When a Dellwlp-rlelischor-Cerncrator is used, one reguires 550 g, of coke per cubic
meter of water~;as, that is, twice as much as is theorctically necessary. The
temrerature and heat requirements for the producticn of tie CO-rich gases are ap-
proximately the sane as that for thc water=gas zroduction. .

We were ablz to nrocuce 100 13 of 20-rick gas rer nour in our water=gas genere
ator for several years without interruptions., The ﬂOiycsition of the syntheais
gas, for example, was as follows: 2% CO,, 55% CO, 377 H,, and 67 N,. In several
instances, in crder to determine the ex"ressed contractlcn more accurately, a
little more nitrogen than given above was added to the synthesis gas,

The purifxcation of the gases wes carried out in the same manner as with li-rich
gas,

Another way for producing the desired synthesis ges, ceonsists in the gasification
of coke or coal with the addition of oxypen. It is not necessary to discuss thie
here.

B. Space~time Vlelds and Apparatus Details.

For most of the experimants in the laboratory, we vsed reaction tuses of 12 t
13 rm., I,D. The catalyst was distributed evenly over a length of 30 em, within
the tube. 2 nnormal catalyst charpe contained 10 p. of iron. This corresrzernds
to 15 to 156 cmd of fresnly=~prepared normal catalyst. The fros space in the ture
amcunted to 35 cm3 (in the reacticn zone). Consequently, the catnlyst filled
srproxirmately halfl of the reactiorn space. The upner ralf of thes tube reraired
erpty. Drawing 1 in Plgurs 13 shcws the relatlionsrips schematically
If variocus s;mthesis gas quantities are thus psssed agver the caia
conditions of the synthesis; the reaction tenm :rature has to be kayp
15 desirad to ¢convart more gas per unli of fime. According o
contractions of around S0 rercent were cbtained at zn heurly zas
liters {refsrred to onz atmcsphore pressurs) at a temperature of
L.l liters per hour of gas were used, the tempersture was 233°C.
per hour, it was 250°C., and it was 27) C. for 16 liters per nour of
another experiment, L iiters per hour of gas were rassed over at 235°C,, ard
contraction of 15 pornant was obtainad, at 230°C, and 2C liters per hcur, the
same contraction was rsached,

o,
&
-~

Lot

With respect to the lifetime of the catalyst, the magnitude of the yiclds of

higher hydrocarbons and for other technical reasone, it is advantageous to
’ 2

~r

carry ihe synthesis through at as low a temperature as possiblc for zs long a
time as possible. With respect to the space«tine yields, however, it arpoars
more favorabla Yo work at higher Lemreratures and rilgher gas ratsas, 7= fourd
that at pas rates betwaan 10 and 20 liters per hour per 10 g. of ircn, sericus
difficulties arise when the reaction is carried out zn the large scalz. The
difficulties encounterad are chiefly dus bto the fact that ths hsat ol rasction
cannot te carried awzy fzst erough. This causss the catalyst to sveriheat ond
free carbon is f{ormed wnich rapidly causes a docresrse In the cat.l?:t aebivity.
#or this reason we choszs to werk 2% a flow velncity of 4 liters ol synthesic
gas per hour rer 1C g, of iron. ‘raving#l In Tipure 19 shews ihe srraqgc"ant
of the catalyst in tne tubes, and 1t is {0 e observzd that it »as possinle to
operate for cne to 2 years witn the same catalyrst without regenesration, and 3
satisfactory degree of cenversion was always outalrcd.
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Figure {9, - Schematic representation cf
positions of reaction tubes.
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For the iron middle-pressure synthesis, we have dis-siered alse that with ine
creased prossure, the zas rate per unit weight of casalvis M8y not be iqercesad.
#e have found that processes occurring on the surfzcs of the catalyst are cen-
trolling the reacticn velocity (transportation of tha reaction products away from
the catalyst, respectively carrying the reactants tc the catalyst surface}, These
precesses are not accelsrated by increasing the pressure;’

1L the reacticn tube is arranged at a vertical position {Figure 19, Schemati:
Drawing#2), the catalyst layer length only amounts to 13 to 15 cm., instezad of

30 em as compared to a horizontal arrangement. The contact time of the gssas
going through the catalyst is much shorter therefors when the tube is arrarnged

in a vertical position. The empty space through whish the gas flows is approxia
mately 4 times as large in the casa of 2 horizontal tube than it is in a versicz:zl
tube. By taking into consideration the relaticnshir beiwean rate of gas flcw znd
temperature (shown in 7igure 20}, it may be unrlarstood that the same favoratls ra-
sults are not obtained when the work is carried out with an apparatus arrangad ac-
cording to Drawing#2. In addition to thet, we found that the catalyst takes up
considerabls quantities of the reaction products and large quantities of carter
are depositad on the catalyst, This causes the percentage voids in the catalyst
to decreass with a consequent shortening of the contact tine between the gas ani
the catalyst.

Since on the large scals, ons would be chiefly interested in working with vertisal
reaction tubos, we have attempted to find a solution to the rrobiam according to
the Schematic Drawings #3 and #L. The dotted lines represant perforated plates.
In case 3, a perforated rlate divides the reaction tube into two equal sectione,
Ir case L, 2 perforated reaction tube is concentriczlly arranged within the larcar
reaction tube. The catalyst is distributed in the ennulus between the two tubcs,
In both cases, the catalyst layer Jength and the percentage Ifree=-space correspend
to the conditions of case 1, The results were similar for case, 1, a.so, The
perforated ~lates did not cause a noticeable decreasz in conversions (txc irduc-
tion of the catalyst had been carried out in a separate gpparatus, and the ¢
lyst was transferred ia an atmosphere of ng)q After several weeks ol opeora
the experiments carried out according to cases 3 and L shoved a decline in ¢
conversion as compared to the rrocedure of Drawing "1, The recason for this, wc
believe, might be that the catalyst in case 1 had thre rossibility to 2xpanc dvr-
ing the synthesis, whereas in cases 3 and 4, tnis expansion occurred ~mainly at
the expense of the internal voids between the catalyct particles.
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The Schematic Drawing 5 of Figure 9, shows the arrangement when a catalyst was
,used the structure of which was loosened up by the aidition of kieselgur, When
the normal quantity of iron, namely 10 g., is diluted with 4 g, of kiesslguhr,
then this iron-kieselguhr catalyst fills a 12 to 13 -m. I.D., reaction S1he un b
a length of 30 cm., The percentage free-space is smaller than in case i, in amcon
approximately equal to the quantities of kieselpguhr nged, on Lhe other hapd, 1=
loosening of the catalyst by the kicsslguhr cavses a zcnsidarabis improvenen®

In 1ts activity. A& small percentage expansion of thz “ron or account of the de-.
position of carbon does not rroduze as unfavorabie a rosilt in case S, A8 it hao
caused in cases 2 to L. An experiment which hes besi under investirasion for
several weeks gives a satisfactory conversion (Figurs 1),
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e want to mention here that the distwbing influence of the volume ircreassz of
the catalyst observed in experiments 2 to 4 was not observed in all cases, Thus
a catalyst which was precipitated by amronia and inducted with mixed gas at one
atrosphere yielded good conversions for three months in vertical position at tez-
peratures of Letwesn 2L0 and 26C°C, dxperiments to clarify the situation e=z
still in progress. -

It can te mentioned here that the space-time yields observed with the iron-
kieselguhr catalysts arproximately corrssrond to that of the cobalt catalysts,
If the iron-kieselguhr catalysts should be used on an industrial scale, cimilar
rieces of apparatus as are used in the casc of copalt should ‘e satisfactery fov
the iron-kicselguhr catalysts. In the laberatory, wa worked with walerecoolad
tubes. The steam pressures of course are higher corrcesponding to the inereased
reaction terperatures. They vary between 30 tc 50 atnmospheres, all zcoording
to tae duration of the test.

C. Pelleting of the Catalyst,

The catalyst described earlier and nroduced frcm ferricnitrate solutions with
sodium carbonate as well as the iron catalysts which were precipitated with
ammonia (also ferri catalysts) were solid after having been dried and “roke with
a glassy fracture. Their rigidity should e sufficient for industrial a-plica-
tion.

Nevertheless exrerimants vere carried cut the sbiect of which was to grind the
iron catalysis and put them into share of pellets. The blackish~bromn color of
the prammlsar original catalyst changes over to reddishebrown when it is ground.
The nellets which are formed from the rowder retain this brown color. e have
discovered that the pellets not always rezain the criginal activity of the catez-
lyst. It might be that the cause for this activity decrease has something to ¢o
with the overheating through which the catalyst goes when it is pressed into pel-
lets.

%o wara jin a2 position to produce ircn catalyst rellets of very good activity
and high lifetime when we mixed paraffin to the catzlyst powder pricr to cal=
leting. Fcr this we used synthetic paraffin wiilch had been made int: {ine
scales,

Table XXIV, Experiment 1, gives the results of an experiment conducted with pel=-
lets. They contained 25 percent paraffin as referred to the iron. Experinent 2
brings a ccmparative experiment where ro raraffin was added., The paraffin deer
influsnce ti2 process of induction and ray be regained rraectically z1I. The

pellets retained their shape even after a long time of the syntresics.

At the boginning of the reaction reried, the conversion obtained was zractically
the same in both cases (this is also trought out in the table with the respective
gas analyses), After several weeks of oparation, however, the tewrcraturs had

to be raised more rapidly for casz Z where no para®~in had been usad in ths prope
aration of the catalyst, The activity of the zatalyst of Experimant 1, afier 20
days of opesration corresnonds to the aciivity of the ecatalyst of Srmerimentt
after 2% days of operation,

Even with the addition of only 5 to 10 percent of paraffin, a faverabls rasult
upcn the activity of the pellsted catzlyrst was obscrved,
-7 -
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Table f(IV
Experiments with a Catslyst “rich was Palleted

Experiment 1 ~xperiment 2
Days of Tenp., wON.ractlion Temp- Contraction
operation °C. narcant oz, rercent
1 235 53 234 5g
2 215 sk 235 J§S
10 235 ‘51 236 sk
16 234 53 236 59
20 235 5¢ 235 Lg
25 235 L7 240 a8
31 235 ~ L6 chs L7
L7 2L0 Ly
60 2L0 Ls
Coz  sKi 02 Co Iig K ci“' Ny
Initial Gas: 2,1 0,0 0.2 53.8 35,7 G.2 1.0 )
Experiment l-gynal Gas:  59.7 3.9 0.1 1.1 10.2 7.6 1.9 7.4
Initial Gas: 2.1 0,0 0.1 53,7 380 oO.L 1.0 557
EXperdnent 2-pinal Gas: 61,5 3.5 0.0 2.8 13.2 7.2 1.2 13.0

D. Some [etails on the Further Processing of the Primary Products,

In the middle-pressure synthesis with iron catalvsis, various tyrpes of reactior
proeducts are cbtained as will be shown in another chapter. They ﬁav e utilized
in a similar mannsr as the products obtained during the synthesis with cobr¢+
catalysts. It 1s superfluous here to menticn the various usages of taese oroo
ducts. In scme points, however, there are scme furdamental differarn:e
the products of the iron S"ﬁ*heSLS and tiwe cobalt synthesis. T“irs:i, =
the agpear¢ncs of syntholi~like byprodu&ts as [or inatance varicus alscn
secondly, there Is alsc the anr earance of mere unsaturated hydrscartons.
oxygen-containing as well as the unsaturaiad compcunds give the iron benz
higher anti-knock proverties, These compcunds have no tendercy *towsard rﬂs'
formatiecn. The tenzens which is produced with iron catalysts remains ert
co.or.ess end water-=clear after menths of siorags,

The middle-pressure synthesis with the iron catalyst gives a greater amount of
uncsaturatec gasol hydrccarbons, These may be rolymerized and form li”le hydros
carbons of high octane numbers. Therelore, the synthesis with iron c:
saems %o be especially adapted for the rroduc vion of high quzlity -enz
The catalytic polymerization of olefin hydrocarbons has been irves
Iratieff ard coeworkers {23) of the Universal 01l Froducts Co. e
sore similir investigations wnich had to do with synthesis and rolims
taking rlace concurrently,

The catalyst which we used consistod of C& (PO‘.'2 L DO ) e hs A cErviir we
usaed cadmivm nhosphate udg\POL,Q which was rroduced fTom cadmium niirate soliu-
tions with = calculated jlantity of NapiPQy and Nadll. The preciritaiion was
carried out 2% the beiling point. It was wa°h=ﬁ wish hot water and &5 porcent

phesphoric acid was acdded, evaporated, dried, and pelleted.

.
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When 7asol containing 35 to U0 percent of umsaturated hydrocarions was paseed
ovir this catalyst, [ons liter of pgaseous gascl per hcur rer 10 g, of cavalyst)
at a pressure of 7 atmosrheres and 1LOPC., 4O percant of tihe unsaturated hydro-
carbons were converted, a% 1£3PC,, 60 percent, and at 13C°Z., 70-30 percent was
converted. A polymerized lt2niene was obtained which spiit off 10 to 20 percens
of the compounds boiling atove 180=200PC. The residue was lydropenated and hai
an octane numver ‘of 97 to 99, Next we carried out a sevies of experiments wher-e
we passed the total reaction gas from the iror middle-pressure synthesis adt ths
synthesis osressure over the phosphoric acid catalyst (altsr rrecipitation of
the condensible Troducts a2t room temperature). Apnroximately the same catalyel
volumes ware used both in the synthesis and tre po¢°“c,1zatw~“o The symthasis

, was in progress already for two monihs before we siartod Hclrwe" 2ing. Ve used

{ an iron catalyst precipitated with azmonia and consaining 1/4 rorcent ¥, C0
It had been inducted with mixed gas at athospheric nreaszieﬂ The yields o
solid, liquid, and gasol hy<rscarbons amcunted to 1,0 z, per nernal cupic metsr
of ideal Fis, Table WiXVI shows some analyses of the raaction gaseg after the
synthesis (a), Under (b) znalyses of the reacticn gases afisr the pclymerizae
tion are given, The sories of experiments was carried out at 15 atmospheres,
The tenmperaturs and the syntheses ware near 250°C., ard for the poiymerization
near 200=-220°PC,

Table XIXVI

Composition of Heaction Gases After Synthesis and Peivmerigzation

CO, s¥ Cz  ce H W o
a 58.3 3.7 0.2 8.7 12.8 5.7 1.6 3:5 -
b 9.8 1.1 0,2 5.1 13.0 6.2 1.7 10.6
a 82,9 3.7 0.2 7.2 10,1 7.7 1.3 8.4
b 6lL.8 1.2 ¢-3 7.1 10,0 7.8 1.8 9.0
a 8.l 4,2 2.0 10,9 5.1 é.L 1.7 15.3
b 50.6 1,2 C.4  10.8 5. 6.0 1a3 15.0

The analysas show that 2,3 to 3/L of tre volume of the hydrocarbons disappearel
during the polymerization,

Table XXXVII shows the quantities expressed as g. per cubic meter of ideal zar
of sclid, liquid, and gasol hydrocarbons formed during the synthesis with, anc
during the synthesis without polymerization. The first values correspond to
approximataly 3 weeks of cperation, The latter correscond spproximately to an
additional wesek of operation, for which the polymsrization step was omitted.
The activated-carbon-bensene was onlv recovered cnce at the end of the conver-
sion (that is, in between the synthssis znd pelymerization).

- mzblﬁ ILWIT
Coupling of 3ynthesis and Polymerization

Yields, g,/vcrmel cu, meier ¥elght Percent cf Iiquid iwirsesrhons
Liguid hydrecartons Behind Jehind poly- ifter activated-
Polymerization including par=f7'n Jasel synthesis merization carhen=bongens
with iz 1L 70 20 10
without 105 30 25 0 15
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During the first periad, 139 g. of liquid hydreccarhons {includin, paraflirs) aul
gasol hydrocrrbens were produaced bty the synthesis, During the seconc ,oriod
(without polymerizasion) 135 g. per normal cubic mater were rroduced. 7The syn-
thesis, therefore, furnished anproximately 3 percent more products during the
first period, the amount of liquid hydrocarbons formed, however, was 19 rercent
grzater, mostly at the =xpense of the gasol converted by 4he polymerizoiion., In
the case of the polyrerization experiment, 70 rercent cf the liguid products
after the synthesis apnaratus precipitated in the raceivers working at rocm tenm-
perature., 20 percent of the products octained therain originated from the peolyn~
erization arparatus and 10 percent consisted of activated-carton-benzenc. Some
of the activatedecarbon=benzene was no: condensed in the first recelver and it

( was carriad over the phosphoric acid catalyst. Consequently part of this 3zcti-

~ vated-carbon-benzene polymerized and formed unsaturated benzene hydrocarbons.
The gaseol hydrocarbons during the rolymerization decreased from 30 to 14 g. per
normal cubic reter, the guantity of the activated-carbon-benzene only decreased
from 16 to 13 g. per normal cubic meter. This may be explained by the fact tha:
the C}, hydrocarhons polymerize most reacily. Whereas, nolaculex having either
more or less carbon atoms polymerize rcra slowly. Thersfore, over the phosphoric
acid, esters chiefly only the cimeres of the olefins are obtained.

It is advantageous to remove the synthetic tenzerms from the reaction gas before
tre rolymerization ster. Therefore, it is possible to further proccss the re-
action ras obtained through the middlie-rressure synthasis with iron coialysts
and obtain nolymer benzene, This ray bz dore in one step., It has to bs found
out in actual practics whether it is more economical to proceed in such a man-
ner or whatuer it is ™ezter to carry out a ssparate volymerizaticn of the var=-
ious constituents.

Experimants which have used acid iron phosphate Instead of cadmium phosnhate
have ghovn similar results,

The benzenes rercrted in Takle AX.VII were stabtlilized and washed with sodium
hvdroxide and tested for the osciane nurber in a motor, Approximately 2/3 of
the total licuid rroducts of this experiment boiled in a range of 30-130°C.
Table X.WWITIT shows the properties of a benzsne vithout following polimeriza-
tion, of & “enzena bolling up to 18C°C, which was produced by 2 synthesi§ and
polymsrizativi, amd of & venzene which toiled up to 150°C, with following polym=-
erizazion, OFf all three products,.Table «XiVIIT shows the density, the olefin
conteqt, tre coillny roint characterisuics, and the vapor rressure at 37.8°C.
as we_l a5 “h: ocizgne number,

Table XXXVIIT

Influsnee of an Additlcral Polymerization Upon the
Frovertics of Bensane Cbrtained in wne | iddle-rressu-e Srathesis woth Tron Catalrsis

( Bolling Point Charschteristics Iz:
| a pilefin  Berinning 109 557 907 d‘)(_,.
N . 120 parcant °C. °C. o2, °o.  TIT.e il

1 3,696 &L 20 L6 23 1Ls G.5h 61

2 3,705 65 32 53 1CD 150 C.h £7

3 2,760 65 3k 50 $% 13C 2. 55 71

-~ 56 -
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cith tre acditional polymerization of the olefins (Taule Yr. VIII to, 1) #n cectinne
nuaber of €1 was obtaincd; with pelym:rization, the cctane numier was &7 (No. ).
rhen the benzene was cut off at 150PC, (vo, 3}, then it had an ocizne rumber of
71:

#hen 0.7 cc, of lead tetra-ethyl was added to each liter of tenzeue (o, 2), tie
cctane nunocer could he raised to 79, wien the same amount of lecad tetra-athyl vas
added to the benzens (o, 1), the octane number was §0.

Concliusio

———— —

A survey was made of thc work carried out on the middle=pressure syntresis with
iron catalysts, First we discussed Lho precipitation, alkalization, ard induce
tion of the catalyst. Cecondly, we were concerned with finding the most favor-
able synthesis conditicns (gas composizion, rressure, temrcrature, additions,
regeneration, etc.), Thirdly, we discussed the reaction products and lastly,
we discussed the pensral vproblen of synthesis jas rroduction, arparatus cone-
structions, pelleting of the catalyst, and fwther rrocessing of the rrimary
products,

The most important rasults of all tho invesiipstiors are as follows:

1. Precipitation of the lron Catalyst, Generally, the catalysts wers precipi-
tated by treating ferric nitrate soltcfions with sodium carbonate or ammonia. Tre
ferric nitrete solutions were separnted by dissolving techinical iron in dilute
nitric 2cid. The catalysts which were rrepared from ferric solutions ware su=-
perior %o those prerared from ferrous solutiors.

3

2. Alkalization of the Catalists. Tke presence of alkali i3 nob reculrad for
the synthecis, and is of ro Lmportince Lo the vield. The addition of alials
in increascd quantities; rowaver, cauc:ss the formation of higher nolecular
weight hydrocarbons. In the productica of paraffins, therefcre, ths addiilon
of alkall is important, In gereral, w2 used rotassium carbonate. However
other alkali salts produczd +ha same = fects,

necessary to carry out an induciion with CC=-rich goses or better stil
pure 0. The inducticn is carried cut at pressures which are below thoce of
the synthceis, as for exanmple, atnospheric pressure., It was found, however,
that reduced rressures are still more favcrable,

3> Induction of the Catalyst, In osdar io ~roduce an active caraly

The gas used for the induction, in ordsr %o yet ths best resulis, sheuld be

conducted cver the catalyst surface at a hirh velocity and at tempsrcinres of
over 25C°C., rreferably between 300 ari 350°C. This shonld Be ceontirted
to & point where the foirzd COp reaches a more or Luss consiant miniTurn valua.

S

e

S

2UWe
gl

L. The Syrthesis, The ortimum ratio 37 Z0-iy in the symthe
to e 3:2, The ortimum symiiesis pressure was fourd 4 e b
atmespheres. The optimun sinthesis temeratures wore So
and 2LC°C., Thc catalysts are &blz to convert tha <vnthe

T
3

-
3

Rl

— s

oy

(1)

P
QB
[} rj' s

=53 I

W

™

ja ]
oo

Lo

AR

L
y]

<3

e
4]
w
<

- 3 -
77



lower <emparaturss alrezdy Zrom the varr Yerinrine. Hiowevar, this is unaveras
able for thz liretime of the catalyst., icither a-e oepp,ratures atove 20002,

recorme~ded for thz beginninz (on account 2 carber for-mation).
The addition of kiaselguhr (after alka’izat*on, causes a considerable increzse
in catalyst activity,

Hydropen traatment of the catalyst prior to the syn:ihesis shows no advanta I3
Howaver, a hydrogen treatment given repeatedly betw2en syntheses csusas a re-
penerat~on and reactivation of the iron csatalyst,

5. Optimum Yiclds. The best solid, liquid, and gasc 1 kydrocarbons ware found
to be somewnere near 150 g, rer qorﬂal cubic meter :f 1dea1 gas. The longest
lifetine was found with a catalyst which still gave 14C g, por normal cubic
meter after 1-1/2 years of oreration at a temperaturs of 260°C, without any
kind of reg=neration,

4§, leaction iToducts., Th2 naturz of the reaction arocuct can be wvarisd withir
wide limits according to the workins conditions.

Five to 50 nercent of the total 85lid arnd liauid hyirocarbons consistad of par:f
fins, Mot only lowermelting paraf{ins are obtained, tut especially hirh-rmelting
oncs with a melting roint above 12997, were diccove-~zd.

+

The liguid reaction -roducts differ Irom those of +he cobalt catalysts in tha%
they contaii a yreater percentape of unsaturated hyirocarbons as well as a
greater quantity ol synthol-like products. These, lcr example, contain alcohels
and esters of various size nolecular weight.,

The octzne nunber of the stabilized benzene cut off =3 180°C. is 60 to 72, e
the syntliesis is coupled with the Tollowing ﬂdurru‘x‘atlon, tha unsaturat=d za o
hydrocartons may te rolymerized and the octans numb:r may be raissd by 10 rein o
and by tho addition of 0.7 ¢c, of lead tetra-sethyl -~er liter of benzede, an ad L
tional increase of 10 points can be obtzinad,

Ten to 3C rarcent of the solid, liquid, and garcl Ysdrccarbons consis: of casol

Its con*ents of clefins anouats up te 80 percent, Ircrease in termperature or
catalyst aciivity causes an increase in totul zasol yield, also a lewsring in
their olefin content, however,

Furtherrors, we
&

found that the iren catalysis are carable of rroducing an co-
ceptabls city cas

at 10 atmospheres working presswa,

7. Sy nthesis Gas rroductiorn. The proc uc+1on of a synthesis gas cort lring 00
and o in the ratio of 7:7 may Ye acconplished by the interaction of 2Cp and
steam 1in t%e 7aier=gas gererator. The necessary CC» 1s furnished by ii2 syre
thesis itseif, Turtherme 2. it is oossible te rroduce a useful synihzsis crs

by gasiiicztion of coke or anal with ciyucn

8. Apparatus Details, “s <iscussed the relatiorsiiys retween apraraics det=i g
and ths 1i/2tine and f’cuu'vanr"s of Lhe catalyst The nest rosulis zre otttz one
in horizontal resnec *'"n sishtly ineclined reactii-p tohes, 1L 4% iz desired e
czol tie resciion ve=se & wi . water, they havs to v sirong euouigh t: withzsiz o
a steam pressure of 30 %o 50 aVHCSpherzbn
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