siowly decreased themeafter bvt remainecd at 51 rarzzan for 12 deye, jlere again,
another H, trcatment was undertaken at the same comliticns as cutlincd earlier,
Th2 contrgction held up agaln to 57 rercent and slswly decreased down to 50
percent at the 19th, day, ‘fter the third ip treainant had been carried out,

at first a contraction cof S5 rorcent was ouLal.ed ittar 3 days the value of o2
‘percent, and after L cays, 52 percent contracticn va vﬁ"qued Than for 2

mont hs of oreration the contraction remained constont heuween U to U3 rerzent
at 738°¢,

Wt oin "F

Figure 10 shoxs that the H, treatment undertaken Latween syntheses causes zan
increase in catalyst activity. This increase was ssveciallv ronounced durins
the first hcurs after tle [, treatment. and it als: resulted in a lasting im~
provement of the cstalyst- ¥hen these reaks of act ivity were otitained imme-
diately after the treatment, the ratio 1CO-H, were used up (at 50 to 72
percent contraction) and was nhe sanie 23 under roraal Circumsiancad. .n hoth
cases, CO ard Hy were used in the ratioc of 1,67 to 1.70:1.

Iron catalysts which had worked alrcady for a great length of time cr whizh
had exyerienced an essential decrease in aciiviiy cculd not be irproved by
such Hp treatment. As a matter of fact, an acuhv‘ty improvemsat will not
even result if another induction is carrlad ti rou( with CC, I it is plannsc
to give an i, treatrpent, it is important that 1% sheuld be given befors the
activity of “he ,atalyst has decreased helow 1,5 tc 50 percent,

F. Catalysts Based on vzrrcus Salts,

In the init:al description of the preparation of zz:z2lyvsts haring ferrous
salts as thuir base, it was nointed out that these catalysts have the
form of voluminous ar wn powdar, the catalysts bud rric salts are
almozt black and shew zlasey fracture. 4 fundarer n

fore be made betwsen thz two catalysis from their arce

induction (20=rich zas
g as those with the other
0n. 8 percant comtractica

When the ferrc catalyst was employed without previcus
at 15 atmospheres) the -esulis were aqually unfsverasl
catalysts. Thus, on the first day of oreration at 2,0
was obtainec, and 45 percent on the nlhun day at 27272,
under thesz conditions “hus could be brought tc it: ~irhe
to yield 50 percent coniraction at 280=E9C°C;

?
The ferra catalyst
st working capacity

After an incuction with mixed zas at one atmospherz and 254°C,, a synthesis
was undertaken with CC-rich gas at 1% ztmespheres ind 2L5°C. 43 percent cone
traction was ob*’ired at 245°C., L4 percens contriction at 2”?°b-, and 47 oure

cent contraction at 265°C. on tha 10th day. Then ~h2 catalysts nrepsarad
ferro chloride and ferro nitrats and incuc“ed with 20 at 1/10 a EUEU oe
235°3, ware used in a symthesis at 237 zimospheres nd a O0=rizh r;nta:si

they showed an initial JCt“TJtJ ‘wndzh, however, deo
one %o two cdays, Tabie XXIII shows tiis for 3 erpme
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Table XXIIX
dxperiment | ith Ferro Catalysts

v

Catalyst !

preparation

by ' FeClp FeCly Fe(10q})2
“Jays of  Temp-, Contraction Tenmp., Coniraction Terp,, Jontraction
operation oz, nercent, °C, percent ., rercent

1 235 57 235 56 235 5¢

2 235 57 225 56 235 o7

3 235 3b 225 L 235 Lo

u 235 30 215 38

S 220 35

6 225 29
The contraction for the {irst exr-erimesnt decreased frsm 57 to 3L percent on the
third day when the operating temperature was 235°C, For the second aexperiment
(after a cortraction of 56 ﬂercent was cbtained initially) the tomporaturs was
Jowered on the first day, in order to rinimize any possible damape Lo Lie ca%ta=

lyst activity which could have occurred due to the high temperature. A% the
lower tomperature, however, the contraction decreased as well, A third cxreri-
ment carried out with a catalyst derived from forre nitrate behaved similarly.

Under the previously adhered te test corditicns for the other normal catalysts
( rrepared from ferri salts), the ferrc catalysts showed essentiall novre un-
favorable behavicr.,

For the experiments in Tatle ZII, ironecopper catalysts built o

coppar chloride were smployad. Thev were inducted with mixed cas atne
pressure. The table shows that these ferro catalysts give full conversion f£o
several months., However, it shoul? ne rointed out that the tenneritire has to

be 260°C, and up, corresronding to the 1nauct1rn conditions.

G, The Influence of the Auultlor of Cerrper,

The experiments of Fischer, Ackermann, and Meyer (17) have showm ,Hat‘the 5yn-
thesis carried out at atmospheric pressire with coprer=free catalysis is in-
ferior to the synthesils carried cut with coppere-containing iron oatal vsis. Tha
following table brings tiie best results with both catalysts at atmosn pherie Eres-
sure,. Thaz reaction tempcrature was 230-235°C. Four liters of mixed zas per 10
g€~ per hcur of iren were usad for the synthesis,

Table XXIV., The Influence of the Additicn of Copper Ipon the Normal Prissure $ymbnesis

Catalyst: Fe:Cu = =1 Ky
“nduction time: 2 daye
Days of wvontraction — Lijuid Troducts eniraction
operation pereant grams Ter 2u T, *Mpcrcent L
5 30 55 31 58
2 30 55 30 i3
23 30 56 e7 13
BD 29 50 26 KN
4] 27 us
= 33 =

3/
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The copper ccniaining catalysts required a shorter induction time in order to
reach the parimum contracticns of aprroximaiely 30 zercent, The maximum yields
at the beginning of the synthesis 4n botl cases were aprroximately the same,

howover, the conper-containing catalysts retzined their activivy somewhat longer
than the copper=free catalysts,

When the catalysts w~ere employed at 15 ztmospheres rrassure {withoud rrevicus
induction at lower pressures), those catslysts contalning copper {(5¥e + 1lu) as
well as coprer-{ree catalysts gave contraciions of 40 to Lk percent after <re
reaction temrerature had gone up to 260=-z7C°C, GCopper=firee catalysts undzr
those conditions and at 2B80-250°C, gave a contractisn of 50 rercent for several
months. In comparison to that, the coprer-contazining 2atalysts deteriorated
rapidly.

Table X3V shows 2 experinents the catalysts of which were rroduced from fere
salts and were inducted at 325°C, and 1/10 atmcsphere by using €O, Then the
synthesis was carried out at 19 atmosvpheres with CO=-r’=h gas. Results are
compared for tempsratures of 235 and 22¢°C. for catalysts containing cepper
and copper=free catalysts,

I

Table iV

The =ffect of the iddition of Copper Unen the Astivity of Iron Jatalysts
Synthesis temrparatura Z£3%5° 225° _
Days of oneration "7 Fe without Cu CFe:1zu Fe without ou  Gre:l.u

1 55 ok 52 55

2 S3 56 - Sk

3 33 - e 20

b 55 50 - -

5 55 50 L5 e
10 sh 52

e .
3

The exp:riments show that the additicn cf copper to iron cat: ysts for use in
middle~pressure synthesis at 235°C. is of ne advantage.,

H. The sffect of the addition of Kieselguhr.

In the synthesis of hydrocarbons with cobalt catalysts, kieselguhr plays an in-
portant part as a carrier used in the catalyst. Satisfactary yields of liquid
and solid hydrocarbons may only be obtzined with catalysts contalning ldosalgaiye .

%hen iron caualysis were used in the normmalspressure synthesis, it was Zound
that the catalysts not containing a carrier were nore effsctive than trhzse have
ing kieselguir as a carrier, In scme cases yields of 50 to 55 g, cf 1%
hydrocarbens per cubic meter of gas ‘were obtained, but the lifetime of
catalysts lastad only a few days. Hecently we have carried out experinmsn
using iron catalysts containing kieselguhr for the niddle-pressure synune
The purpose of this investigation wss nab so much %o improve the ¥izlds
synthesis as it was to operate with catalysts of locwer density in verti
action tubes. Cperation with catalysts containing nc kisselgurr ir wvor
tiahes results in much shorter life than when kiesclyuir is prazent (ses
IV of this paper),

-
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The kieselgunr was added at various stages of the catalyst preparation, Th
folicwing sxDeriments were carried out: Ixperiment 1, L g. of kieselg:hr ;
10 grams of iron were added to the iron solution vrlor to nrecini*at*on, Lx=
periment 2, 4 grams of kieselpuhr per 10 grams of iron were added to the soda

=)
Ter

) o)

solution prlar to precipitation; Lxperim:ont 3, L rrame of ! cicselguihr mer L0

grams of iron were added o the moist cas alygt slurry alter alkalizaticn (sSes

Fart I, "Catalyst crrepsration” Lxperiment 4, the rossibility of addirs dry
H ’ 5 4

kieselgpuhr to the finishod catalys®: has =0 Le dismiceed if one desir
produce a solid granular catalyst.

W]

s to

-

fers to a synthasia temperature of 235°C,, 3b refers to 225°C, Tha various
contractions obtained after various times of opurations are recordecd in the
tabls. In all cases, the catalyst was iaducted for 2L hours using L lit

per hour of 70 per 10 g. of iron. The induction pressure was 1/10 atmosphere
and the temparature; 325°C. After this, the symthesis was carried out with a
CC=rich gas {(3C0 + 2hﬂ) at 1if atﬂosnnﬂrnsﬂ

Table XXVI
The Iffect of the additIon o. Kieselguhr to the Catalyst

The results 3 exreriments 1 to 3 are giren in 7Table Vi, xbe-i:er 3a ra-

Experiment 1 txveriment 2 Expﬁrlment 2a ixperimesnt "o
Days of Temp, Contracfion Temp. Contraction Tor np. Contraction Temp, Contrzciion
operation °©°C. percert 9. parcent o0, -percent o7, rercert
1 235 53 23l 55 235 5h
2 235 5C 23k 53 235 5L 228 o
3 23k 51 225 56
L 234 50 225 =5
c 235 g 235 gL ez5 5l
& 234 LS 236 50 235 sk 273 T
g 235 a9 235 Sg 273 T
9 234 uC 225 ce3 7
ic 225 Su 225 Le
2C 235 sk
3C 225 52
Le 235 52
5C 235 50
HC 235 S0

Table YVI shows that experiment 3a gives the best results, In thi casa, the
kieselpuhr was added to the catalyst after alkalization, The contraction re=
mained above 50 percent for 2 monihs of operation {wiithout regereration). Wor
225°C. {experiment 3b), the contraction 7all below 30 gercent after 10 days of
oreration.

Tatle XIVII zives a composition of the roaction pas at a contra
ch rercent. “xperiment 3a gives the macimum amounts of gas
The catalysts for which the kieselguhr had an opporiuniiy e i
alkali during the process of precipitatisn {experimeris 1 and 20, as well =3
experimznts 3b carried cut at 22“°u- "10;du‘ essentially lss z

< o
hydrccarbone for ths szme contractiosn. ‘A normal ircn zatalyst under =z
o

conditiors gava a reaction gas containing € Yo 3 po-uont gaszous ridrocartons. )

_,;5’:
323

d
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Table WWIZ
inalyses of tre rieaction Jases
From the Kleselpunr Catalysts at a Contraction of 53-TL  2rcent

Coz  sKi 0p  C0 i S 4 o
mxperimsnt 1 5%.1 3.5 O.¢ 5.3 12.9 1.7 1.9 13,2
;;parlmunt 2 59.2 L. 01 S 11,1 8.1 1.7 12.7
Uxpariment 3a S4.% 3.0 0.1 1.3 6.0 l.h 1.9 130
Exreriment 3b 55.9 2.6 0.2 8,8 Ga9 7.7 LN} 1..2
# yleld determination made for exrerimsnt 3a disclosed 87 ¢, of solid and liguid

d 24
hydrocarbons and 36 g. of gasol hydrocarbons per normal cubic metor of ideal

At the beginning, the liquid hydrocarbens contained } percent sclid rar:
percent after L weeks, and 1k percent after & weeks. (This catalyst was alka-
lized with one percent poiassium carbonate , the formation of paraffin conse-
quently is essentially smaller than in the case of the corresponding kizselguhr-
free iron catalysts,)

The products were colorless, The conposition will be disclosed at another rlacc,

A catalyst corresponding to that usad in experimont 3b was charged intc a vare-
tical apparatus composec of 18 tubes (18 catalyst charges, 10 g¢. or ircn per
tube). After the catalyst was inducted with CO at 1,;0 atﬂo rheres and 329°7.,
it was switched over to the synthecis at 1Y atmospheres and 22563, usisg & OO«
rich gas. Within 6 days, the contraction decrecased from S tc 5C noroant.
After this, the catalyst was treated with lip at the same te-persture. On the

eighth day, the contractiosn was 52 percent, one the tenth day, it was L7 per=
cent. afier a second L. treat tment, the syrthesis was carried cuvt sy 720F0, and
then at 232°C. On the i7:h day, ubc conirzction had decreased to 43 porcent
again, After another fiy bruabnenJ, the sxperiment was conducted for srother

-

waek at 236°C,, etc. {sés Figure 11},

When the results of the experiments carriad out in horizontal rospactively
8lightly inclined tubes (exp riment 3b, Tablae XXVI) ware compared wish expari
mants carried out in a vertical apparatus, it was observed that *‘he latter
showed a less uniform course. Anyhow, it was possible to maintain A centrac-
tion of approximately SO percent by treating several tirme with Hye (Details
on the apparatus used in those experiments are contained in Part“IV).

' Part III

The Peaction Producsts

In the niddfllorassure symthosis with iron catalysis, paraffin  and olefin
hydrocarbons are formed shewing great variation in rmolecular size, They vary
frem methane and low gaseous hydrocarbons up %o hizh acleocular solid ﬁ:r"“fvws
in Teblz XAVIIT the yields of solid paraffins, liq2id products, znd zasol hye
dreccarbons of some experinents carrisd out unher dilflarent corditions are sum-
marized,

- 3 =
24
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Table JSVITT
Solid, Liquid, and Jasol Eyurocarbons at Various Reacticn Condilions

Syntheais Liquid
k,C0 Temp., Dlaraffin hydrocarbons  Zasol
Catalyst percent °C. parcant percent rersent
Fe{NayCO3 prec.) /L 270 3 £5 32
Fe - Tu : 1/8 260 L 74 20
Fe=Kieselguhr 1l 235 8 23 29
Fe (NHJ prac. } 0 235 12 £7 Z1
Fe<Normal catalyst 1/4 215 26 54 18
Fe(NazCO3 prec,) 1 235 L2 L7 11
Fe 1 " 5 235 L& Lk 10
As the table shows, the amount of paraffins formed variss botwsen 3 to L6 porcent
(referred to total yield). If this is referred %o liquid and colid products
alone, it corrcsponds to § to &1 percent, The portion of liquid hrdrocarbars
produced varied between LL and 76 percent of the total reaction rroducts. PHe=
twean 10 and 32 percent of gasol referred to total yield was obtained. Tke 28ta-
lysts which were precipitated with soda and those precipitated with auicnia gzvaz

the best results, Vhen the synthesis temporature was 23%°C, it can Fanerally
be otserved that lowering the reaction tampersture and increasing &l

e
tents causes 2 high molocular weight hvirocarbon to te formed. The ips
catalyst forms an excertion,

The liguid rroducts obtained not cnly showed a different boiling ranca for tag
varicus reaction conditions, but also eontained a different perczentars of ur-

saturated hrdrocarbons.

As a byrroduct, the synthesis furrishes an exccedingly high mel:iic
Furthermore, oxygen containing organic compounds similar to thos:
Synthnol (18) were formeZ.

Finally, the iron catalysts may be used under certain conditions for th2 rroduce
tion of city gas,

The middle-pressure synthesis carried out with iron catalysts offers a possibpility
to control the formation of the products of reaction by imposing specific condi=
tions upon ihe course of the reaction. In the discussion of the reac®ion nra-
ducts, only arrroximats limits abcut the formation of the varisus rvdrscarben
can be set. This is on account ¢i the many different variables v-is 2an ac
in the synthesis,

4. Jdquid ‘fydrocarbons,

Th2 »rude liquid total product gererally 13 not sclecrless but ‘o z--a g
lowish. afuer distillation, one cbtains water~clear celorless “2+:7 > I:
small quantities of ysllow oil rezain as a residue., The benzinz 2 == .
remains colsrlass after wonths of storagz. The percentags of 11:id - wararbenc
boiling off below 130PC. is rreoatly Jarendent ir toe sxrorizannal conditions

- 3~
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and can vary oetween wide limits, Thus, ?_ perceent toiled off beluw 1670,
from liquid hydrocarvons rrodused with z normal ca“alyst containing 1/4 ror-

cent KoC04 and a reaction tenperature of 235°2. “hen a catalrst containing ore

percant KplCy was used (at 235°C.), ?  percent hoiled off below 13092, “reon

a catalyst was used which was precipitated with at-eniz, and consained /L ror-

cant K,CCq at 250°C,, 55 porcent distilled ovor belsw 13PC. Lhen an irone
copper catalyst was used at a raaction temperature of £50°2., 80 rorcent came
over below 130°Z,

Figure 12, shows a toiling point curve of the products obtained with the nermal
iron catalyst at 235°C. .

Figure 13, shows an Enyler~Distillation curve for a Lenzine syntiesis at a re.
action tempcrature of 250°PC. and boiling up to 18C°C. 50 vercen: of thiz ben-
zine boiled below 88°C.; 60 percent Lelow 10CPC. The boilinF roint charac~
teristics of thz benzine can be changod drastically by charging “he workirg
conditions during the synthesis, Thus, at 235°C., and used the normal iron
catalyst, the benzine was rroduced boiling up to 13C°C, Of tris 5C percent
boilad bvelow 5? °C. For another iron catalyst and a working temrorature of
26C(PC., a benz.nc boiling below 10°C, was produced of which €0 nercent coull
be driven over below 73"C, Table XXIX shows the density, olefin contents,
boiliny point characteristics, #¢nd octane number of some benzenes produced
with the iron catalyst.

. Table XXIX
Properties of Renignes rroduced with Iron Catalysts

W

“ashed with 4 feiling Foint iralyses %

No. NaOi! 15  o0lsfin Startim 107 T 300 P37.%° -
1 Yes 3.658 sh 3 Lhoae o Bro 1450 2.5k £3
2 Yas Q.678 65 slea 33 737 Le L2
3 i.o 0,553 38 C.ufb &2

Test lio. 1, in Table XXTMN, refers to A catalyst crecipitated with armenis, ‘o

ki:selguhr catalyst.

The density of the venzenes bolling below 130°C, was somewhat lower than ©.7,
#ith phosphorous pentoxide-sulphuric acid, AL respectively 65 respectively 38
volume percent of olefins could e taken out. The octane number of the 3 sta=
blized “enzanes was found Lo be {1-63 according to the motor methoed, Fossi-
bilities of improving the anti-krock propertiss 2f the henzens ares dlrcucssd v
another cecticn dealing vith the development of the primary rredusts,

If one compares the porticens which have teen removed from the b=
rhorous rentecxide-sulphuric acicd with the octane nurbers, fren
that theee de not deperd exclusively on tiae oleflirn centents.

&

tihe diren middlss
e of thos coorouwnr.

‘ons also, Tabla XX
r 23 -
w - ot

The synthol rroducts contalned in the reacticn rradioss from
pressure synthesls are of importance, The quanti<:r n
obtained varies copsiderably with the workinme condi-

PPl

acld=ester~saponificatioi=and hyvdroxyl numbers zf sime of

-3
? MM

symthesi

croduct
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Tablz RRA

Uxyeen=Coniaining Constitucnss of %2 iigrid hrdrocarbens
Joiling ivdroxyl
range Seld _ster Caperilication grovt
Catalyst °Z, »oreber  murber nir-ber nunper
e 1/L7 K,C05 30 - 130
Te " uncder 180 0.2 0.2 2.5 2.3
Fe 17 K,0C4 tnder 180 1.3 5.1 9.3 7.0
Te=Kieselguhr . - - U
v ] 30 = 180 1l.a 5.0 3.4
Fe=Kieselguhr ; -
i’ g 553 € under 180 0.1 2.7 2.1
* B2

The table shows that taes synthesis in additlon to small quantities of Aacid, ore

duces larger quantitics of esters and aleochols. Those compounds are not conly 4

1

waight constituents, but  -hey also contain higher nolecular welght compenents
(water and alcohols). The foruation of these prroducts is greatly favored by tho

alkalization of the iron catalysts.

%hen the products obbtained from the iron-kieselguhr cataly
30 percent calcium chloride solution, 2.¢ nercent was extr

st were washed with 3

acted. VWhen

ancthar

washing was carried out with sodiun hdeOKlnu, another ,3 percent went inteo the

&yueous solution,

Table X¥XT shows resulss of an elementary analysis of the
ing Yelow 180°C., obtained from the thrae differsnt irom ¢
hi

whisn rrod

1y~
1ts,

bopd
ata;y 2, . The numoers

Py

el

1"
-

refer to urwashed products. They show that the lowest boiling benzfnes nave 2
higher oxygen cenient %hen the total proeducus.
Taklz Ax:I
Slemantery Analysis of the Synthesis roducts
Total product Nenz=ne
o) H 0] C i s
Fe=llormal Catalyst
Fe - Cu 8,.60 15,15 0,2k 83,94 .57 1,09
Fe-Kieselguhr
B. Paraffin
Ths solid ard liguid reaction rroducts centain {aczording fo Sne Dubancn tethnd,
aprroximately € to ﬁ- n2rcent paraffins. ‘vhem a Mo-~ich synthesis gas and an
alkali-deficient ca+a173 is uged, the taraffin oliained is whits to siightly
yellowish, 7vhen a CC-rich gas is used and calalysts wibth one or more zercent
potassium carbonate, tae paraffins are yellow %o y2lilowishebroim. The coloring
SUlSLances are bellevad Jue %2 iren resrectively fren zalts. Iensrally howevfr,
small quantities of hizner boiliny oils are resyeorzillz for tra disceleration.
Thase oils may be extrasted or may be made color.ess by hydrcgznation,



P

The meltiny points of She paraffins extond over %ie entire known meliing roint
region of the known paraffins. The total product esvecially contains high
melting constituents, so that it melts to a clsar liquid at comparatively nish
temperatures, Menlscus formation was otserved in tre melting roint tubes at
BCPC. for a paraffin freed of liguid Wwydrocarbens ty the Putanon method pro-
duced through a catalyst with 1/L percent K,CC,- Wren a catalyst containing
onz nercent K,CO, was used, the meniscus formaticn wis observed at 10L°C,
Whsn an iron catalyst was used, which contained ere ~ercent K2CCy, a paraffin
was obtained which was 50 percent soluble in hoilirg ether. The rroduct re-
rrecipitatad from this solution with methyl alcohcl showad a final nmelting
point of 66 to 70 percent. Ll percent was insoluble in ather (2L hours ex-
traction in the soxhlet). It was, however, solubls in boiling hexane, They
had a final melting point between $0 to 104°C, The .est {§ percent; wiich
was insoluble in hexane had a melting roint of 12:°0.

+ b ™M ?l‘.

r

nhen the iroun ca.axyst was extracted, a so=called naraffin was obtained which
after fractional extracticn was insoluble in boiling benzol, but scluble in
boiling toluol. It containad constituents melting a2t about 126°C.

Cc Gasol.

From Table YXVIII, it may be seen that 10 to 30 percent of the reaction prcduchs
of tre synthesis consist of gasol hydrocardons (C3 + (). In addition to thaz
the iron middle pressure synthesis yields ethyleme toeo, Figures 1L and I
the resulis of some low temperature distillations carried out at the Ins

F. "einrotter. In orda2r to obtain the fasecus reaction preducts, the wh
gas of an exreriment (¥z with 1 percent KQJCA) was conducted through a 2o
coolad with liquid air, &1l of the pasecus FRydrocsirtons and lewsr ltenzencs

R

the exception of the mzthane were ratained Ir the receiver, The Cp btc T Irac-
tion of a rartial aliquot of the pases distilled cver, up to rocm tenr T3
corrasnends bo Figure 1L (Tistillstion 1). The berrsne remaining back in ‘he
receiver still contained considerable zuantitiss of Iy hydrocarbens. Tisp ere
removed by distillation. Figure 1% (Tistillatien 2] refers to tre = fraciicr

ey

The presence of iso=-butylene was not rreven in both distillations.

Tabls X3XII brings a summary of the resulss of the low temperature distilli-zis -
The figures referring to the first 4isuillation ars czalculated on the rtagis aof
the gasol quantities referring to the .econd distillation. The corticn of un-
saturated hydrocarbons of the various ‘ractions was determined with mercury nli-
trats,

1D

Tabl (XK1l
C> to Gy Hydrocarbons Yermed uring the Synthesis

First Second Teirny naraarn
distillation distillation of Iz ¢ grsol
cen cer frestion
Zthylene 2360 T3
Zthane 1820 L
Fropyvlene 3LAC 52
“ropane 113C 1z
Tutylene 123G 3 b
Rutane 370 g7
- T -
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Ly Vg fractisn containad 8% weiyht rorcont df =tiylane, Th percent of iz totsl
gasol fractiecn consisted of unsaturated hvdrocarbons. For this exceriment, 5.2
grans per normal cubic meter of etrylenme, 11.1 cof oropylene, and £.0 g. per ror-
mal cubic meter of butylene were oy+a_ned

Quantity and composition of ths gaseous hydrocarbons denends on the nature of

e

the catalyst and tre roaction temvsrature, Tahle
hydrocarbons with their respective contents ol unsaturated cons
various synthesis conditions. All the cxperiments refer to 2
"posed of 3C0 + 2lip and synthesis pressure of 15 atrospheres,
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I1T shows riclds of gasol

uents for
1285is gas cor-

, Table XXIII %
Yields of Gasol Hydrccarbons v.ith Different Catalysis
Grams of gasol farcent of gas>l
Temp., rer normal cubic unsaturated
Catalyst °c, meter of ideal gas  nydrocarbons
Fa, Nily precipitated, 09 X 2C0 238 30 70
Fe, Na2003 precipitated O% K004 235 28 20
Fe, L 1/Le On 235 26 75
Fe, » " 1z o 232 17 32
Fe, " /h e 270 6 57
Fe~Kieselgukr 1% K005 235 36 34
For the iron catalysis which were precipitated with ammonia or scda, anl Tor

a synthesis temperaturs of 235°C., 20 to 20 o,

iieal ¢as of gasol hydrocarteons were octalnea hich wers 70 o 80

rer narmal ecubic ratar of

“RTaAen I
T2 £

N =

aturated. ft higher reacticn terpavaiure, uhﬂ quanuity of gasol hy“rocartons
formed incressed. The hydrogeration of the hydrocartons increaszd 3% he
hizher reaction terperature 2lso vith a result that at 270PC., raccticn lau=
rverature, approximately 20 g, of unsaturated ydrocarbons were forzad. Tihs
gasol hy.roc.rbons rr ‘uced with ironskiesaiguhr catalysts vary corsidarably
from those vroduced w_ouh the kieselguhrefree catalyst in so far as “he amount
iz concerned., Just as iu tne case of the tonzene, here toco, the xisszalzuhr
cabtalyst nroduces 2 gasol which ceoniains lcss unuaturated hydra"‘r one,
D. Oxygenecontairing Products.
1. The teacitlion Vater.
With the iroa-xieselguhr catalyst and the reaction temperature ¢35°C. [lf-rich
zus, 15 atm.}, saprroximately 13 g per normal cupic meter of &cuecus ;r;du§ts
were formed, They contained acids; aldehydes, and esters as well 45 2.cchia.g.
{Tes® for [{ormic acic was nagative, that for acetic acid, positiwe ¢ it
fuchsine sulcharous ac.“, sasitive, The presence of ester wnz o T
savonification, Iittlie metnyl aleoohel was found, h,Axl alcche ed
:u% its heiling peints, and the ‘ociof‘o*"ﬂ reac -&onn The renzt
subzected tc & “distillaticn tarcugh 2 micro column, Fizore 26 iidiar
palend nt analysis of the constituents toiling bLelow 9272, (23 per ctal
weaction watar).
“The guantity of the yascl hydroczrbons rreduced durdng the stk iz v C2 ine
craased, hkeseareh neing ccnducted nt rresent is ceomtermad with 41 o rocblon
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The voiliny curve shows very distincily tie ethrl alechel frachilon. 7% sovres
ronis w2 7.9 rercent of the total reaction water.

2. The lydrscarhons,

Tabis .i. a3 shown that the rzaction rroducts beiling above as well as 4
boilinic below 130°C, contaln more or less synthol, ﬁﬁpﬂndinr notha ki
conditicns. In addition te organic acids, 2sters a:d alconcls wera -“gcnecte

Investiraticons are in progress desigred to disclose the nature of the nhighna
eA.gc“:mols and esters., The results cf theege invazstirations will ke o 3
separataly .

In the following, a description is given of the products which can =2 2uirashed
with a 30 rercent calcium chlerids solution freom a oenzene boiling up %o 1390
15.5 percent of the benzere), Fiturs 17 givos the rosulis of a distills+isn
{(correspording to Figure 15) of tre azueous soluiisn distilled off o to 522,
¥, City Gas,
The questiosn has been asked repecatedly whether it is possible to usz zox: Sor
the productiion of city pas. Since water-gas has too low a heatine value, i%
would be necessary to increase this heatin; va“ue by partially ccnvertins ithe
vater-gas into hydrocsrtons. Tith the aid of nickel or cobalt catalrstz, this
is possible without any difficulities. It was invcs rigated whether the rrodic-
tion of such & gas could also e accorrlished over the irom middle-proszous:
synthesis  %ith a pormal pressure gimtresis ard using iron catalysic, the zag

which was rroducec did not possess the desired heating valw

12 clty gas should fulfill the Zellowing requirements and roscess 02
wing oTroperties:

I. Combustion -oprerties.

1

:  Heating walue (higher hsating valuz) is equal to 4,200 wo
i4,600 kilegram calcries ~2r normal cubic meter.

- . -~

. Density is equal ¢ O *¢ 0.5 as referred to air = 1,

LAY)

L
2

Gas pressure, higher thin £0 mm,

Flash-point, 0 to 100C.

o
9

II. rurity,

1. Oxygen less than C_ ¢ rorcent,

. . 2
2, lydrogene~sulfide lz2ss than 2 g, per 100 o~
-~
3. fmmonia, laess ther C.3 2. per 100 1Y
€ to 13 - 3
L, Naththaleme “—Z-—=< g. per 100 W
€, Organiz suifur, less 3han 25 g. per 13C -, hydrogen coanige
FAY) < - ~
less tnan 1T g. ver 100 e, nitropey oxides, C.2 oo, poar =7,
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11T, Final purifi:at<cn,

By keeping the nydropen contents lw bty a cipsrens rrecess of ~uss<isatian
' : e X ! Tization,
the corrosive proporties of tie gas can be matzriallr decressad.

Aszects T to 111 are no standard r3\_l‘€h9“fs licwev2r, they mzraly ars penarel
requirenents which sheuld oe fulf;”- ew; the publiz interost,
Thess direciions no lonver coniaic zontants of inurt

at
"ruckner ard ‘“eissbach /20 nave

yTop Lo mix rropane 1-te Thn wWatarsgac
They have shown that propane-water-ias :.ituras with a rrocare cortent of Letween
& to 7«1/2 rercent have the desired hoating valuz of hoitween L,200 vo 4,500 xilo=
gram caloriss rer normal cubic meter  uch a ras, bowever, Las %20 hzzh a densaity

{C.61 to 0.53) and too low a flash;cint ‘L) to L6,

If one mixes all the gaseous hy.rocarbons with the Z0p=Tree
Fischer synthesis, hcwever, the res.liing .as then consists ¢
uydrecarbons with additicnal waler=pas, 3 2
comes close to the requirecments {2 sucr a gas.

leras Zrom the
2fly 22 Cy to C
croduced which

.’3
joN
5
3
P+
(34
3
T
7
[/}
&
L]
cr

A city gas may alse be produced {rom a Co-4
catalyst alt rressures of arcund 1J atmosphe

mucture {1:3) when one usss an ircn

Ir order to avold the formation of higher nydrocachens, an iron :atal:ct wis ured
which was rrecipitatec with avmonia anc wis zlsali-iree. Ipduction a=d fzz rates
Cerresponded to the usual conditions  The temperatirz at the teg + of tha
synthesis was 235°C., aftar one month, 1t 23°5. after 2 -onths, 72570, ard
after 3 rorths, 277°C.  Tor the whols 6l apesation, a gas of conntant contoe
sition was octained . Tatle YTV vives cn sne usual and final zas of tilic

S Tthesis,

Tarn.a
Froduction of a 335 With Lhe . L3 Daoulred by oa Jity Gag
Catalysh: tlkali-free iron =anal:
Symthesis Gas: S0 to Hp is zqual to
Presgurs: 17 atmeosphores
Temperatura: 235 to J7OPT.. Wo-

This reaction ga° bas a Hea+1n er

cupic meter {(Junxs ‘glar : : va:‘y:_“z of

70 to 71. Vhen a morc ﬁz-iar,. nt -zs is used; S ng value rwgy Lo Lne
creased by 130 kilogram celorie

The gas, therefor:, corresponds to all requlremenis.

According to our expesionces, the ironskicselpuhr catelysy is vest wiiound Tor the

groduciion of & city gas.
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Part IV
Zencral Preohlers

A, Synthesis Gas Iroduction.

e found that a synthesls ras wihich conlains C0 and i) in the ratio, 3:2, gives
the best results during the niddlez-pressure synthesis on iron ca%al sts,

For our experiment, we generated such a gas in a ncrmal ate
which we had here at tho Institute. Ve passed a mixsure :f steam anc 20p over
" burning cok2. Such a nrocecure we believe could also pe recomended [or the
-technical scale, s=ince during the synthesis with the iron ca ualyv , much more
COz; is formed than is roquired for the rroduction of the synthesis gas. Use of
one ~ of synthesis gas of cempeeition 3C0 + 2llp, gives approximately 250 liters
of CO, at nermal conversien. This occurs according to the aguation:

5+ hdaO + Cly = ACO + LUL';

r-pas generator {21}

According to this eguation, only 20C llters of COp are required per cubic meter
of CO-rich gas. Thsrefore, it would onlv he necessary to wash the 20, out of
the end-gas partially, and leac tie end-gis bas}l inte the gas {aneratfr.

’
Y

The separation of the CO, may also te accomplished by activated charceoal, Herbert
and Ruping (22) have recerded recesntly on zuch a rrocedure, naczly for the seps-
ration of CO, from gasol. When a cchalt catalyst iz used in Lhe Fiscrer syn-
thesis, pracgically no I0, is preocuced, However, if one uses a symthesis gas
which was obtained [rom water-gas by partlal conversion, this synthesis gas is
rich in CO,. 1In this xas2, one oblafns aprroximately 35 to L5 percent CC.-
the activated charceal is sublected to a ateaming creration, the varicug gasa
are driven off separatzly, and it is rossidle Lo separate methane and 20- very

P

w2ll frem the C3 and ) wdrocarbons -

7/ |

M

If one would charre ihe whole end-zas from the synthesis into the gas gsnorater
(COp, methane, unreactsd CC, and !z, ste. ) vn2 wenld approximate the thecreticel
e

yield of 2CB g. of hydrocarbons r=

normal cubic meter of ideal gas-

In the following, the reactions wihich cccur in ths water-gas producilon, nised
gas croduction (CO=Hp = 1:2), and “C~rich gas [CO-H, = 2:2) productisn are com-
Fared cone with anothar.

1, Yater gas, C + H,0 = CO + !l for every cubic meter of water-gas; 257
. of carbcn, and 500 liters of steam are used, 650 kilopram caloriss are re-
) g
quired,

(= 200 + Lilp + COp. The egquaticn rop

2. Hoerich mized gas. 3C + LE

ro
sents the vwergll react.on for the rrinary preducilon of water=gas and a par-
tial conversion of this to COp and i;, Theoretically, one reguirss 209 z. of
carbon per cubic meter ol gas, 570 liters of steam, and 570 kilogram sdlories.
3. CC-rich synttesis gas. S0 + Lu,C + C0p = 600 + Lil,.  For producing
one cubic meter of suchk 2 gas, 267 z. of carbon, LCO liters of steam, 10C liters
502, and €90 kilogrzm calories are required. Tor the -reduction of all =f
’ - N - - -
theue taree gases, one requirec tio same amoun: of carten per cubic matar of erz



