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p to a short time ago the exces
gen stood in the path of the utilization of oxy-
e or oxygen-enriched air for che nical and metal-
h rgual processes of many different kinds; because
the costs of its production, Acu)rdnig to the hercto-
fore known processes were 100 ln_gh {o permit gai-
ning the advantages of its applic-ution for such pur-
poses.

This has heen clmngcd in recent vears wherein
it lias become possible for the Gesellschaft- fir
Linde's Eismuschinen A-G. to develop aprocess
first ploposul by Matthias Frink! (D.R.P. 190878),
namely, the utilization of cold accumulators in the
liguefaction and separation of gas mixtures, to such
mn extent that itis now possibie to produce oxygen
jin oxygen plams operating in accordance with this
method at a priceappreciably lower than that of oxy-
gen produced in uccor{lancc‘ witlh the previously
customary methods of opar.mon o that the price
factor to a great extent o l()n“‘cr stands i the
path of its utilization. The new process can only be
utilized \\h(n the rcqumd purity of the finished
product is not too high; oxygen for welding and
cutting, therefore, cannol be produced by means
of the new process. Furthermore, it is suitable only
lor large plants, for example, for oxygen produc-
hon in units having an-hourly. ap.lutv af approxi-

[ . .
ulilization of oxygen in the -metallurgical and

chemical industrics only very large plants — of
a totally different. order of magnitide than that to

in general enter consideration.

Various Idrgc chemical works atready some time
ago crected pll.mts with the best of success in
. accordance with thc Linde-Frinkl Process. As an
example, at thi bcgmmng of 1933 one’ of these
plants (with three units) produced over 0500 m?
g

.t |
sive cost of axy-.

malclt\, 200m? oxygen and up; however, in the -

wWhich we have been heretofore accustomed = will |

+

paratlon Of Gas Mixtures.
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|

l
the ligtef, faction and separation of gases; muhod oinln rating n“nq:.unm
1s; ulilization (n connection with power-saving progesses; expansion with
ransiott huhm(]n blowing uncompressed gas mixture into the rectification
(]ntmtur.s s co-current evaporator; power consumption figures.

I)nt-it)":()f this plant will be increased in the near
futurc Hto an hourly  production of more .than
12000 m? (five units).

The new process will be more fully described
belpw. Its great advantages, 1hrou;,h which are
obtained ‘m appreciable reduction in ‘the: produe-
tion costs, are based above all as mentioned above,
on the utilization of alternately operated cold accu-
mulators ('Regencrators®) in place of the pre-
viously solely custbmary, contintously operating
tubular exchangers - ("Recuperators®).

The exchangers herctofore employed consist
as is known of tube-bundles through which on the
one hand the gas mixture, still warm, whiclh is
fo be separated, is conducted into {lie SLpdrahoni
apparatus, and on the other hand the cold sepa-
ration products are led out counter-currently, whe-
reby the heat is L‘\("ldll] red more or less efficiently *
between these gases tirough the tube walls. The
greater this efficiency i% desired to-be, thus redu-
cing the cold and thereby power losses, the greater
must be’ ‘thc transfer surfaces, the longer the gas
paths, or; the higher the gas veloities. However,
transfer surfaces consisting of tubes are c\pmsw‘

_‘Llllt‘ bothito the necessarily high tube wall slrmglh

required fand to the high cost of the \\'orl\m;> matet
rial — in most instances only copper can be pro:
cessed - as well as due to the high ‘labor cost

~involved. Simulancously the longer gas paths and

jgreater gas velocities cause an; iner ease “in the
-pressure drop of the gas, This, however, increases

the pressure in the separation apparatus and like-
wise the minimum’ pressure to which the - gas
mixture to be separated, must be compressed prior

to catering. the apparatus. This again, however,

“brings with it an increase in the power consump-

“tion of the plant, so. that in determining the diniéui-

sions of a tubular exchanger- it is difficult to find

xygen of a_phrity of 98.5% per hour. The ca-v a lmhuu} between the siariotis reuirements. it. lS



particularly difficult to construct good heat exchan-
gers in the form of continuously operating counter-
_current coils when there is only a slight pressure
- diffdrence between the gases flowmg inside and
omsidc the tubes. With equal volumes of the gases
flowing in the two directions, due to the low diffe-

rence between the specific hieats, the temperature

differences -at all points the counter-current
coils are very low. A good exchange could, there-
fore, only be attained through estraordinary great
heating surfaces and an impermjssibly high pres-
sure drop which, however, would be! particularly
troublesome at low pressures. Far this same reason
also, certain other processes yet to be discussed,
by means of which the separation could be cffected
- at low pressires and -therewith lower power con-
sumption, could not be unsed at all or with only
slight efficacy in plants employing ‘contintiously
operating counter-current coils. Tlurcforu regard-
less' of the manner of constructing the tubular ex-
- changeys, -they will “always have an appreciable
_cffect onthe production cost of the separation
prqduc s, whéther cavsed by a high hower coi-

sumptx n of the plant for which they jare respon-

sible or by the paying off of their high original cost.
The Frank! invention herein mtro(]nus achange.
The cold accumulators proposed ‘by him in place
of tubular cxchangers are of the same type as
those f‘(.(]ll(.‘lltl_)’ cmploycd’ herctofore in the me-
tallurgical  industry (for --mmplc in Siemens-
Martin sfurnaccs) Theré, howey cr, they attained an
efficiency of approximately{80uo at the highest,
while if the separation of gases tubular exchangers
_ have already been constructed with cfﬁcic}ncics of
approwinmtclv 9804. Frinkl, however, has now
shown . the way to produce iold accumulators
having an cfficicncy of more than 99¢y. In the pro-
cess discussed hercin they are cylindrical vessels
4—5 m’ in height of suitable diametér which are
filled with a filler-inass having the greatest [jos-
sible surface (Fig. 1). For the purpose of regu-

lating the direction of flow of the gnsns segulating

cquipment is provndtd at the top of the yessels
. which is actuated, for example, by means of com-

.pressed air, while automatically operating valves
or flaps are provided at the lower end. Two-cold
accumulators always operate together. For this
reason four accumulators must be provided for the

separation of- air: one pair for the -heat exchange-

betweeh the air and the produced oxygen and one
pair for the exchange between the air and the
nnroqc(r because the method of operation of the
cold ALcumulators is us follows: \\'lulu the air flows

. !
downwards througl
separation apparaty
lator and thereby c

. ! . o
the first accumulajor into the
s, warniing this figst accumu-
oling itsclf, the separation pro-

duct leaves the ak)puratus and flows upwards

through the secol
second accumitlator]
same. After a certa
sing equipment is o
directions are. reve
cooled in the seco
cold in the precedi

ration product gives

: ("
mutlator which had
the same| period re
operation is thus

(' Stickst,

d accumulator, “cooling this
and itself taking up heat from
o period (1—-4 min) the rever-
perated through which the gas
rsed, so that now the air is
wd accwmulator which became,
g time interval, and the sepa-
up its cold to the first accu-
previously been warmed. After
rersal is again cffected and the
regularly repeated; From the
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d gases flow through the cold
hosite dmctmus it is apparent

rersal pmods are-so measured,
the \'ull‘mt of heat that the

accumulator mass

an tike up, that the tcmpv a-

ture fluctuations at) the'! apper and lower ends of

ulators arc ‘also counter-current .-

the accumulators do not  become too great. The'
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p;op()S@(l by Friinkl -~ consists of tightly wound
spiral layers made wp of thin corrngated metal
bands approximately 25 mm wide (Fig. %)

Such cold accumnlators have the following ad-
vamtages over the tubular exchangers: It}is. pos-
sible to locate excecdingly large heating surfaces

in them in a comparatively small space. b the
i deseribed method for instance, more than 10G0 m?
heating surface s contained in a total space of
only Fm®, One thereby obtains cross-sections for
the gases which have only a very small hydraulic
diameter, through which the heat transier condi-
tions become very favorable, cven with low gras
vetoeities. The pressure losses therefore also be-

Spiral tray for cold accums{latayr.

not be
wnd low
pressures, It has been determiied in alreddy eree-

com. low, in fact so low that they coul
A -
attained-at all with tubular exchangers

ted oxygen plants, for example, {hat it is|possible
to_attain, at the warm ends of the accutfndators,
a tempgrature difference of less than 0.59 [between
low pressure air (1.3 alm.) and oxygen apd nitro-
gen (002 atm.) with a pressure drop ofthe low
prcssur{: air of Jess than 0.1 atm. and th¢ expan-
ded gas of approximately 0.13 atm., in the accu-
mulators including the regulating equipment instal-
led on them at the top and the bottom.

Besides the cost of nmmifacturiug one of these
cold accumulators which is so cfficient from a heat
technique standpoint is low. In comparison with

~the cost of tubular exchangers, both the labor and

raw malerial costs are considerably lower. Here .
the expensive copper is not the sole possible mates

rial, but rather the accumulator casings can be
made of iron and the spiral discs of aluminum or

also of galvanized or aluminum-covered iron.

Above all, the sheet metal ufilized may be. very

o' strength or tigllllléss. o
To this, however, must still be added a further

thin inasmuch as no consideration need l?c given -

-y
“large advantage of the f‘)ld accumulators, namely,

that a preliminary purification of the gas mixtire
{o be separated is no longer necessary, tn utilizing
the older processes all moistiré and carbon dioxide
contained in the gases must be carcfully removed
prior to their entrance into_the separation-appara-
tus; because ice and carbow dioxide frost would
very rapidly obstruct the apparatus cross-sections,
so that operation would become impossible al-
ready affer a brief period. Thus, in the separation
of air, the carbon dioxide is removed, for example, -
throngh- washing the air” with a solution of can-,
stic soda and the moisture through chemical drying
or by forecooling to approximately. —I00 C, I, ®ow-
ever, cold accunnilators nrc‘,cmplo_\'cq; then all
this equipment can be eliminated (provided aslight
moisture and carbon dioxide; content in the oxy-
gen is not harmful, which will probably always be

the case), When' passing through the cold accu-.

mulator water vapor and carbon dioxide are preci-

pitated f'romvthc air {o the cold surfaces of thej -

discs and are again cv:ipora'cdi (sublimed) follo-
wing the reversal by the sepacatién products which
come, absolutely dry and free from carbon dioxide,
from the jnner apparatus ndj thujs take them
along out of the cold accumulators, Thesé steps
are: effeeted the moke certa nly the greater the
ratio of the volume of the oulgoing gas to that of
the incoming air; in practice it-has been found that
a ratio of 1.5: 1 which due to]the difference;in gzls,
pressures is usually present in all instances or ati
least is casily produced, is su’fﬁcicnt. The climina
tion of the equipment for drying and for carbon:.
dioside purification, however,not only reduces fhe
original cost of the 'plant, l;lﬁ rather also appre-
ciably reduces its operating costs through .{jic
thus ‘cffected savings in power, chemicals and ope-
rating labor. . TR

It is true, however, that opposed to these great
advantages of the cold accumulators, there are also
several disadvantages: As mentioned above, they

“bring with them the peculiarity of their operation,

namely, that the raw gas and the separation pro-
ducts flow consecutively through the same cham-
bers. When utilizing cold accumulators, therefore
it is practically impossible: to produce’ absolutely.
pure gas; because at egeh ércvcrsal tll'c' vohume of -

. L ‘ 1
raw gas whicli happens to be in the ong accumula-

y -



tor cuters into the exit-line;of the pure gas”and
contaminates the latter, T his disadvantage can be
.IQprttlabl) climinated in that a preliminary outlet
is provided for the gas 4o be produced at the warm
ends of the accumulators which is so regulated
that for a period following the reversal the accu-
mulator in question blows to the atmospliere and
then is also slightly washed: out ‘prior to being
connected with -the outlet line of the pure gas.
However, even if this washing at the beginning of
cach reversal interval tvere extended for a longer
period -~ which naturally would mean a loss in
produced s — it would still be impossible to
obtain gas puritjes of 99,7—-99.9% which purities
are possible to“attain with the standard separation
processes and to' which many industries have be-
cote accustomed. This is due fo the fact that in
practice it is not possible to continuously prevent
every small leak in the reversal -equipment even
with the best construction and most careful ope-
ration; this applies particularly to the check valves
" which operate at low temperature at’the lower
ends of the accumulators, In plants employing, cold
accumulators, therefore, it is for instance. impos-
sible to produce nitrogen of such extremely high
_puntv (0.029%. 0,) as that required for the synthe-
sis of ammonia. Even the now general customary
high purity of the oxygen for gas welding and
cutting is difficult to attain, Stlll it is.possible in
air separation plm%ts cemploying cold accumulators,
as' has been provdd by actual operations, to pro-
duice nitrogen  having an O, content ‘of at least
1o and oxygen having an Oy-Lcontent up to 9994 ;
the real field of application js the production of
oxygen of 40989 purity. 1f, however, a higher
* purity is demanded, it will be possible to conduct
the produced oxygen throug !
of the customary type and to retain’ the cold accu-
mulators at least for the nitrogen resulting thereby
us a by-product; the advm(agcs of the cold aceu-
mulators are thus still rdmncd for fourfifths of the
mr Furthermore, a smaller p()rtlon appro“matclv
%, of the nitrogen rcsultmg during the oxygen
prodmhon can, if required,: l)c recavered in pure
form also in plants ntthzmgl cold accumulators,
There is a fusther dls._l‘d\autagc. connected with
* the reversal of the cold accumulators; It was men-
“tioned above that the raw gas volunes still remai-
ning in the cold accumulators at the time of re-
versal entered the separation: preducts, These raw
gas volumes, therefore, are lost to the separation
process itself and the yield ‘of pure gas is thus
reduced, The greater the ‘pressure, of the raw gas,

i tubular. gxchangers -

~ accumulators have large units of high
t

“the cold accumulator: very Jow cold

however, that power saving processes W,

I
the greater these losses become; fur high- pres-
sures, therefore, continuously operating cxchan-
geis are to be preferred. With prcsgurcs up to
approximately 8 atm., however, it is [possible to
keep the reversal losses very lfow |~ through
suitable reversal precautions; in air separation
plants with an air pressure of appr()\lm.ctt.h Al
afne, these Josses amount to only 3—-1fi.

. The above described favorable chargcteristics of
Josses and
d, in a con-
umption of
be added,
hich, as was
mentioned briefly above, previously”cpuld be uti-
lized not at all or only with insufficient efficacy
because operated with low pressurch, now can
be employed for further rtducmg the {power con-
sumption by means of utjlizing cold ajccumulators
as heat mll.mgus. ) :
This applics above -all [to the methe
tion employed by Claude in which
quired for carrving out|a separatior
produced through the ‘eixpansion of
gases in an cxpansion chgine with p
external work ms(cnd of only throu;
throttling-action (T homs t-Joule-Effeq
using expansion enginiey it has. herg
necessary o operate with pressures| appreciably
higher than; those theorttically requifed, particu-
larly hLCﬂlISL it was imposgible to construct counter-
current coils which, as shown above,|would have
given fow losses witl) low pressures of the com-
jiressed gases, This thusresults in-thy partial loss
again .of the advantajre pf the greatyr cold pro-
duction of an expansion) engine bcl m3 expan-
ded gas as comparefl fo that of ag expansion
by means of throttling. For this reasorf and because
expansion engines opera ing at a low] tempcratire
always make the opdration somewhat more diffi-
jeult, there has heretpfore been no [ncentive for
utilising them to.a copsidlerable exter|t in place of
the simple throttling.| However, the fict that it is
possible throughlthe |utilization of cofd accumula-
tors to attain excellenft hpat transfer donditions at-
ready at comparative]y low pressuret and, to re-
duce the unavoidable|losses to a minimum,’ makes
it possible to producq all or by far th{ major por-
tion of the cold through expansion engtines already
with those low pressyres. which are required any-
way for the gas separation. , '
Inasmuch as in most cases plants en

very low resistances result, as mention
siderable reduction of the power con
a scparation. plant. To this must stil

d of opera-
he cold re-
process is
compressed
[oduction of
tha purely
t). In plants
tofore been

ploying cold

hourly capa--
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city and therefore the gas volumes to be conjlug
“ted through the expansion engine are quitc'i'ol
siderable, it is possible to profitably ufiize e xpa
sion turbinces in place of piston-engines, A
losses and inconveniendes are thereby absolutely
“climinated which could restlt through regulators,
stuffing boxes, lubritation or piston seals in pmm
engines operating at a low temperature. The edle
gas turbines specially developed by the (ll'S)’/
schaft Linde represent an expansion éngine whic

can operate ‘with practically no supervision dr
operating iferruption and which has an -exceller
thermodynamic efficiency. '

Furthermore, only the use of cold :lccunm]nto
makes possible the full utilization of a process pre
posed by Lachmann. This process consists therei
that air, only: slightly compressed, cooled to ligu
faction temperature but still in"gaséous‘ state, s
blown into the upper (2nd) column of a doubl
column air separation apparatus at that point in,
the column af which the rising vapors have i
approximate composition of ais. With an ordina
double-colunl apparatus wherein the entire air to

0

- 7w

2w

—

< lumn pressure and cooled in cold accumulators.

~of the carbon dioxide in the cold acct

be sqnml(d is introduced into the pressure -

Tumw (It column) under the pressure of this co
lumn, more vapory rise upwards in the lower portiq
of the upper colymn than would be required for
a sufficient rectification cffect; the volume of thi
“liquid trickling dgwnwards through the upper ¢
lumin is also thereby unnecessarily large. Although
this appreciably facilitates the ‘rectification in th
apper column, n
cess proceeds with a power loss dite to the fic
that ‘the heat ex 'll:mgc between the down-trigk
ling liguid and thc rising vapors. is accomplishpd
with uumqm\ mlv ‘large tunpc rature differencys
These differences, however, are'gppreciably smil-
fer in the Ladmiann method of operation. Inds
much as morc [than 4000 of the entire air volun
_could theorets ‘al?f be blown into the upper cp-

=

~

~

-=

~

Clumn, that is, would not have- to be compres-
sed, a corresponding saving in-power conld be
effected. chtofi)rc however, it has been impgs-
sible to make use of this process inasmuch as the
losses that would result during the cooling of
blowey air in continuously operating counter-currept
coils throtigh pressure drop and .poor exchange
would again cancel the intended advantage, T
described favorable characteristics; of thy cold ac-
. cumulators, however, make the utilization of t
Lachmann ‘Process possible. The thereby somje-
_ what " difficult rectification can still be practically
_carried ont with very good rc‘%ults throtigh the ng

evertheless the rectiftcation pro- -

constraction of thaj rectification trays (circular
trays, patented by the Geseflschaft L im/r')

With this process the required cold can now be *

produced in a very simple manner, The entire air
volume is again compressed to the pressure co-

However, the portion {o be blown into the upper’
column is expanded at suitable temperature in an:

expansion tuibine to the pressure and temperature’’
of the upper column and is then introduced, into’

{he upper column. If the volume of the air {o be.
blown in is approximately 30% and the pressure
column pressure is about 1 atm., *hen the cold pro-
duction of the turbine \nll suffice for cuvumg the
umr\' losses. : -
The Gesellschaft Linde has recently constrndtd
several large air separation plants whose mcthod
of operation is a variation of this:process, a “varia-
tion which was chosen because of several practical’
advantages (for example, the certain ¢ aporation
mulators),
d/method
on will be
lant selec-
8 t0 090y
quired for

but which does not follow the describ
of operation. This method of construct
¢xplaiticd by nfeans of Figure 3. In the |
ted as an example oxygen containing
0, is to be produced, The pressure
the separation, that is the pressure .o

¢olumn - it is decndmt tipon the pt
oxygen ~— amounts thén to 4.3 to 4.4
now entirely sufficient. to compress by far the
greater portion of the air only to this pressure;
the most. jnexpensive mdhod of acconplishing thi '
in large plants gcnemlh being by means of turboj
compressors, The compressed air iscool
cold accumulators; thereby freed from

rity of the
atm. "It is

water and

carbon dioxide, and is then conducted th the pres-
irrying out

stire column (1), The cold rcquurcd for ¢
the process is produced by means of withdrawing a
portion of the nitrogen produced in the jjressure co-
lumn — 15—3004 of the total znr\olumcl — at the

|
top of this coiumn heating it several dpgrees and

then conducting it to an expansion turbine wherein -
hrk 1o the :
the upper

it is ex pandul with producitoniof w
pressure of the mtroguf ubmmg from
column — approximately 0.13 atm. Tlje nitrogen
must be heated prior to untcrmg the| turbine in
order that liquefaction- of the nitrogen -will not
occur during the expansion and lthus
thermodynamic efficiency. The mé

in a counter-current coil (0) by 1

rogen is heated
ieans of a small

quantityrof high pressure air of dppm\inmtcly 120 -

atm, which is thereby liquefied in heat exchange
with the nitrogen and then upan_dcd through a

of the-first

ed through -

impair the’



throttie-valve intg thc uppcr colunm Tluq volume
of high pressure air at the nfost amounts fo deq
of the total air volume, \\hl(‘h means, therefore,
that 0604 of the entire air must be compressed to
thesshove mentioned low pressure of only dapproxi-
mately 4ol stm, Howeyer, the! small quantity of
high prmnrt. air, due to the fact that it is con-
Sduetd ll;/mgh contimnously  operating connter-
cacrent coils (5 und 0) lo the separation. 1 ||i|p.|r.|-
tus, must be freed from carbon dioxide and 1(Irwd
prior to entering the comter- m_rruxt,cmls - cold
aceumulators would niot be suitable for this p'lr¥
pose owing: to the small volume involved and ffo
the comparatively ! argc reversal losses caused by
the high pressure 7; (he costs of this step are
\cry low in compamon to the volume, The' ni-
trogen withdrawn from the pressure coliunn is na-
turally lost for the trickling of the upper column;;
as a whole, however, as has been shown, a saving
in power results mnsmuch as the favorable rel a-
tion between liquid and vapor strived® for by
. Lachmann is attained, and the rectification’ in the
upper column- can still be conducted ini such. a
manner-that the entire withdrawn oxygen does not
contain much more than 20 O,. The high pres-
sure air js cooled in the last namc(l counter-ciir-
rent coil (5) by means of mtrogm "which comes

Ha
T

than that
lalurS. As
cte remo-
accumula-
red,

thebugh the cpld accumulators is greated
of he air entering through the accumy
a result of this mode of action the com
all of the impurities dcposltetl in the
tork throngh the oytgoing gases is asst
nother mélhod of ‘cold production -
anding the high pressure air with
work in a Heplandt expansion tng
vates starting with high' pressures
mperature, This method of  operatior
adyantageons utilization above all in the
ced where oxygen of lower purity is
diced and where as a result the separg
sure would be lower and the cold to be
pét i Jow pressure air would also be
anjekpansion, ulginc'is naturally alwayyg a piston-
engrine inasmuch as the pressure of thy air toj he
idled is high and for that reason its gpiecific vo-
1e is very small; however, inasmuch Jas the: en:
¢ operates starting at room tempegature, the
jor portion of the above mentioned |difficultivs
the piston engines can be prevented. ‘
A further process which particularly
utilization of cold accumulators likewis¢ favorably
fram a power, consumption standpoint, consists in
th m- of so-called co-current L\'zlpomtors They
scr\c‘ for the purpose of producing
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sheét of a Co-current evaporator.
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trogen (rcfl Ix liquefacs,
tion, fmdim;al condensa-
tion, accordit oto Claudr:
condensation| avee refour

enarrigre), Here again the
u(I\;:mmgc cqusists in the
reduction of tlhc pressure;
hu‘.’lus‘c the "apors rising
i the prcssurc chamber
of 'the’ co- currcn( evapo-
rator, in .mordunu- with -
theirupw ards diminishing
oxygen content and their
“thus upwadds decreasig
temperatare, are i heat
exchange  with “evapo-
rating liquiil which s
likewise coidc at  the
top than .ul the bottom,
in contrast tn the conden-
sator in nn
pressure column wherein
the coldest portion of the

ordinary

siderable extent inside {he tubes, The
1y liquid becomes cariched witl oxy-
ckling downwards, while thc vapors
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air, the nitrogen, ninst be precipitated 'lhrongh
the evaporation of t]lc witrmest liquid, the more
or less prre oxygen, If the ()\\gln is pcrunﬂul
to boil on the trays at 4 sub-pressure qf ap-
proximately 1.5 .mnE,, it will suffice to compress
the air 1o bhe svpar.ltcd practically fo (ml about
(12 atm. While lu“ nitrogen leaves the {op of
tlu‘ fube bundle prulu.xll\' pure, it is possible

o produce the u,\,\[um with an Oy-content of
upproximulcly 3009 The necessary cald must
hereby be produced by means of a separately eree-
ted air liquefaction plant. A still simpter method
consists in compresging the air fo ‘;lightly‘! more
than 1 atm. and permitting the oxygen to bonl at
'1p|)r0\mmldy .llmO'J])hLll(. pressure; the l‘qullI‘C(l
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TABLE 1. |
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i Power Consumption Figures for {he P'roduction of Oxygen of Various Rurities.

Purity iof lll‘c !)roduccd Power i:’"l;":"pﬁm' . POW%,‘;, ';g?s;,':.';t“ml \(:il:tu:u:{)\l\:(:rgi::: l’()\\'cr?()jg‘llz:lalllpti( f
Oxygen Mixture Oxy:rcn Mixiu‘rc Ox)fgcl (I(K,)"' o i the air per m Remo !v(l'Ni(rogmv
, Oxygen Mixtire Oxygen Mixture
o Oy . KWH!/m? I\’IVH‘m’{ whme . KW H o)
10 009 e S T "0.095.
6. T bais . 187 ol
%0 o ;0.39 ol ' o
90 o 038 0425 . 331 0.115
08 . L0 b5 R R V' N 0.12
N To be compared/with the figures for ]1 large plant utilizing tubular cxchangerf:
9% . 01.65. Z0.()()5 3.69 ‘ 0.175 )
o7 0.73 b3 377 0.195
a | 7
- ‘manner,.however, it would lead too far aficld to  the tofal operations and whicli entajl the 'l:owcst
_ altempt to enumerate all these posgibilities here, costé,” .ol cod

One or another of the processes willl be cmployccll ~ From the ahove description] can [be schn the
from cage to case depending upon| fhe purpose  great advantages it is possible fo obfain wherever
for which the gas is to be -utilized; {naturally thT the pogsibility cxists of utilizing the {Linde-Irinkt
hﬁu(icular degree of purity of the|oxygen :m:l Process in gas separation plzmis. Thi savings are
the corresponding method of its prpduction will  quite i'considcrahlc. both in plant af well as i
always be selected on the-basis of what is best  power costs, so that the total pfoduction costs per
suited for the production of the end products of m? oxygen are reduced to a friction] of the costs
. ’ s which {an lie caleulated
in the most favorable in-
stance faccordling to the
old progesses| In order to
presentfa pitture of the
power Losts,| figures are
given it Table 1 covering
the powler co isumption of
plants with electrically dri-
ven compressqrs (measured
at the |switchboard), for
the pro l‘uctiol 0[ oxygen
of varidus phrities; they
apply td larg¢ plants. The
figures dre dependent upon
the size of the plant, there- -
fore, soewhat higher va-
“lues  apply  for ‘Smalfer
( e “plants, {fn the utilization
Back view of the %laul Fig. 5. Left{ Expansion engine with 2 slages of oxygfn-cnriched air, for
wddcl-.Sep.%‘ra!ing apparatus | Right: Cold n;ccnnmln!uris ' 7 examply, as blast-furnace
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blast, the fmutl’cr in question is not really the pr
“duction of oxygen, but rather the removal o
nitrogen from combustion air. For a certain degrpe
of cnrichment of the blast, the same quantitile

—~

w

: Fig. 7 .
Linde-Frinkl-Apparatus for 2600 m*h Oxygen (98°4)
at erecting in the. work shop. ' '

. ‘ :

of witrogen are thereby always fo be remofed
irrespective of the purity of the oxygen produfed
in the bxygcn pl:':|t..For this reason, in ordey} to
Judge the various hossibilitics, the Table dlso
shows the power -consumption figures per{m?
removed nitrogen. They afford an excellent ¢pm-
parative! possibility and show with particular [cla-
rity thal it is most favorable — judging from
a powur;consnmption standpoint -~ to produce the

oxygen with 1o greater purity than is actus lly
required. - |
Finally, in order to present a picture of the
appearance and size of recent plants which operate
in accordance with the Linde-Frdnkl! Process, /’/l(‘l}l
tographs 5 ta 9 are inchrded herewiTh; they are of
plants which were constructed by the Gesellschaft
Linde, Photographs 5 and 6 ille strate a plant ba-
ving an hourly production” of| 600 m oxygen
(U80a), Photographs 7 fo- 9 were faken in {he
workshop and sliow the construftion of an appara-
tus for producing 2000 m3 oxygen (989%) per
_hqur. On the rig!il of Photograph 9 the main parts,
counter-current coil and rcdiﬁc:_ﬁon column, of an
air separation apparatus for an{hourly preduction

\ Fig. 8 '
Nitrogen condenfier . o
to separating apparatup Fig. 7 PR

s

of 3m?* oxygen are shown for the purpose of comi< -

parison; this affords an exo flent idea of the

magnitude of the dimensions of such recent large

plants,
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Summary,
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ie plant and power costs of gas llquci welion .
beparation plants are appxcu.xl)l\ influenged by
construction of the counter-current colld” ex-
wers. The herelofore solely. customary bonti-
sly operating tubular exchangers (recupera-
have certain disalvantages such as high pres-
loss, deficient cold exchange and eypensive
truction: which bring about high costs{for the.
ration products, The Linde-Frankl Process,
ver, through the utilization of ll[(tl‘ll:ll‘)l)‘ ope-
| cold :wcumu;lulors (regencrators), climinates
iy these (Iisf:ul\'antngcs, but rather also in-
es the cfficiéncy of previously known pro-
s for rc(luuﬂ;r the power (onsumpnon or
s possible for the first time thdir practical
ation. Principally o these processes belong
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Fig. 9
‘Upper column -to separating apparatus Fiy.
Right: Counter-current ipterchanger and rectificgtion
column for'5 m* h oxygen. .
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