter cells

can be cleaned wbile the other is in service. In the interest of

preservation of the Air Compressor, the proper functioning of the

Air Filter is of the utmost importance.

Air CompJ';!ssor

The quantity and condition of the lubricant should be determined by

inspection, prior to starting ~p this unit after every shutdown. The

type and quantity of lubricant supplied to this machine should be as

specified by the manufacturer. Because of the high operating

pressures, too n),uch emphasis cannot be placed on the importance

of the proper supply of lubricants to tf'a.is unit.

U·the intercooler is water cooled, all water passages should.a.J.ways

be kept clear and clean; this also would apply to the compressor if

such should be water c~oled.
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Air Purifier----...._-
A saturated caustic solution sh+'JU1d be prepared iD the taDk of the

Air Purifier and circulation of this solution should be started,

before starting up the compressor.

The reaction of the carbon dioxide witbthe caustic so11lti0ll will

precipitate carbonate wbichmust be removed and the caustic

either reviVified or repJaced by fresh solution.

The amount of caustic used \Vill vary with the carbon dioxide

content of the air. This may vary from 100 partSi per million

parts of air, to as high as 600 p. p. m., depending upon the environ...

ment of the plant and its operating capal;ity in tbiS environment.

The caustic must be handled with the.utmosteareby the operator

who should wear rubber gloves and goggles, because this chemical

can inflict serious burns; this is true whether the sodium or

potassium hydrates are used..

This hazard does not exist in plants which employ carbon dioxide

filters, as diagrammed in Figure 3A, which are deSigned to filter

out the carbon dioxide after it has been frozen into "dry ice. tt
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In this type of filter, two filters are usually provided; one of these

Is beiDI cleared wb1le its twin is in senice, eacb alternating with

the other.. It may be cleared of the solid carbon dioxide by any

one of several ways, as may be specified by the plaut desigDer..

Aftercoo1er

This component should cause no trouble if a source of good water

is available. If not, a periodic inspection should be made while

the plant is shut down, and any accumulation of seale promptly

removed by chemical means.

Air Dryer Sfstem

Operation of this system is usua.lly automatic after it has been

filled with its initial charge of desiccant which may be either

Activated Alumina or Silica Gel.

If the system is provided with a moisture separator or trap, this

should be blown down or drained as 9ften as may be indicated by

inspection, to minimize the amount of moisture and oil carried

over into the Dryer Towers.

During start-up operations, electricity is usually relied upon to

heat the air supplied to the Air Dryer to drive off the moisture

adsorbed by the desiccant; after the plant· settles down, this
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function may be taken over by the passing of warm. gaseous D1tropn

from the Beat Exchanger, which mayor may not be adequate

in performance. Other designs depend entirely upon electrical

heat to heat the drying gases, before admittance to the Drying

Tower througbouttbe operating period of the plant.

If the air drying system is manually operated, the operator must

be certain that air wlves are properly set to permit passage of

air through the active tower and also,al the same tim.e, to com­

pletely cut off the tower being reactivated.

Periodic tests should be· made .to ascertain the condition of .the

deSiccator to determine when it should be eut off stream and

opened to the reactivating gas flow. When the desiccator is

thoroughly dry, particular care shoUld be taken to make sure

mat the flow of reactivating gas is completely shut off before

opening the reactivated tower to the air stream.

Heat Exchanger

There are no operating problems in connection with this particular

element except to make sure that each of the various regions do

not leak.
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Air Expmsion ...:nline

This UDit requires no particular attention other tban to make sure

that it is always properly lubricated and in accordance with the

manufacturer's recommendations, and that pa.ekiog8 are always

tight.

Air Fractionating Column

There are no particularly outstanding operating features to be

pointed up in this part of the plant.

Liquid OXygen Pump

This equipment mayor may not be used intermittenUy, depending

upon the type of operation selected. Usually this pump is employed

to circulate the compressed liquid oxygen through the Heat Exchanger

":0 chill the latter; dUring this process, the liquid is converted into

gaseous oxygen. Lubrication of this pump is only to be accomplished

in strict compliance with the specifications of the manufacturer.

QNgen Manifold and Vacuum Pump

When charging oxygen cylinders, each cylinder must be tightly

connected to the manifold after which the Vacuum Pump should be

started, but only after making sure that the Main Oxygen Valves

which. supply the Manifold are tightly closed.
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Each cylinder should then be opened to the Oxygen Manifold and

the valve to the Vacuum. Pump opened and this Pump operated

until the cylinders are completely evacuated. The Vacuum valve

should then be closed after which the Manifold's Main OXygen

Valve may be opened, then the valves to each cyJillder.

This procedure must be repeated every time a cyliDderor any

group of cylinders is to be charged.

Number of Qperators ~uired

Under normal circumstances, a minimum of three opel"ators

wo11ld be required while the·plant is in continuous operation, one

opera.tor for each·shift.

Instrument Observation and Performance Records

The operator on watch should, at regular intervals, observe

pressures and temperatures and record these in the Performance

Log. These· intervals should be shorter during the startup period

than when the plant has settled down in steady operation. Any

unusual conditions should be recorded in detail in this log.

Operating Hazards

Whi.le oxygen is not combustiille, it supports combustion SO well

that the presence of the usual lUbricants, finely divided combustibles

such as some dusts and even metallic chips, presentbaza.rdsWbieh

must be guarded against in plant operation.
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PBOnUCTIONOF ACETYLENE

General PrincipleS

The production of acetylene gas (C2 B2» results from the combJn-

ation of ealc1um carbide and water" The method by which this is

accomplished has a marked beariDg CD the product1cm capacity of

the plant; i.e., by adding the calcium. carbide to the water, its

production rating may be doubled because of the redu.etion in the

amount of heat of reaction intbis operation as eompared wlththat

of the method of adding water to the calcium. carbide.

Calcium carbide is shipped by the manufacturer in tight steel.d.rt.Uns

of 100 pounds (45.5 Kg), 250 pounds (113.5 Kg) and 350 pounds

(158.9 Kg) net weigbt. The d.rt.Uns are returnable w the ve.odor..

It is .made from carbon, wbich may be in the fOrm of low-ash· coke,

low-ash .anthracite .coal, charcoal or petroleum coke. Tbis carbon

is combined with lime in the electric furnace.

The commercial product isda.rk colored and crystalli.Jle, while the

pure materiai is colorless and t'ransparent.

One pound of carbide will generate 4.5 cubic feet (0.126 cubic meter)

ofaeetyiene gas; the reaction of tbis process termInates in the

p~ecipitationofa sludge, the composition of which will vary with
"'

the amount of the water ..
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the reaction -

CaCZ + ¥ = CZBJ

Calcium Carbide + Water -

With excess water this reaction would c<.,ntiDue to calcium II¥I:Ir

Ca CO + H2O = Ca (BOz)

Lime + Water: Calcium Hydrate

The crude gas so generaieU !nay contain impurities SUCh.88

use4. The purified trQ-S has an ethereal odor..

The gas is vel J active and is quite hazardous..

acetylides, particularly with copper, and when mi.xad with air,

has wide explosive limits..

Under atmospheric pressure acetylene may be decomplSed by heat

without too much hazard; however, if it is compressed to more

30 pounds per square inch (2.1 Kg per square cm.), such deeom:­

position is 50 rapid as to amllUDt to an explosion. Because of

stored by dissolving in acetone under pressure.
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Other industI'les which make use of this lime include -

Building Ferrous Metals .Petroleum

Canning Glass Plastics

Chemical Meat Soap

Coal and Coke Non-Ferrous Metals Sugar

Dairy Paint

Distilling Paper Textile

In some instances sufficient revenue may be realized by the sale

of the lime to reduce the cost of acetylene production by a con­

siderable amount.

The storing of acetylene in cylinders is !L:~~ practicable by dis­

solving the compressed gas in acetone which "\8 capable of absorbing

twenty-five times its own volume at 150 C under atmospheric pres­

sure. The liquid acetone will continue to absorb the gas at the

same rate for each atmosphere of pressure to! which the acetylene

may be subjected.

DESCRIPTION OF PLANT

Gas Generators

The type of p~~t to produce 150 cylinders of acetylene,.per day, or
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consist of two gen,~rators, each of which is capable of working

alternately, to produce 1,000 cubic feet (28.0 cubic meters) per

hour for a period not exceeding 2.25 hours from a charge of 500

pounds (227 Kgm) of calcium carbide. In this particular instance

where both generators will be called upon to work simultaneously,

. this would be best accomplished through a Generator Control

System to assure the equalization of the delivery rates from each

GeneratoJ: .

They must be housed in a single story buildiJ1.gwhich must meet

certain minimum requirements ·wbich will be detailed hereinafter.

Each of these generators would require 500 gallons {I, 892.5 liters)

of water (one gallon for each pound of carbide charged), and would

be fully automatic in operation.

The types of automatic feed vary from the simplest form, which

depends upon the internal pressure of the generator to cut off· the

carbide feed when this pressure rises to a certain predetermined.

value - say 15 pounds per square inch (1.05 Kg. per square em.>

to the screw-"conveyor feed type usu&lly employed in counection

with·compressors used in packing the acetylene in cylinders.
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The generator comprises an airtight assembly of water tank and

carbide feed chamber. The latter is mounted upon the top of

the tank to receive a portable charging hopper, which in some

designs is used for charging the generator.

In the simplest type of gravity feed, the carbide drops out of the

bottom of the hopper through a valve or gate into the water tank.

This valve is operated by the pressure generated by the evolution

of acetylene gas; as the gas accumulates, the pressure rises loa

pre-set value at which it closes the valve and prevents further

dropping of carbide into the water. As the gas is drawn off, the

pressure within the generator falls to the point where the valve

is permitted to reopen, completing the cycle.

Figure 6 illustrates Linde's "OXWELD" MP-ll (Series 3) Stationary

Medium'-Pressure Acetylene Generator; this conveys an excellent

idea of the complete assembly.

H the gas is to be compressed, the generator should be of the

"4 speed" type, a type capable of feeding the compression system

at four different rates to assure smooth feeding to the compressor

intake and proper disposition of the gas in conformance with com­

pressor operation.
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Vacuum System

In ''batch'' type of generator, a vacuum system should be provided

of such capacity as to completely evacuate the air from eaeb

generator prior to starting the ganeration of acetylene. In the

"continuous" type, this system is not required.

Filter Box or Purifier

If a high degree of purity is desired, the acetylene must be

processed to remove ammonia and phosphuretted hydrogen.

In this process, the ammonia must be removed first. This may be

accomplished by passing the gas through a scrubbing chamber in

which it is washed with a solution of calcium chloride, after which

it may be passed through a solution of common bleaching powder

or other oxidizing medium to remove the phosphuretted hydrogen.

Unless this is done, there would be the risk of the ammonia in

the acetylene forming traces of chloride of nitrogen, a compound

which detonates with considerable force and could cause exploEions

in the purifying system.

These p~ocessesmay be combined in a Filter BOA or Purifier.
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3ft (7.62 cm).

Pressure Cylinder bore of 7" (17.78 cm) and High Pressure bore of

service, is the Horizontal, Two-Stage water cooled :/fESH-2 unit

built by Ingersoll-Rand; this has a 5" (12.70 cm) stroke and Low

Packing must be of the vented metallic type, readily accessible.

there shoplcl be no pockets in which acetylene could collect.

crosshead, similar to that used in the conventional steam engine;

A typical compressor, which would be particularly adapted to this

compressor, inasmuch as the crankcase, as such, is omitted. It

pressing equipment differs in design from the usual air or gas

is replaced by an open frame which carries the guides for the

while its twin is being reactivated.

Acetylene Compressor

Because of the hazard involved in compressing this gas, the com-

is diverted to the chalnber containing the dried or reactivated gel,

in the gas is removed by passing the latter through the Silica Gel.

When necessary the saturated chamber is by-passed and the gas

chambers each of which is filled with Silica Gel; all water entrained

the compressor. This is accoulplishedby the Dryer, a pair (}f

Gas Dryer

Whether the gas is purified or not, it must be dried before entering



This compre.:;sor is capable of compressing the gas to a pressure

of 250 pounds per square inch gauge (17 Kg per square em. ) and

may bebelt-clriven by a 15 H. P.motor.

Sludge Disposal

The two generators in alternate operation will make approximately

26.8 long tons (2';.2 metric tons) of sludge per day of 24 hours.

The sludge as it comes from the Generators is actually a slurry,

of which approximately 10% is solids; this would amount to about

700 cubic feet per day of 24 hours.

This may be pumped by centrifugal pumps directly into tallk trucks,

drums or other suitable containers for transport; if this disposal

procedure 'is not immediately practicable, the sludge may be

pumped into settling basins in which the solids can settle, leaving

the clear·water to drain off or evaporate.

Two sludge settling basins should be provided, one for each gener­

ator. Each basin should be shallow enough to permit emptying by

hand shovel, without demanding too high a shovel lift for the

laborer; this· would indicate a maximum depth of 30 inches (73.35 em),

and would delnand an area of 180 square feet (16.72 square meters)

each. Each basin may be formed by excavating the earth to the

required dimensions.
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No lining is necessary inasmuch as this is proVided by a layer of

lime on the walls and floor which will reduce, if not prevent,

water seepage.

These settling basins have a great advantage because they permit

concentration of the thin slurry to the point where it can readily

be handled.

It must always be recognized that areas adjacent to these settling

basins are potentially hazardous, and that E;parks or flame cannot

be allowed in such areas, inasmuch as the sludge may contain some

acetylene dissolved in it which can be gradually liberated.

Building

The generators should be installed in a fireproof building, set com-

pletely apart from any other structure so that they are in DO danger

of ignition from any source.

The building should be divided into two distinctly separate areas,

one to house the generators and the other for storage of carbide.

The building floor should be at two levels, the generator room

should be at least three to four feet lower than the carbide storage

room to facilitate the charging of carbide.
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The flooral the Generator Room should be of rdnforced caner'.

construction with non-sparking finish; it should have a minimum

'thickness of 6n and should ba sloped to drain into a trench, the'

latter should be sufficiently wide and deep to· accommodate the

water supply and generator drain piping. This trench should

,slope toward and terminate in the sludge basin.

Ventilation of this room is of primary importance; windows and

roof ventilators without dampers shotddl be used for this purpose"

All windows and doors should be equipped with explosion-release

hardware and arranged to open outward"

Electrical

Lighting must be by electricincandeseent lamps in vaportight fix-

tures with metal guards; all wiring andswitehes must be enclosed

in rigid conduit and vaporproof condulets.

Carbide storage

This section of the building should provide well-ventilated dry ·spaee

for storing carbide, together with an facilities required fol" hand.1ing

carm.de drums. As previously mentioned, the floor. of this room

should be elevated above that of the adjoining generator room, to

facilitate receiving the drums on a shipping dock of the same
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elevation, as well as charging the generators. This operation

requires the .installation of a monorail with a ·1/2 ton trolley and

hand hoist with non-sparking chain to .pick up and transport the

carbide drums and load them into the generators. If power equip­

ment is desired, this should be limited to compressed·air hoists.

The floor should be covered with;} non-sparkingsurlace, similar

to that of the Generator Room.

The total area of this p:>rtion of the plant would be about 514 square

feet (47.75 square meters).

Cylinder Chargln,g Equipment

Acetylene may be delivered into the. system for use by piping directly

from the generators under generator pressure, or it may be shipped.

in cylinders into which it would be compressed under a pressure of

250 psilt (17 Kg per square cm.)~

Each of these cylinders will contain 194 cubic feet (5.43 cubic meters)

of gas which is dissolved in a charge of acetone. Other SiZes of

commercial cylinders include those of 295 and 325 cubic feet {8.26

and 9.1 cubic meters} respectively, all under the same pressure of

250psig.
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Cylinder Charging Manifold and Weigh Scales.

Cylinder Storage.
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A manifold for filling ten cylinders simultaneously would cost

about '2, 200.00 complete, but not installed. The selection of the

most appropriate manifold. would. dePend UPOn the operating schedule

which might be favored.

Shed, without walls, to house the Compressor Equipment, the

This building should also have a receiving and shipping dock and be

Acetylene Charging Manifold

The design of the Charging Manifold is practically the same as that

of the Oxygen Manifold. It is equipped with a pressure regulator,

Control Block and Relief Valves and, for a handling capac:ity of

four cylinders simultaneously, would cost about f5oo.oo complete.

immediately adjacent to an all-weather access road. Where cli­

matic conditions permit, this building could. be merely a fireproof

Cylinder Storage needs no roof or walls, but should have a hard non­

spark surfaced floor. The area for this POrtion of the plant would

average about 2,400 square feet (223.0 square meters).

Cylinder Charging and Sbip@1g
,

A separate building should be provided to house the Acetyline Com-

pressor, the Cylinder Charging Manifold, Weigh Scales and



Heating

Temperatures within the Generator BuiJding must· be kept sufficiently

high to prevent freezing. If heating is required, it should be by

steam or hot water. The boiler for this system~ be 1oeated'at

a sufficiently great distance as to eliminate au hazard from flame

or sparks"

For a more economical system, an electric heater mounted outside

and away from the generator building may be used to beat air for

distribution into the building through suitable ductwork.

Plant Area

The total area of the Acetylene Plant could be as detailed below:

~uare Feet Sq!a.re Meters

Acetylene Generators 240 22.3

Carbide Storage 264 24.5

Sludge Storage 360 33.5

Compressor Plant 80 7.5

Acetylene Charging Manifold 60 5.56

Cylinder Storage and Dock 2,400 223.0
3,404 316.36
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Availability of Equipment

With tile exception of building structures, all oftbe generating

eqpipment, as well as the Acetylene Compressor and Charging

Manifold describedberein, maybe purcbaSeJ from any of the

follo'Wing manufacturers:

Air Reduction Sales Company, a Division of
Air Reduction Company, Inc.

60 East 42nd Street
New York, New York

American Messer Corporation
405 Lexington Avenue
New York, New York

Ingerson-Rand
11 Broadway
New York 4, New York

Linde· Company
Division·of Union Carbide Corporation
30 East 42ndStreet
New York 1'1, New York

Sight Feed Generator Company
53 East 3rd Street
West Alexandria, Ohio

Standard Air Company, Inc.
'18 Gardner Avenue
Brooklyn 37, New York

Superior Air Products Company
134 Malvern Street
Newark 5, New Jersey

Union Carbide International
2'l0 Park Avenue
New York, New York
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PLANT OPERATION

Water SUpply

Water for the generation of acetylene must be supplied to ·tbe

em.) at which rate thefiow must be not less tbaD35 ~p;:r

miDute(132.4'l liters). The recommended pressure is ·OO·psig

(4.2 Kg per square em.) with a correspoodiDg flow rate of.
gallons per minute (246.0 liters).

It should be noted that the net pressure avaiJable·to·tbe generator

is that equal to the supply pressure minus the gas pressure within

the generator; for this reason, it h; suggest:ed that the recommended

pressure be made availa.t~e to assure rapid filJiDg of tbePJlerator..

The water should be supplied at temperatures not higher tbali8t1'F'.

(26.~) and should be clean., free from oil and cbemica.le<mlam-

ination. Oil would result in foaming and the forJDation of ea.rtiiQe

"islands" on the surface of the water, whilei ehemieal im~ties

could result in the formation of insoluble·ealeiumsaltS; these·migJ.I

accumulate in the generator and c.r..use some trouble. water COIl-

in that this compound must be removed from the gas or it eoaId

affect torch equipment.
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When charging carbide, it is good practice to employ a Charging

Hopper, if such is available, to load the carbide into the ge!lerator

hopper without spilling and to do so without raising and scattering

The latter mgus shoo1d state that the room contains calcium carbide

and warn against the use of water in the event of fire.

Warninl Sip and Fire 'Rxt{inguishers

Caution signs should be posted in conspicuous places on an outside

and inSide walls of·both the generator aDd carbide storage rooms..

carbide dust; remember that water spilled on such dust will create

a real hazard, inasml"~bas it will immediately start the generation

of flammable gas.

Storap and US!F of Carbide

When storing· carbide, the arrangement of drums should be such as

to permit continuous turnover of the carbide,· by using the carbide

in the order in which it is received to minimize the length of time

any drum is in storage.

Charging the Generators

In charging all generators of high. capacity, it must always be

remembered to fill the generator tank with water in accordance

with the operating instructions for that pa.rt1euIar make or type

of generator before loading with carbide.
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The generator room should be provided. With :8everal dry chemteal

or carbon dioxide type of fire extinguishers.

Soda-Acid or other types which employ water or any SOlut:i.OD tbat

would react 'fllth carbide SHOULD NOT BE USED.

Pails of dry sand should be provided for the carbide storage rOOM.

"No Smoking" signs and others warning against open lights or fires

should be placed in and around buiJetings and the sludge pits,.
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2,000 ,.35 , 700

50 2.00 100

14,400 .09 1,300
~--

~,100

No. of Total Cost
Units UD1t C:ost Estimated Ac:tual

'195,000

SUPPLIES

DIRECT MATERIALS

Unit

Total

PLANT LAYOUT
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Total

Item

Plant layouts showing the location of machines and equipment are shown

on pages 76 and 78.

No. of Total Cost
Item Unit Units Unit Cost Estimated Actual

Calcium Carbide e/wt 19,398 19. 15/e '1'l'1,500,

Acetone pound 146,000 .12 17,500

Activated Alumi'Da pound

Lubricants gallon

Caustic soda pound
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BUILDINGS

POWER

The total connected load is 150 horsepower.

The total cost of buildings including plumbing,: wiring and heating

is 124, 000. Any local building materials may be used.

loading docks will be required. Total area including loading

facilities is 6, 000 square feet.

The estimated cost of property is .1600.

to labor markets is not important, since the labor requirement is·

small. The plant should be well separated from other plants·and

buildings due to the possible fire hazard.

PLANT SITE

A plant site of approximately 20, 000 square feet will be required.

The site should be located advantageously with resPeCt to trans-



WATER

The annual water req"l.iirement for all purposes is estimated at

1,940,000 gallons.

The annual cost of water is estimated at.'SOO.

FUEL

It is estimated that the annual cost of fuel for heating purposes only

will be ~175 per year.

PRODUCTION EQUIPMENT

Number Unit Cost
Descriptio~ Needed Cost Estimated Actual

Oxygen equipment 1 ~60, 000 ~60,OOO

Acetylene generator 2 5,000 10,000

Acetylene compressor 1 3,450 3,450

Vacuum pump 2 275 550

Manifolds 2 1,500 3,000

Wiring 1 500 500

Piping 1 500 500

Sludge Pits 2 575 1,150

Total 1"9,150
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FURNITURE AND. FIXTURES

Number Unit Estimated Actual
Description Required Cost Cost Cost

Desks and chairs 2 1>125 1>250

File cabinet 1 75 75

Typewliter 1 150 150

Adding machine 1 150 150

Total '625

DIRECT LABOR

Job Number Hourly Annual Cost
Classification Required Rate Estimated Actual

Oxygen Plant

Operator 3 'S.OO J21,600

Maintenance man 3 2.00 14,400

Acetylene Plant

Operator 3 3.00 21,600

Laborer 6 2.00 28,800

Total 15 J86,400
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Jop
Classification

Manager

Bookkeeper

Total

INDIRECT LABOR

Number
Required

1

1

Annual Cost
Estimated Actual

~10,OOO

5,000

'15,000

DEPRECIA110N

Estimated Years Per Year
Description Cost Life Estimated Actual

Buildings ~4,OOO 10 , 2,400

Machinery and
equipment 79,150 10 7,915

Furniture and
fixtures 625 10 63

Total ~10,'78
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Item

Depreciation

Indirect labor

Power

Water

Fuel

Supplies

MANUFACTURING OVERHEAD

Cost
Estimatea-- Actual

'10,378

15,000

15,000

500

175

2,100

Total 143,153

Item

MANUFACTURING COS~

Cost
Estimatecr- Actual

Total

Direct Materials - Oxygen , -0­

36,000

195,000

50,400

43,153

~24,553

- Acetylene

- Oxygen

Manufacturing 'Overhead

Direct Labor

Direct Materials - Acetylene
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Item

Land

Buildings

Production equipment

Furniture and fixtures

Total

FIXED ASSETS

WORKING CAPITAL

Cost
Estima~ Actual

~ 1,600

24 000,

79,150

625

~105,375

Cost
Item Estimate-a- Actual

Direct materiai 30 days ~16,250

Direct labor 30 days 7,200

ManufactUring overhead 30 days 3 600,

Reserve for sales collections 30 days 65,000

Total '92,050
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Sales revenue is based Olt sales prices of J;2.73 per hundred cubic
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acetylene is 194 cubic feet.

Actual

trI'79,OOO

t197,425

'299,000

480,000

'105,375

92,050

Cost
Estimatecr- Actual

Cost
Estimatea-

SALES REVENUE

CAPITAL REQmREMENTS

Total

Fixed assets

Item

Total

The volume of gas per cylinder of oxygen is 244 cubic feet, of

Working c.apital

Sales of oxygen

Sales of acetylene

feet for oxygen andtS. 49 per hundred cubic feet for acetylene.



RECAPITULATION OF COSTS, SALES AIm PROFITS

Cost
Item Estimated

Direct materials '195,000

Direct labor 86,400

Manufacturing overhead 43,153

Tot:al manufacturing cost p:i24,553

Interest on loans , 6,000

Insurance 1,020

Legal 600

Auditing 1,200

Unforeseen expense 10,000

Total administrative cost 18,820

Actual

Sales expense

Freight-out, travel, bad
debts, discounts and
allowances

Profit before taxes

ANNUAL SALES REVENUE
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BUOOETCONTROL:

A requisition form deSigned to provide accurate records ofP1"P­
curement and indicate the purpose of procuremeDt With the least
amount of time and effort is shown on the following page.

This form bas an account number for each type 01 the w.r1ous
expenditures which the manager will review :iD detail, montblJ
or oftener, in order to control his expenses. Some items, such
as power and water, are usually under eont1'"""....ct and .are easily
checked by reference to monthly bills. For simpJiftcatton,items
(marked With an asterisk be!low) are omitted from the purchase
requi.sition.Varlations in the labor costs are easily revieWed by
examination of the payroll vouchers. The simplified type of con­
trol thus provided makes certain that the manager can control
expenditures promptly.

Following the requisition form, a sample voucher check is shown..
Voucher checks should be! used for the payment of allexpee.clitures
and the appropriate book: account number placed on each vOQcher.

At the end of each month the manager will receive a stateJlle:J1t .. of
au expenditures broken down by budgetaccollDlts. If the· expeBd.­
itures exceed the budgeted monthly.allowanees of any of the
accounts, the bookkeeper will furnish tbemanager with a break­
down of au expenditures relative to the bl1dgeted accounts exceeded.
All these ·supporting data can be secured by reference to the.pur­
chase requisitions and the check vouchers. This referencewlll
enable the manager to determine what caused theover-expeJJditure
and take corrective action.

If at any time during each month it becomes apparent that expend­
ilur,es win exceed any of the budget accounts, the bookkeeper will
bring this to the attention of the manager for his information: and
action.
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BUDGET CONTROL ACCOUNTS:

Monthly Monthly Annual
Account Number E~ BU~ B.t Actual

10 AdmiDistratb-e , f '165 , 8,UO •20 SlaJes 6511 000 '179,000
30 Direct Materials 1611 250 195,000
40 SUpplies '10 800
51 Power· 1,250 15,000
52 Water* 40 500
53 Fuel 15 1'15
60 Unforeseen Expense 830 10,000

(Reserve. Accomrt)
'11 rJireet Labor* '1,,200 86,400
'12 indirect ·Labor* 1'1 250 15,000
80 Depreciation 865 10,3'18

(Reserve Aceo\B1t)

Note: AdminiStrative includes :interest on
loanB, insurance, legal and auditing.

-60-



.".I-t":. :~:.

o ~ SUP1'LIIB

o 50 ftILl"fIIS

o 60

o J)1RECl' MtBRIAIS

o IWlITIIII1ICB ·MNrBRIllS

o 1O~'"!

o 20 SALIS

o 30·MATERIAIS.



R. W. MITCHELL MANUFACTURING COMPANY
'"I aoeWOItTH .,....n.....

-'liP

ANYWHI£Ra. U. S. A. .e_No. 10000

.,PAv-.-;;;;;i;;;-=__-----------------------'I'O.1'H&OfltD~"O" i DOLL.A".' · .

It.W...rrcH...... MANU'ACTUII.HCI COMPANY

'- .. . . . . ... .J
'l'oFIRST •NATlc>NALBA.Nlt

urwItBRB.'U. 8. 4..
e., Sj\iMPLB> eHBel<.
~ -- VIGC.......,.

sm: ...

A.OCOt.m't. HUMBIR

Staple you.e,. check to ~ WlK tor ttle PQMDt or
au expIDdit\ll'tht tn aonll.Clt~Oll vttb BQ4p~ control.

R. W. MITCHELL MANUFACTURING COMPANY



ENGINEERS:

The services of professional engineers are necessary in the
design oftbis plant, even though the proposed plant is smau*

A correct design is one which providEs the arreatest economy
in the investment of funds and establishes the basis of .oper­
ation that will be most profitable in the begiDDing and win
also be ca.pable of expansion without expensive alteration.

The addresses of professional engineers who spec::iaJizE' in
industrial design, some of whom may be willing to undertake
such work on low east projects overseas" can be secured by
reference to the published cards in various engineering
magazines. They may also be reached through theIr r..ational
organizations, one of which is the

National Society of Professional Engineers
2029 K Street, Northwest,
Washington 6, D * C.

Manufacturers of industrial equipment eimploy engineers familiar
with the design and installation of their specialized products.
These manufacturers are usually willing to give prospective
customers the benefit of technieal advice by those engineers in
determining the suitability of tb.eir equipment in any proposed
project.

The equipment manufacturers also know, and can recommend,
professional engineers in private practice, who are willing and
able to provide appropriate consulting services.
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TRAINING:

Manufacturing an inferior quality of jIl"oduct duriDg the t:r;tbd....
period could create sales resi8taDce tbatll1tgbt be difficult to
cope With later. To avoid such plssibWties, the ~ty of the
product should be m8inta1ned at aU times, includlDg the training
period.

In some areas sld1led operators may be availabJ· locally. In
other areas all the operators maybave to be trained.

If skilled operators are not available, adequate t:raining WO\1ld be
assured by \ISing one or more of the follo\Ving methods:

A. U the plant is designed and iastallled by.a competent
engineering firm, the contract sbould be negotiated,
if pt)fJsible, on a tum-key basis. On tbls .basis the
contractor agrees to operate the plant and prod:uee
the quality and quantity of the product stated in the
contract for an agreed period of time. Such a con­
tract would assure adequate per8Ol1Bel training, since
full quantity and quality could not be produced with an
untrained organization.

B. The engineering firm that designs and installs the
pIant can usually make training arrangements to have
key personnel placed, fer training purposes, in a
foreign industry that produces the same type of pro­
duct. This would provide training for the key per­
sonnel wb.Ue the plant is being mstalled.

C. If neithe.· of the above methods is possible, then
qualified and experienced individtlals should be
employed for the key positions, either permanently
or temporarily, to perform the key operations and
assist in training the organization) ·even if they must
be secured outSide the country.

D. The manager should nave.years of successful ex­
perience in this type of business and be fully
qUalified in all pbases of manage'ment~ including
the training of employees.
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SAFETY:

It must be understood that the manufacture of·oxygen and acetylene
are bighly hazardous operations. For this reason, the two oper­
ations should not be located in a single building, but should be
separated from each other sufficiently so that an explosion orfm
in one will not endanger the other.

The floor in the acetylene plant should be of a non-sparking material.
Certain safety precautl\>DS in the design of the equipment are
mentioned in the discussion of the manufacturing operation and
should be carefully adhered to. Manufacturers of the equipm,ent
build safety devices into their designs and their recommendations
for installation and operation should be followed to the letter.

There is always danger of accident and injury :iln any industrial plant.
Because of this, the manager should take specific action to bring to
the attention of each employee the importance of safety precautions
and intelligent first aid.

Practically all machines have safety appliances" and the manager
tjouuld see that these are in good working condiltion and that the
operators are making full use of them.

In addition to constant watchfulness to make sure that aU practicable
safety precautions are taken, first aid supplies should 00 readiq
available. One complete first aidldt should be maiJltained near the
manager's office, and others at appropriate places throughout the
plant. Some of the employees should be trained to provide first aid
service.

The use of accident posters in the plant have pll"oved to be.of value
in reducing accidents. It is recommended that such posters be used,
and that some direct special action be taken by the manager, at least
once each month, to bring to Ule attention of all personnel the import··
ance of safety precautions.

A fire brigade should be established and each member trained as 'to
his responsibility in case of fire. Fire drills should be conducted
periodically.

It is recommended that the employees be encou.a.-aged to offer· suggestio:ns
or reconunendations relative to prevention of accidents" removal of fire
hazards and maintaining general interest in all safety factors.
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OTHER CONSIDERATIONS

There are other important subjects, shown below, that should be
fully investigated and considered. Information on these subjects
is usually available from such sources as banks, government
agencies, exporters and importbrs, wholesalers, retailers,
transportation companies and manufacturers.

MATERIALS AND SUPPLI€S

1. Are all materials and supplies available loeally?
2. Is the local material market competitive?
3. Is satisfactory delivery of local materials assured at reasonable

prices?
4. What materials and supplies must be imported?
5_ Are they available in world markets at competitive prices?
6. Would prompt delivery of imported materials and supplies be

assured so that large inventories would not be required?

MARKET FACTORS

1. Is there already a demand for the produce?
A. Who are the principal consumers?
B. Who are possible new consumers?

2. How is demand for the product now satisfied?
A. By local production? If so, what. is the volume of annual

production?
B. What percentage of consumption is filled by local pro-

duction?
C. By imports? If so, what is the volume of annual imports?
D. What percentage of consumption is met by imports?
E. From what areas are imports derived?

3. What is the estimated annual increase in local consumption over
the next five years?

A. ·How were such estimates made?
B. By reference to official figures on population growth,

family budgets, imports, etc.?
C ... By consultation with trade or industry, ministries,

associations, bankers, commerei.a1 houses, wholesalers,
retailers, industrial consumers, etc .. ?
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4. If the product is already being manufactured; can the existing
and estimated futur·e local market absorb production of the
new plant without price-cutting or other dislocations?

1. Could the product compete in export markets on the basis of
price, quality and dependability of supply?

2. Can export markets for the product be developed?
3. If so, in what areas and in what annual volume?
4. What procedures would be necessary to develop export markets?
5. What would it cost?

5. Would the estimated sales price and quality of the new product
make it competitive with an imported equiyalent?

A. After adjusting cost to local conditions, is the
estimated sales price of the product so high that
tariff protection is necessary to protect it from
imports?

EXPORT MARKETS:

MARKETING PROBLEMS:

.. 1. In calculating costs of the product, has adequate allowance been
made for the expense of a sales department, advertising and
promotion that might be required?

2. Do marketing and distribution facilities for the product exist?
A. If not, can they be set up?
B. WhaJ

_ would it cost to do so?

3. Will the product be sold to:
A. Wholesalers?
B. Retailers?
C. Direct to consumer?
D. Other industries?
E. Government?

- 67-



ECONOMIC FACTORS:

1. How much foreign exchange (and in what curreney) is required to
import machinery, equipment and supplies~

A. How much foreign exchange (audin wI..at currency) is
required :for annual intel'f'st payments aad amortization
of any loans contracted to import machinery and equip­
ment, or for payment of royalties and teebnical services?

B. How much foreign exchange (and in what currency) is
required for annual import of raw materials and supplies '1

C. What are estimated annual foreign exchange earniDgs and
in what currencies?

D. Has careful consideration been given to the possibility of
depreciation in the foreign excJ!lange value or the local
curren,.., ?

E. Bas careful consideration beeDi given to the possibility of
import controls, or restrictions on avaiJablUties of
foreign exchange necessary to operate the business?

F. What benefits would the new bulsiness bring to the economy
in the use of local raw material1s: in employment aDd in
technology ?

G. Do dependable facilities exist for transp>rtation, plwer,
fuel, water and sewage?
(I) If not, can existing deficiE~nciesbe eliminated

satisfactorily?
(2) What 'WOuld be the cost to do &O?

PERSONNEL:

1. Can the problem of training competent management and super-
visory personnel. be solved?

A. Also, the training of skilled labor?
B. Is technical advice available iIrl the locality?
C. If not, where can it be obtaiDed andwbat will it cost?1
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LAWS AND REGULATIONS:

1. Do ex=.sting labor laws, government regulations, laws and taxes
favor establishment of new business?

,\. If not, can eXisting obstacles be removed?
B. If so, how an ?

FINANCIAL FACTORS:

1. Techn,. I advice on selection of machinery and equipment.
A. In selecting the m~hinery and equipment for the new

plant, have rep\.i..able ~~d competent engineers and
technicians been consulted?

B. Have they heen asked for adVice on the most suitable
types of machinery and equipment for the process and
locality?

C. Have they carefully compared costs of various suppliers?
D. Credit terms offered purchasers?

FINANCIAL REQlnREMENTS OF THE PROJECT:

1. itl estimating the cost of the project, haS careful consideration
heen gi.ven to:

A. The effect on costs of delays in construction schedules?
B. In delivery and installation of machinery and equipment?
C. In import of essential raw materials and supplies?

2. In calculating cash flow and working capital requirements, has
careful consireration been given to:

A. Maintaining adequate inventories: of raw materials?
B. SUpplies and spare parts?
C. Seasonal fluctuations in the business?
D. The time required to liquidate credit sales to customers

and bad debts?
E. The period necessary to get the plant into production?
F. Cash required to amortize its principle loans?

3. If the economy is in a period of inflation, has fun allowance been
made for the influence of rising prices and wages on the cost of
the project and on working capital requirements?
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SHORT TERM BANK CREDITS:

1. Has it been possible to make arrangements with local banks to·
finance short-time working capital requirements of tbe business?

FINANCIAL PLAN:

1. Has a definite plan to finance the project been worked out?
A. Is sufficient capital available locally?
B. If not, what is the plan to obtain the required capital?
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