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FOREWORD

‘This brochure is one of a series of reports resulting from :
overseas technical inquiries on factory or commercial establish-
ments, operation, management, and engineering. The report is
designed to provide only 2 general picture of the factors that
must be considered in establishing and operating a factory of

~this type. 1In most cases, plans for actual installations will

- require expert engineering and financi.al advice in order to meet
specific local conditions. :

Mention of tke name of any firm, product, or process in this
report is not to be considered a recommendation or an endorse-
ment by the Agency for International Development, but merely a
citation that is typical in its field.

This report was prepared by the Frank Mayer Engineering Cmmy,

6442 Santa Monica Boulevard, los Anyeles, California for the

 technical aids program through the facilities of the Office of
‘Technical Services, U. S. Depament of Cmme. '

l‘********i

For furt?:. T information and assistance, contact should be made
with the local Producitivity Center, Industrial Institute,
Servicio, or Unlited States Ald Mission.

Code Number |  March 1962
PR 96 ‘ ; ~ - ‘
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INTRODUCTION

This report outlines iie basic processes, plant requirements
and economic factors involved tn establish a small plant ina

foreign country for the preduction of oxygen and anetylﬂw fer ,
commercial use.

' GENERAL ASSUMPTIONS

The foliomng basic assumptiom must be made to arrive at
realistic estimates:

Et | Costs of builuings and genera' facilities are ¢
: based on United States prices S |

2. Material costs are based on United States
~ prices.

3. Labor costs krepreksent current averages for
industry as published by the United Stazes
Buresu of Iﬁbﬁr Mstics. :

4. Adequate eiectnc power and water are avm-
able at the plant site. ,

5." The plant site is served ttg adeqna.te transpcrta-p
tion facilities. :




6. The plant will operate on a contiauous day and
‘night basis, six days per week and fifty weeks
per year.

7. No spec;a.l pmvxsim is made for tmx.mg
personnel.

8. Since the iollowmg items cannot be estimated
‘ reahshcauy, ‘general estimates will be made
in order to establish the costs. Adjustments ‘
- in costs should be made in all cases to conform
to local conditions. , ;

. Land value

Distribution and selling costs
Freight charges
Administrative costs

Taxes

i Utzlities

FERE

mEpowp

9. Columns are prondkad in the tables of the repart
 to facilitate the conversion of costs to local

PRQHHCT SPECIFIGA%%S

Al mfermatmn and cast figures are based on producing eommer- - ”

cially pure oxygen andaxy:etylene, Oxygen must be 99.5% mm S :

- PRODUCTION CAPACITY

~ The plant specmcatmns contemplatte the prodnctmn of 150 boitles -

- of oxygen and 150 bottles of acetyi:ene per day.



METHODS OF PRODUCING OXYGEN

General Principles

Oxygen may be commercially produced by two widely different methods,

the selection of which is governed by the use of the mes .aamiﬁtedk
 with this element, when it is produced as a primary end product.

The first of these processes ie that of eleetmlym, if hydro@énis tyb,e‘ : “ G
by-product desxred In this process a current c.‘ el,eetrieity is msed j ' | e
thmugh an alkaline solution of 15% Ha. OH or its eqmvaielzt say KOH,

~ in water. The current in passmg through this aolutmn disassocmtea

the oxygen from the hydmgen, each of which gathers at its resrective

pole fromm which it ma, be ::ollected. "

Since the product.on of hydrogen is not required t!us process will
not be con&dered

The seccnd process is the productmn of cm"gen by fractional dishﬂamm | &, |
of lig m:l air. In this process the pnnmpa.l by-prodnct 18 qf course,
nitrogen. |

The two best knowncdmmercial methods are the C!aude\ or Heylandt
. gystem and the Linde, either of which is used to liquefy air as the
 first stage of production. These systems are alike, to the extent




| that uhey bath employ the prix.uiplea of air cumpresaion the cooling

" of the compress"d air and the Joule-Thomps@n eﬁect tm‘ ﬁnal lique |

” facﬁon Hmver, thesystems dﬁier somewlmtium..typeand

5 arrangement of eqﬂiyment as may be seen by a comparison at the o
o two basic schematic ﬂow diagrams. |

?f‘m eachsystem, drya.ir freeafcarbondiaxmeiseampressed from L

o :‘atmmpheric pressure 91 to an iatermediate yressure pz, unéer

o iwhich condition it may be cooled by mter in 2 heat excbanger, or by .

F combinatian with partiauy pre~cool.ed air ai: ihe same pressnre or byf ?

both water and axr deptmdmg upon opemﬁng conditmns

Tlus (zooled campressed air is thess compressed to a much Ingher i

| ‘:,‘presam a!ter whmhallmcﬁstumisremomdfmmithymingit

o i throm a drying tower ecntaining a smiabie demccaj:or. It is then

P fpassed mmugh a heat whanger in wiueh itis amled after whichit e

v i.s suddenly expanded into a vesselthrcmgh a. ﬁthrotthng valve, w!nch

| _k_fwfreduces its pressnre imm the hightcthe m:v:med:ate pressure, or

L that emstingbetween the lcwam !ugh pressure stages of eompressmu; Lo

Upmmphasemthevrwess bothsrstemsareahke




The Linde Process

Frora the s*andpoint of plant equipment, the Linde is perlaps the most
simple system; inasmuch as this is purely a thermal process invz;lving .

heat exchangers only, no air expanszm engine or its associataﬂ equip—» ;
ment bemg required.

; Referring to FJLgure 1 in this system, the zold air is expanded iuto a
closed vessel known asa r‘ect:ﬁer or fracuonahmg column As Jze

result of this expansion, its temperatnre as well as its preasu:re is

reduc~d 80 that it enters the column as z mixture of hqmd and mvuy T

saturated vapor. The liquid collects in the bottom of the colnmn, -

which also funciions as a ﬂ-epaza;mr to separate the hqmd from the
saturated vapor, the latter may be re~cycled to (:ontnbute to the

- cumulative pmcess as the resuli of which the pmpoxtim of hqaeﬁed

air is steadily increased.

- 99.5% pure oxygen may be withdrawn {rom the coitmm for ﬁna.l dia«
position, while the nitrogen fraction may be either bled cff to the
‘atmosphere or conserved for sale as may be indicated by ecmmnzc

circumstances. The small percentage of argon is the first fra ction

to boil off the liquid air, inasmuch as iis boiling point is -188"’(‘:

;(~308°F) or 22°C (40°F) movethat ofmttogen, theuext fmeﬁmtobe ‘

-dlshﬂediromthe liquid air. "‘hlssmallamountafargw wmﬂy
‘ bledoffanddxssxpatea







11.

| drawn,

Astheresultotthisheatexchange theoxygenleaves

. the Heat Kmhanger as warm compressed gas which

may be fed directly to the Cylinder Charging Ma.nfold

or to ‘oxygen storage from wlﬁch it my be later with-

The omfsnu CHARGING MANIFOLD comprises a system
of piping conslsting ofa horizemtal length of 2" pipe
fit*eu with ﬂexible 'pigtaﬂs" of copper tubing and valves.

'rhe manifold may be uonstmcmd to charge twenty cylinders

 simultaneously arranged as sh’ov'm‘in Figure 4.

Each of the wo sections of the manifold must be fitted
with special valves, capable of withstanding a pressure of
5,000 Ibs. per sq. in. (350 kg. per sq. cm.).

For continuuus operation a ten cylinder manifold would be

required. For a charging period limited to eight hours
per day, a twenty station manifold would be necessary to

 load the fuil complement of 150 cylinders per day. Should

the latter schedule be selected, additional facilities woald

 be required to store the oxygen during the periods between

-14-




12.

 Such storage facilities woum consist of a steel presaune

sphere or cylinders together with meams for redncing
the high pressure and also measuringme fiow of the

gaseous oxygen fcr shipment. It will be noted that besides
- the dxygen feed line, the manifold is equipped for emua— '

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

_etc., from the cylinders as a preliminary to charging with 5

oxygen. L
INSTRUMENTATION necessary for proper operation inchnde o
as a minimum, mdmatmg pressure gauges to‘ indicate

‘pressure at each of the following points:

a) High pi-essure air 1mmediately ahead of the Air
| Expansion Valve. _
b) Pressure within the lower regmn of ihe Air
| Fractionating or Rectlfymg Column.
¢} Pressure within the upper region of /the: |
‘Rectifying Column. |
d) Pressure of the finished oxygen.

A thermocouple type of temperature indicator shquld be

?mﬁdeé for the measaremeﬁt of impartant’ ; temperatﬂres,ﬁ e

such as those at the various sta.g"-*s of the process ami

> mtlnn the Rectlfymg Column

- 15 -




Yol cml plant for the prodnction of oxygen are i

: ethat the emyorated air mixed with this emaest m contin m -

‘throngh the secom and iirst exchangers before being re'eased :

' ;’to the atmosphere or re-cycled to the intake of the compresser

DESCMPTION OF PLANT

: E The prmcipai components essential to the constrnction of a commer- Z, 5 5

1 An AIR COMPRESSOR capable of compressing axr to a
. :lngh pressure. Such a compressor may be designed
e ‘mth several stages of compresmon, but mth at least

‘ 'two, to atta.m a fmal mlmmum dlscharge pressure of

3, 000 le per sq. mch gauge (or 210 kg per sq cm,);' e

It may be dnven by any smtable meams capable of ; "
5 furmshmg the reqmred power however for several
: 'reasons electnc dnve is generally favored. i

2. an AIR HLTER, placed ahead of thel compressor mtake

should be prowded to remove dust and other sohd mpur- s e

L 1t1es Th1s fllter 1s usually of tae multx-cellular type and

| f’;’, ; vmay be e1ther dry or o1led it 1s so deSIgned as to germxt _
, the changmg of cells wﬂ:hout affectmg the flow of a1r mto -
b ! f{:‘the compressor when the cells become clogged thh dust

o ‘i;and partmulate matter.’ X




3. An AIR PUR' .ER should be inserted in the compressed
air sfream, at an intérmediate pressure point after :the
heat of cOmpression has been removed from the air in
an inter-cooler. This iuter-cooler may be incorporated
into the structure of the compressor or may be a separate
unit. The Air Purifier is usually in the formof2a
"scrubbing" 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 form: water-soluble carbonate.
Cii'culation 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 m1xmg fresh caustic solu-
 tion. Such fresh solution may be transferred ’into the
circulating system by suitable connections with the cir-
éulating i’)ﬁmp. |
This particular operation is quite important; otherwise,
 the carﬁon dioxide, normany present in athiospheric air,

Would'precipitate as a solid under the Iowftemperatures




“later encounteredk.izt the system; &owefvar, after its removal

the compressed 2ir may be further compressed until it

reaches the desired maximum pressure.

An alternate method of remcving carbon dicxide is by means
of a filter located in the liquid oxygen line immediatély afier

the latter leaves the column as shown in the schematic flow

“sheet Figure 3A.
~ An AFTERCOOLER, in which the heat of compression may
‘be removed from the high-pressure air, usually by water,

is’inserted downstream from the compressor. This after-

cooler serves to pre-cool the air which contains an

appreciable but variable amount of moisture in the form

of water vapor. This moisture must be removed.

An AIR DRYER is the next piece of equipment raquired to
remove this water vapor. This equipment includes a

separator which serves to knock me 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 o

on stream while its twin is being reactivated by heat i




which may be supplied from any conveniently available
source, electrical, steam, or by heat exchange of the

process air or gas as it yrogresses through the syStem.

Other equipment associated with the air dryer includes a

blower, usually of the electrically driven positive dis-

piacement type, to force dry air or gas through the
‘dryer's heater and the adsorbent or desiccating medium,

to reactivate this medium.

A THREE SECTION HEAT EXCHANGER is a most important

piece of equipment. Theﬁr’sf section of this exchanger
could be used in connection thh the reactivation of the A1r
Dryer while the second section wcmld further cool the air
after it has been dned in the Dryer.

A portmn oi thi-~ air stream is sometlmes used for dnvmg

an engme ‘which in turn drives an electnc motor; under

such conditions the motor acts as an electnc generator
and its output may be used to reduce the amount of power

normally required to operate the system |

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 -



. entrance into the Fractmnatmg Column.

heat used in performing work. This cooling is so effective -
that ine air so expanded may be re-introduced into the
' main air stream after it has passed through the throtmng

or expansmn valve.

. An AIR EXPANSION VALVE - by throttling the cold nigh
pressure air to the lower pressa:*é with'm the ReCtlfying E |
or Air Fractionating Col 'umn - utilizes the Joule-Thompsm .

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

temperature for each unit decrease in pressure, while the

total heat of the system ramains at a constant value.

The effect of this expansion therefore,é is to lowér the
temperature of the gas, throughy that of its vapor phase to

the temperature necessary to 2 .;quexy the air. As a result

the air issues from this valve as a Imxture of hqmd and
heamly saturated vapor. It is at this pomt that the extremely“ L
cold air exhausted from the expansion éngine shculd be |

returned to the ﬂow stream, mmerhately pnor to 1ts '

A RECTIFYING OR AIR FRACTIONATING COLUMN isa

vessel fitted with internal baffles, so deszgned as to trapi i

the hghter element, mtrogen as 1t boils out of the hqmd

-11-




air ata temperature of 210°C below zero (-346°F),‘ or
8% (14°F) above the boiling point of the remaining
oxygen fractian.

The hafﬂes shwld be so designed ass to segre@te the
’relatively lighter nitragen, winch tends to rise ‘l’n the :
top of the column leaving the heavier oxygen at the
k Lottom of this vessel. This segregation may be furl'her
facxhtated by a bafﬂe or partition which would completely
f kdwide the cnlumn mto two :hstinctly separate regv.ons -
the lower regmn bemg at the pressure mder~ wlncn the
' liquid air is contained, while the upper would be maintained
’at a lower pressure and weﬁld contain liquid oxygen,
togetper with 'some‘nitrogeﬁ vapor Tae latter would enter
this upper regioﬁ through an expansion valve in a line whim
| ‘could bleed off the nitrogen vapor fi'om beneath itsticollect- |
mg dome in the separating bafﬂe which forms the top of
'the lowexf regmn. This cold nitrogen vapor tends to collect
ai the top of the upper ,region of the colu'mn,' from which it
may be withdrawn for further usage in the system. ‘

The column should be further provided with 2 reflux line
* to pass the liquid air - from which some of its nitrogen
has been removed - from the bottom of the column to the

- 7112 -




10.

upper region, through an oxygen expansion valve, to
reduce the pressure and the temperature of the mixture

 to that of this region. This combined drop in pressure

and temperature effectively separates the nitrogen
vapor from. the liquid oxygen, the amo.nt of which may
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 columa.

The complete column assembly should be completely
insulated and should further be enclosed in a well insu-

lated case or "cold box"; this box should also be large

encugh to contain all other contingent equipment such
as the Liquid Oxygen Pump, if such ‘tfaquipment shouid
be used. | 4

A LIQUID OXYGEN PUMP may be used to pump the cold
low-pressure liquid oxygen out of the Fractionating |
Column to its ima.l disposition. Tlns cold li~aid oxygen
now compressed, is nsually pumped through the Heat x
Exchanger in which it plcks up heat from the warm
campressedalr - as the }atierxssnttsmtkmnghthe ’
Exchanger to the Air Expanmon Valve. . |

-13-




_As the result of this heat exchange, the oxygen leaves
_ the Heat Exchanger as warm compressed gas which

may be fed directly to the Cylinder Charging Ma..fold

. ortooxygenstoragefromwhimi*myhelaterwith-

1L

‘ drawn.

The OXY GEN CHARGING MANINID comp:rises a system

> ofpipmg, consisﬁngofahoﬂzmﬁallengthoiZ"pipe
ﬁt*euwithﬂenbxe "pigtails" ofcoppermbingandvmes.‘

The manifold may be wnstmcted to charge twenty cylindem

,simuitaneonslyarrangedasshmmhgurei

Each of the two sections of the manifold must be fitted

with special valves, ca;pable of withstanding a piesme of

5,000 Ibs. per sq. in. (350 kg. per sq. cm.).

For com:inuons operation a ten qﬁﬁder manifold would be
required. For a charging period limited to eight hours
per day, a tﬁenty station manifold would be necessary to

, 1oadthefnncomp1ementat1socyﬁndersperday. Should

the latter schedule be selected, addztmnal facx.lmes woald

R .

' bemqmredtastoretheaxggendunngtheperiodsbemem‘f -

lgadzngs

- 14 -




12.

etc., from the cylinders asa preﬁminary tocharm g with Sleal iy

; w.lthm the Rech,fymg Cahrma

Such storage facilities would consist of a steel pressure
sphere kor cylinders together with means for reducing L
the high pressure and also measnﬁngthe ﬁow of the -
gaseous oxygen for shipment‘ it will he nabed that besidesﬁ :

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

oxygen.

- INSTRUMENTATION necessa.ry for proper operatmn incmde

as a minimum, mdxcanng pressure gauges to mdicate

~ pressure at each of the followmg pomts

a) High pressure air mmechately ahad of the Air
Expansion Valve. |

b) Pressure within the lower regmn of the Air |
Fractionating or Rectifying Column.

c) Pressure within the upper region of the
Rectifying Column. |

: ‘d) * Pressure of the finished ,bxygen. RE

A thermocouple type of temperature indicator‘~shou1d be L
- provided for the measurement of impartant temperatures’ . e ‘

such as those at the various stagas of the process ami S

-jiﬁ'-’




13. The COLD NITROGEN VAPOR from the Column should

f be used in the Heat Exchanger to assist the cold com-

| pressed liquid oxygen in the abwrpﬁm of heat from
the high pressure air as the latter passes through the

exchanger on its way to the Column. The heat so
obtained, together with that from the Electric Heater,
‘would warm the nitrogen to such a temperature as
would make it usaful in drying the desiceant in the
Drying Towers, should this be desired, after which

 the nitrogezi could be wasted to the at:j:osph‘ere.'

| If it is determined that a market could be developed for
the sale of tvis nitrogen, a ¢ompressdr could be"added
to the‘ équipment to compress the nitrogen prior to
storage in suitable coz:ta.ineifs.f ’ |

Availability of Eqmpment
Complete plants for the production of. dry gaseous oxygen of purity
of 99.5% andingher are available as "packaged units" or ~ssemblies,

together with all pipe and fittings necessary for interccmnection of
the various components of the plant. These plants are manufactured

‘an;i soki ay the failomg firms:

-16-




Air Products, Incorporated
Box 538
Allentown, Pennsyivania

American Messer Corporaticn
405 Lexingtcn Avenue
New York 17, New York

Ameo rican Oxygen Service Corporation
609 Essex
Harrison, New Jersey

Bl.w-Knox Company
Chemical Plants Division
936 Duquesne Way
Plttsburgh, Pennsylvania

Gas Equipment Engmeermg Corpomtwn
Mount Vernon, New York

Koppers Company, Inc.

Engineeriag and Construction Ds.v:sxon
Koppers Building, Department TR
Pittsburgh, Pennsylvania

Standard Air Company, Inc.

78 Gardner Avenue

Brooklyn 37, New York

Superior Air Products Company

134 Malvern Street '

Newark 5, New Jersey.

" These "packaged" plants may be obtained in several different sizes |
and capacitles with or without an Air Refngerator the use of whlch  , - e
is usually limited to the starting and/or 'pundown“ pen,od. .

-17-




~ The capacities of plants buiit by Superior Air Products Company

. renge from 250 cu. ft. (7.0 cubic meters) per hour to 600 cu. ft.

o ’7,‘(16 8 cubic mseters) per hour with single teetiﬁcation and from

o 750 cu. ft. (21 cubic meters) per hour up mth double rectiﬁcahon,

Gl atmo,m pregsuxeoiz soopsig(l'?ﬁ kg per sq. cm) or 169

o fﬁatmmpheres. : Those bum by American Measer range fmm 30

o }‘cublc meters {1, 070 cub:c feet) upward with outpm pressures up to e

o 3, ooo peig (210 ke. per sq. em or 204 atmospheres)

- :‘7:; Pmﬁanyauopemﬁngcapaciﬁesmmadupmdmmammm .

Y condltlons of 2000 (88017), a barometer of 760 mm Bg and 50%

S ;::relahve humxdity, .

L ; An average cnst for a "packzged yla.nt within ﬂﬁ.d reqmred capacxty' b | | .

i 'bmkets wouldbeahmum,oootowhmh muslheaddedshippmg

For the specified capac;u.y '\f. 150 cy!mdl*w a~ such a p]ant

= muld be mrly small in nutput 1 520 cu’m: ‘.aet (42 56 cm metew)

Sn “k"~;ofoxygenperhm1r chever whenconmderedfrommanyopenﬁng
standpomts suchaplantshmldhe cmmderablyhrgerincapamty
Itwonhimxghahont35 OOOIbs (15 ng )whencratadiorexpoﬁ

| ?rit wmdd have a shippmg volnme ot ahaut 1, eoo mm: feet (44.8 cnbm

o ' 18- - e




jThese cyl:mders may be purchased and owned by the oxygen proﬂucer

" “Ana!ternatwexsthe rentalofsuchcyhndersbytheoxygm
o fwho in tum cha,rges the customer th:.s renta.l :tee plus ak‘ream
o charge for handhnw and mqkkeemng

a f_fThe com ot these cylmders vanea wzth the sxze atnd range fron

When installed it could pmdme oxygen of 99.5% purity it mﬂ re-j <

w,quire a floor area of about 520 equare feet (48.3 aq meters),
wluch mnst be added sumcient floor space to accmmmodate ﬂ:e
: storage ofboth emptyandfull oxygencyimders andoperaﬁng 5
:supplies, receiving and sinppﬁng docks weigh mles and afﬂce |

ﬁm____ mContamem , ceagly
3 The shippung of compressed gabes presents a tmique pmhiem,partic ‘
! ularly in the matter Oi:'the acqnisitmn and handlmg aitn. mem o

. or cyhnders.

who charges a depos:t and nominal rental for the time these a:rem

i‘the custody of the customer ‘who is held funy reaponsnﬂe ior m
k ‘f::,condmon and replacement if m

% for the 12 cu. ft. to ;50 00 ior the standar«* 244 m.ﬁ cylin
o 'These eosts mclude the protecuve cap and valve ’m not the




. t"may'fbe reahzed that the mvestment m cylmders by the oxygen:v 5
ucer 1s’ so mdetermmate as to m"ahdate any estnnate of its
magmtude 1n the cost of plant eqmpment partlcularly when such “

ost 1s consxdered te be affected by many OPeratmg factors all T

) cwh1ch ,are presently unknown, these may only be determmed

: 5~by market trans1t and usage condmons part1cu1ar1v the latter, |

mc these affect the turnover or number of usages wh1ch may

;be eahzed per cyhnder per gwen perlod of trme

“'Therefore for these reasons the cost of cylmders has purposely

-been om' ed in the esnmate

B Whlle 1t{ is qmte possmle for the prospectwe producer of oxygen L e
ﬁfto bmld h1s own plant the fact that so many compames fabncate

and sell "packaged" plants serves to 1nd1cate the greater economles;

to be reahzed by purchasmg these small capa01ty plants rather | " i

»’g;tthan 1n attemptmg to bmld hlS own

- :However even 1f such a plant be purchased 1t 1s recommended

ff::’f tthat the purchaser secure the sermces of a competent professronal S

F ,engmeer to assure the proper mstallatmn and start of operatlons

most of the sellers of these plants have such engmeers avallable o

: :,‘f;fon the1r staff 1f the purchaser mshes to secure the1r serv1ces




' 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, 'lmOSt of this equipment is always completely‘encque‘d ‘

~ in the "cold box, " and nothing of interest may be seen. Accdrd-‘- :

ingly, pietures as such, have purpQSely been omitted. |

PLANT OPERATION

Because of the fact that'" most manufacturers of "packaged" plants
- usually furmsh the purchaser with complete operatmg instructions,

omy the mghhghts of operatmg procedures will be outhned here.

Power Requ1rements

T The power reqmred for operating the plant w111 depend upon e

2% a) The type of process, i.e. Whether thls Would be Lmde

or Claude
) The scale of operatlon
c) Contmuous or intermittent op'eration.‘
Each k;of these'faetors materially affect the power ydem‘andk.
| | a) For instance, the Lmde demand will average about 1. 1 :
horse power hour per pound of oxygen produced 1t wﬂl =

vary ,from 0.6 H.P. hr., for large outputs‘a'.nd careful
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- operation, to 1.6 H.P. hr. for small plants and indifferent
: dperaﬁon. '_'Il'herefore, for a daily production of 150
~cylinders (at 244 cu. ft. per cylinder), :r‘epresentin’g 1, 525
cubic feet, or 131.15 Ibs. per hour, an average power
reqﬁirement of about 144.25 H.P. would be expected; k

however, thisfcould increase to 210 H.P.

For the same production, the Claude system would ‘require
~an average of 0.77 H. P. hr. per Ib. of oxygen. This
~ would amount to 100 H.P. hr: for the same output and is
partly because of the use of the air;expansiron engine's
contributi@n‘xto‘the_total power requirement.
b) These requirements may be modified by the 3ca1e‘§f oper-
 ation of the plant. Obviously, the higher the rate of pro-
~ duction, the lower’ the cost per pound of oxygen.
c) The'th,ird faétor‘ - th;it of contmmty of cperation - affécts ;
coSts "becaﬁse the actual horse power demand when the
plant is on stream dixrihg normal operation is considerably

- less than the tdtal connected horse power.

- The starting load is always higher than the'mnningw load; the starting
air fpfessure may approximate 2,000 Ibs. per square inch gauge.

‘When the plant is ﬁrst-startedrup, it may reqtﬁré six to »eight hour‘s
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to pull the temperature of the process air down to that of conde.nsa—
tion, depending upon ambient conditions, during which time the total |
connected load will be fully used. ‘

At the end of this starting penod 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 which o
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 starting k
conditions will be repeated and over the same period. If the plant |
is shut dewn for one eight hour shift, from one to four hours may

‘be required to pull the temperature down to the nornial operating

level.

It must be noted that the motor used to drive the caustic circulating
pump for the Air Purifier is in constant ixse while the plant is in
operation, as is also the motor driving the A1r Dryer Blawer The
heatmg element of the A1r Dryer, which normally demands about

“ four hmes the energy of the Blower Motor, is only used mter- 4 |
mlttently These power requzrements and thezr costs must be .

“taken into consmeratmn when workmg out an operahng schedule
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To take care of possible future increase in oxygen demand which
¢ might require plant expansion, it might prove economically

g f.easible to install a plant of fifty to one hundred per cent greater
capacity and only run it for the tune required to fulfill the mmed:ate ‘

demand.'

‘The estimated costs of such a plant and its operation have been
'kcaic’ula.ted to demonstrate the ‘feasibsil‘.ityof this type of operation;
spetiﬁéally, to operate a p]ant of 2,500 cubic iéet (71 t:ubic meters)
‘per hour continuously for a period of six days per week, then |

shuthng down for the remainder of the week.
“Such an operating schedule would also allow time for maintenance.

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

Horse Power - KVA

Air Compressor | ’125 1 93.250
Caustic Solution Circulating Pump : :

~ {Air Purifier System) 1 ' - 0.%746

Air‘Dryer Heater, if electric 4 2.984

An' Dryer Blower ~ = | 1 0.746

Liquid Oxygen Pump Motor , 3 SRR | 238

Air Réfrigerator Motor | _4 - 2.984

i Total Connected Power - i - 138 102.948
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~ Cooling Water . o
The plant will require a continuous flow of cooling water at the rate

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

68°F (20°C) entering the plant's cooling equipment which will be

necessary if the temperature rise of the water is to be limited to i

- 20°F (11°C) during the cooling of the aftercooler while under full
load. .

Where well water of reasonable softness is available, no trouble

should arise from scale deposition in the aftercooler or the com-

nressor 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 62 good water is not available, recovrss
to the installation and operation of 2 cooling tower might be neces-
~ sary; such might also be indicated in the interes’& of economy.

If a separate pumping system is available, the full rate of flow of
cooling water should be circulating before startmg 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 and |

algae growth prevented by chemical treatment of the water.
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 Air Filter

. The Air Filter should be inspected and cleaned; if of the oiled type,
_the cells should be completely cleaned by rinsing in petroleum
 solvent, after which they should be immersed in SAE #40 or #50

 lubricating oil and allowed to drzin before being reassembled in

‘ ‘the iilter cell rack

o Where continuous operatinn of the plant is required, it might prove
advantageous to have a cual rack, so that ¢ e battery of filter cells
can be cleaned while the other is in service. In the interest of

% preservatmn of the Air Compressor, the proper functioning of the

Au' Filter 1s of the utmost 1mportance

Air Compressor
The quantity and condmon of the lubncant should be determned by

inspection, prior to startmg;up this unit after every shutdown. The
type and quantity of lubricant supplied to this machine should be as

, s;;ecified by the manufacturer. Because of the high operating
pz?gssures; too much emphasis cannot be placed on the importance

of the proper supply of lubricants to this unit.

If the intercooler is water cooled, all water\passages should alivays |
 be kept clear and clean;‘ this also would apply to the c,ompreSSbr if

such should be water ccoled.
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Air Purifier it
A saturated,ca.ustic solution shsuld be prepared in the tank of the s

Air Purifier and circulation of this ‘Solution should be started,
‘before starting up the compressor,

The reaction of the carbon dioxide with the caustic solution will et

- precipitate carbonate which must be removed and the caustic Lo
“either revivified or replaced by fresh solution.

The amount of caustic used will vary with the carbon dioxide

content of the air. This may vary from 100 parts per mﬂlion
parts of air, to as high as 600 p.p.m., depending npen the envitom-
ment of the plant and its operating éapacity in tlus environment.‘ ,

The caustic must be handled with the utmost care by the operator
who should wear rubber gloves and goggles, because this chemical
can inflict serious burns; this is true whether the sodmm or

potassium hydrates are used.

This hazard does not exist in piants which empldy'(:arbon dioxide
filters, as diagrammed in Figure 3A, which are designed to filter

out the carbon dioxide after it has been frozen into "dry ice. "
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k‘ylnthistypeoiﬁlter, twoﬁltersareumﬂyprovided one of these
”isbeingclearedwhileitstmnismservice, mhaltemtingmth-
the other. It may be cleared of the solid carbon dioxide by any

. one of several ways, as may be specified by the plant designer.

- Aftercooler ; ,
 This companent skonld cause no trouble if a source of good waxer :

is available. H not, a perxodic inspechon should be made whﬂe
the plant is shut down, and any accumulahon of scale promptly

removed by chemical means.

Au’ Dryer System
Operation of this system is usually automatic after it has been

' ﬁlled witb its initial charge of desiccant whmh ma.y be elﬂll‘?

‘Actxvated Alumina or Silica Gel.

If the system is provided with a moisture separator or trap, this
should be blown down or drained as often 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 gaaeousnitrogen |
from the Heat Exchanger, which may or may mtbe adequate | ; "’
in performance. Other designs depend entirely upon electrical ik
heat kto heat the drying gases, before admittance to the Drying e
Tower throughout the operating period of the plant.

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

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

 air through the active tower and also, at the same time, to com-
pletely cut off the tower being reactivated.

: Penodlc tests should be ma.de to ascertain the cond:hon of the |
desiccator to determme when it should be cut off strea,m and
| opened to the reactlvahng gas flow. When the deslccator is

thoroughly dry, parhcular care should be taken to make sure
~ ihat 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.

- 99 -




‘:\,4AirExpansionnng1_:_e
- :fkThisunitreQIﬂresnoparncularattenhonotherthantomakesm ,

i "V"k'mmcturer's récomﬁendations,f and that packings are always

o ‘kthat it is always properly lubricated and in accordance with the

tight- ,‘: '

| An- Frachonatmg Column k |
| There are no parucularly outstanding operatmg features to be

‘ pomted up m‘thls part of the plant.

L:.qmd Oxygea Pump
This eqmpment may or may not be nsed mtermlttently, dependmg

= upon the type of operatlon selected.‘ Usua.lly this pmnp is employed

 to c1rcu1ate the compressed liquid oxygen through the Heat Exchanger

“*o chill the latter; during this process, the liquid is converted into
gaseous oxygen. Lubrication of this pump is only to be accomplished

in strict cbmp}ia.nce with the specifications of the manufacturer.

Oxygen 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 a.fter makmg sure that the Main Oxygen Valves

: Wluch supply the Manifold are tightly closed.
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Each cylinder should then be opened to the Oxygen Manifold and o
the valve to the Vacuum Pump opened and this qump operated |
 until the cylinders are completely evacuated. The Vacuum valve i .
should then be cldsed after which the Manifold's MainOxygen |
Valve may be opened, thon the valves to each cylinder. k

This procedure must be repeated every time a cylinder or any :
group of cylinders is to be charged.

Number of Operators Required

Under normal circumstances, a minimum of three operators
would be required while the plant is in continuous operation, one

operator for each shift.

Instrmxient Observation and Performance Records

‘The operator on wafch 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

While oxygen is not combustivle, it supports combustion so well

that the presence of the usual lubricants, finely divided combustibles
such as some dusts and even metalhc chlps, present hazards wlnch
must be guarded against in plant operatlon
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PRODUCTION OF ACETYLENE

g General Principles
, ;The pmducticn of acetylene w (Cz Hz) results from the comhin

 ation of calcium carbide and water. Themethudbywlﬂchthisw
: accomphshed has a marked bearing on the production capacity of
e theplant, i.e.,,byaddinygthe calcmmcarhidetothyewater, ,its e
: prddut:tion rating may be doubled becausebf thef reduction in the
'amount of heat of reaction in this operaﬁon as c:ompared with that

of the method of adding water to the calcium carlnde. |

- Calcium ca’rbide is shipped by the manufacturexf in txght steel drums
of mo pounds (45.5 Kg), 250 pounds (113.5 Kg) and 350 pounds
(158.9 Kg) net weight. The drums are returnable to the veador.

1t is made from carbon, which may be in the form aof low-ash coke,
low-ash anthracite coal, charcoal or petroleum coke. This carbon

is combined with lime in the electric furnace.

The commercial product is dark colored and crystzlline, while the

pure materia, is colorless and transparent.

One pound of carbide will generate 4.5 cubic feet (0.126 cubic meter)
~ of acetylene gas; the reaction of this process terminates in the
~ paecipitation of a sludge, the composition of which will vary with

the amount of the water.
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‘Without excess water, the siudge would be lime in accordance with

the reaction -

CaCy  + Hy0 = cznz "k+CaC’O
Calcium Carbide + Water

Acetyxene + Lnne

With excess v.‘rat:.ar:this:'eac;i;i,(,m‘I 1d cc u—.etg iumr,:'

Lime + Water—-: Calcium Hydrate |

The crnde gas so generateu may conl:am 1mpunties such as hydmgen

sulphlde ammonia and phosphme which glve it a very strqng ami o
; p(;,ne!:ratmg odor These shmﬂd be removed before the acetylem m -  ;”
used. The purified gas has an ethereal odor.

The gas is ver ; active and is quite haza.rdous It forn:s eXPlﬂsw@ -
acetylides, particularly with copper, and when mixed with air, e

- has wide explosive hnnts

Under atmospheric pressure acetylene may be decompbséd by heat o L
without too much hazard; however, if it is compreséed tomorethau e
‘ 30 pounds persquaremch (2. lKgpersquarecm.}, smh decom-—~'

position is so rapid as to amount to an explosion. Because of tlnﬁ,'"’ : | | “
itsuse as a hqmd is usually strictly pruhﬂnted and it is ordmamy 3 | f‘” ‘\

‘ stored by dissolving in acetone under pressure.

e




Maxnnum evolutmn of gas

Lo fft’Cemplete decomposﬂ:mn of the calcﬁ:m eerblde ‘ o
| 5 Ease m chargmg and remova.l of sludge e

\ "5;“6 Completely automatic feed of ca.rblde 1

7 Removal of all a.1r from the system before commencement o
f:jfi‘fThe d15posa1 of sludge somehmes presents a ma;or problem wlnch
imght be overcome m most mstances by the demand for 1ts use in

agn uiture,‘ sewage treatment water softenmg and acld neutral




Other indushies which make use of this lime inclu‘de =

Building Ferrous Metals Pet’yroleum“w . =

Canning ~ Glass PIaSﬁc,S‘~ g
Chemical  Meat |  Soap

Coal and Coke - ‘N'ony-yFerr,ous Metals Sugarv e

 Dairy = Paint e 'u.Tanmng
"Distilling" e Paper~ . Textile

In some mstances sufflc1ent revenue may be reahzed by the sale

~ of the hme to reduce the cost of acetylene Productzon,by~a e -

siderable amount.

The storing of a'cetylen’ef inxcylindprs 1s 2do practlcable by dxs- Sl

| solvmg the Compressed gas in acetone which is capa.ble of a.bsorhmg  ‘ e

twenty -ﬁve tunes 1ts own volume at 15°C under atmosphenc pres-
~The hqmd acetone will continue to absorb the gas ai the :
same rate for each atmos;:here of pressure tof wh:ch the acetylene

ma.y be :sub3 ected.

DESCRIPTION OF PLANT

’ Gas Generators =

. The type of pla.nt to produce 150 cylmders of acetylenqper day, or

529 100 cublc feet (314 8 cubxc meters) per day, assummg the sﬁmd
| :; ard 194 cubxc feet (5 43 cublc meters) cyhnder wonld pnmamly

s




cbnsist of two gemai'ators,‘ each of which is capable of working
alternately, to produ(:e 1, 000 cubic feet (28.0 cubic meters) per
| | ho,‘ur',foyr a period not ,exc‘eeding‘ 2.25 houi'sffrom. a chérge of 500
| ’ pounds (227 Kgm) of" calcium carbide. In this particular instance
Whete both generators will be called upon to work simultane(msly,
; tms ‘would be best accomplished through a Generator Control
System to assure the equalization of the delivery rates from each

-~ Generator.

~ They must be housed in a single story building which must meet

- certain minimum requirements which will be detailed hereinaﬂter. :

Each of these generators would require 500 galldhs (1, 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 simplést form, which
depends upon the internal pressure of the generator to cut off" the
carbide fe‘e‘d when thls pressure rises to a certain predetermined
value - say 15 pounds per square inch (1.05 Kg. per square cm.)
to the scréw-c‘:Onveyor féed type usuzlly employedy in connecﬁon .

with compressors used in packing the acetylene in cylinders.

=36 -




The generator comprises an airtight assembly of water tank: a,nid" S
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.

Ih the simplest type of gravity feed, the carbide drops out of the "
- bottom of the hopper through a valve or gate into‘ the‘ watér tank. :
This valve is operated by thepressure generatéd’ by the evolution
of acetylené gas; as the gas accumulates, the presSure rises to ’a
pre-set value at which it closes the valve and prevents further
dropping of carbide into kth‘e water. As the gasris drawn off,f thé ‘
,pressure within the generator falls to the pointgwhe’re the\’ra.lve‘j ~

is permitted to reopen, completing the cycle.

Figure 6 illustrates Linde's "OXWELD" MP-11 (Series 3) Stationary
Medium-Pressure Acetylene Generator; this conveys an excellent i

idea of the complete assembly.

- I the gas is to be compressed, the generator should be of the’ o

14 Speeid'? type,‘ a"type cépable‘ of feeding the cbmpression system
at fouf different fates to assure smooth feedihgto the compressof
intake and propér disposition of the gas in conformance vnth com-? .

pressor operation.




i Vacuum System S

t,' In "batch" type of generator a vacuum system should be prov1ded
‘of such capac1ty as to completely evacua.te the a1r from each ‘

generator pr1or to \kstartmgtheg..neratmn of acetylene. In the

s ‘"ycohtinuous”f,type, this system is not required.

~ Filter Box or Punﬁer

If a high degree of purlty is- desued the acetylene must be

e processed to remove ammonia and phosphuretted hydrogen.

g In tms process the ammonia must be removed first. This may be

L .accomplished by paSsing;the gas through a sc‘rubbingchamber in
whlch it is’yva’shed' 'W‘ith}a, solution of calcium chidride, after which
it crhay be passed through' a s’olrﬁtion"of c‘ommon bleaching powder

| or other ,o)cidizing f‘mediom to remove the*phoSphuretted hydrogen.

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

the acetylene forming fraces of chloride of nitrogen', a compound

which detona’teswith considerable force and could cause explocions

’, in the purifying system.

| These proceSsesvmay be combined m a Filter Box or Purifier.
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Gas Dryer

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

the compressor. This is accomplished by the Dryer, a pair ef :
chambers each of which is filled with Silica Gel; all water entrained ‘
in the gas is renioved by passing the latter through the ,’Silica. Gel “
When necessary the saturated chamber is by-passed and ‘the gas

is diverted to the chainber containihg the dried or reactivated “gel,’t

while its twin is being reactivated.

~Acetylene Compressor

Because of the hazard involved in compressmg this gas | the com-
~ pressing e‘qmpment differs in design from the usual air or gas
compressor, inasmuch as the crankcase, as such, is omitted. It
is ‘replaced by an open frame which carries the guides for the
crosshead, similar to that used in the conventitonalsteam engine; |

: there shorld be no pockets in which acetylene could collect.
Packing must be of the vented metallic type, readily accessible.

~ ;A typlcal eompressor whlch would be partlcularly adapted to thls
service, is the Hor1zonta1 Two- Stage water cooled #ESH—Z umt
bu11t by Ingersoll Rand this has a 5" (12.70 cm) stroke and Low |
: Pressure Cylinder bore of 7" (17.78 cm) and nghfPressure bore of; o

3" (7.62 cm).




This cdmpressor is capable of compressing the gas to a pressure
of 250 poﬁnds per square inch ga.uge(i’? Kg per square cm. ) and

~may be belt-driven by a 15 H. P. motor.

Sludge Disposal

o The two generators in alternate bperation will ﬁlake approximately
’26.8‘long tons (2’.’.2‘métric tons) of sludge per day of 24 hours.
The sludge as it comes from the Generators is actually a‘Slurry,

i of which approximately 10% is solids; this would amcunt to about :

700 cubic feet per day of 24 hours.

| Thisk‘ méy be pumped by centrifugé.l pamps directly intb tank t‘i‘ucks,
dﬁxms or other suitable containers for trénsporf; if thisk diSpdsal
procedure is not ’imnklediately 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 pr,ovided,: '6ne for each gener-
o ator. ~‘E‘a’ch:basin should be shallow enough to permit emptying by

| ‘h,and shovel, without demandmg too high a shovel lift for the

' laborér: this wduld indicate a maximum depth of 30 inches (73.35 cm),

’é.ndv}o"u‘ld demand an area of 180 square ’feet (16.72 square méters) |
eé.ch; ‘Each basm 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
pasins are potentially hazardous, and that sparks or flame cannot
be allowed in such areas, inasmuch as the sludge may contéin some
acetylene dissolved in it which can be ’graduallty liberated.

| Building

The generators should be installed in a fireproof building, set com-
pletely apart from any other structure so that they are in no danger

of ignition from any source.

The building should be divided into two distinctly ’sep'.irate 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 floor of the Generator Room should be of rcinforced concrete
 construction with non-sparking finish; it should have a minimum -
thickness of 6" and should e sloped to drain into a trench, the
ilétter should be sufficiently wxde and deep to accommddate the
water supply and gererator drain plplng This trench should

slope toward and terminate in the sludge basin.

kVentilaﬁon of this room is of primary importance; windows and

roof ventilators without dampers shoald be used for this purpose.

All windows and doots should be equipped with explosion-release
hardware and arranged to open outward. |
Electrical

thﬁug must be by electric incandescent lamps in vaportight fix-
tures with metal guards; all wiring and switches must be enclosed |
in rigid conduit and vaporproof condulets.

Carbide Storage
This section of the building should provide well-ventilated dry space

for storing carbide, together with all facilities required for handiing
carbide drums. As previously mentioned, the floor of this room
should be elevated above that of the adjoining generator rodm, to

facilitate receiving the drums on a shipping dock of the same



elevation, as well as charging the generators. Thls operation :
requires the installation of a monorail w1th a 1/2 ton trolley and
hand hoist with non-sparking cham to pick up and transport the
carblde drums and load them into the generators. If power eqmp-

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

The floor should be covered with 3 non-sparking surface, sumlar

to that of the Generator Room.

The total area of this portion of the plant would be about 514 square

feet (4‘7 .75 square meters}.

Cylinder Charging Eqmpment

‘Acetylene may be dehvered into the system for use by piping dn‘ectly i
from the generators under generator pressure, or it may be shipped
- in cylinders into which it would be compressed under a pressure of

250 psig (17 Kg per square cm. ).

'Each of these cylinders will contain 194 cubic feet (5.43 cnbic meters) |
of gas wlnch is dlssolved ina charge of acetone. Other sizes of
commerclal cylmders include those of 295 and 325 cublc feet (8. 26
and 9.1 cubic meters) respectively, all under the sa.me,pressnre 'of

250 psig.
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"Acetylene Chargmg Mamfold ; |
~‘ o The desxgn of the Charging Mamfold 1s prachcally the same as that

. of the Oxygen Mamfold. It is eqmpped thh a pressure regulator, .

_ Ccmtrol Block and Rehef Valves and, for a handhng capaclty of

. ,four cyhnders smultaneously, would cost about. ;500. 00 complete. .

Ll A mamfold for ﬁllmg ten cylmders smultaneously would cost

. . about ;2 200 00 complete but not mstalled The selectmn of the

g ﬁ’most appropnate mamfold would depend upon the Operatmg sch " L

- ;jﬁ,wmch nnght be favored.

: "‘Cyhnder Chargmg and Shg)_pgg
) ;A separate bmldmg should be provxded to house the Acetylme Com-

e ‘pressor the Cyhnder Cha.rgmg Mamfold We1gh Scales and

: Cyhnder Storage
* This building should also have a receiving ahd shipping dock and be
immediately adjacent to an all-weather access rcad. Where cli-

b fmatlc condmons perxmt this bmidmg could be merely a. ﬁreproof

g shed without walls to house the Campressor Eqmpment the

. ;i ,Cyhnder Charging Manifold and Weigh Scales.

. kcyﬁmier Storage needs | no'r(')of or walls, but should have a hard non-

e ~ spark Surfaced floor. The area for this portion of the pla.nt would

,’ average about 2, 400 square feet (223 0 square meters)




Heatx__g_g‘

Temperatures within the Generator Building must be kept sufficiently

high to prevent freezing. If heating is required, it should be by j
steam or hot water. The boiler for this system must be located at

a sufficiently great distance as to eliminate all hazard from ﬂa.me ¥

or sparks.

For a more economical system, an electric heater mounted outside

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

distribution into the building through suitable ductwork.

Plant Area

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

Acetylene Generators
Carbide Storage

Sludge Storage

Compressor Plant
Acetylene Charging Manifold
Cylinder Storagé and Dock
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Square Feet  Square Meters

240 22.3

264 24.5

360 33.5

80 1.5

60 5.56
2,400 223.0
3,404 316.36




Availability of Equipment
'With the exception of building structures, ail of the generating

eqﬁipment, as well as the Acetylene Compressor and Charging
Manifold described herein, may be purchased from any of the
; fcliowing manufacturers:

Air Reduction &les Company, a DI“VISIOII of
Air Reduction Company, Inc.

60 East 42nd Sireet

New York, New York

American Messer Corporation
405 Lexington Avenue
New York, New York

Ingersoll-Rand
11 Broadway
New York 4, New York

Linde Company

Division of Union Carbide Corporatmn
30 East 42nd Street

New York 17, New York

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

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

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

Union Carbide International

270 Park Avenue
New York, New York

-~ 46 -



PLANT OPERATION

Water Supply
Water for the generatmn 0f acetylene must be snpplied to the

~generators at a minimum pressure of 30 psig (2 1Kg per aquare i

cm. )at whlchratetheﬂowmustbenotlessthana.’rganmsper .
minute (132.47 liters). The recommended pressureis 60 psig =
(4.2 Kg per square cm. ) with a corresponding flow rate cif &
gallons per minute {(246.0 liters). .

It should be noted that the net ’pressure avai]able‘tothe 'genemmr‘ | o o
is that equal to the supply pressure minus tlhe gas pressure within

the generator for this reason, it is suggeswd that the reﬁommended

pressure be made availal'e to assure rapld filling of the generator,

The water should be supplied at temperatures not higher than 8°F.

(26.6°C) and should be clean, free from oil and chemical contam-

ination. Oil would result in foaming and the formation of carbice e
"islands™ on the surface of the water, while chemical immriﬁes i = L
could result in the formation of insoluble camm sans ﬂ,ese mgm b
accnmulate in the generator and czuse some trouhle Wa;ter con- | o

| taining excessive amounts of hydrogen sulplnde could ca.use tromie =
mthatthxscompound mustbe removediromtbegasorztcmm o

 aifect torch eqmpment
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i‘_i"'har@:_x_g_the Generators

i “} : ‘g In charging all generators of !n L&}'ﬂﬂi‘ty, zt mnst always be

1 i \remembered to ﬁll the generator tank with water m accordance | |

: wlth the operahng mstructwns for that partlc:ular make or type
of generator before loadmg mth carblde. ; ‘

s When chargiﬁg,,éarbide,~ it isgooa practice to employ ac‘harg‘ing‘ s
‘Hopper, if such is available, o load the carbide into the generator
\ ‘ hopper With‘outk s;:illing and to do so withcut raisihg and s’catt‘eringk
| carlnde dust remember that water spﬂled on such dust will create |
- a real haza.rd masmv':h as 1t will mzmedxately start the genera.‘:lon

]of ﬂammable gas ;

i '&orageandﬂsageof(:a.rbxde

> i When stonng carbide, the ‘arrangement of drums shmxld be such as
'to permit contmuous turnover of the carbnde, by using the carbide

S in the order in wluch 1t 1s recexved to m:mxmize the Iength of time

'»anydrummmstomge

',",QW_Lang_S_x(gnsandEreMglﬁshers |
 Caution szgns slmuld be posted in conspicuous places on all outsxde

: .and msxde wal!ls of both the generator and caa-mde storage roo:ns

“‘The‘lattersi@sshoum,smeﬂntthe roomcontainscalciﬂﬁlcarbide; ‘
i land‘mnagainsttheuseofwaterintiheéventofﬁre.
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The generator room should be provided with several dry chemical
or carbon dioxide type of fire extinguishers.

Soda-Acid or other types which employ water or any solution that k
would react with carbide SHOULD NOT BE USED.

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

"No Smoking™ signs and others warning against open lights or fires |
should be placed in and around buildings and the sludge pits.
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DIRECT MATERIALS

S S L No. of ‘ ' Total Cost
Item ~Unit Units Unit Cost Estimated  Actual

_. CalciumCarbide c/wt 19,398 §9.15/c  $177,500

‘Acetone ~ pound 146,000 .12 17, 500

. Total | - $195,000

- SUPPLIES

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

ro————

Activated Alumina pound 2,000 $.35 ¥ 700

Lﬂﬂkmﬁs, gallon 50 '&Oﬂk’k, 100

Caustic soda  pound 14,400 .09 1,300

Total o $2100

PLANT LAYOUT

 Plant layouts showing the location of machines and equipment are shown
on pages 76 and T8. |
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PLANT &TE

A plant 31te of apprommately 20 000 square feet will be required e o

| The site should be located advantageously with respect to trans

'POrtatxon, power, water fuel and markets Location with regard s

to Iabor markets is not important, since the labor requ’trement is

: small. The plant should be well separated fmm other plants and o

7 buildings due to the possible fire hazard

o 'The;estimated ‘/cost‘ of ,pmperty is ;1600. ,‘

BUILDINGS

- ;'rwo one story blnldlngs ‘each ﬁfty feet by ﬁfty feet with attached f e

i oadmg docks Wlll be reqmred. Total area mcludmg loading
: ,"facxhhesmG 000square feet ' “

The total cost of buildmgs including plumbmg wiring and heating o

“,1s$24 000. Anylocalbmldmgmaterxals maybeused

POWER

S ‘ The total con;nected load is 150 horsepower. Based onan exghty

: fper cent load factor the annual cost of power 1s eshmated to he
- {;;;15 ooo i
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. WATER
~ The annual water reg'&imment for all purposes is estimated at
1,940,000 gallors.

Th‘e‘annual cost of water is eStimated at $500.

FUEL

I is estimated that the annual cost of 'fﬁel for heating purposes only |

will be k$175 per year.

PRODUCTION EQUIPMENT

Number Unit 'f'Cost

Descriptibn' . Needed Cost =~ Estimated Actual
»oxygen éqni.pment | 1 $ 60, 000 ';60, 000 " |
Acetylene generator 2 5,000 10,000
Acét:ylene: compressor 1 e 3,,4505 - 3, 450

 Vacuum pump 275 550

NN

‘Manifolds 1,500 3,000

[y

- Wiring 500 500

Pipmg 1 50 500

Sldge pits 2 515 1,150

Total ~  ¥19,150
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FURNITUREANDFD(T?RES v S e
| Number  Unit  Estimated  Actual
Description Required = Cost Cost , Cost

Desks and chairs 2 $125 - $250
File cabinet 1 % 75

- Typewriter | . 1 150 150
Adding machine 1 150 150
Total I $625

- DIRECT LABOR

Job Number Hourly  Annual Cost

Classification Required  Rate Estimated  Actual
Oxygen Plant | e
Operator | 3 $3.00 $21,600
Maintenance man 3 2.00 ! 14, 40,0

Acetylene Plant

Operator ; 3 3.00 21, 600
Laborer | 6 2.00 28,800
Total 15 | $86, 400
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T Job ,
- Classification

‘Manager
- Bookkeeper

Total

" Description

* Buildings

~ Méchinery and
equipment

Furniture and
fixtures

Total

INDIRECT LABOR

Number ' , : Annual Cost

Required : Estimated Actual
1 ~ $10, 000
1 5, 000
$15, 000
DEPRECIATION |

Estimated Years Per Year e

Cost Life Estimated ~ Actual
$24,000 10§ 2,400
79, 150 10 17,915
625 10 63
$10,378
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MANUFACTURING OVEREEAD

Cost
Item Estimated  Actual
Depreciation | $10,378
Indirect labor 15, 000
Fower 15, 000
Water 500
Fuel 175
Supplies 2,100
Total | ‘ 343,153
MANUFACTURING COST
| Cost
- Item Estimated  Actual
Direct Materials - Oxygen $ -0-
Direct Lakor - Oxygen ~ 36, 000
Direct Materials - Acetylene - 195,000
Direct Labor ‘ - Acetylene 50, 400
Manufacturing Overhead ; 43, 153
Total | $324, 553
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FIXED ASSETS

Cost

Estimated Actua

$ 1,600
24, 000
79, 150

625

Item

Land
Buildings
Production equipment
Furniture and fixtures

Total

WORKING CAPITAL

Item
Direct material 30 days : |
Direct labor 30 days
Manufacturing overhead 30 days
Reserve for sales collections 30 days |

Total
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$105,375

Cost

Estimated Actual

~$16,250

7, 200
3, 600

65, 000

$92, 050



CAPITAL REQUIREMENTS

~ Cost
| Item Estimated - Actual
Fixed assets 5 $105,375
Working capital | 92,050
‘Total $197, 425
SALES REVENUE
Cost T
Estimated Actual
Sales of oxygen | $299, 000
‘Sales of acetylene R 480, 000
Total | $7179, 000

Sales revenue is based ou sales prices of $2.73 per hundred cubic
 feet for oxygen and $5. 49 per hundred cubic feet for acetylene.
The volume of gas per cylinder of oxygen is 244 cubic feet, of

acetylene is 194 cubic feet. |
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RECAPITULATION OF COSTS, SALES AND PROFITS i |
AR | i Cost
| Item « Estimated Actual
Direct materials $195, 000 |
 Direct labor 86,400
 Manufacturing overhead 43,153 n
Total manufacturing cost | $324, 553 ‘ :
Interest on loans ‘ $ 6,000 ;;;
Insurance 1,020
Legal | , | | 600
~ Auditing B | 1,200
~ Unforeseen expense | 10, 000 f
Total administrative cost | 18, 820
Sales expense S | 12, 000 |
" Freight-out, travel, bad
debts, discounts and :
allowances , , 20, 000
Profit before taxes S , - 403, 627
ANNUAL SALESREVENUE ~ FI79,000
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BUDGET CONTROL:

A requisition form designed to provide accurate records of pro-
curement and indicate the purpose of procurement with the least
amount of time and effort is shown on the following page.

This form has an account number for each type of the various
expenditures which the manager will review in detail, monthly

or oftener, in order to control his expenses. Some items, such
as power and water, are usually under contrzct and are easily :
checked by reference to monthiy bills. For simplification, items
(marked with an asterisk below) are omitted from the purchase
requisition. Variations 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 all expenditures

and the appropriate book account number placed on each voucher. -

At the end of each month the manager will receive a statement of
all expenditures broken down by budget accounts. If the expend-
itures exceed the budgeted monthly allowances of any of the
accounts, the bookkeeper will furnish the manager with a break-
down of all expenditures relative to the budgeted accounts exceeded.
All these supporting data can be secured by reference to the pur-
chase requisitions and the check vouchers. This reference will

enable the manager to determine what caused the over-expendxture
and take corrective action.

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

Monthly Monthly Aanual

Actual

80

(Reserve Account)

Note: Administrative includes interest on
loans, insurance, legal and auditing.
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- Account Number ‘ Expense Budget Budget

10 Administrative $ $ 1765 § 8,820 § |

20 Sales g 65,000 779,000

30 Direct Materials 16,250 195,000

40 Supplies i 70 800

51 Power* | ___ 1,250 15, 000 |

52 Water* : 40 500 ‘

53 Fuel , 15 175

60 Unforeseen Expense 830 10, 000
(Reserve Account) o

71 Direct Labor* 7,200 86,400

72 irdirect Labor* 1,250 15, 000 L
Depreciation 865 10,378 i
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R. W. MITCHELL MANUFACTURING COMPANY R

1422 mwom 'TKII'!' 8. K

ANYWHERE. U. S. A, S ; ,5 Né. 10000

| Pay___ N ; i —.DoLLars §
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| , R. W. MITCHELL MANUPACTURING cauhmi‘
L o | J
ro FIRST NATIONAL BAN#Z : SAMPLE CHECK
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VICK PRESIDENY

Smmple voucher check to he used for the payment of
- all expenditures in connect!on with Budget Control.
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ENGINEERS:

The services of professional engineers are necessary in the
design of this plant, even though the proposed plant is small.

A correct design is one which provides u.e greatest economy
in the investment of funds and establishes the basis of oper-
ation that will be most profitable in the beginning and will
also be capable of expansion without expensive alteration.

The addresses of professional engineers who specialize in
industrial design, some of whom may be willing to undertake
such work on low cost projects overseas, can be secured by
reference to the published cards in various engineering
magazines. They may also be reached ﬂzrm@x their rational
organizations, one of which is the

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

Manufacturers of industrial equipraent employ engineers familiar
with the design and installation of their specialized products.
These manufacturers are usually willing to give prospective
customers the benefit of technical advice by those engineers in
determining the smtablhty of their equipment in any proposed
project.

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



TRAINING:

~ Manufacturing an inferior quality of product during the trzining
period could create sales resistance that might be difficuit to
cope with later. To avoid such possibilities, the quality of the
product should be maintained at all times, including the traimng
period.

In some areas skilled operators may be availab. locally. In
other areas all the operators may have to be trained.

‘ kIf skilled operators are not available adequate training would be
aasured by using one or more of the following methods:

A If the plant is designed and installed by a competent

engmeermg firm, the contract should be negotiated, -
if possible, on a tum-—kr*y basis. On this basis the
contractor agrees to cperate the plant and produce
the quality and quantity of the product stated in the
coniract for an agreed period of time. Such a con-
tract would assvre adeguate personnel training, since
full quantity and quality could not be produced with an
~ untrained organization.

B. The engineering firm that designs and installs the
plant can usually make training arrangements to have
key percsonnel placed, for training purposes, ina
foreign indusiry that produces the same type of pro-
duct. This would provide training for the key per-
sonnel while the plant is being installed.

C. I neithe. of the above methods is possible, then
qualified and experienced irdividuals should be
employed for the key positions, either permanently
or temporarily, to perform the key cperations and
assist in training the organization, evea if they must
be secured outside the country.

D. The manager should have years of successful ez~
perience in this type of business and be fully
qualified in all phases of management, including
the training of employees.



SAFETY:

It must be understocnd that the manufacture of oxygen and acetylene
are highly hazardous operations. For this reason, the tw» oper-
ations should not be located in a single building, but should be
separated from each other sufficiently so that an explosion or fire
in one will not endanger the other.

The floor in the acetylene plant should be of a non-sparking material.
Certain safety precautions in the design of the equipment are
mentioned in the discussion of the manufacturing operation and
should be carefully adhered to. Manufacturers of the equipment
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 in 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.

Practicaliy all machines have safety appliances, and the nianager
snculd see that these are in good working conditt:ton and that the
operators are making full use of them.

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

The use of accident posters in the plant have proved 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 the attention of all personnel the lmpori -
ance of safety precautions.

A fire brigade should be established and each member trained as o

kis responsibility in case of fire. Fire drills shculd be conducted
periodically. | |
It is recommended that the employees be encouraged to offer‘suggesmms

or recommendations relative to prevention of accidents, removal of me
hazards and ma.mtmmng general interest in all safety factors.
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OTHER CONSIDERA’I‘IONS

'fﬂ',There are other 1mportant sab;eots 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 importers, wholesalers, retzulers

el _transportauon compames and manufacturers

MATERIALS AND SUPPIIF'S

: Are all materials and supplies available looany') S
. Is the local material market competitive? \

- prices?

What vnaterxals and supphes must be xmported" |
. Are they available in world markets at competitive pnces” .
Would prompt delivery of imported materials and supplies be |
assured so that large inventories wouild not be required? =

eoe wem

MARKET FACTORS

1. Is there already a demand for the produce"
~ “A. Who are the principal consumers?
~B. Whoare possxble new consumers‘? |

2. Howis demand for the product now sahsfxed? e i
* A. By local production? If so, | what is the volume of annual: ‘
production?

‘What percentage of consumptlon is fﬂled by Ioca; pro- i

duction? ‘

. By imports? If so, what is the volume of ammal mports‘?‘
What percentage of consumption is met by Imports‘?

. From what areas are 1mports denved‘? ;

o
:
:

L

BB0

Is satlsfactory dehvery of 1oca1 matenals asSured at reasonable] b o

3. What is the estimated annual increase in local consumphon over o b

~ the next five years?
- A. How were such estlma.tes made‘? : ' 8
‘B, By reference to official figures on population growth
~ family budgets, imports, etc. ? L
C.. By consultation with trade or industry, xmmstnes

associations, bankers, commercial houses, wholesalers, e

retmlers mdustnal consumers, etc. 2
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o o 1

If the product is already being manufactured, can the existing
and estimated future local market absorb productmn of the
new plant without price-cutting or other dislocations?

Would the estimated sales price and quality of the new product
make it competitive with an imported equivalent?
A. After adjusting cost to local conditions, is the
estimated sales price of the product so high that
tariff protection is necessary to proteet it from
imports?

EXPORT MARKETS:

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

Can export markets for the product be developed?

If so, in what areas and in what annual volume ?

What procedures would be necessary to clevelop export markets ?

What would it cost?

MARKETING PROELEMS:

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

. Do marketing and distribution facilities for the product exist? -

A. If not, can they be set up?
B. Wha'! would it cost to do so?

Will the product be sold to:
Wholesalers ?
Retailers?

Direct to consumer?
Other indusiries?

‘Government ?

moowy
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1.

i.

ECONOMIC FACTORS:

How much foreign exchange (and in what currency) is required to
import machinery, equipment and supplies:

A.

te

How much foreign exchange (and in what currency) is

required for annual interest payments and amortization

of any loans contracted to import machinery and equip-

ment, or for payment of royalties and technical services?

How much foreign exchange (and in what currency) is

required for annual import of raw materials and supplies?

What are estimated annual foreign exchange earnings and

in what currencies?

Has careful consideration been given to the possibility of

depreciztion in the foreign exchange value of the local

currency?

Has careful consideration been given to the possibility of

import controls, or restrictions on availabilities of

foreign exchange necessary to operate the business?

What benefits would the new business bring to the economy

in the use of local raw materials: in emplovment and in

technology ?

Do dependable facilities «xist for transportation, power,

fuel, water and sewage?

(1) If not, can existing deficiencies be eliminated
satisfactorily ? '

(2) What would be the cost to do so?

PERSONNEL:

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

A,
B.
C.

Also, the training of skilied labor?
Is technical advice available in the locality ?
If not, where can it be obtained and wha: will it cost?



LAWS AND REGULATIONS:

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

A.  If not, can existing obstacles be removed?
B. Ifso, howan " 1?7

FINANCIAL FACTORS:

1. Techni :l advice on selection of machinery and equipment.

A. 1Ia seiecting the machinery and equipment for the new
plant, have repu.able »nd competent engineers and
technicians been consulted?

B. Have they been 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 REQUIREMENTS OF THE PROJECT:

1. In estimating the cost of the project, has careful consxderatmn
been given to:
A. The effect on costs of delays in construction schedules ?
B. Indelivery and installation of machinery and equipment?
C. 1In import of essential raw materials and supplies?

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

Maintaining adequate inventories of raw materials?

Supplies and spare parts?

Seasonal fluctuations in the business?

The time required to liquidate credit sales to customers

and bad debts?

The period necessary to get the plant into production?

Cash required to amortize its principle loans? '

mE Uomy

3. 1If the economy is in a period of inflation, has full 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 3
finance short—tlme workmg capital requirements of the busineaa ?

FINANCIAL PLAN:

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

m-2732° | S _70-
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