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and again on May 30, 1945 ths plant ab

h #inchen, " Germanv 0f the.Linde .
) 4 “!Gesellschatt: £lir Linde's' Elsman
oGy Wwas: visited by Mre Le Lo Newmen and Dre-Hi
Hhe Welr, . Dn. ‘Richard-Linde furnished most of the infor-
mation on:hoth.occasions; though Dr. Friedrick Linde, his
brother, ond Dr, Ing. Ulrich: Hallev, Chief aninear, were
pregent at’ the first discussion.

GENERAL HISTORY OF LINDE COo AGTIVITIES

) The Linde Gompany, founded in 1879, mekes equipment,
both 1arge and small, covering the entire field of temper-
atures below normal. Branches at other points in Germany
manufeacture compressors for all gases and_pressures, high
pressure valves, ges cylinders, and compressed alr tools
of various kinds. "Another subsidieryy; Guldner liotoren
Werke in Asschaffenburg, makes four stroke cycle dlesel
engines of most varied kinds. Aside’.from these main’
avenues of effort, the compeny makes or merkets nearly
ell the accesscries which go with the maln ltems of manu-
facture. As might be surmised, the Company was very busy
during the war period.

. The present manuscript summarizes discussion on the

Teommerelal manifacture of oxygen (snd nltrogen), end on
the low temperature seperation of hydrocarbon gases, .
latter field has obvious interest to petraleum technolo-
.gists, and. the production, of oxygen is, of course, of -
;intérest "Lhasmuch as “there are certain new’processes for

the warmfaotire bf gaa-suitable for Fischer-Tropsch syn-

“"thesls or hydwogenation~uwhich,make use of" oxygen “{Astead
of alr in prihary gas- oroducers.

The 1iquefaotion of: air was flrst. accomnlished in e
“fashlon glving promlse of: commercial: utilization by -Carl.
‘vvn*ﬁtﬂdﬁ“”father“o - MWbove“mentionedrﬁin&e*bre%heraw—

Strides. were. madewtechnically in the . low “temperature.
field inthe 80Ys up;to:about 1910, “but ‘the;scale: of.

nlants'm ufactured waswsmallo The first really: 1arge
Nscale 88 for air: gepare tion was: o produce:; nlbtrogen in

ﬁhaf 1ghipresgure ammonia synthesis, a.gevelopment, whs.ch
%t en 1915 andf1925o




ome thing more then 9 s plants for n
andyor oxygen manufacture ha gen’built by~
Company"ﬂrom'leésftp‘the presente~ " .0 v

- The-fiela of spplicetion of oxygen for process pure
poses has been mabterially expended by the development
of the so-called Linde-Frenkl process. . The fundaméntal
difference between thls process and the older Linde,
wethod of memufacturing nitrogen snd oxygen is that
regenerators rather' than tubular exchangers are used to
reduce the energy roquirement Ffor the alr liquefectlion
process, The chenge simplifies and cheapens the pro=
ductlon of moderetely pure oxygen (s.g. 98%) to an
extgrt not likely to be fully apprecisted without de-.
talled studye. The process,-however, 1s not usable
alone, for the production of ‘& higher purlty oxygen
then 985, for reasons which will become apperent later.

0o ORIGINAL PROCESS. » LINDE COMPANY

For completeness. the reader 1s reminded that the
originel Lincs progess for liquefaction of alr depends.
on the so-celled Joule-Thompson effect, whereby alir
under high pressure when throttled through a valve will
show & temperature reduction. The amount of temperature
reduction with an adiebatic system is a function of
1nitiel temperature as well a8 pressurea“ By arranging
for continuous heat exchange between incoming high.
pressure alr snd dutgoing eir after throttling expansion,
progressive decrease ln abdolute temperature can be
effected until finally part of the outgolng alr will be
sufficiently cooled to preclpltate as liquid phases

Commercisl application of the phenomena involves
introduction of all practlcel meens to - -~ "=

(1) prevent the entrance of neat from outside the
- apparatus;. ;
~(8) effect heat sxchange between streams clreula-

“ting withiln' the equipment;

T(BY-puriry the alr “to-processing-so—that——
e ces‘of.disturbing,impuﬁities;dp,no$_1ntgr~

febe with, the continuous. operebion.

n?Thémdéta;fonwthe‘phenomenonaﬁﬁgiéwﬁQQbe,qséd_bylthe
- I+Co Farben, are glven -in Flge ¢ herelin. ‘These date

”*“W?f&ﬁcbstractedﬁfrom*upgnbligﬁed(‘
" irepoRbse s R A




villatglon except: &
that the temperature of seperetion 1s some’ 200° C.
belowvthe:general‘suproun@ingsof*lt'rs'Well-known;fof
course, that the thermodynsmic officiency of a process
1s improved if smell temperature differences only are
ceused to exist when Heat exchange or conversion ls
involved. Usually, however, the investment requlred to
obtain such conditions is not justifled. Tn the 1iguld
alr 'field, however, the operating costs Lnvolved in’
etteining the low temperature level requlred, Justlfy
the large capital expenditure, so that the sbove wen=-
tioned principle is‘demonstrated on larger scale in
this field, perhaps, than in eny other fleld of commer=
cial menufecture. - v ‘ |

In describing the original Linde process above, Com=-
presslon of all the tir o the hilghest required pressurs
wes contempleted., It was polnted out long ago, however,
by Lackmen that the requirements of the distillation
separation of air were such' that only part of the alr
need be compressed to a high pressure and expanded.

The rest of the ailr can be compressed to moderate pres=
sures and coolad by heat exchenge to a'low temperature
end then directly introduced inbo the fractionation
equipment. Due to the low pressure drop characteristic
of Frankl heat regenerators, the Linde-Frankl process
cen make use of this fact very effectively as wlll be
1ster indlceted, so that only a small Hortlon of “the
kotal ailr llquefied is compressed to high pressure.

Do . THE LINDE-FRANKL PROCESS - DESCRIPTION

___The Frenkl regenerstors utllize the well=known
orineclple of exchanging Héat betwsen gas ‘streams by
alternately hesting and cooling solids packed 1u o
towdr through passage first of one gas and then the
other through the packing. Four regenerators sre used
iR Ehs Tinte=Frankl process=~two: on:the -cold nitrogsn...
;geparatelyafrom»the:procesg,equlpment; Each of the
'nég@ﬁératdrsﬂiﬁ“in/tdrnvusedwto.cool incoming alr ab
é“presSQPefof~aboht-4u5‘AtmOSu'gauge;ﬂﬂThe_timing¢of,
‘théﬁcy91§ i$jhdju$tQ@yw1tpfreferenoe‘to;the'volume,of
jthe\regengratorSVand‘thsﬂmﬁﬁé“bffpacking“material'suoh-
hat ) %furédflﬁﬁPﬂ@§i9¥§f3??§h§?“Ppﬁrf&n@f*“
\ ors.or eccumalators " ape

f:ithe regenerab




‘proposed by Fpankle Tt ]
about . one inch thiek and of such
closelywithin the regensrgtor.vessel mé. uw- ..
“sush. pancakes, two l-inch: strips :of ‘aluminum sheed eaeh
«Ath corrugations or riffles at an engle -of 459 0 ‘the
center line are laid together S0 that +the eorrugations
are ot riﬁht angles, The strips are thus held apart
about 1/8" except at a series of points where they. touch
et the. top of. the corrugations. _When the "strip pair®
is wound up into a-leinch' flat s;iral, the_above menw-.
tioned circuler pancake 'is fored and is thereafter.
‘neld. together by clemping wires. Figure]ebwill nieke
the constructlion clear, In packing the regenerstor
shell, .a serles of these pancakes is inserted,; each
laid flat on the one next below, untll ‘the’ regenerator
vessel 1is finally filled as required, The assembly of.
the porous pancekes ls such that s myriad of gas chan-'
nels is nresented for gas flow in the. direction of the
axls of the chamber. Altogether it is possible to
srrenge matters so that more than 1,000 squere meters:
of heet exchangs surface is presentea by one cubic
meter of the assembled packingo

Before describing the process for producing 98 to

99% oxygen, it should be stated that e pumber of dif-
ferent deslgns have beon and are used sccording to the
alze of plant, cost of power; and needs of & specific
_installation, This description is baséd on the 8.CCOM= .

ranying flow sheet, Fige. 1, stated by the Linde Com- "
peny to be eiie of the more useful of the several veri
ations of the processe Other schemes of operation NG =
ing Frankl reqenerators will.probably be claar, once .
the pr;nciple of use in ‘the" following cese’is’ understoodo“

"Referying now to the flow ‘sheet” (Fig. I), ‘the followe
irg describes the -opsrations’ 2fter the equipment s din
temperature equilibriure ~The turbo. compreasor shown at
the lower right comﬁreesea ‘all of the .

‘e~ processed 40 about ‘4.6 atmoss gaug
; ""i"n 1 :“;-,,bY““l?he"ad‘j
. About 95p 0 tnie’cqmpressed ,

Sﬂl‘f ace e

fturezbefore passing "out
: eetionating column



ientioned ab

~,Thq&upperhpo,pmnmeperatgagat.abqut,Oozwatmqa;,qbove
normel; pressure. and: Separat s _the feed liguid by nitrow
geh reflux at the top- into Ypure’’ gaseous nitrogen at
the top.and "pure" liguid oxygen.at the bottome - (NB=wm
'Boilingfboinxb*atgatmosphsﬂicypressure'ara'asﬁfollowsz
Nitrogen & =1985.,80.C; Oxygen = =185.00 G)o —

rThe’hbat:ﬁor}frggzionaﬁLOn-1n‘th§.1ow"pressure‘(upﬁgr)

oolumnrgdeS"from.bharcondensation of -gaseous nltrogen
rising to the yopibf'thefpressurevgolumn.directly helows
The 'tubular -heat exchanger -at the bese of the upper col=-

umn,uanéfintegral'With*bha_top‘9f~tha'IOWer-column, thus
hae .a double purpose. Ik supplles the heat for fractlon-
ation in“the upper column amd(furnishes«ﬁhe.reflux,nftro-‘
gen liquid for the lower coluum, the heat exchenge belng
" made possible because of the . "inversion" of temperature
caused. by the pressures chosen for the two columns, Fart
of the -condensed hitrogsn 1lquid at’the top of ‘the lower
column, where it serves as reflux and 1s in turn flash -
" vapeorized to form the above-mentloned pure gas producte
This nitrogen gas leaves the system by way of the Frankl
regensratoy assigned -to nitrogen service af a temperature
only 3% 49 C below. surrounding temperature. s

 ThbfBSKIIhE“Ilﬁﬁidwétwthb“base”of“thewupperweolumnwisw
substentially pure oxygen, and the proper proportion of
the gas rising therefrdm is defflected as oxygen product
through the corresponding one of the Frankl regenerabors.
1t éméﬁgéd“ffbm'theﬂFrankl7asftherproduthshream~ofwoxy-
gon/and at only B or 40 C'below atmospherio temperaturos

M;Eggh,dfﬁthe~pféduct~stréama;.1.6@,_the,?puraq nitro-
gon-and the M'pure’ oxygen,: remove byyevaporation fram
.the@qornespondinggﬁrankl‘regengrator;’the;ice?andhsolid
”ééfb@ﬁﬂdfdxiﬁéﬁl?ftﬂfrpmﬁcdoliﬁgwofuthewincOmingwair;inw
THHET DI svious-phase—of-their-operation, Thus cach of the
‘ pgﬁklyrqgenaratorspisqnptypnli;éga@ﬁﬁrédﬁbéﬁfin“tgmperaw
‘dtuﬁe;;bhtﬁiQPQISprutwinfafclegnmcdnditibn”fon'goquhgat‘
trdndﬁer;wf‘gwellﬁasﬂforftha'furtheruremovalgof,water,;
yepor ahd’carbon dfoxide; from. eir led through in,the next
succééd;ngﬂcyCIQqﬁﬁTthevaﬁcggtiﬂn“bf‘aolidégigpcpmpletew
‘epough 806 that -1dsally; - there:is-no-need-+ever-+0.remove. .
‘the ‘precipitated’ components: by lldﬁiﬁg&thhﬁFranklswto:wv

o)




part of the cyclic operation. .Both sources of iupurity
are reduced in part by venting the pressure air before
introducing the ¢0ld product streams, and sometimeés by
further venting the initial "pure" products, elther
wasting them entirely, or under certein conditlons,
passing them back to -the process. It 1a obvious that
meny .combinations of factors, such as cost of operation,
relatlive value of higher vs. lower purity gases, unde=
sirability of introducing toéo much water and carbon
dloxide back into the system, .etc., find. interplay,
together wlth the prejudice of operators, to effect -
meny veridtions in aetunal practice at this point. In-
eny ocase, however, the.cycle ls under the action of
controllers, and when once menunally set up proceeds
with intermittent_attention of the operators only. It
s, however, quite impossible by asny vaeriation of the
details of operation to attaln the highest purity of

. producty when the Frankl regenerator system is used

" as described, ' |

- It should he emphasized,‘however; that one of the
luportent advantages of the Linde-Frankl schefie is
directly cohnected with the disadvantage in respect
to purity of products just mentloned, The.offsetting

Tadventage 1s that the inlet 'air to the process (with
the exception of a small proportlion to be presently
mentioned) does not need. to be scrubbed free of carbon
diloxide and water vapor, such.as is invariably.naeces-
sary to prevent fouling stoppages when the older tubu-
lar type heat exchenge is employed. A ‘second edien-

“tege dcerues from the very low pressure drop whlch can
be secured wlth the Frenkl regenerabtors in comparison
to tubular axchangers. effecting the seme: heat exchange
it small temperature dlfferences. Thus with the Fpankl

equlpment it is-not' necessary to-conmpress the gas-inlt-

—fally—to-as—high-an-tntermediate—pressure-before—coolmw—

. ing and introducing it to the fractlonating column as
would be the case if tubular exchangers.were useds ..

. Xt will be.apparent .that the process as described
/{Up k0 ‘this point doss'not provide for the actual Low
~temperaturecooling requil 0" zomg 1o nd
inefflclency. on




‘Abmos. D

pre:

washer to: remove ‘¢arbon- dioxide and most:of the. water
vapor. ‘The - purified air ig then compresaed to sbout

180 .Atmos. and thereafter is first water cooled and then

cooled indirectly by ammoniea refrigeraﬁiona (NB=~The
anmbnle syatem ls entirely separate from the rest of the
squipment.) The refrigerated ailr passes through to two
interchengers, Nos. 5 and ¢, which together cool it to
such a -tempersture ‘that, after expansion, into-a point

-near the middle of the upper (low pressure) fractionating

.of Frankl regenerators. .This. is

column, it ‘liquefies eompletely.

The low temperature cooling fluild for exchangas 5 and

6 1ls part of the llguld notrogen from the top of the pres-

sure column drawn through leveling pot 3. This liquid
nitrogen, amounting to some 15% of the totel weight of
alr being processed, 1s gasifled and slighxly superhecated.
In passage through exchangcr 6, after which 1t 1s ex-
panded--without condensation--in the small expansion tur-
blne (at the exbtreme right and middle of the diazgram),
Expension is from the 4.3 « 4.2 Abtuos. gauge, malntained
in the lower colurn, tc the 0.2 ~ 0.15 Atmos., gauge,
employed in the upper columm. The expanded nitrogen,
recooled by the process of the expansion itself, passes .
through tubular exchanger 5 snd to the atmosphere~-or,
more ususlly, 1s combined with cold nitrogen going to

the Frankl. It may, however, be teken as a small stream
of..pure. nitrogen product. , e

It nust. be noted ‘that the necesslty for removal of
carbon dioxlde prior to high pressure compression of the
small stream of gas just described is due to the fact
that tubuler exchangers, 5 and 6, must be used in place

ecessary .since .the..
heat exchange is between gases on khe one side having &
pressure -.of some 180 Atmos. and streams of nltrogen on
the other slde at substantially\atmospherio Prossure.

'"Tybiééi'q&aﬁﬁiﬁles'and'fempére ures may be glven to

~amplify-The ebove descriptlon.  Figures-wers obtained-

from Dr.- Richarq Linde. +All volumés are expressed in
cublic meters, réduced to 760 mme Hg. and 0° 3. The unit
of time 1s one hour.

Ao b bbb e



m;_r,"

Nitrogen  Oxggen
\ : uFranéIE " Fpenkis..
‘Low Préss, Alp m® 91907 - . 2250
Cold Nitrogen m® - 9550 ( _
Cold Oxygen m° R 2585

Total product Oxygén'is as glyven for ﬁeold9=oxygen°, Sum
of oxygen snd nitrogen produced is 12,235 w®, shrinkegse

from volume of total alr processed 1s due to purglng and
losses, o ‘

Typical temperatures as follows:

Alr into unit 4 15° C.
Qombined alr from both Frankls ~172° C.
- (Nitrogen into Frankl, 1 & 2, -175° 0.
Oxygen into Frankl, 3 & 4, ~172° C.

Both “"pure" stresms out of Frankls at ebout 4 13° C.

Typlcal Colwm conditions would involve:

LoWer'Goiumn Upper Golumn
(1) Pressure , 442 At, Gauge 0.2 At. Gauge

(2) “Pemps” OC - Top - . ~“~182 e I
Bottom =172 o 2185 i
(8) Reflux Liquid Not directly 5900 m9 (Lige Wp)
. - glven L

(4) Produot® fop 706 md Np - 9580 m° Np (gas)
S - (Lige) e

Bottom 6900 m® . 2432 w9 (Llq.0p)
L (BigeNix) - | B

(6) Plate Spaolng @0 mme - 90 mm.

‘& ¥B Amounté expressed“as gasae

& TG NUMEFRAXD TOGATTON: OF LINDE-FRANKE PLANTS

TR




' Outside.Germany, Vrplant y 887 given below. S
Inside Germany, or occupied territories, 69 plants.

- The average size of thp plants inside Germany was .
steted 0 be aboub 3,000 eubic meters per. hour.of 98%
OXYy] eno - The largest installation of all was sald to be
that at_ Brix, Czeohoslovakia, where 10 unlts, each of
3,300 ms/hﬁ987 oxygen capaclty; exlstedw-or existed
before boubing. ‘- Ineldentally, the present, condition
of the various ingtalled plants elther ln Germeny or -
elsewhere was not known by the Linde Compeny at the |
time of our visit, -1f- the wpiter's observation of
severdl Germen plants constitutes a typleal sample,
one might hazard the guess that most of the German
plants have not been seriously harmed’ end can be
relatively easlly vepaired.

We were informed that all of the plants installed

outsie of Germany or German~controlled territory are
. contained in the list given as Table 1 on the next page.
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Electrio power requirement 1q about 0 3] kw/nms of
- 98% Qg produceds, If electric powsr costs 1.5 pfg./kwo ‘
hr., the total cost of 98 oxygen was. said to be diatri-
buted a8 follows.

- mlectric power ® 50% ,
Amortization
and interest = £0% (Inturest being taken at’
\ 5% on investment)
Other costs of
Operattng laborsl 05
The above cost allocation was sald to be sound for
German conditions in the case of plants producing 2,000
oom /hra OXygen or more.

.Desplte the almost irresistible temptatiop to trans-
1ate these figures into dollars, 1t seems very doubbtful
if it 1s the part of wisdom to do so. In the writer!s
opinion,- one should recognize an impossibility for whai
it is.. The chief interest in obtaining a dollar cost
figure is to determine what might be expected from some
plant subsequently bullt. Germen lebor conditions,

vmanufacturing conditions, and all other iltems golng Iinto
“investment -and.power--costs.will.doubtless. be. so..changed .
that sound assumptions canhot be made at the present
moment.® So far as past conditions are concerned, the
Dollar equivelent of the Mark comes into questiono The
_less. one 1is .famlliar with the background of German pre-
.war and war ecopomics, the more ready he 1s to asslign a
~dollar-egulvalent. to..the. Mark. under..the. Nazl.regimes. .
dith full realization of the unsatisfactory condlbién
which remeins. when leaving thils discussion as at pre-.
sont,.the writer prefers not to translate cost figures-
.eny. further .than . may e dmplied by .the: single, statement
’ t. tvpleel of the .larger size |
Linde plants iq about O 5-kw/nmﬂ of 98p oxygen pxoducedo

: Table 2 below, gives some detailed power consumpn
tion figureS/for Linde~Frankl plants as, & function of

- the- pﬁrity of the oxygen mixture: produced. ‘These, figm=

Y ] owerurequivedﬁionuan zpepat;%ngd

~ : om:-0of-the

purities when tubuler: ,



Linde~Fpénkl regenerators, It sh
lagt column of :the table shows 6 1t+1la moxr Von=
lent to-spesk .of pgwermﬁdats«iﬁ'”,rmbw¢frcubtc,,_£eps?of
nitrogen removed,1ﬁ.orderatO'makefthe'varioué mnixtures,

In" going from 40% oxygen to 98%. oxygen, 1t will be noted

that the'power congumed per'm..of nitrogen removed,

increases a little more then.25%.

" Table 2

v

Power. Gonsumption Figures for the Production of
Oxygen of Various Purities -

‘Power. Con- Volume of
spmption Nitrogen '
- : per md pure to be re-  Power Cone
Purity of  Power Con- Oxygen ~~ moved from sumption
the produced symption per (100%) in  the air per per m®
Oxygen Miz- 'm“ Oxygen  Oxygen md Oxygen  Removed
ture Mixture Mixture Mixture -  Wltrogen
% 0o KWH/m® KWH/m3 m®/m® KWH/m®
40 . 0,09 . 022- 0.92 0,095
60 0.19 0,315 1.87 0.1
80 0.31 0.39 2,83 0.11

90 0,38 0,425 3.31 0,118
08 0.445 04455 3,69 0,12’

To be compared with the figures for a large
plant util¥zing tubular exchangers: .

98 0,65 0.665 3.69 04175
99.7 073 0,78 . 3. 0,195

G. MISCELLANEOUS

__The Linde Company was under the necessity which beset
nearlyﬂqll*Gbrﬁan”méﬁufébfﬁﬁéfé}‘béfore”and“dﬁriﬁg'the war,
nemely, of conserving all special metalss Copper is the
idealwmgtgrial~for'low;témpérétﬁré'wqu»and»has*always
been used- for the -purpose.Dr, Richard Linde advised us ﬁ
thatwdueltayéhortagewof*copperSmanyﬁstéélhﬁwéfa(%ﬁiéa;
for low-température operation. . However,. steel No. 445 -
Of“thhécefmén*ligt“of war’ steels was aatisfactory, -and

3

or "Deutro TT-A 23," saidfbyéDfaﬁﬁindgvto'be(gﬂétéelgofl
composition: - e




d‘identical with

ot eels-=not avallible a b wrlbinge e

, this.polnt. . "Deutro’ teels were: made by
sut:sche Rohirenwerke A.Ge (Ditsgeldors, Ger,) but’ reference

to a’ 1957 Gatalogue shows no.. listlng as. Deutro TT-AZS.

Dr. Linde was quite specific to*the effect that the
preferred weterial for low temperature work was copper and
that in spite of its higher purchase cost fabrication wae
‘somewhat simpler and that in the end 1t was the cheapest:
material avellabls for low—temperature work. Ordinary i
soft solder is entirely satisfactory for sealing copper
 joints as In tube sheets, and this procedure is of course
much cheaper than any which can be used where steel is
Involved, ' Furthermore, drewn copper tubes of thln wdll
section are practical, whereas the tubes with equally
thin wall cennot be obtained-in any steel, particularly
one of 'analysis such as the above, which cannot be classed
‘as easynworking materials ‘

Ho " SEPARATION OF GASES OTHER THAN AIR
BY LOW_T:ilPERATURE--LINDE PROCESSES

- A short dlscussion of gas separatlon processes was
also had with Dr. Linde, though the time availlable was so
short as to give only fragmentary.information. Furthere
more, 1t was found that Dr. Linde himself was not partiocu-
larly conversant with the deteils of these processes,
Those of hils englneers who were more conversant with the
matter were not available during the afternoon ViSito

Je HISTORY

‘It mey be mentioned thet the Linde Company first
entered into the field of gas separation other then air
In 1910=-in order to maske hydrogen, principally for fat
‘hardening; from water-ges-While a few plants”of “this
character were built, the Bamag process for hydrogen pro-
duction and alse that of the I.G. rendered the Linde pro-
cess of little commercisl interest, ‘' The matter was only
takeh up.again seriously.in 1924, -when Semmeb-Solvay. -

pliaddtn_Lindauin_lQ24.£on_a.plant~toﬁmake-hgdnooanbonﬂu-
separation from gds which they expected to have availeble
at their ammonia plant at Ostende, Belgium.

C It ls a fact that carbon monoxide 18 very soluble in
11qu1d nitrogen, end” plants using this method of removing
Th x1de- omwkydnogen*qr“othbrwgase3wwere~manu~ww-'

3 ‘g between . the  years .of 1926

: aS‘theuperﬂod tn which. 1ow-temperature |

b menufacturs hydrogen snd. nitrogen in the. proper.

?ratio for ammonia synthesis thrived. There were said to
S 14: -




be - some 200 units of bhis character in;Ope‘ationo
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Figure 2 shows the over—all features of a plant bo
process gas from coke ovens and meke a. principal product
ges sultable for ammonia menufacture. The rectengle st
the upper righthand corner of Figure 2 1s shown in detall
on Flgure 2e~a, It ls. outslde the scope of this repbrt to
go into deteil as to this operation, but Lt is oelieved '
the main features will be apparent by a study’ of the diap
gram‘; '

. Brlefly, coke oven gas ls compressed, benzols is sep-
arated, and carbon dio§ide is washed out first by water
and then by sultable "alkell solutlon. Precooling of the
washed produét is accomplished by an smmonie cooling sys=
tem and the purified cooled coke oven gas then passes to
the low tempersture equipment shown on Figure Z2-a, Heat
exchange wlth outgoing products cools the material %o
preciplitate out methene as liguid and the carbon monoxide
1s washed out of the gas by liquefied nltrogen, liguefac-
tion being carried out by the well-known Linde méthod,
making use of the Joule-Thompson effects The liquefied
products, including liquefied methane and ethylene, also
the liquld stream of carbon monokide dissolved in nitro-
gen, pass oyt of the equipnient sfter exchanging "cold®
with the incoming meterials.. A somewhat different ver-
sion of the low temperature part of a unit to make the
raw materlal for ammonla synthesis is shown in Figures 3
and 3=a. Its operatlon will be clear on following the
flows- shown -in -the--dlagrams. - s

Plgure 4 1s a partial dlagrem and Figure 5 1s a com-
plete flow dlagram of equipment which the Linde Company
installed in Japan° -The equipment of the lnstallatlon
given by Figure 5 conslsted of two sggregates for nitro-
gen-manufacture-at. the ‘rate-of 1,500 cublc meters per
hour and two gas aggregates sach o,OOO cubic meters per
hour of a mixture of hydrogen and. nitrogen. - Hepre agaln
2 complete discussion of the diagrems 1s outslde the
scOpe of, this report, but 1t is, belleved. that those _

qualinted with t towill f

‘followlng t’e flows. -

In recent years the Linde Company has- been oalled
upon to manufaeture numerovs plants for. the separation
- of - hydrocarbon, gases "y Yow temperaturesy  As in the"
ucasewofwthewlowwyemperaturemequinmentushpwnwin~Fi ure.. -

"the " Purpose-wea to}produce pureﬂmethaneuby“geparaiion'of‘

‘water gase
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£ 0f dlagrem was under ‘a-pressure of 12 At. -

and at »40° ¢ agon of précooling in an mmmonis -
cooled ingtallation which 1s not’ shown, The complicated
‘exchanger system indicated by!items 1, 2 and 3 effects
precipitation of ethylene and &also of liquld methane
which is distilled in column 4 and taken as a pure stream
at the upper lefthand corner of the page. The gas, sube
stantially free of methans, passes from separator 10 iInto
the wash column 6, such entering ges having a composition
of about.8% nitrogen and 887 hydrogen, together with 4%
€0 which ls to be washed with nitrogen in thls low temw
perature apparatus. \

Liquld nitrogen 1ls prepared by high pressurse com-

pression of hiltrogen not shown except as the incoming
high pressure line at the upper righthand corner of, the
diagram. Exchangers 11, 12, 15 and 14 bring this nltrogen
to low temperature with the assistance of exchanger 8,
which is just before the expansion valve vwhere the Joule-
Thompson effect: ceuses liquid nitrogen to precipitate and
form the wash liquld for colum 6. The mixture of nitro-
gen ant nitrogen freed from carbon monoxlde by this wash-
ing then passes out through heat .exchangers 3, 2 and 1 in
series to0 make a suitable raw materlel for ammonlg .syn-
thesis. The pure wethane stresm nhas already been dls-
cussed apd other streams which may be teken from the unit
will be epparent from a’ study of the diagram.

The apparatus just described for the production of
pure methane involves the use of nltrogen as refrigerant
vut may be said to constitute the limk between the older
avenue of effort of the Linde Compeny end & newer field,
nsmely, the separation of pure components from mixtures
of light hydrocarbon geses. Figures 7 and 8 ghow-two
designs for the recovery of ethylene from its aduixture
with higher and lower bolling hydrocerbons.

L. SEPARATION OF HYDROCARBON MIXTURES -

TFIgure 7 Shows & Oesipn.ior separatifig nydrocarbons
which does not use ligquld ethylene as a circulatlon streem
for low temperature.cooling. The reader will probably
find no difficulty jin following the fldws in %he diagrem,
but it may be mentioned that efter compressing the crude

--gas_in Compressor 1 and precooling 1t with ammonla re-
~Fpigenation -(not-'shown), propsne.ls. separated. out with

“fpactionation at thé buse of column 8: - Reflux is maine

| “telned by ammonls; - The gas:then-passes: to.edditional .-
‘cooling by an eveporabing mixture of Oz constifuonts,
then: is usdd'as”a{geb01ler‘étpeam‘at’tbe}bage\of colurn Oe

-~ -
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reflux to produce-armi 2 -eompount
- and pure methane at the top. This mikture ig vapor« '
~1zed by exchanger 12 and passes to. column 16, Wwhere ‘it
1s fiactionated to a Bottom: stream-of 1liquid ethene and

a top product of liquid ethylenes

~ Liquid ethylene for refluxing column 10 is-obbained
"by a circulatlon stream with the aild of compressor Noe
3, which, howeyer, only compresses the ethiylene to
about 4 Ats, Methane reflux to column 9 -is also obw
talned by Pecirculation through compressor 2, which
‘conpresses same to about 40 Ats, Both the ethylene
and methane are precooled by exchengers shown in the
diagrem before the expsansion and liquefaction 'stage
Just prior to entrance into the top of thelr respecw
tive columns. ’ : . ‘

Flgure 8 shows similer processing of a hydrocarbon
ges containing all constituents up to end through the
.Cz freotion, together with a trade 0f Cge The scheme
can be easily followed In the diagram, which is more
detalled fthan Figure 7, especislly in that the ﬂres~
sures. in &all the columns and st various other. parts
in the apparatus are indicated. Referring to the diaw
gram, note that the compressor at the lower lefthand
cornér compresses the crude ges from one At. and nor=-
mal temperatures in three stages to 30 Ats gauge,
—after-which it I8 amionla ¢ooled in A4 &nd thHen ~
passes {through filters) into column 1, where propane
reflux 1s furnished at the top by ammonla coils and
‘where outslde heat furnishes the energy for reboiling
the bottoms. ~ ' o S , v

o Thedepropenized overtiead pusses to” coluin TIT
which tekes all methane overheed and a mixturé of Cgs
at the bottoms  Cooling for ruflux at the top-ls ob-""
tained by boiling e. fractionated mixture of ethylene
‘at-about-1-Ats pressure;-the vapor ‘being the nltimate -
-ethylene~product—fron-the-plenty—Reboiiing—at—the—
bottom is.obtained from an ethylene, stream whioch has
been drled but not cooled sfter compression from a
fractlon of an atmosphere to-40:Atms. - S

The Bottom mixture of Css is expanded in-
1t not meterkal;raxchange, Twhth the "yapor

i thie “oolumn T1I anid. the heat.
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es part of 0 40 At
al ds.(a) . through érier

or. as: aforementionsd,’ (ps '
‘through. £1lter and then
ling in the tep of Column’ 111,

aves: equipment throughkexchangers a8
iylenes: The porbtion of the sthylene whiech
ed’ to - only 4 Abmo 18 withdrewn' from the 2nd
stage of the eemprzzger, 18 ‘f1ltered, then pedsses in-
side the'reboiler tubes of celumn'lv,hand 418 then
expanded Ao form reflux ethwlene for. column IV,

: From the pressure conditldns one mayssurmise the
column condiﬁions to ‘be somewhat as: follows. '

gols I 001. TII Golo IV

Pressure (gauge) %0 Atmo (2?-§9 Atm) 0.2 Atme
o | - . 1
-Temperature Top  (90) - - %04 -~ 127

, Bottom{®C) 83-86 Abou : -« 109

depending on
constitution
of mixtures.

Note (1): Pressure is estimated only on besis that boil-
-ing -(product)-ethylene,-probably-at-only-siightly-ébove
1 Atm., 1s used to condense methaneé together with fact
that there -would seeém to be no reason o reduce pressure
from column I other than By a"small amount for indepen-

dence in control of column I1I.

‘The- interested reader wlth-facilities and data for
heat balences at hand may proceed to make better esti-
nates of column conditions. than the above table reprow
sents. , Temperatures were in all cases .estimates from
amverygerndeAcochhant.wuNominfcrmationHotherhthanvthat
on flow sheet was avallable to present report writer,

“who ‘was handicapped by-lack of. fundamental dete end/or
“time and facilities to accumulate them from library
~resparch, -

Mo GONGLUSIONS

. It 18 8. source of Tegret to. the wrlter of khis

;report ‘that clrounmstances: did not permit ‘the: expendte

5ture‘of~at leaetﬂahfdll deyts: additional time. to acou~

. ‘more ‘detalled and exeet informetion on the
-\la - . )
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separation of hydrocerbon’ gases by Lindg, = Otherigroups
had the opportunity of spending’ e much grester length
of time' at this location, and thelr-reporis will no - .
doubt pe much more.detailed. It seems.apparent; how-
ever, that the Linde designs do mot involve any proce=
dures which aere actually novel 1n' the sense that they

~ -embody any new principles or procedures which wohld not
ocecur, to those acquainted with the arts The distinguish-
ing feature of the .deslgn of Linde plants in generel is-
that heat recovery ls practlsed to a very extended
degree, Under other 'menufacturing conditlons and with
other rates of amortization of Ilnvestment; labor end -
power costs for the operating plant, 1t may well be that
smaller heat recovery ls economicel, even-at the expense
of greater power cost. Dr. Richard Linde stated :that
the theoretical minimum requirement to separate nitro-
gen and oxygen from air (both - presumably(?) - 09.5%
pure) was 0.2 K hr per nmz, It will be noted from
Table I that this minimum 1s only exceeded some .5
times .in large plents, and Dr. Linde was of the opinion’
that any signlficent lygprovement in efficlency was -
unllkely so far as aiy separation plants wers concerned.

- The Linde Company has perhaps had more extended
experience. than any other in the fleld of commercilal
plant deslgn for very low temperdtures and their find-
ings, as exemplified by unit designs, warrant thorough
and axtensive study, and all the more so, since differ-
ent economlc conditions in the future in Germeny and
elsewhere, will doubtless mean that older designs need
modification even though, possibly, they were of the
soundest, when initlated. o '
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