FI14-8TUDY- GROUP
REPORT- OF MICROFILM REEL NO. 101
Propared by
BUREAU OF MINES



”w\

s wn )




‘Rooent” Tnvestiye

l'anusoript. Trana lationf

e mzraduotm. 1 2 -
II. I-'o-cu-(‘atalyats rrom Ferro_ Conpounds _ h 3
IIIo Fe-cu-a-canpomnbs catnlyata From Forr:l. Compownds. - —;; J:;
IV, eedle Iron Ore Cata]yats _; ,loBv 2
V. Inflnence or Prot.reatment or Iron catalyata . 5'2 30
Vio Influenoe of Car;ier Addition and Influence of o
' vot'od of Carrier Addition = 6L 3L
VII. Conrse of the Heaction with Iron Catalysts _ A -l
YVJ. i Invastip'ationa on’ ater Formation with J;ron Cata];sts 8k h’g
_ Ix. Beat "at.alyst Daveloped . 121 66
X, lwgeneration of Catalyst . _ ?.25 67
XI Repenoration of the Oﬁ'—gases ' ' 126 o 69
;XII, Tro=stage Oporational preriments with Viater-Gas and .. T
RS lsixed-caa on Iron-Copper cntalysts o o "130 n
xn:[. Import.ance of thae Iron. cabalysts for the - Production of | .

: co-neﬁcient. Gity Gas and Benzane :ln Gas norks : C L339 B i {
TV, Redustion of 00, with Tron catalysta W 8w
= xv. capper-ﬁ'ee Iran ca'aalyata (7) e
xvr. Reamon Frodusta with Iron Catalyats e m g
~XVII. Adventayea and D:lsadVantagea of Tron cataJ.yate 176 . 99

‘The various investigators are manti%ed .vd‘th tmh.r

‘worly in WP reaqpctive\ paragiaphs, |



3/ m. m. Kohls. m. 10., » 7T

m.—..—--—o-.-m-«

ﬁ g

oldo obta:mdmthmcata:mts at.tmtim axnonntcdtoas to
"‘hS m or quid hydrosarbons per cubic meter of watergas, The catelysts
“contadned dvan and coprer in ths ratio of ki, atulwmprepamdlwdecomposing
the nitrates, -Soma sdditfonal pwducta wore added which wore bolieved to be
. Zavorable and inorease tho aotivity; At thia tims, wo used sodiun-glass powder,
- ‘eand goddun slurdnate of coiposition "1A2(08):. -o1/3mao ke additional products
 emounted to-10-parcent and were nixed in.drg form $o)the £inished iron-copper
‘oxids mixture, - The mentionsd catalysts were tested with' water-gaso Tho time
for which the cata]yata remained ‘active was not very long, ‘At that time, we
~condusted a laboratory experiment ‘and used 4O grams.of ‘axides: (corresponding.
to approximately 22 grams. of Fo), the gas flow velocity wds L 1iters per hour,
.In the.following experiments, we-used.10.grams -of .iren .most.of -ths.tims,.. mnce
‘for the. earMer rung,. the catalyst quantity was more than twice as large for.
‘tho eame ges velocity, This has to be taken into consideration when the effi-
clency of those early catalysts is judged. - Kor this reason, a direct comparie
son between the ylelds at that tims with the yields which are ‘obtained at :
present is not possible immediately. This is complicated &18o by the fact that
-our present resulte are not bnged: on water-ges but :lnstead are referred to mi.xad
-gas (2900 + SBHp).’ It is ooncéivable that, iron cata]yat.a wm g:lve bett.er .
ry!.elda with wtor-gaa than with mimd 5 TH S

: ﬂwbest caf.alyat.whiohm used at that time consiatedofhl?e-r 10n+10per-
~cont sodium alwminate (3AL(OH), + 1/3 WeOR)s The preparation of this catalyst
_was carried out under tho condgtm montioned earlior. With Ll grams of cate=
lyst (corresponding to approximately 22 grams of iron) and a gas velocity of L
1iters per hour using water-gas, a maximum yield of Ll g./uw3 was obtained.. The
_highost effiolency was reashed after the-catalyst was in operation. for 5 days.. .
“After 1l; days of operat:lon, the- yield 8t11) amounted to 38 grams. - Between tho
Atk :éndBh days of - operatim, tbe activity*deoreased very rapﬁly mm 33 to
,a pment cont.ractioxi, i .

’Duﬂng thz ynm 1928 and 1929, the imeatigat.ions w;lth :h'on cata:lyata wore’ re-
‘sumed (A, Bintermaier), The object was to.reach the same dagree of perfection
: .iron catalynts hml boen reached wi.tla cobal ; At zlmt tine,

' My percem




g exporinents, olilofly, Fealu-2-componant and Fe-Cain0-3=
8 wara uoed,  For the cxperiments whith used Fo-Cu, the cata-

- Ayots were chiofly. formod frem forrous cempounds, ' Tho PesCuwiiiO=3-componsnt .

catalyoto wore forued fron ferrio nitrates oxlusivoly, For tho selts of olerity
those two catalyst opecies are dedlt with separately in: Sections IX and III. .
-In.tho-courso-of-the-expariments;-it-was-£found-that-iren-was-capable-of-giving:
good results whon used alons. under certain experimontal conditions, .. Thase Fe=
-d~oumponent exporinents are dosoribed im Seotdom xvi i - ¢ ¢

'I1. Iron Copper Cabalysts from Ferrous Compounds,

I tha folloming, these results are: Pirst described which were ‘obtained with
“Aran~copper catalysts that were‘rroduced by precipitetion of various ferrous
 Gempounds under various conditlona, The forrous: compounds were made by dis-
. solving iron shavings in various acids, in. some othor cases, the ferrous com-
- pounds-were bought as such, for example, iron-II-sulfate and iron-IT-chloride;

‘Aftor some.experimonts which pronised 1ittle sucoess and were oarried out with

“eoppér-frea ferrois carbonate catalyste (on Which we shall report later more -

~in detail), ths-same catalysts were investigated containing. 20 percent of cope
per. The conditions for preparation were the sams as those of the copper~free-
‘catalysts. Thorefore, we refer to what has been said about the preparation of
copper~free catalysts.. )

1, Dissolving iron-metel in formic .acid and precipitation with sodium
mbanateo e R
Iron shavings were diseolved in dilute formic acid; and the resulting irone
‘formeate solution was precipitated in the cold with sodium bicarbonate and in.
the presence of copper, nitrate (20 porcent of copper).  The washing of the-
catalyst was carried oud in'a CO, atmosphere in order to avoid an oxidation -
‘of"ferrous carbonate to ferric hyjdraxide,. -The drying of the ocatalyst was'car=
ried out in vaouun at room temperature, For the investigation of the activity
-ws-always -used-10-grans-of-4ron and-2-grams=of “copper; —The -£1ow Volaoity of
‘tha mixed gas, which consisted of 29 percent.CO and.S8 percent of H,; was'h - -
Liters per hour; The catalysts were teken into oporation withiout afiy previous

fice by the addition of manganase to iron-copper catalysts which were ‘produced
from ferrous cempounds, the catalyste could be aptivated more-or less ¢ spond-
n ‘ how an alkilisation of the '~

‘ng ‘to-the production conditions, we investigated.
. , ' ‘ ‘ o We found that a , the man-
se and aoms|other additions tol the - .

he' same ‘place Whsre e diagussed: the ivon-copper catalysts




 yiglds .
o An gafoe of
%, Toroent Daye . mixed gas
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Table 1 contadns results of soms catalysts which were prepared by the mentioned
‘wothods, - With an iron-copper catalyst containing iron and oopper in the ratio.
of 531 (Experiment 1), 39 grams of liquid products were obtained per normal Rl
“blo”noter of mixed as st & nalmii cont¥action of 25 parcent.  Catalist Noo 2
differa frem Catalyst Noo 1, in'so far that it was not-dried at rowm temperature
An a vacuum, but instead in tha air at JOS™C, Thus, the ferrous iron partially:
-oxidised to ferric iron, This can be followed easily by ths change in color -
‘fron greenishegray to browm. Tha efficiency of this ‘catalyst was the. same as”
‘that of: catalyst No. 1, .For this réason, in our future -experiments, we will no
longer resort to drying in & vacuum,. SR T

‘After mixing the SFe-1Cu catalyst with 10 parcent basic magnesium carbonate.
“(nixed dry), the yleld could be incressed to L7 grams (Experiment 3),. With'an
addition of 5 percent aluminun (simultenscis-precipitation. of the "3 components)
43 grams. of. 1iquid products were obtained (Bxperiment '), A catalyst consist-
~ing of :5Fe=1Cu, ‘containing 20 percent of nangansse and for which the components

were precipitated simultansously with sediun bicarbonate, ayleld of U8 grams -

Preoipitation fron Salts with Sods Withent Alkalisstior Thereafter,

I order o iplify the preparation, w ‘used iron-II-sulfate-as startirg mas:
" terial instead of-iron=II~chloride, - These salts wore preoipitated in the.cold

with sodium carbonate in the ,-msmevo‘f-.‘dqpverf\-nit_x:atpp UL



o_e;yield&

Bxps.: owalyet R e '\ - "Temp.,' Contraction 4n o fen of
Nos ceMposiuon Preparation Conditiong .- 1590, :-:P'e""'roen'ﬂ' 'ﬂ nixed Fas.
-,1'_»7},5[*0 = 10u  ¥es0) ~antl Cu(0 )2 procipitntod in Coghe A "6 o ilh
o f.he cold wzl.th n2603 ST T e e e
2w " " . om0 280 0 23 % 2%
._ 3,..“51?0-1611-11..:: Fesohcu«-!m—nltrate precipitated dn . 20 . AU b . 22
the cold with VagC0s. Co = T
Lo o Eecla,cu-t’n-nitrate precipitated in .. 2ho. - 22 3. 3
e the cold with/ Na2c03 ‘ ‘ -
‘gomon o " RO IR ’ "d" 235 20 A 30
6 " n PoCly,Cu=¥nenitrato pmeipi'rabed in 2385 12 L © 18
o .the cold with Ne200 ,, catalyst ex-
“tracted. for 2} hour3 with-water, .

‘only 25 ¢,

citulyste Experimm\} 3 cqnﬁrms\thien

T

Bxperimente 1 a.nd 2, in Tablo 2, show that the efficiency of the catalyst pro-
~dused ‘from- iren-sulfate-1s-lowor ‘than-that of; the-catalysts-produced- from -ferrous
formeate, _/mi\e yield amounted. only-to 1 g.[m3 of mixed pas at 2h2"co, and of

of -mixed ¢8s at 250°C. An addition of 20 percent of minganese at
2li2°C, furnished 22 grams of liquid products (Sxperiment 3). ‘Vhen FeCl, was -

‘used instead-of FeS0),, this yield increased to 32 prams (Experiment L), Shen
_the experiment was repeatcd 30 £rans wero ohfa:lned at a temporeture of 235°C.

: (prerinenta 5) o

"We believed, et firet, that -the noor catnlytic activity of the cabal::ste pro=

duced from FoSO}, and I-0012 could bo exrlained by attributing it to unfavorable

‘influences caused by the prasence of some ersoh respectively NaCl, For this

reason, Catalyst S was mnshed for 2 hours with water ‘before it was used for -
the operation proper, “The washing rith water was supposed to rerove ‘the last

‘traces of ‘the sodium salts. - The washewater: contained dafinite quantiticvs of

chlorida irons, Lxperiment 6 shows that this extracted catalyst. does not work

~any:better:than-the: ‘unextracted. cat.el;rete, 4n-Lact, 4t was.found. +that_tho_ ex= .
“4racted catolyst was loss active than the unextracted, ' The same effact was -
_oheerved when a’catalyat was’ precipitated with: potase{um curbonate, In this.

. c0se, the catalyst activi.ty did not-improve either by washing, us'could be seen
Yy cmparing 1t with an unwashed calalyst.of the same kind, The explanation _
“-for-this behavior is. poseib]y as.follows: u:arlier investipations have shom
~¢that iron catnlyeta may be activated. considerably -by the-addition of emell L
-'quantities of
] pi.tet.ion with soda
talve,, wide couldlﬁcmew

E

"Aftér the normal washi) ration folloyingth 'pre- L

F thors are terba.i:tl,y soma . 'traces of ali left ‘4 .
an’ activation of the contect, By a fu '
with vater, ithe alkali emtentJb ‘are.

atlon’(extra tion)!
"1t is no longer euffd&ciont for an activi ation,| Therefore,

the extracted cet.a:ly\ut eempat normally. rea_ch the ackivity of’ the mex!rracted:z'_l.




tor affiolonce ot the' Mwﬂt “howover, 18 ot Jbtatned
mtactmpmcipitatedmtth -goda. wmwboiladmu'ae.ﬁtms :with.a:gods..golution prior
to extraction, ~Ons is forced to assums, therefore, that only an alkali:sddie
tian to the finished catalyst oan increase the activity in the deaired neasure,
That this 1s actually the casa, may - bo se .thﬂ exparimenta deecr:lbed »in
the fonowing sootion, Co L

be Innuance of a Separaf,e ,g,mQ Ad dition, L

-We uged. ‘potassium. oarbonate as an. a]kansing'iganto At. ﬁ.rst, t.ha quant.itp
was 1/2 percent referred to the-iron motal,™ The -alkal:lzat:lon was_carried out
“in ouch a way that tho catalyst already dried at 105°C. was impregmated with
a potassium carbonato eolution, It was then' dried on. t.lm sand bath with a

small flame.

From Tabls 3, the activating influence of tha’ potaseim cerbonate ‘addition
may easily ba noticed.” Catalyst 1, was procipitated from a ferrous-sulfate
-solution containing copper and manganeae _nitrate (precipitating agent, soda,
and precipitation oarried out in ths cold) and furnished & maximum contrace
tion of U percent without the extra addition of KpC0,. The yleld amounted

40 22 grams of 1iquid products per cubic meter of_ mixgd -ges,. (Experimont 1),
When 1/2 percent KaCO,; was added to the same catalyat, the yleld was doubled
(Experiment 2). -The optimum reaction temperature could bs lowered from 2L0°C,
(Experimentl) to 230°C., Experimsnts 3 and l give the results with catalysts
of identical composition which, howaver, were precipitated from-a FeCl, solu-
tion instead of a FeSO) solutdon,. ‘A later activation with 1/2 percent K ,C
increased the yleld from 32 to L8 grams. When the preoipitation was carriea
out with sodium bicarbonate instead -of goda, the yield amounted to L5-grams

: iment’:5). The use of sodium bicarbonate: aa~precipitatmg agent, there-
fore, does not seem to give any advantages, From Experiment 6, it can be ob-

. aemd that & catalyst which was produced from ferric nitrate as a starting
materisl gives a catalyst of lower activity (for the same conditions of prepe
aration). - 4 catalyst which was obtained by thermal deoampoa:ltion of the ni=
trates and which was impregnated with 1/2 percent K;C05 was far inferior to
the precipitated oatal.ysta (Bxperiment . 7). Iron’-coppag-mmugamse catalysts

" +which were precipitated with soda at the' boiling point’ and which contgined

~'1/2 percent K,00, gave 51 grams of Iiquid prodicts at 230°C,~ ment 8)5
We_discovered: thg the washing tine may be- shortensd considerably for a cata~
lyst which was precipitated out of a hot solution, For this reason, ve al-

, ways resorted to thia kiud of preoipitatiqn in, onr future work. L

\.'The reaults up: to this tim refar to. eatalmata whioh cantaimd copper and man=
gansse which wors pmcipitatﬁd fron the:lr nitrates. From Experiment 1 ,,:I.t B
“ay bo abservad that the chl “of ‘the- and Cu may be us

with success. i to_in ho addition 61‘ n o the
“alrpady & couges. a:f in agtivity,
‘frep oatal jurdng | nts 1) and|12, - It is evident| from

the exper‘bnents ‘that a aubae|quent alkan\mtion'or an‘ 1ron-¢oppar catalyst

: vd.t\hwt ‘mAng g:lvea a yield of SO 3
ized’ wi 1/2 percent aus:l

yat, ¢ eldad \35 [ n

._}
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6@@::1&5{ aantengs Exp. uax. ‘con: ‘M'ax. olds
Exp, compos L e . fePerrod Temp., tract.ion, in g’ of
Noo ..sition Mode of preparation. . .o dron . OCs peroent mixad gas:
1 'SFo~1Cu~lin FosO),Ca~ and Vn-nitrate. preoip- without aho - e
. ' ated*mﬂmvld-with*m uvs' - USwNvSEeaS
3 % 0 o peol, Oue and Mnenitrate precipe without 2ho' -22, 32
» itatéd in the cold with Nepl0y o
L oo u oon n : 1/2¢ 230 30 L8 ..
§ " ® n  FeCl,,Cu~ and Mndnitrate precipi- 1/24 232 28 ks
’ tatea with Nalico, ‘ S '
6 v n n Tya (!\ ,Cu~ and ¥nenitrate pre- 1/24 232 2y 35
cipitgtéd with Na,05" - - -
oWt FoeCltelinenitrate '~thehnally-de- 1/2%_ 232 17 .:Qh.m
' composed : ) ‘
'8 m o n FeCly,Cu- and Nn-nitrate precip~ 1/24 230 32 .81,
i‘bated hot with Na2003
.9 n v " " n -without 240 23 Lo
i Vo BT T Fec12,0uc12 and an].g precipitated 1/2% 233 30 50
: hotiwith NanCoy
11 SFe = JCu  FeClp, CuCly precipitated hot 1/24 235 30 50
with” HazC0y ' |
12 o " " no, " without 235 22 " 35
13 5Fe=1C ud/zr'g FeCla,CuCI?_,Mgclz pmcipitated A 23 23 - 37
- with Na 2003 o : »A;,AA—‘ s _z -
a Sx?é-lm-mg k L TR ¥/ 2 235 25 33
(OND PAGL. B'ISSIM)
contents- 1199 —— 1/h 1/ percent, The yle

gds, whoreas'the other catF;‘-B

e activyity was one fto two\l
B for 1/26

Tt has protred

rad -

-

tur'o .of £39°C, | A8 aoon
ra ure ney be; :
enm changimg the cata=




12 . - .228 30 50 1.2

1 228 | ."‘:C"é9f:;‘ ,
e =8 2, le 7 'k

1
2 / 8 : % ;
3 1/8 -230; 3 56 26 -he.
15; Al 228 3L ‘56 26 b2
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7

Besides causing a better yiadd, the addition of small quantities of K QQ%Z
‘oxerts a favorable influence upon the -1ifetims of the catalyste - The last.
_ coluiin of Table L, shows. tha contraction which was still obtained after a cer-
‘tain length of operation. The catalysts with 1/16,:1/8, and 1/L. porcent K;CO,
contents st411 give a contrastion:of 28 respectively 26.percont after L0 days™
of oporation, whoreas a comparative catalyst with 1/2 percent K,CO; only fur-
nishes 18 percent contraction after 21 days of operation, and 7 pefcent con-
“traction-after-32 days, -With-the-addition-of -one-percent-KaG03,- the .activity.
decreas is expectaed to occur even faster, ,but a contraction of”29 perocent was
8£411 obtained,after 6 days only 20 percent though, and after 9 days only 6
percent contraction was measured, (Experiment 6),. The activity of a catalyst
‘containing 2 percent K,C0, was such that within L days the contraction de=
creased from 22 to 7 percént, The lifetime of a catalyst which was not sub-

sequently alkalized (Experiment 1) is quite good tooy howeyor,’ the masimm
yield was:only 37 grams, and is only:obtained after operating for 1k days.
"After LO days of cperation, the one-reached masimum contraction of -21-per=

cent remained practically unchanged. -

o Table o= ' oo
"The Influence of KCO; QuantIfy Upon the lifetino of the Catalyst
o (GFe-lcu cabalyst) . L
:':’Expi K2003: - “Yields g fcm: ofmimdmiaafter,tho:follm
Az‘«Noo;.contents SRR T R4 S Loole N :
1.0 2% 31 o~

'Tab1§| S shows very ,e&&pmmyf-‘éne_lr vorable infljence which gmall K
tdes (varylhe fran 1/16/to 1/l percant) have upoh tho Jfetine of
“In this table, the ylel ‘products. ‘are| recorded wijh-inol

l-of JAquid products. are| 1 i, 5ing time
er 2 days .of unirterrupted oppration with a catslyst ¢ontain-
ALY 1iquid produgts por cubio meter of .-

‘of ‘operation, : Af
ing 1/16 pere




s
378rams endafterssdma  ‘hed greans, “which-
was not troatod with K,C0, gave & maximun: orB 37 ‘gransiof nquid producte after

‘day® of- operation,. Thb activity from thoro on remains comstantj after L9
doys, at:lll B Bl'ams of uqm products were. obtai.ned _(see ourves 1 and 2),

P

A-repetition-of-the-exporinents-with-emallor-K,005 editd ons-shomed-bhat-th
.ma:dmm yiolda as. wan a8’ tho atabmty of .the. eetal tamrem'oducihleo
pable by . .
Inﬂuence of 82603 Quantity and Iangth of Opsration Upon ths mtio, F'Eyﬁi"jﬁcl%ﬁﬁ;
Daya of con- ' i - Yields i '!ielda & contractionw )

Exp. contaits, . Opers. traotion Yields, coﬁtiapﬁon S after daya

No, _percent 'ation percent in g./m’ after 7days
1 0 7 13 26 2,0 1.95 .62
2 1/16 7 28 53 L9 L8 18 L5 L6k
3. /8,_.__.. o130 56 . 187 1,83 1.83 1.73 .1.65.
L 7 29.5 g6 19 1.9 1,72 1,66 1.6k
3 1/2 7 27:5 50 . 1.8 1.8 3,7 1.6 1.57

From Table 5, it appears that the 5Fe-1cu catalyat containing 1/16 percent
3 ‘8t1ll exhibits a-somewhat higher activity after 6 to:7 waaks of opsration
the corresponding catalyst containing 1/8 percent K2003 ! Howevar, after 8
weeks the yields are approkimately the samé in both cases. It appears that.
“the aotivit.y of the catalysts containing 1/8 and /L porcent ‘is higher—
during.the first.vreeks of opsration:than that of the other cat 8, that is,
these cata]yata require a shorter time of 1nductiono ,

In order to £ind out whether there s a’ relationsh:lp between -the yield and con=
traction, Table 6 showe the ratio of yield to contraction for vai'ious cata]ysts

. contain!.ng varying anmnts of x2003,

’After 7 days’ of operation, vtho ‘valus or the ratio of yield to contraction var:les
betwsen 1,8 and 2,0 for all the catalysts concernsd, The highest value of:2,0’
refers to the K,CO -rreo catalyst, «The lowest.valug, namely 1.8, refers to:the:
" catalyst cont he greatest, amount of E5C050 with increasing time of oper-
ation, the ratio yieid to contraction dscreases’rather fast for all the catas.
‘lysts, and after 6 weoks, it reaches a valus of 1:57 to 1.65.. This means. that: "

Sint coura\a of t‘fm oparation 8 lucts fom at tha ense of 1 Y
arbonaov The, inoreasing formation: of gase wit increasing’

|t1me" of operaticn hay also be ¢b Pl gt b or t re tion ases,,
only} elded

*/Thus, e found tha =10u ¢at ainind
_»"'L3eh vd»lmo roent o_;..;,;geous ] y mﬁtb:::ﬂ‘a,tter aJPter "6 weoks -




paete, ‘then it was carefully dried on tho oand’ b

fcatalggta:g i vdth‘ t!m K

wodst catalyst paste’(as 15 obtainsd after washing) wm‘tne xaco eolution, .

-ami: have drded- tho mass at 105°C. e found that this mode of addftion does
not’ oﬂ‘eet this charactaristics of the catelyeb to any notieeeble degreeo This
‘may bo Seon.£rom oxperdients 1 and 2 in Table: 7. In both ¢aggs, the maximum
yiold was 57 grang of ‘liquid products and tha averege yield for, Ly wesks: of

operntion was 52 grams,

~teblo 7. o

ﬂatian With KacOB

T Influense of the Yods of Alkald Addition |
T (Sl‘-'e-lcu-catalyat)

~ K co ) " EXpo max. yields Average
Exp,: coate f.,J ‘ Temp., Bax, cons in po/md of yield
‘No. = porcent - Ccmditiqns of preparation 90y - traction mixed gus. fo +-pays.
" "1/ Dry caty’ hnpmgnated with x2c03 229 30 87 8T 28
2 1/l ‘“oist paste mixed with, K,C0, 229 N 57 20
3 1  voist paste mixed with 1(2co3 . 229 ¢ 25 S
... and washed twice,
i‘, o 7ashed 9 times before mpreg- 229 30 58 - -

Ve .also have added one percent‘!( CO.
the rusulting mixture twice wit.h wa

I

‘to a not yet dried catalyst, then we washed
er through a filter funnel,

This catalyst

. behaved just like a catalyst which was not alkaliged at all, and pave 26 grams .
“of "1iquid products (ixperiment '3) at a contraction of U percento The minimum -

quantity of 'K
from tbe cat.eiy

O required for prroper activation had therefore been Temoved
by the wash:l.ng operation,

“In the case: of Experiment b, the’ cata]yst was not washed 6 times as was usually

done, but f&ﬂ washed 9 times instead, and then impregnated with 1/L nercont
Since its actlvity was. no better than that of a catalyst which was-

-was ed only. 6 _tinos, we. are, _Justified to assume that it 1s eufficient when the

KgCO L]

catel,,vet is washod only 6 times,

Se Influence of Shaping.
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In the follo'ninv course of: t,he 1nveetipation, we heve analyzed what effoct shap-y
ing has upon Lhe irori catalysts. . We have used a catalys
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, | hrqu@h‘ amall‘holee.‘, .Thoze pellote exhibit axcellont. mec::hanicswll prop»-_.g
urthemnore we- euc%eeded in gettin; a ‘
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< kxps Max,-cons in ge/8? of .Averaggayielgl
\ - , . Tempsy traction, . mixed gag . in g./ir.dn

No, poercent  Conditions of ation °C,  ‘percent. .

1. .3/L _ Catalyst used ao apowder, 229 - 31 0 S8 - 50

2 1/ Catalyst containiny 10 starch » k) SRR g9 . 89 - 83

ﬁxpo o‘oﬁggg%.

‘days 1l days 20 days
.88 s

¥

A1l three catalysts furnished approximately tho sane yield of liquid products.-
during the first U days of operation. .After 20 days of operation, wa observed
that the activity of the powdered- catalyst and the activity of the catalyst - -
containing starch were still‘approxinately squal (average yield 52 respectively
83 prams), but, thy activity-of the pelleted catalyst ‘decroased: somewhat more.
rapidly. In tho latter case,.the averape yleld after L weaks of  operation was

“about L&~ grans, ~ Tho -somewhat-faster-decrease-in-activity -of-the-relleted-cata=

lyst may be attributed to overheating which is liable to ocour:tiore readily:
with pellets than it doss with a powder, . Tha average apparent deiisity of the
polleted catalyst was 0,95, ¥horeas the ‘average spparent density of the-pov-
:e'rgd catalyst and of that ¢atalyst containing starch was only aboub 0s6 in -

oth cases, o ?

6. Influonce of The A3dition.of Va0,

After we had investigated the effect of K 0'03 addition upon the activity and
the 1ifetime of the precipitated ironecopper”catalysts (produced from ferrous
{ron), we also investipated-the-effect of a subsequent addition of Ngzcog. -
From earlier experiments we know that Na,C0, as well as K,CO, are capabla of
\ncraasiny the activity of ifdnscopper catadysts which woe froduced by dacom= -
Sosdnz-the-nitratess—The-increade inactivity resulting from the addition of v

pr- G T s : N
Na,C03 15 not ‘quite "ha"’proﬁomced"aa"thaf';“inqx_'lo‘é's’e 'fixyiigctivity:fpfseKQCQB:a hosave

ol 2 ol

e
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‘Table 9 showg the rapults with a:-5pe=1Cu catalyst whichiwes ‘rrevared by rrecipis
tating & mixture of ferrous chloride with Na €0, After the-procipitation 1/h,
1/2, 1, and 2 percent of-Na,C0, were -.u'c!dad.‘,'v--%lieu‘lllq;jpe'r_céht- of Na,C0q,-the ...
naximum yiold of Sk prams was Obtainod after arrroximatoly 12 days gf_' ‘Oporation
(Bxnoriment 1), - Whon this caalyst is compared-to one-containing 1/li- percont -
x,co3, it is, observed that, the percent contraction incroases:at a much slowor
rate”for a catalyst contalning ¥a,CO,. I the ylelds and the lifetime are just
as pond us in the cagse of a K,C0, catalyst, 1t-is to be preferred to use K,CO.

as a promotor especially since 13 ‘18" possible to regenerat'gfvthe,xzco3 contains
ing catalysts with greater assurance and safety, Vie shall réport on“uaatv. ieuver.

.The catalyst.containing .3/2 percont.Na,C05 exhibits.d somewhat.higher. activity.
than the corresponding K;CO;. catalyst and”especially a better stability (Ex- -
periment 2), On the wholo, however, it differs 1little from that containing
1/k. percent of Nap aﬁ} At a Na,COy content of one porcent,. tho activity do-
creases and especially the lifetimd of the catalyst drops: considerably. (Exe
periment 3), This is even moro pronounced when 2.percent. of Na,COy is added -
(Experimont L), In general, the following may bo seid about the iBfluence of
an NapC03 ‘addition: Catalysts containing 1/L to 1/2 porcont-K,CO3 or NaxCO3
work -about- equally well, However, for rcasons given earlier, promotion vwitﬁ,
K2003 is to be preferred,

2" Influence of éopper Contents.,

The catalysts so far discussed contained 20 percent of copror (referred to

the iron metal) in all cases, Aftor we had discovered that larger quantities-
of copper, -as—for example 30 percent, did not improve the:activity any further,.
we investip:aled also coppor-deficient iron catalysts. Table 5 shows the Tas
sults of experiments during which an iron catalyst was used containiny only

5 nercont coprer, -All other conditions, however, remained the same as ‘for:

the’ above mentoned catalysts, Ths subsoquont aaantity of £.CO. added. reouitod

£0 0, 1/8, 1/, and-1/2 parcents - o - 23 i
oLt ablo 0.
B Iﬁﬂ‘iuamwco, of K,C0y Uron BTJGFE-'-%‘EE Cat

lyst ksﬁmﬂﬁent Cy\) |  ’—
R T S

|
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, at. 4t pondin _91yotv 'ont.aining

: + - The" catalsata used:in Sxperimonts 2.and 3 o /
ospoctively-1/L-percent: “K5C0 5 hid-an-activity-approximatel-oqual to-that of
the eatulyst contalning 20%pe: cam. of copuer. -The .decreage of activity for. .
the tatalyst contedning 1/2 percent KoCO “(Bxparimant k) s of the samo ordor
of - mumit.ude that od' the iron cal.n]ys 8 containtnp 20 porcen'o copper, .

It has' t.o he point.ed out hore, howaver, that by repout:lng this sor:loa oi‘ ex—
pepimonts with_snothor catalyst. of tho saza composition,—the-results.could—
not bo durlicated, ~The maxinum yield with the K, 2C0. ~frea catalyst was only .
35 prams, whereas with a catalyst containing 1/l pe;cent. Ky €04, only 50 rrnns
wore obtained, te found thet the catalysts containing 20. po ent ol copper
could be- reproduced more easily than' thoqe containine losger umounts. o

3

111, Iron-oopper ng;ponont Catalysts Prapared from l'orr;lc COmpoundao

At the sume time when we investigated the iron-coppor cata]ysts prepared i‘rom
ferrous salts, we also carried out experiments on 3J~component catnlysts, The
third componont consisted of a difficultly reducible oxide, nrefarably mane.
ganese oxide, Earlior, we. found that the-addition of such an o:iide to cobalt
_and .nickel catalysts. caused-a consilerable. improvement .- This-lead-us -to-ine
vastigate whether such an addition to iron catalysts would result in an inme
provement, similar to that of cobalt c:talysts. The most prominent mctal ine
vestigated As a third component was manganese, v .

It should he nointed out here that the specific action of the manganese oxide
is not knorm up to the very day. It appears that the nrasence of such an
oxide in iron-copper catalysts would not be recuired so far as improvements -
in ylold-and regeneration are concerned, but it scems that the prosence of
such an oxide has-a favorable effect upon the Iifetime of tho catalyst, Obe
viously. all trosa [actors-sre aluc &sfanction of the mode of preparation of
the catalywt and the choice of tha workirg conditions;

Ao e-Cu- no catalyata. Fe-Cu-l'no normal’ catalysto (h°'l:1)

Tha so-ﬂalted normal catalyst_vas_used to. stu@ tho. Mlgggp_q -of-the_ variousi
conditions of preparation, alkali addition, otc. ‘It was preparod to contain
iron metal, copper metal, and presunably ¥no (manganese oxide) 1n the ratio

of h:1:1, e

1. '11omal Decompositlon of the Nitratos. e

e, iﬂvesti*ated atalya which pre dec nos ho n trate
»»250- 00°c. hu]orcela as continued unt:l.'.l all o
oxi CT) been iespe Thaso decom osition ca sts re :L

feri«\r to the prdcipitated: catal,yutb ‘which werc-invesiipated later. The' de=

cimposition catalysts were' mwstigmed a% -tenporatures ranging be‘twean \?35
to 250°C, In all cases, it was racy agnize: ‘to be of aoflmntage to add approxe
Anately 0,2 to 043 or 5 porcent of o the cafalyst, The alkali was;
addefﬂ{ in. oer easo to th nitr,tqs gh ‘and 1: anotr r cns to t o “find hed
A ‘1
w13 la



Nnoli, mipitm‘.ed cat&]yst which hnd corresnondinzf narent
bntwaen 0992 uo 1.17.\ " R

, For a oa..alyat qunntity corraapondiny to b gra!nu of iron:md a gas rnhe of h
litsra per how 'y tho decomposition catalynts gave contractions of 25 to 30
‘poreent: for 20 to -25 lours whon' operated at-240=250°C, " The' naximum yiold: of
1iquid prodiiots’ evor recorded was L2 g./em.  The 1ifotime of the. catalyst s
ohorx.-on-accounwf‘-t.ho-hiph-—maotion—Wporebum«ot«?;@Mlmady—during-
20-L0 hours, the contraction. decreased .by.S. percent,. and ab.tho came tire,
the oil and paraffins formed became yellow in: oolor. Tha; 11fetine of the
ddcomposition catalysts was higher at 235°C,, howevoar, mora also, the cone.
“tructions decredsed after 80 to 100 hours’ of oporation, “The products started.
Yo become yollow after 150 to 200 hours of Tunning.  Vihen:the decomposition
catalysts ware usod &t 2399C,, they required 30 to- hO ‘hours”of opsration te=
fore they gave a naximum of 25 percent contraction. Ths yields amountod to

“around 30 to 3% grams per cubic meter, A-more rapid increase in contraction
could be obtained when tho catalysta vere initially taken_into operation at
2,o°c.,, and then aftor tho contraction had roached 25 to 30 rurcent, the
temperature could be losered again to 235°C,

“with the uecomposition products ‘under’ normal circumst'mces, r:e did not- ob-
serve @ water formatlon, but only when the averare gas velocity camo dovm as
low as 2 or 1 liter por hour, In this case we found some water in the ree
celver in addition to all the paraffin-rich oil, The ratio of liquid pro=-
ducts to water was then approximutely 3:l. ' An increase in yield of 1liquid
products was not connocted in any way with the wator fomntion., “e shall re-
port on this more in detail in Scct:lon VIII,

The roactzon gas of the decomnosition catalysts con*.nined a h:lgh narcentago

of CO and Hy (Just as in the case of the precipitated catalysts to bo de-
scri"ed later),' An end=gas which was obtained at 2k0°C, and L 1liters per bour
ani a contraction of 25 percent, had tha followin; composition: } '

COo oK Op €O - Hy CHj=K¥ CeZahl Ky
- Parcent 18,4 - Lok, -foj—- 8,3 ,,,,59;, .,,31:7;;‘.*,1;;1;_,“4 R

The decox:posihion cu'c.alysts could be remmorat,ed with air- at. a temperature of
220s250°C, with or without previous extraction of the paraffin, It is to be
'nomd that. the regerierated catalysts usually caused the’ contraction to inw .
croase at a lower rate than @ freshly prepared rdtalyst,: When the alkali-froe
deconposition products were repeatedly treated with air, it was obgorved that
th setivity of t\hese catalysts alonly increased more and more after eacﬂ re=’
genoxationo| T { o S r q i

|

|

|
‘2. Pracipithtion with Alkaless | 5
! w -v .
?ihonLo tﬁed 0 prep‘:aring the F&-Cu-uno catahyst b prcc‘lpitat on. with ale
as coppared to the previously |de- -

kalia:a.we ould notice esaentﬁiel progress )
soribed decomposizion catalysts At firat e uspd- alk; 4 baﬂleﬁ tor on va
vsed rggrbo 8o |- st b pe » 24t |
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pmi“mmon with NaOH, (KOH and NHi):

.NaDH,-A. aolnt.i.on otmthe trates.in. approgin Jy“tha,«m-rold waigm‘.aofa.ﬁater
'('re""!'erred to the Pe~Cu=}MnO quantities in the: nitrates) weoro precipitated
‘portions with a hot solution of NeOH under stirring and shaking, : The NaOH so«-,
lution was prepared by diasolmg a—theoreticauy requimd quant.:lty -of" NaOH +
5 pereent excoss.in four tipes its weight of water, The. filtored precipitato
was washed I} timos with tho same amount of water as the original liquid -
_$0a__Althouph such a catalyst still containy soms residual: all.a_l:l as
“could be detectod by analysis, 1o was: nacossary mevertheloss to add soms addie
tional alkali in order to obtain an active catalyst.  The alkdli (a dflute =
K,CO, solution) was added to the still moist but already washed catalyst,
Tﬁe ‘the catalyst was-dried at-105°C, - and used for tha roaction, -When: NaOH-
vas uded as a precipitant, the most favorable quantity of K003 was between
0,5 and one percent K,CO, referred: to tha total catalyst. I a “1argor’ alkali
quantity was wsed,. auch ga ‘for. mstance, 5 porcent, tho catnlyst reached its
-maximum parformance sooner, but it had a shorter lﬂetimao This apparently
is due to tho fact that the increased .alkali .contents fayor' the formation of -
" high molecular woight hydrocarbons which decoripose .and caise demaging decon-
position products'to be loft behind on tho catalyst, Vhen cataly..ts were
ugsed containing a higher amount of alkali, it could alrcady ‘be recognized
“superficially that a greater-yuantity of solid paraffins- appaared at-the- end
of the reaction tube and in the receiver.

The following experiment also shows that with the=nigher n).kalized cata],yat
larger paraffin quantities ‘are retained than in the case of a catalyst carry=
ing the normal alkali contents, A catalyst quantity was used which contained
20 grams of iron, S grams of copper, and S grams of mangansese oxide which in -
one case containad one percent K5CO3, and in another, contained 2.5 percent
K2C03. After 360 hours of operation (at 220-230°C, and 2 liters per hour of
gas) , an extraction of the catalyst with benzone yielded 9.3 grams_ of paraffin

tha catalyst containing 259 percent K»CO The catalyst containing Larger .
quantities of alkali contained almost twica as much paraffin which speaks for
its. greater polymerization ability, This observation is supplemented by the
further fact that ths catalyst richer in alkali gave only.29 grams.of 1llquid-
hydrocarbons “per-cubic -meter -of gas-as-compared to-L0-grams-for the-catalyst™
ocontaining ono percent K,C0O3. (In both cases, the temporature was 220°C.,
- and the contraction appr toly 28 percent) - On account of the higher boile
ing points, obviously a greater percentage of -the reaction products remained-
in the higher alkalized catalyst. A final calculation and addition of all
producta formsd, showed that in both cases approximately the same quantity
ort’ 1c produc 8 were formedo Fou- the ca t con ons percent
x €04 , bit; 10 49,9 I ams, and £ r the catalyst con
panentx 35 b het yiekldwas Io/ 1y should
h»o 205 percent K CO\ P

\
]
o
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PCs ‘dhen.a cumlyqt“qunntitygco ) eeponding,,to

E ‘
.tenparature“ may..\bames,,low ‘
of ¥n0 (plus L torcent

10 ¢rans of iron,: 265 er:xs or cop;er, and " 2,5 gram
k C04) are used with a gas rate of L liters por: hour' the ‘HaOk' nrecipitatad
‘catnivsts gavo. & maximum, contraction ‘of 30 to 35. percent ai‘ter fapproximately
25 to 30 hours of* éceration at 235°Co- At thin point, they gave:a xraxinum yield
of h 50 prane-of liquid- product, per-cubic me'r.er,, .

We did not. carry out any systematic exroriments on the lifetime of the NaOh
‘pracipitated catalysts,  In general, hovever, it ‘may be:daid:that they ‘are”
‘more stable than the decomposition catalysts on account |of' the' lowor reaction
. temporature (235°Co). - Howover,. they arc.inferior .to the soda.precioitated .
catalysts in so far as the lifetime is concerned, For axanple, ‘we found that
a NaOk rrecipitated catalyst working: at 220«230°C, at the end.of.360 hours—
gave 4 percent leas contraction than at the beginning of the. operahione .

Ths conversion of the nixed gas proceeded in fundamantally-the' savie manner ire
respective whether a NaOH rrecipitated catalyst was used or a décomposition
catalyst, Primarily, €O, was formeu and normally little: r'at,er formation
was observod, Detailed fiata on the relationship between yield, C0,, and water
- -formation-for tho-NaOl precipitated-calalysts are summarized-in-5 ;egt.ion ViIl,-

Tables. 19 and 20, When the pracipitation of the Na0jl catalysts was curried-
out in the cold with a subsequent washing with hot water, a catalyst was obe
tained which gave a higher ‘éontraction rore rapidly, hosever, the contraction
fall off already after 50°to 60 hours of operation., In addition to this de-
crease of contrsction, the reaction - roducts were yellow in spito of the fact
that the temperature was only 220°C. This phenomcnon is ordinarily oliserved
to occur between 240-250°C, when using a catalyst which was precipitated hot.
The large quantity of rosidual ulkald remaining in the catalyst after pre-
cipitating cold, is obviously tho cause,for thke initial accederated activity,
Nevertheléss, the stability of the catalyst is not very rood.

A similar observatlon was mude when the corstituents of the Fe=Cu-¥n0 catalyst
are precipitated soparately with NaOl out of the hot solution., The washed
precipitates werc then mixed in a moist state by wsing a mortar and-pestle -
and- ons_rorcent K,C03 was added, The. catalyst thus produced.showed.an ine-.
creased activity at. 335°C¢, but the activity roduced rapidly with a conse- -
quent formatjon of yellow reaction products similar to those.of the catalyst
deseribed above, “.e thon were in a position to demonstrate that by Washing
each constitient more 1ntensive1y ‘bhan would have been done otherwise , 8
catalyst of normal character was Troduced, It ancears that wtth separatg
rrecipi*ation, largar regidual quantities of alkali remain An” ho cat nlyqt

_ T- do ‘when’ th[ proctpitat. on’is |carried oui: linnntaneovsl -
In L.o fur I

e
order her_investiy ate‘tlne‘ influence -of th3l residual’ amnli can*ent.s
in the catalyst upon the sctivity and the' 1ifetime of the catalys sty the fol- |
'low‘ing experiment was carried out: A cn‘talyst quant\lty ’nhj\Lch cont, ained hO _
prar.s of Aron and was prepa ed by ‘precipitating the wariouﬂ const%i*uont‘ : :
}‘separatel -was. divides inbo li catylytic tubes,| Sample lo.)was Wﬁed im ediately
‘such vithout| furthor alkali addition, - Sample Hos 2, mat alkalized ﬁth
~one, percent, KaChza 'S8 plo Yo, 3 aymd Sanp]e ’\O\b L vieys. £irgt extracted for

-1\6-,




“In tho temporature range for widch'wo investigated thoss conditions be

‘$ained 8 comparatively bignificant plobure on the astion of the residual a -

keld and tho: subseguent alkeli edditicns: Sample No, 1 (without slkalization)

rosohad @ maidmm contraction of 26 percont and remainsd there: for 180 hourss

-Semplo No,. 2. (with addition of alkali) reached a maimm of 32 percent con=
“traction - vory soon, but already after'116 hours yielded: yallow. reaction pro-
‘ductd, After 188 hours the-contrastion had docreased tb 20 porcents. Sample-.
Ho. 3 (extrasted with water, without.alkall addition) gave a contraction of -
17 porcent end was-very- astive, - However-it retained this activity all through.
tho duration of tho experimsmt, Semple Mo, 4 (vater oxtracted with alkald ‘-
-addition) proved to be bests It gave a:contraotion of 28 percent .wich ig..
‘aczgwhat 1088  than Saple; Nos: 2, but it wes essontially nore stéble, and - .-
aftor 188 hours st111 caused a contraction of 27 perent,: It may bs said .
summarily that the catalyst which was propared by separate’ precipitation ob~
viously on account of its cemparatively high residual alkali contents was
quite active even:-without tho addition of extra alkall. ‘It was. rather sta--
ble, too, By adding some additional alkali, its activity was increased =
 gomowhat more,”but- 1ts-1ifetine-considerably suppressed.~When-the catalyst-..
vihioh was prepared by separate precipitation was water-extracted, it -decreased
considerably in its activity,  This is>obviously a result-of the more efficlent
was of washing out the residual alkali when each constituent is washed sepa- .
rately. When this water-extracted catalyst was alkalized in the ordinary man-
ner, a oomparatively good and: stable catalyst resulted, According to this, a
good NaOH-precipitated catalyst should be obtained in the following way: 1,
by separate precipitation; 2, by a thorough washing and extraction; and 3, by
aubgequent alkalisstion, - =~ -~ - ’

ROH, Ve did not find it advantageous to use KOH insteed of NaOH as a precipi-
Tating agent. The KOH precipitated catalyst seems to be comparatively active
also without additional alkali. The reason for this may be that the residual
potassium remaining in the precipitated ‘catalyst acts as a stronger base than
the NaOH, and consequently 8s a greater actiyating influence, Yhen an addi-
- $16nal-amount - of - alkald-was: addad- in-the-forn-of - potassium.carbonate,.no es=
gential improvement in activity resulted. ST S

'NH3. _i Nngamay ‘b.e,iun'eidv also for 'prbé_ipitaﬂhlg‘ the iron-copper-mangansse ‘éétq-
Ti?gt.“f'r “process. of . precipitation with ammonid seems a 1ittle more diffi="

cult hore because the precipitation of the manganese has a tendency to be in-
complete, or it may n that’ the éoluble coppor complex salt forms already,
One | ent this difficulty whon ons precipitates the three constituants
r washing them carefully, mixes then together in a mole
Without the eddition of alkyli, the ammonia catalyst was oply moder-
ately aotive, with onio percent K;C04:: ; the activity of the NaOH
oatal‘wet'.ﬂ‘-» - e ety vhe acuiviiy ot ok

ghaté o w&t\[hwt t‘




‘oreparation of tila HeON contaotss - FeeCu,: nitraton n
M‘M*tims*thpir*mmnvuvwater««(refarred-* ‘ang-«uomr tfmu mfn’ﬁi‘ﬁeﬂé"w?}wd
‘contonts) .and nrocipitated hot with a hot solutlon: or NaaC0q in water (t.he Bolue
tion containid % rercent’ excoss over the theoratical: amount. '0f i8sC04) .. Ths *
poda golution dontainad ‘ono part by. wolpht of: anlwdroua poda to I ve parts. by -
might of waters. The. procipitnto was_ vindhod: 5 timeswith hot’ ‘water eath portion
bedn, “equal to;tho wolume of the oripinal aolufion, then tho gtill- moist pro=..
oxgmu.m_mmmmumuwm_ of x&,c_gq3 b wis prc-driad on tho
‘wnter bath, and: fina‘ny 1n the ovan st 10 °0s _ :

The Fo-’:u-l.no ontalseta preo:lpi.tatcd with soda ahovrad amrox!.na‘ely ’rho anma bow-
“havior ag those preciritated with NaOK, that-is-they' pave- arproximatoly: the sams
average yields of liquid products. Furthiormo-e, the' CO reduction took nplaco
chiefly over C zfomation. A8 an example, in tho following table, a soda pree
cipitated Fe-Cusm0. catelyat - cont.ainin; 0.1 peroent KacOJ 18 desoribed (x«e:cln
YN0 = 1012,5:205) 0 L

C(mversion (llixed Gas) with I-‘g-Cugmnogcal percent. Y2003 (vdth Soda Precipitated)
1032,5:2,

Tomperatura, 96, 235 35
1iters per hour = T T X  heh
Contraction, percent 28, 2 32.h

Hours. of-oparation . L6 168

CO convorsion, pireent polng to CO, 1406 8.2
Unreacted .CO 10.5 1.7
_Synthesle (aiff.) -~ L8.9 "0,1
Coa.Synthesis ' ‘ ) 1 3 1o 2 1: 1.3

02 conversion

. parcont coing to o . 82 T

" orcent, going to- ;128 (asgr,) 8 . 1LY
H202002 ) o [ 1 998 : 1 (AN
'—Liquid ﬂroducts, g./m3 ‘?"’*ncﬁ?dété’mim”ﬁ ed” 52

‘l'able 11 shows that the cntalyst aftor 168 hours of oporntion st.ill gives the sare
(somewhat higher) convorsion as it. did aftor L6 hours, The yield of 1iquid proe=
ducts amounted to 53 g,/nﬁo The convorsion ratio between CO and li, are approxi-
nately the oemu. as those of; Section VIIY, dogcribed for ths NaDi! ctalystss —The -
€O, porticn used up- during tl\ o synthosis aiounts to 1.2 to o3 t‘JE:s that. por'[ion

which went into €4 | 76 to) 81 pw cant"h the CO=oxygen went to'C0p .and only’|8 to
12 perce"t wenY to water, : ‘hccording. Lo ‘this, ‘a’lob. of 002“ .and. }ip should be found
15’ cl" arly mbrougmL st after 168

1n tho e d-gasa‘. This qut t\iy the end-ga\s ana],

S e L o | ”
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-'“‘Ilhe added K20C3 quty b refe ma o the za-cu-'l‘-‘fn":f‘l“,“ﬁ‘ff?rt?'."f“'
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The soda preci.p!.tatad oatalyate conld be talmn 1nto operabion at 239’0., and by
using 10 grams of iren at a gas rate of L 1iters per-hour, the maximum contrace
tion was 30 to 3L poroent after appro:dmately 25 to L0 hours, This oorroaponds
t0 a naxdoun yield of 50 grams per cubio meter of liquid: produetso “Just, as. in
$ho-case-of-Ha0H-precipitatod -catalysts.here:top the_additd -
quired, . Vie found that 0.1 to, 0,2 percent K003 was already. sufficient. When
a J.armr quantity of K005 is added (up to-2:porcent) a soda- catalyst is pro=
duced which has an ini: 1ai].v highor activity which faot 6an be recognized in
tho moro rapid inorease of ocontraction,- Hmver the’ 11£etime of -the catalyst
deoreages, With higher alkeli contents, the fomation of the yellow=colored.
reastion products sets in earlier. The eppesrance. of thess yollowscolored sube
atemes annmmoerin advance the following deorease of catal,yst activityo

The eodna-preci.pitatad Fa«Cu=in0 catalyst s0em8 t.o be more eeusitive than the
corrssponding NaOH catalyst. At a temperatiire of 2S5 to 250°C., the cat.a];rst
bogins to loss its activity comparatively fast.

"Experinents extonding over & longer feriod of time"and: inveatigating the-lifes
time and ability to regenerate the soda catalyst were not carried out so faro
For the 200 hours for which these oxperimonts were carried out, the soda cata-
1ysts proved superior to the NaOH catalysts as far as lifatima {s-concerned, .

¥ith respect to water formation, the soda catalyst behaved in the same manner
18 the Naou catalyst did at higher temperature or at lower gas rates,

Kp_c Only very meager expermental rosults are available on the use of po=
garbonate as a precipitating agent. The results show that a ca.talyst
precipitated by cen give a contraction of 24 percent (L liters per hour
at 230°C. ) even 3nt subsequent -addition of .alkall. Similar results. have
boon reported for the KOH catalysts. Since a-further addition of K (1)
the oatalyst preoipitated with K,C0, probably-would not cause the actihty to -
~increase any further, ve. mestigatgd the influence which NagCO,,RbaCO5,
-potesslun-acetate- (aach ‘ons-percent )-has-has” rprmoterr-‘v'e -0 ervad hat =
the weaker base ( 3) renained without influence, also potassium acetate
‘had no infloences r, no demaging effects resulted from their addition,
-The eddition of RbCO causad the appearance . of the yellow=colored reastion .

prodnnta to osour ear lero _A_Tha ccntraction m not. momased by the addition E

obe. ST

; me imeatig ted ro in detau\ tha hich ves
A with amm um carbonatc :For the pr cipi tion with enumn - -

s may- the precip tati with ammondas,— Iq; order|
the waor soluble complex:

salt, it is recamendod here’ t.o carry out ‘the pri ucipmation »r ‘the variow;s oom-‘

to av 1d immpwba praﬁiipitawtion oz*' the formation
»pomnpa soparately, and|then p.x then togathar mF a mojst stmpteo

o9 w
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‘of tho. fron satalyst and ts alkald contentes | |
Tho-PeeCu-kn0 catalysts not treated.with alkali add Mttle: activity and resem-
bled those obtained by precipitation with ammonia, In order to activate them,
thoy had to heo treated with K2?O3 +and -similar to the Na,C0; catalysis, 0.1 to
'0p2 poresnt had to be added,: “Ve' ‘f’m'm_d‘lj that this quantit; 4 nlso sufficiont
for tho catalysts precipitated with ammonta: carbonatg. * In"this manner, ve auce
ceodod in preparing a eatalyst, which pave a conlrastion o ) it .
Li%rs of gas por hour at 230°C., and at 235°C., the controction was 32 percont,
‘Howover ;- it seems that “tho~ammonium carbonate catalyst ‘18 not superior to the

soda catalyst.
3. ' variation of the Coppér and xangax‘lesevcont.er»ﬂ;s in tho Fa~Cu-in0. catalysta,

In the prévibq:i experinents, results vere obtained exclusivoly with a:catalyst

containine Ve-Cuw and ¥nO in the ratios of 4ilil. We have also carricd out

gome qualitutive oxperiments to investigate how far the copper and manpanesé
contents of ths eatalyst can-be varded - without losing any appreciable activity
of the'catalyst, . Vie have carried out such an exporiment in which we used tho -
percent contraction as a measure of catalyst activity, and we havé found that
-tha ratio-of.coprier-and manganose to -the::iron-may-be-changed - in-wide- Limits—*
without causing essential changes in catalyst -performance, For ‘this series of
‘oxperiments, we used NaOH precipitated catalygts which had been troated with
0.5 poreent K,C04. The catelyst quantity was chosen .so as to provide always
the samae qum§1t3 of iron (8 grams)., (It is obvious that on account of this
restriction, the total quantity of catalyst was different for the various ex-
poriusnts .83 the copper and manganese contents of the catalyst changed), We
worked at an experimental temperature of 25(°C, in-order to be in a better po-
sition to study the etability end lifetime of the catalyst more rapidly; We
used the follewing: ‘

" ‘1ls 1k g, Fe=Cu=¥n0 in the ratio of h:l:l

2, 18g, " " Lsl:k
3. 2hg, " bsk sk
b Be v o kiga

The experiment “shoms that with L litets per;hou'r.iand: 250°C., the cétal&ét.‘ gave
the following maximum contraction: -~ . o C ,

L . 1 . :2: ‘» . .3>. ) h

B 25 6% 25% 2ot R
The: cont: act'iTn*déé easedtof}epercen;i of tl\me"mmjmm‘ éEint_x'?aétioﬁhafTer' hours s
L hjo bgo! - - v heol o lwo _.-‘ -
With the excelw‘:gtiont\‘vf; the sozowhet weaker catalyst No, b, all catalysts behaved
very sinilars| On the scale of the presont experimont, it made 1ittle diffo
whother the iron contents of the catalyst varied botweon [33 and 62 percent, ithe.
oppper sontents betwoen 7,7 to 33 porcent,-or.the mangandse oxide’ contents | -

twaen 29 4o bl percent, - It should be montioned hore that catalys 2
gave -L2|graus fof_-‘nju;&; ' ‘L;ducts per cubic u«}ttorﬁﬁexj:" 7-hours of . operati
reas catalyst oy 3 gave only 37 erm:Qf,“'-‘l#qu;C\‘l«,psod cts. por cubic mot

‘y. 3 -
- » 20




In tha £oncwins two. euch oomm? and, manganese md.da. defacient oataJyata m-a
nentioned, having cempoaﬁ'.ion (1):Fe t0:Cu. to-Un0 bsing equal to: 10:0o230°2,
and - (2) 10:0,.1:001. Babh catalwha mro a.'u:alimed with o,a porcant K2003., -

The Gabalyst whioh waa pmoipitated w:len aoda bahavnd most favorablyo at .
23%°C," and li 14tera of gas per hour, it reached the meximim contrastion of 26
percent which it also maintainad when the temperatm was lowered to- 23(?0.,
Tho yield of )quid products.at 230°0; was L0 grams’ per oublc mdter,: The -
catalyst was allgwod to work for a short time ab'2259C;. and gave' a:22. pors’
cant oontraction, Tihod the. temparat.ura Was, -raised again to 230PC,; tho catae.
lyat kept on working for another 298 hours, and opntinued to give: a contrads
tion of 2l porcent. The catalyst which m precipitated with ammoniun cere
‘bonate Fe-cuvl.lnb = -1010,21062 performed esaontially glower, - It.gave the
following contz- tions at 2393c° and |s Uters of gas por hours

Hours

- Contraction, pomént 1 'lﬁi' ’2%9

Aftor the 118th, hour of operation the cqntraction only increased very little.,
But gpparently after 12 days of bperation, a maximm contraction had not been
maohsd as yeto

'118

Although the e:q:ariment described here has no practioal significanca it brings
out the interesting fact ngvertheless, that it 1s possible to slowly activate
tho apparently inzctive copper-manganess oxide deficiént catalyst, For prace
tioal ‘purposes, it appears that one can get. by with considerably less copper
and mangansge than is contained.in the so=called normal Fe-cu-)ﬁno catalyst
containing. Ee-Cu-%mO in the rat:lo of hxl 1.

ho _@ﬂi’ioama cf Alkali Addition to the Fe-Cu-lmO cataJ,vato

caf.a].yst has alreadw baen discusaed in comeetion ‘with tha various modee of
catalyst~preparation, _In the follawing, tho various observations are once
more sumsarized, We have found that: ca‘a]yate ndt_conteining any alkali (es
for instance, decomposition catalysts or those precipitated with ammonia or
anmoniwm carbonate) exhibit only 1ittle activity or are only mediodre at bests
Thosg cat.a!yats require an additiénal quantity of approximately 0,5 percent..

_ ofaraeemstobe\thebetsalpmuaedo ‘
Tho 1‘ on 18 u& as ngin th case of the pweciEitatm cata

~precipitat bondtes. .In this cage, in.
spite of the fao that Pmens\b.ve wabhing 18 cad}isd oqu., a certain/ qum\Lty
: pidual a:wu m&dns baok in the caﬁbalyat already actp as a’
prenbter and which is slresdy capable of restor fng o o0 talyot.soblity up

to i3 ontire strengthy In- aFch a Tase, ha'._ deldtion of more alksli uot 5

wae



‘aro prespitated eaparatelv) may bo ‘explained by
‘mmmﬂmum lkald whick raminasxpwin ho-catalys
: y.of residual alkali can vary batwaen oonside
tional .quantity of alkall such es’ o’
tadning considsrable résiduad’ extra’addits o ‘
?Wm ”ﬁﬁ%‘“‘ Mcr::tinatm °%.°§'i“ £ tho. taJ'act ig- uot.E reqnired
) oroa an on o oa o
In ordSr to ‘exoluds ho cfi‘::tc which ﬂm rcciggc'%a a;l:{::i h::, 3% -g.n
"bo’ advant %0 wash dhs pracipitato as woll as. pos water or:
aight bo' ;%::‘&e to oxtraot with water; After: ‘oxtrastion, 0,1 to 0,2 nzco;

ohould:bo-addds
B' Tooa-Ocpper Gatalyst with 7, Ohraatm,

Tha queation wag reicad whother manganoua oxida may t!m roplaccd in the FoCu -
catalyst advantageously by. othor oxides such as. tin, chromium, alumimm, -
sinc. 3Jo far cn;.y oriontating experimnts ‘have been conductedo
e t

2inc. A catalyab which was precipitatad by soda and containsd Fewcu-vZno in
T ratlo 1012,5:2,5 in addition to 0,2 percent 0 od in activity
"b0’a'manganose’ catalyst, - Tho catalyst gave 27 paf%a t contraction at 225°C,
'8t a gas rate of L liters per hour, After the temperature reached 235°C., the
contraotion inoreased to 31 parcent, Without the addition of alkali, a conw.
traction of 23 percent at 2%5°c, could not be surpassed,

Ohromiun. In an older serdes of .experiments with chromivm, | Itwo: iNaOH precipi-
E m}y 'talyats containing difterent amounte of chromium were investigated,
namalys -

1. FG-Gu-OrO +05% CO.
8s222 3 ) Kz i

2, Fo-CusirgOy + Ou5E KyC0se
8:23 8 3 R

,Oabalyst No. -2 was practically inactive and. at 2h0°c. gava only 8 percent cone
-trastion:=Catalyst-No:=1,"gave~18 porcent’ contraction ‘at"2l0PC, " and 28 parcent”
at 250°C, - After an oxidation with air at 250°C, meither of the catalysts could

be used’ or, . It did not do ood either to treat with By in order te
W lcng . forming cnniﬂuavwg, alth ouz.;z ‘the reduction: u}gzmpcraum

uced any
weg L00°q, ° Tha corresponding decomposition produsts;. having composibion 1and”
"2, were even less. active than ths fiven. prccipitated catalyatuo

By preoip tatiop with odai o the nitrates, a Fe-CueAl,0,. was x}m-j
o | hia oatalyst gave 8 max traotion of 25 paFom it its, ,ac-‘
-tivits Jhry pidly, When' tho catalysi was goated with ond perc nt Ko(Oay
-m ccmlracticm an,v cm wup t.o JI.? pm:ent au» 235"0",

3 Two m ysts containing tin wora, i ty deocupbsitich of the. nmtatea.,,
O ' 'was addccl tho mixtire of the nitrates as
a-etamnip acid (frem) tin,nitris s | T catalyat was. ﬁmt”enmqpy

Q




positions - FoCu-Sn0s =

In addibion to the Pe-3scompancht catilystd, s des
reriments ‘in which calalysts of a spscial ccapositi

egcHED 5 fow mora ax-
: : cortain praparabion--

wore dmostigated,

Aron . angangae, 1he following expwriments show.that ironemunpanese cutalysts
which do-not contain coppar exhibit “a certain activity when uged at 23590, A
oatelyst which wus precipitated with soda und consigted -of Fe. and KnO in the
-ratio af 10:2,5 and contained 05 percent. K,C0,.gqve 12 peraont: contruction .
sfter 2l hours and 20 percent’ contraction aﬁe E’c’ hours, “and ‘a ‘maximum contrace
‘tion of 23 parcent after 69 hours (ges charge, i litera per. hour of nixed gas),
After 69 hours, ‘the reuction products ‘becamo yellowish:in color and after 1l -
‘hours, the contraction started to decrense again, - A c

Vihen the same catalyst was used, however, without the alkali, the timz of in-
duction was considerably longers A contraction of ¢mly '}l percent was reached
after 69 hours, and after 162 hours, 18 parcent was observed,  After 210 hours,
-the-ocontraction.was-20-percent,-the-natimum contraction-at-235°C;Vhan-the- ton-
paraturo vas ralsad to 2L0°C,, tho contraction could be increased to 25 percent
(after acproximately 282 hours altogether), A previous reduction with I, at
- 350 to L:0°C,- (1~1/2 to 2 hours of treatment), was of no influence on thé ale
Reliefree.as well - ag the alkalimed eatalyst, ~Further details on the coprore
free iron.catalyst are discussed in Section XV, ) . '

Iron Magnosiwm, A ¢atalyst which was nroduced by thermal decomposition of Fe
nitrate and A solution of g0 in nitric ncid contains the two matals Fe to g0
in the ratio of 1:1, This catalyst was used at 260°C, with mixed gas and no
noticeable contraction could be observed., When 6,75 percent.: K,CO4 was mixed in,
and whan an H, treatmont at 35(°C. was parformed, no better resulfs were observed,
Iron Salts, Ry procipitating ferric nitrate, reapectively ferrous chloride, with
iun phosphate, the voluminous iron-phosphate was: obtained, . At_temperatures
_up_to.260°C,. and using mixed gas,-the phosphata’did not.give. any. contraction,.. . -
An oxidation at 250°C. and an_H, reduction at 300-350°C, remained without influe
ence.- A sowcalled iron borate procipttated catalyst which was obtained by ale
_lowing iron hydroxide !(from ferric nitrate with armonia) to remct with-a boric
- acid solution was just as ineffective, Whbn the. catalyst was subject to reac-
. tion:temporatures, considarable quantities of boric acid sublimed away Lrom ito
Anothar borate which we produced by treating. ferric nitrate solutions with borfix
‘ waa_’not;oﬂfectiva eithaxy, - The- h_at-rly,ashe ‘preparation ylelded for a long ,pm‘e‘r -
nitric acid, nitrous oxides, and watek, v‘l?ﬂn hedted in a stream of mﬂcedfsaa
‘Boric acid Kept on subliming offq.!: ' - A DA ' LA




and addsdn faw drop,si, hedroxi olutiong::: ‘the’
gosted in a solution containing 250 ce,’ of wator and.250 6o, of: alcoholo 'J.‘he
digeation was carricd out’ lang.enough o convary all“the forrous sulfates “ho.
golution oontaining. a proaipitate of lead sulfato was filtered, and the nght
groon olear filtrato containdng the forro nitrate’ was_heatod up and pmoipio-
tated with a hot sodivm bicarbomate solutiom 4n' anatiosphore of nitrogen

The £1)tration and washing operation of the grayisharhita Perrous ‘sarbonata
prosipitate’ waa oarricd ont 1n a nitrogen atmoaphere as well, " Newrthelesa,

- earbonate was- allowad to aot on uumd gaa, a nobiceable oontracuon oould only
b obgarvad above 2L0°C; The matimun contraction of 19 paroent was obsorved .
at_250°C, Alroady nfteir 8. hours’of operation and ‘aftor a deoresse of activi.ty
of tlw oatalyat, tho produdts- asstmed a ybnow diaoolorat:lon@ o

(Meyer)IV. Neadlo-n'onom'e Oatg_lgstao _

According to Fricke And Ackemann-j during the- de!wdrabion of synthetic nesdle

& zeitsch r. Eleot.rocmmio 19, 630, a93k)e

b i b e e S S
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iron ore (« Fe03°1H;0) one obtains ciren III oxides of greater internal onergy
contents, the 1ower one keeps the dehydration temperature, The internal energy
differencos amounted to up-to S kilogram calories per mole of Fe,0y,. Tha oxides
vhich vere high in ¢ner ﬁdupon X-ray analysis showed a more randmjcrystalune
structures Since the rdndonmess of the structure is responsible for the catas’
lytic behavior of the oxides, it appoared interesting to us to investigate the.
catalybic activity of the needle=iron-cre with respect. to the CO-Hp reaction,

Preparation of tha Synthetic Needle Iron Ore (cCFezo.‘1 1820)

In the pmparation of the needla~iron-ore, we reeorted to the met.hod of Fricke
~ and Ackermann, - - _

A aolution con “ono mo]a"of 1ron “nitrate” (Fe(m3)3°9 0) in one liter of
water was added under violent agitation to a solution contal 3=1/2 mples -

of- ammionia per liter of water. ' The precipitate of. oxy ’at.o wag: waahad 3
timoes, each time withli liters of water: . The separation of wash-water from -
“precipitate was agGomplished by decmtat:lm and ‘consaqusnt pressing. All oper-
at,ions mre carra.ed out ;Ln the cold, - Bafore being dried, the moist and amor<: '

P d with-twioca 1% quadtity o con ntrated KOH |
solutiono hau t um we ueat,ed for.2. houEe to. g vervlined
|- autoolaves, | The reaction prod nich was in ¢ olor f tarcd

K off dm m\hed wi\hh waﬂbr 6 tilma.. e o

Resulta of \E’-npewnentap’f L

A% fir te atalytic béhavior of tho n naedla-i' on ore Wb cenpared with tht,
of. oth r:lrn ocata ta'_; He. ,mpareudits‘ tivi‘,yw:lt anionc alyst which
RIS T




on 83 434 the needlswironcors satalyats Botl-oatalysta-vere dohydrated-in--—

& ourrent of ati at 210°0, (2 hours),. then thiey voro troated with H, for i hourd
at $10°C, , ‘ond ‘talen ihto operatfon with nixod gos {liiters.por holr), ¥hen
tho Tobavity of tho noedle-ron-ors win comarad With the acbivity of tho obher
ran eatalysts, 1t was. observed that ‘it displayed absut-twice the-astivity of -
the ‘ordinary catalybts, | At 2W0°C,," the needla-iron-ore gatalyoy gave.a con-
-trestion-of-859-peroent —whereas-tho-aontraction-of -tha-othar.catalynts. woo,
.only: lisS . péraant.s.- When the gas velocity was roduced to dng liter per hour,
the noedle~ironeore catalyst gave a-coniraction of 29 porcent and a ylold of:
‘14quid hydrocarbons of .25 /B>, of nixed gas, The other catalygt gave, under
“tho game ‘conditions, only 20:grams of liquid productso’ Tho-activity of the-

" neadlowironeare was of the.sams order of magnitude.whon the:catelyst was. used
for the synthesis with mixed gas diractly without mwrevious delydration. A-de-
hydration of the catalyst &t ardindry pressure or in-a ‘vaouum' over phosphorous

- pentoxide had ‘apparqn?lxno offeot upon the acfivity, . ‘

It s pointed out lator that the vreparation of needlo-iron-ore does not pro-
coad in the prosence of copper, Thoreforo, we have mixed the finished noedlo-

_ronsore in n moiet stote with freshly prepured copper carbonate (obtained by
preefpitatiny coprer nitrato- solution with potnssium. carbonate) and “added 25
porcent.of goppor based on the iron. ¥ith this coppor-containing needle~irone
ore catolyst (L grams of iron) and a flow velocity of L liters per hour, a maxy
imun contractfon of 25 percent was observed yielding 1O grams of liguid pro-
ducts ver cublo meter of mixed gas. Tho lifetime of the catalyst wgs short, -
however, If the coppor addition is carried out by mixing the compononts to- .
gothor in a dry stoto, tho nsedle=iren-ore is not activated to as high' an exe
tent, B . : , .

Furthormore, we discovered that kiesolguhr added to the copper-containing necdle=~
ironeore (added to the moist paste) causes the activity to decrease, In ths same
wdy, the aotivity decreases wien 1/2 percent K,CO, is ‘added.@fter the copper ad-
dition,: Sinca the 1ifetdma of the meedle-irenors catalyst was comparatively
short when L grams:of iron were used with a gas volooity of U liters por hour,

it appeared-purposeful te increaso the catulyst quantity from ki grams o 10 graus
of “iron; - This wessure required no-redustion of the-gas-veloeity since the-dumped
woight of: the ,»naedlo-iron-'oxe catalyst as campared to ¢obalt and nickel catalysts
is aprroximately L times @s great &s that of the latter, The following experi-
ments, thorefore, rofer alwaya to 10 grems of iron, a contact layer length of 30
Mo, and a flow velooity of L liters per hour, -~ - . - - ' .

‘nesdla-iron-ore which wag doky rated

As.alrenfy mentioned with regard :to activity, 1t dops not . matter whothoer-the-

néodleeiron=onry-vias dehydrated at first for. 2 hours in the presence .of air st
2UPC. or-whethor the contact.was"takien inte-operatlon with nixed gas lmedistels
,.(G%xperim\ants‘ 1\ énd 2),. Provious to Exporimont 3, t?Yﬁe‘ nga,«pe.m\%n-oro was de}wf

Table 12 #ives the results 'w:ith‘ _6op349r#£reé




mﬁmm wore. mmmr-\tc roproduca, hydratiar
"th*wmma*ofﬂmmrmtoadwqr#mwg ab-400PCy*
qures onxy a vory. anght activity (Exporinant )o :

For Emﬂm&a 5-‘to 8 a wadh-mn-oro -was ‘usod which contaired 25 perc

'of ‘aoppor- as mbonawo “Tho mode’ of mbing: tha .coppar: {nto the moist oatalyut
k" demlbad earnsr. A ma:dmm yield ‘of ‘50 grams of nqu:ld producta (Experi-
28k 1.6).wa ctive whathen the_cats :
oporaticn already with ndxed gas or whother it was lvdrated 4n a'strém
of air: at’ aw’c., “Tn, cemparison to the ooppar-trao dlp wiron=cre, thoe- delvdm-
t4on of the oopror-conteining catalysts in a stream of air &t h00°ca did ot
‘0auA0 ‘an’ inorease of astivity (Kxperiment 7): A'dokydration in a stroam of My
at.400°C, loed to 8 somowhat Bmaller activity (E:qaerment 8), - Finelly, v in=
'vestigawd the aotivity of a catadyot: “"fvheﬁ . ohe~ coppar had bson: addad af.‘her
doliydration of the ngedle-irdn=ore in -4 atream ‘of -air. 8t LOOPC, had téken .
place, " The copper was mixed into- the'¢ atalyat 4n the dry stata..: Vhen the. ra-
sults of this catalyst were compared to .a catalyst where the copper was mixed
into the moist needlowiron=ore, it was observed that tho: catalyst. having beem
mixed dry showed an activity which was 50 percent below the act.iv:lty of the
moist catalyst (Exparimsht 9 -

fle further investigated the antivity of & coppar-containing needle-iron—ore .
satalyst containing the corresponding quantity of Fe={u in the samo ratio-as

tha previous needle-iron-ore copper-catalysts but which would ‘contain- the

oLFe,0,°1 ) ccmponent ‘as anorphous Fez0; insteed of crystalline Fe 0

amorphdus iron oxide obtained by prec:lp itation with ammonia after w. %inr with

water was divided into two halves, The first half was converted into needls=~

iron-ore by :applying heat under presswre at-a- teumerature of 15(°C, in pressnce

of KOH, and thsreafter the catalyst was mixed with copper carbonate, .The other
half was mixed with the corresponding-quantity of KOH &t roam temperature, ‘and
wes later on mixed with-copper carbonate, Both catalysts were taken into oper-
ation with mixed gas without having’ prev:loue]y been protreated, : They furnished

ths results indicated in Tabls 13. Indeed,  the needle~ironeors catalyst con=.
taiml.ng -the crystauized ‘iron oxide 35 1ar supérior-as-far ag.activity 1s’ con-
'cemed when compared to the: catalyst containing amorphous -iron oxide, It wag'"
found-that-the-yields-for the- orystalline-catalyst were: -approximately:3-to-L-
‘4imes as high as'those of the amorphous catalyst,  This inoreased activity may-
te oasily explained by a change of the -orystalling structure which takes place’
“writhin the needle-iron-ore after .dshydration,  During this .dehydration; the . '~
wator held back by tho crystallino structure of the catalyst is either totally
or at ‘least . partiany removed, aml by doh:g so, a random cryatall:l.ne atructuro
'ia oduceIo'** age i e :

th reforonce to the JL.ietthe of t 0 051"' vat, one o\Lserve fron Table 3,
\hment.» 2, thot tho maximum yield wes $till pbtaingd after ttrpro:dmatwnly 12
days, lwmm after. 22 days, only L1 grems of ljquid j roduci'.s wore produced..
Wlm\ wice\the cmalyatf quantity was uead\ (20 [ ans oﬂ‘ iron), the \aotivit.y ro=~
madng ed d 22 deys, ¥ areaa , on:qr 37 grama of liqnm
prod ts fmd CEL ’




‘neoel ,, 06 bo 4
oatalysts which in:addition to gonwer. adnod

“porinent, 1, the noist copperegontaining needlasiron-on _ xar

thordun whish vio procipituted TTan khoriun nltrato with pdtusaium carbonatos—
Tha copper-containing needlesdrdn-ore catalysts prior to the-thorium additien . .
‘had- been- drdod -at'100°C, , Catalyst Yo, 2 was propared in siich a wannor:thot pree
cipitatad copror And’ precipitated thorium wore mixed topether with.the noadles
‘Aron-ore in.a moist state, For Cxperiment 3, copper-centaininy noedle-irdn-oro.
which had-not bean dried yet .was mixed as a molst. pasie with froshly propared:
thortums—{h-addition-of-napganese;-sxperinents-i-to-6;-wns-oarried-out-inan..
analogoug mannar,- All:catalysts furnished a maximm yleld.of. L9 to.52 . /m’ of
mixed gage A specific influence. of the thorium respectively nangunese ‘upon. the
aotdvity of the catalyst could: thorefore not ba observed. .Regarding the life-.
tine of the catplyst, it may bo auid thst the thorium~containing catalysts are
gamatthat better than the manganese catalysts. . = . B

Suplfiod Prepuration of Needle=Iron-Oro.

In ftJi:c_i,‘.cot'lrse-of the 1h\fb5£:l:gation of ‘the catalytic propéz_'t,ie's__’ of needlesiron-oro
satalysts, we have.also investigated the possibilities of preparing it ina'sine
_pler manner, Ve want to roport on these experiments shortly. . To start with,. wo

.endeavared to.prepare_the needle~iron-ore.in presence of precipitated copror in’

order to rroduce a'moro homogoneous iron copper- mixture. “The preparation of T

needla~ironeore &n the presence of copper did not succeedo. In every instgnte, -

va obtainod amorphous Fegog mixed with Cu0, which fact could already bo rocog=-
h

nized.from the color of )

1120 reaction produst. It should he rentioned here that
the ‘necdle-iron-ore in contrast to the smorphous oxyhydrate is -more voluminous
and -forms larger granules, and is comparatively easier to .]'filfger,;» The product
obtained which was prapared in the prestnce: of copper with Y¥OH under ‘heat and'

- pressure. did not exhibit these propertics..-Also, when the iron and copper were
precipitated simultansously ‘with rotassium carbonate respecgively sodium hydrox=-
ide and when heat and pressure was -arplied in the.présonce of. potassium hydroxide
no. needle-iron-ore was produced,. The catalybic effect ‘of these products was
olight, The highest contraction was 15 porcent; at 250PCs ., e L
Further experiments dealt with a simplified mathod of  producing needle~iron-ore

. in the absence of.coppers. Thus, the: recommendation by Fricke and Ackermann .’

: "éa‘.l‘ung"‘J.‘orfan“'ﬁteiéi@ﬁﬁmiﬁﬁérﬁfﬁi’&iﬁe%’ﬁmorphauszfﬂxq'}ry‘dx‘ate':preéi_ i
_tated with armonia- geems’ superfluous, - It was sufficlent to apply one: single " -
washiny: operation with water, and -a following arplication of heat undor pressure
~with KOK thus lead to:the needlo-iron~ore. (one.mole of iron wa3 -waghod with one.
“lter of ‘water), . Application of heat under ‘pressure. and treatment, withHaOH in--
.gtead of KOM doos not pive eny.results. after previous intensive washifge— Fur-—

" thormoro,” the use “of an autoclave linc withsilver seens- to be absolutely noces-
84TY. i!;én’a]ll tha othor co’nﬂi.%ﬂ %:-'c_argptul]y_,ohgorv'od';and'_w_hen .\Ee, i

I ‘

ons ‘wore me:
worked_with an autoclave which was of “iron or which was J d with copper, N0
‘neadie~iron-ore was lobtained. ¥ “probable hat the silvor favors
the: fornation ‘Qf tha‘lnoed].\‘n-iron\.ore ¢ L e

talyt:tcall;r‘." : :

A J o



hoating wnder prossure.in .
opper. ves added, 8 ylold of

Fo

ence of KOHs When 4
-Of "ndxed gaaWwas T obbRINRd T

By hesting comeratnl Fox0y ‘under pressure @n prosente of KOH et 160°C,) ap=
pareutly wncbanged Fog vas obtatoed valah &t 27070, tavaved practdsily in-

The. investigetion of the catalyie behaviér o6f needlo-ironsore;datalysts as

usad for the bensens synthesis may bo. swmarised in saying that the needlew .

iron-ove catalysts exhibit a highor sotivity thantho corresponding iron catas

lyste preparod. in the ususl.wennor, that is'wheretho iron'is presont a8 emore

 phous. Pep0a0. The maxiowm yield obtained with ncedle-iron-ora catalysts amounted

€053 se;mi_-‘ of ‘mixad gess . The use: of sedlewireni~aro’ catalysts, however, doss. -

“not seem practical since: thelr preduction requires a groat deal of time and 1s
rather complicated, -Rurthetmare, it way be;seen from Section II thal tha ore .
dinary ircn catalyats prepared. in mich siupler ways have higher activities and’
especially exhibit lenger lifetines. ; LT

s d8blO. 120

“Dobydrogonation of Heedisstron-Ore UTER oF Wikhovt, Copp

or Undor Various Conditiorna
S " Bxp, - Maky-cone Yield:
Bxpo _Catelyst SR temp., traction ge/M of
Noo 30 go of iron . ..__Pretreatmeat - . . . ©C, . pere ntmimdgqg
1 Neodleeironeore ¥ixed gas immediately. . 9233 -, B7 0 I
2w 4 -2he, alr, 200° thennixedgesit 0 L L -
B won o 16 hrs,air, 2209 Thryadre, o0 - 28 il
. ‘ booe oD
. un n.oon 16hrsaHg. ?109’1 hroﬂ2, Lo 0

n
88
E3
g

' Neodlewironsoro  Mixed ges at onco 230 31 b5
. plus-25%eoppr ¢ . o TR
.8 wl'w 2 hreelh, 200° therimixed gas 233 29 50

-8 W & W

Cowem 6 tesd By, A, 1w, boe v 26 Mo

' Cuco, edded after. 16 hrs; aiv, 2108, 1hwo My, 22 2 . 26

, troatuent with air- 40,
‘ K B :‘,:‘ S X ‘ L ‘ n L

o e =y
3

w8 -



‘temporatufo with Cuc03. No ape
pl.tcat.inn..n&hnn ..and..nmaam

after applicatton oi‘ haat. Bnd eIV
- prasgure-in: progence . ,
' "mhcad with Ct)."03°"‘ .

S ..but. with 20 erama_of_zron.

S Ui mawme e D e
Influenco of Vnrioub Additions to thc Oopper-Containiny Leedle-Iron-Ore o

Added t.o 'i : : B bxp._ Hax. cone’ Grams of liquid
: the nsedle- Ziemen s o Temp, , “traction, producte/n? Ll
~No. iron-ore gode o.e udd.ttion L 90y percent : mixnd gae Remarkn

"?f 1 29‘!0\1, 18‘8 ThOg Needle-h'on-ore plus 230 ._-31; J 52 ' ,After 17 days,
I - cu (at 100PC," dmd) SRR R - sti11 L8 graus
’ . mixed; with: fresidy . e e e ,__obtga.fln‘edg_a
."‘.‘moipltsted.thcri.\m. LT L T
2w Cu plus 'ohorium pre- 2'3h Ceg Bl After 18 davs,
Cooirl 7 oipitated simultaneouse L oo oo 2 ostl1) Wl grame
Jy with. xec ;) washed e T iobtainad. SR
. and mixed "in"moist stat.e T e el T T
i with needleedroneore, o Lo Lo i
DR Precipitated Cu- mixed 235 B S b f,{Af’rer 17 davs ,
. moist with reedle-dvons - o U7 pedllh3e gravnsf
T oreyibe” ‘thisg ‘modst: pre= . -, .o 7o obtainede T
e cipi.tated tlxorimﬁs added’ T T S e s S




dgated hether ty a spec ! 0 2
L lyst’a batter activity. conld Yo obta:lmd or whether the. t:ln_xe 'Mmtion conld
b shortened, Eiperiments ) to L of Table 15 wore ‘cartied 1th: Pa~Cu ‘
= oatalysty ! which wére' propared by precipitating. FoCl,,Outls, and uncr'm
v._'-aodao A additiondl 1/2 pomnt K2603 wes uged for dupre

-j'~-catelyati NOn 1 wes it.aken :I.nto oporat.ion with ms.md ‘gas .8t onee, - .Catnl,vat NO:
waa.firet treated with Co for. 2l hours, Catalyat No, 3-was treated with CO- for. .
"2 hourg.; - 5t Nos L wés treated. ﬁ.rat vith mixed gas for 2l hours and. fol-.
lowing with o-£0r_another 2l hours, . The' protreatment texperdture dn all cases
. w88:235°C,--Ths contractions_obtained after.25 hours. of-operation wore.5,. 17,%
28, respectively. 31 percent.  In the case of -Experiment L, it has to.be taken™
: iht“‘conslderation that ‘the catalyst had already acted upon mixed gas. for 24
"hours bafore:the- By ‘treatment ‘was.performed. . On. the whole, for all. experimnts.,_
the same maximum activity was ebserved in .se far-as' the yield. of Lquid, tydro= ..
- uarbons was' concerned, and also in so far as the percent conttacticn.was ob~:
_-gerved, With reapect to the stability.of ¢ho ‘catalysts, no wortlmhﬂe diﬂ.‘or-
_“enges could ba observed, for in all-cases’ the -average yield was approxmately
"-tho geme_after 17 days of ‘operation: (1ast- colum; 'rable 15),- - The 14fotime of
“those catalysts was_not too satiafactory probably beoause they contained 1/2

‘ percont. K2m3o S ' o

('rable 15 next. pape)

}AIf a previona pretreatment with: co exerta a favorable 1nf1uence upon the t.ima
“of industion of the catalyst (as réferred to tho mosont when mixed gas was. ‘ad=
?"-‘mitﬁea) ons naturany -dannot-speale-of-a-redustion~of “the-industion: tine: for==
the}.pratreatmenb wi th GO requirea 2h to, BB houra mm,

:Inenta w ro ‘d amsoqtres Ste-lcu cata:lyat W ‘us" ,’;
nt K,004, tho time of’ pretreatswnt was reduced from. 2ito 2.
$o- 7)._uhnn ezqmrlmm 6’ and 7 ard’ ompared, one. tinds
' ‘Hy treatment, & contraction af
nly. pretreated: for 2 howrss
: ""g‘-_he conL

’For rurther ‘ezmer




's SFe~lCu +
o kg0 ;:f

!Bahx_‘) n addition to the prev:lous]y described xper:lmonts “some’ ét\n-ther investigations .
teil are. -ment3oned, in which we: :anest:!.gated how. a short pretreatment with CO influ~' =
* ences: the ime of ‘induction “the: catalyst, when-the, pretr atmnt.i '18 carried oul;'
at a hi.gher temperatur : h‘ i R

For those expsrinants we naad Fe-cw-lmo“talya
" the ratio 20:2:552.5; 0.5 Percent of. Epl0y:
_prepared. by precipitating’ ferric: nitrm th
__gange_or temperature was betweon 250 and y
~was brought to-tha" experiment f,emperst_‘
%00, and. the catalyst was: allowed &
at al flow veloci.ty of. h 1_1ters .of0Q; pe

b’ upon co’ £o ,tho das:tred length of t:lme
10 hen Ve :Imerad the:tempex_'ab:ri:




:;Z;ynai.;dbsarvad' or. the. £ollowing s
22 peroont, after 3, h'houra but ‘af"

-than in tho’ case. or ‘the: catalyet.mch was ‘pret; af. PG For exmple
K 15 ‘minutos, the contraction was 11'percent aftor) 3/h ‘houra, "1l percen \t,
-and .18 ‘percent, after 2 hours, * In'somo’ cages, wo: succeeded -40' produee g9 cata.-
-lys ch reached its meximum contraction’ oomparative)y fast at.220°C, reace .
. tamperature;  This: catalyst was: ‘prétreated viith €O at 250°C, for '2: houraa
- Thus; for this' catalyst, we ‘ebtained 9 percent contraction after 1/L houra,

-;1‘5?1 cent, after 1/2 oy and 20 percent contraction after 2 hoursy -

EDuring[t.he €0 treatmem; ab. 250°c. to 270°0‘° ".'tha follcning, bservations were.

. mades: TImmedfu\‘l'.e]ar aftor the passage of the. co, the exitigas. showed vory.high

R ages of C0, (up. to 90 percent), - After.1/2 to 3/l hours; thia :

! ad rediced’ srastically, “and depending on the tenpcrat.ure, approac sd 4T
m r1egs ‘constant value of 10.to 20 percents .+ Genarally,’ascontraction
was. not observed in the beginning: - At 250°C;, -and. ‘@ven after: one to 2 hours,

‘nocontraction was ObSGrV'Gdo At 260 to 270°c, ’ ‘a_contraction’ pradually get
h could’go up-as high as "33 percent, - liere apparently, a partial decom-v’
fpos ;,_,"n of tha co occurs. with carbon i‘ormationo TR ,§_ § : .
o Not nly did the contraction reach a higher vBlue aft,or a- ahorter time of in- -

duction when the catalyst was’ ‘pretroated, but the visible oil formation was
* considerably .accelorated by the CO treatmento _For a catalyst taken into opere

- ation with mixed gas under normal conditions, the visible oil formation at’

: 235"0, 50t _in gencrally after 2 to 3 hours,  Hore,-however, the visible oil -

,£ormation was obsorved very soon- after m:lmd gas. was admitted, -and ‘40 no case
' 1ater than after one houry ~In most cases we could observe tho ‘formation of =

lgﬂ. ‘already aftor. 1/h to 1/2 hoursg. In’ soma cases, even already arter 5 to

= O mimxtesa s e : = : _ s

ﬂe observed that 'a co treatment at hisher tomperatures shortemd the f.ime of .
- Anduction considorablv and -caused & ‘greater contractionas: ‘compared toa cata-v
1yst which was not pretreated, . However, it appears:that CO, protreatmont is '
" not practicable since we obgerved that pretreated catalyats inm general did- not
1ve n,lﬂgher yialdp “In some. caaes, ‘CO pretreatmant was detrimental to ‘the -
ﬁji i o WO obpemd:that 1he catalys g desc_- bed hIBN gm_ ‘a. ct)antra,' ion




for. another honr at 250°c., with mixed 8380 ' At - KT
‘contraction of . 1k percont, Vihen the reaction temperature was : Lowerad . to. 230°C.
visible oil formation sot in after.S minutes; The contraction, ‘after 1/L howrs, .
was. 10 purcent, after 5 hours, lh percent and after 20 hmxmf 20 porcent., ST
The samo oatalyst waa treated i‘or 2, hours with mixed gas at 260°c.. , After 1 -
‘ing the reaction.temperature to’ 230°6. ‘the  contraction after 15 minutes was:'6
percent , ond: after Lt hours, it was 7- percento After 20 hours of opera“tion it;._r
Was only ]6 percento Viaiblc oil fomation sat :I.n after 10 minutes at 230'g

_ When the sama catalyst vas" pretreated with mixed gas ‘at 300"0. ’ it gave a con- :
- traction of 17 pércent within 2-1/2 hours, " 0il was formed even then, .:By .
{ Agwering- the reaction temporature to 230°C., the dontraction decroased to 6 -
- porcont, and after 70 houra, did not surpass 8 percent., S

- Frou the' 1nd1cated expermonts, it :ls noticeable that protreatment with m:bnad

- gap -8’ elevated toimperatures 48 withowt advantage, ' It appears that the oil

L formation wag’ accelarated to some axtent, however, the increase of contraction

‘noto. 'As’a matter of fact, we.could observe: thnt a aatnlyst pretreated in-
-faghion bohaved more. unfavorable than: the normal pretraated ‘catalysts,-

Especially s this trus for pretroatment at higher tomperatures,. This effect .

1a undorstandablo if one takes into consideration that the ircn: catalyst 19
:cemparnti.vely sensit:lva alreadur at: temperaturea of‘ around 250"0 &

alre mnt"(toned, contmry to cobalt. and _mickel catal,ybts, t:e :lron cata-'
;]yeata c% ‘ba _used fori the. ‘_y.hea |5 ‘without & previous i, t They
' ror “thm diaad ag;_ that. they require a




* A preceding reduction of the Fe catalyst with '3 at_high temperatures causes &

~Considerable.decrease of tho activity, A.5Fe~1Cu catalyist containiny 1/L pors
-cent, 2%60 y "hich vas. taken into.operation with mixed gas: immediately, furnished
-58-graig. of '1dquid products, .after 16 hours of reduction with Hy _5,.9&],550°C§;“7i#ﬁdf:l

~following action vpon miwed gas, a contraction of 1L percent va§ obtainod after’

“one” ho

to 6,5 porcont,“and yellav=colored products wore formed already. : Since this::
‘catalyst had buen reduced by the H, treatment at LS°C. already rathor far to -
dorn motal, tho'deterioration of activity may be due to various reasons, First,
‘vhe iren which was formed dus to the reduction at LS(PC, might have sintereds -
Secondly, the high reduction temperature might have -favored the iron and copper
$o forn an alloy oo with amother, .. o oo T

“Aftor 2l hours of furthor operation, the contrattion had docreased:

‘However, there:is an indication that in come casos, a reduction of the catalyst
-at high tonperatures may be advantageous as the followiny observation shorss -

A simultaneously precipitatod Fe-Al catalyst (1S percent. A0, referred to iron) .’

proved to te ‘entirely active when taken into operation with mixed gas’ immediately.
' After a reduction with By at_li50°C,, this catalyst yielded 27. percent contrace- -
~tion after 8§ hours: alregs.v; however, it had reduced to 9 porcent after & days- = -
of ‘oparation, This finding io not in contrast o, the statoment Just made, since
=in-the-presonce-of Al;055=the“dron-oxide 1s-only reduced to-a"anall degres 16~
dron ‘motal, . This has bBon found to bo trus by oxperimental ovidence not yot .
“publishad,.” Furthormore, Al;04 45 capabla of proventins sintering, . .

“Stnee ."fl‘ie»-éﬁiéliaﬁ';'ﬂidiﬂof’»,édﬁﬁiﬁ"'axv' copper, ‘a damsging offect dis to alloy
. formation was - out of tho quesbion,  : ' o o oo
Yayor): VI, . Influence of the Addition “of.-c riors and Influenco of tlia uddeL of Additions

o

usnlta, oxcept in those cases whoraiich
), :8uch as for: instance, Stuttgart. o
caused by, the' additon of 't




e, o tavo gt dmissbigated o quosti o S

ceges. the reaction'proveeds in a different course whan a carrier is addeds . Just
a5 1t 15 podsible to direct the reaction: of water formation, the possibility - -
‘should exist to inorease. the yie3ds which are: obtained from mixed gas and iron”

- Thp basic metorial which was' chosen for a ‘numberof ‘carrder catalysts: had the
“campesition 5F6 + 108, The preparation was acoonplished as elready described
- previcusly by precipitating the chlorides with Na,C0s, . If alkalized with:i:.
1/ or'1/8 percent. K,C0,, this, catalyst yiolded 25; ;m@fjﬁ\off; mixed gas. . Table
- 16 symmarizos tgh_e_';“resul_%s- of the experiments with iron catalysts: co taining
* ecarriers; It should be mentioned-dn advance that in'no’instance did the jace
-tivity of a catalyst coutaining a carrier-surpass the ‘activity of 'a carriere
““frep catslysts -Genorally, the carrier had anfunfavorable:influsnco- onithe:por-
- formance of ths catalyst. It was-nlSo obs rved-that the mode of mixing the
~ carrier and the catalyst-was: of special-intoresti -For-Experimont,-2,-the: cata=
* Iyot, which was used in Experimont:1-and which had given; 58, grams of Uquid
- products was mixed with kieaelguhr, - Thus, L grams of Ideselguhr were added .
‘40 overy 10 grans of iron and mixed in.a dry atate,  In considering for the:
" woment ‘the small maximum yield /(51 yrams), the catalyst required a time of
" induction of 4 days, This is understahdable if ons considers the larger valume
_of the catalyst and tha botter distribution anq.diésipaltiqhﬁoﬂ the heat;of res:

_action,  Besides, the detivity decreased faster. than in.the case of a kieselguluw
free ‘catalyste ~If the kieselguhr'is added to the catalyst prior to precipita= -
“tion, amore intimate mixture is ‘obtaifed,:: This catalyst only furnishes a max-
imun contraction of 16 porcent (Exporiment 3) which.already decreased to 13 -
percent ‘after-li days of.operation; A freceding reduction of Hp at 350°C. did
~not ‘change the situation (Experimont Lf, Tho same ¢atalyst, ‘however,” without
Eﬁg - addition (fxperiment-5): only. yi¢lded a contraction of 16 percont when -
‘tékef into operation with mixed gas immediately,’ Ona can conclude from this
* that-alkali-in:presence-of Kisselguhr loses its activating properties, Tho
“two’ followiny experiments (6 and.-7) ‘ghow. that ‘Diatomaceous; Earth reduces the
“aotivity-ot’ the’iron-copper catalysts 8150, ' In Bxperiments. 8 to 10, sodium °
‘glass powder was edded in various wgys to a von-alkalized |SFe-1Cu catalyst, In
‘Experiment 8; the sodiwm glass powder was mixed with a catalyst in a dry ‘state
ho caurse of 5 days oparatdany 29 b g

‘29 parcent contraction was otiservado

e f‘?l‘.‘lf»‘_?f“.’:“'-"z‘;"f"‘.’iwf go/nd’ of nixed gas, . Frow this,:it &

ixed in a dry state with the cp-
! jt:drgs,_teng;y;;mncj lass!| .

fSperimnt 11), - The maxisim yid
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tivit.y.,!

. Ho }120 -formation,

22 : n o u ]

: '29 - hi9ge of 1iqu1d products. Naie

- -glass powder doos-not acti=
vate as woll as 1{2003 - Long
v 'time Of induCt.ion.

267 lioge of liquid products. :
237%===Yory- slaw ‘Increase=of=ucs

" tivity, tode of addition
-More: unfavorable than dry
stato; -

120z of Liquid products,

P ‘.a"t}er\ romnhiono i 1‘"0 .

01 nqu s \ﬁﬁh,»



25 vithoutalm’tioamru;;; i g 108 50 oteriorsich d o &
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- The: addition of pomdered silica gel gaused a similar effact as did the kieselpuhr
 (Experinents 12 and 13), - The alkalizod as woll as the non-alkalizad -catalyst. -
showad -the-‘same- bohavior. after additien of silica gel had taken place 'in a moist
conditions The maximim contraction of 1§ respacively 13 percent could not ba ime
proved ény:ayen aftexr’ a redustion mmtla& had been-carried: out 'at 4S0PC, - When -
-tho silica gal was. added in the dry-s -to-the ‘alkalized 0atalyst; no-specifis-:.
+effapt was obsorved, - (Exporiment 1), By trouting with ls at US0PC., ‘only. a short=
;lived inorease in contradtion, up.to 21 respsctively 25 percent, wis. observeds .-
“7able 17 contains & fow more oxperiments, during which soms metal oxides had beer’
‘used as carrders Albhough these metal oxides camiot be considéred as oarriers .
jproper, tholr effect is to be discussed here noverthsless, jsince these oxides =
‘woro not mixed with the. iron and copper bty simultansous precipitation, but were -
.added to the iron and copper separately aftor procipitation had been complated. -
Manganese oxide and. sinc oxide deorease the ‘activity of the alkalized as well as
-the non-alkalizad iron-copper catalysts in the same degres(Experimsnts 1. L)1
:It ‘should be mentioned that the alkalized catalysts possoss a scmewhat higher
-aotivity, The additlon of Al,0, exerts an unfavorable influcnce upon the'ags -
tivity of the iron=copper catdlyot (Experimsnts.S and 6)3 no difference séeims -
Yo exist dn the activity of the alkalieed and non-mlkaliged:catalyst, =Finally,
-Wo_investigated the influenco of chromium oxide, Cr,0; behaves indifferent. ire
“respective whether it 4s nixed with 4 oatalyst ih modst or dn dry form, The
yields with the, alkalieed and non-alkalized catalysts are of the same ordor of :

magnitulo as with tho catalysts withoub Or,0, additien,-

| Tablo 17 (nexbpage) .
Swmarizing tho results, tho following msy be said ebowt carriorss We have
ot succesded ‘in mmrovﬂg"thef elds‘by adding carriers to:the: dronsaommar:

satalysts investigated in this Jork, |
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(Bahr) b. xae-cu.uno carrier Cata'.lysta from Forric Salte.

VWe alao invesugamu me enecr. mncn & carrier naa upon Fe~Gu=lho. catalyats
‘which were precipitated from ferric ealts, ' With these catdiysts, wo always’ used
a larger quantity of.carrier than'wa did with the Fe-Cu catalyst, We used at
lenst such'a quanti.ty of. carr:ler that the ratio of: matalyat. quantity to

,qumntitym 1 1, The qu 1ty ﬁ‘ carr*_ 7 d 45 not - thtmt cance:.{,
“uppn/the, aot:l, ity of the alyat.Thi i".le qught ‘out i} the 6x) nts on:
o ipi- Btﬂ;]ptsn S

1 ey carripr'.neqlomposxmon chtalyaﬁt




: 1, no. dpprovement

o ThO OEtﬂmﬂ moh;
‘inately as aotive as.the catalyst wi ' erosting to-t
thst the addition of Xlesolguhr caiised an Xt r detorioration of the
_nntnlvm.md.it,mndmd.tmm al ;‘_'\"‘_‘t.-—.ﬂ.mot,ivaa«

-he deocmpositicn oatalyets prepw 1n: these twmo ways, could be’ regenorated by
}_oddatim-ﬂth alr: 250°co th or utlmt pmvio'ua extraotionvof the pm'atﬁnac

R ay mhdng an alkali-preo:lpitated cata].yat 0 dry state torether aith a car= -
“rder, such:ys. silioa gol:and kisselguhr, catalysts were:obtained which gave ap-

prozdmnte:lv tho.suma percent’ contraction as tho. oarrier-freo procipitated cata~:
iysts.  (te'found this information’ from carlier experiments.) ‘The: advantage
.which we derived. throvgh theso preoipitated. catalysts.was. ohiely that the...
larger-volurio of -catalyst contained a ‘smaller quantity of metal, . It .should

~ be mentioned, howsver, that the. 1ifetime-of - tho ‘catalyst * wae ahorter 4npro=
‘portion. to: the. maﬁer quanth of metal contonts,

- An essentially dirferent ploture resulted when the catalystmaa; precipitated on
top of: the carrier; - As long as sodium- oxide was used, -ag precipitant, we
.. were not successful in’ abt.am.ng erfective catalystss ':“ror :.nsvance, a_eavas.
" lyat which was precipitated.on kieselguhr by using NaOH proved to bo prace -
tically inactive even at 25(?0. “Also with Ha,CO. and K,CO, ‘and ‘the use of
“kieselguhr; at first, vbry 1ittle astive cataiye 5 were" ob@ained. Battor . re-
sults were founﬂ with ssbestos, calcium’carbonate, -aluninm snicato, and
‘powdered sildca gol.: These materials were used as-carriors. The ratio. of .
. carrier material to metal quantity of theicatelyst was 1:l, _.and those cata= .
_lysts gave a contraction of 20 to 28 -percent at-2L0°C, with L iters of nixed
f‘%gas per hour.

The use of kieselgnhr appoared undesirable in connsction with' precipitatcd
~dren cata]ysts. ‘This 1s contrefy to -our osperience with cobalt and nickel,
- Later:on we succeeded in esaent.iany improving the kicselguhr precipitated.
“dron catalysts w:lthout recognising tha. reaaons i‘ox- the initial failure of
' this ccmbinati.ono

tea . m‘conducting -the synthesis .
» ysing thy ca-alyamo




mpioyc‘_ i
. quantdty of kiesoleunr,.ts,,aadea ‘A hot, solutdo
‘mteate=kiosalguhr-slurry und quent stirring.
. badng the theoretical quant:.ty_of Na,C0y 45 peroe i
‘wedght of water.) " Tho ‘N ag ;‘}aolution gae edded- to the nitmbe-kiesalguhx*-f -
‘slurry. in portions, " After precipitation. is- comploted, ths precipitate’ 53“
f£1ltorod and waphed 6 't4ss’ with hot water. : Baoh washing is'equal to the’
“ordginsl volume of tho ordginal slurry, Nfter tha washing: oporation;.the fﬁ-’-
‘trate ehould reast only Paintly alkaline  No alkaligation of tho catalyst was'
carried: outs After the. catalyet wes predried on the wator bath, it was further
dried in the oven at 105°C, . 'Tie hava-found 4t purpogeful.not ‘to:take: the. cata»
lyst into’ operati.on ywith mixed gad at once, but rather to hoat’ 1t up to the
redstion temperature with a stresm of aly just es in the case of the: cobalt
catalystss ixed gas wag sdmitted after. t.hs waber had baen, removed from: the

.oatalyst.

Onmonnt ¢ftha]argorvolmne or thakieselguhr catalyeta mmnotina -
position to use 10 grams of iron as we did in the case of- {m ‘earrier»froe- catae
Iyst, earlior’ with normal‘experiments, - We only usad I grams of iran, Visible oil
“Tormgbion set. in‘with a I(LralCi=1¥n0) 31 kiegelanhr ‘sabdlyst” At e tenporatnro
.of 235°C, The contraction after 5e1/2 hours wes 16 percent, and after 22 hrs;,
‘At wag 30 percent (maximm contrastion), . The contact: ylelded water: from. the..
.very beginning, - Section VIII describes the difforente between the kieselgu}n‘
.cahal,yat and the carrier=fres ‘oabalyst. for ths same contraetxon. ‘It 15 men-
‘tionod hero only that the kieselguhr catalyst only converts 66 percent of.the .
0D ‘at a.contraction of .30 percent.’ Whereas, motallie catalyats, :at-a contrac-

- 4ion of 30 to 32 percent convert .up ‘to 88 percent of the CO, - The difference
‘:-may ba’ exnlainsd through tha water fomation of. the ld.eaelguhr catalysts:, o

“A. Lrield detomination wae not carx'ied our for the 1-1 k:leselguhr cataJyat,
. aince wa found that. the lifetime of this catdlyst was very short, Already
‘after 46-hours, a decrease of contrastion set An, M‘t.er 70 hours, tha con-
;:'traction had decreased to 20 percente

a?l"‘urther ema-iments havs indicated that -a:111- kiegelghhr: catalyst-nay- not-ba-
‘raproduced very readily.: - Seme catalysts (of same composition apparently) only.
yielded a contraction of 15 to 20 perceunt at 235“0, The ‘caiges for this unre-.
‘producible behavier ‘could not be discovered so far, ‘Vie suspect that. the alkali
contents.of tho catalysts has scmething to do with that, As already mentioned
“no- 2dditionsl alkaligation of the kioselguhr catalyst was, carrigd-out, The
‘residual alkali apparently haa an activat ‘Anflusnce on’.the catawato Even
aftexmonsi‘derablwb wash, e re jidual @lkald remaing: in tho kigselguhr te-
that alk mthelelcat st secms-to ba. L
I5LaNces, . the‘t alkal . contont. 48 higher,

= L0 =



alkald, ‘Ho improvement of th
wwﬂ:«w, :
This uay bo soen

A 111 Klesalgibe catalyst prooipstated with Na;00y was dried in the filter

fannol, and then subjooted to drying in an oven at 105°C. . The moist pro=

oipitabe still reacted stronger alkalino when tested with ltmus, After the-
5-the-oatalyst-was-bolled-for-soms-tins with-mater.in.order to remove
tho -residusl alkali.. foither. tho acqueous:filtrate nor the catalyst reasted
alkelino whon tested with litmus after the ‘boiling operation had tieen care.
risd éut, This was an indication’that tha residual allali was hield firmly
by tho catalyst (the' deselguhr) after tho dryimg operatioms ™ <~

Gonsddering that sush an inoffactiva 111 kieselgulr catalyst conld contain
too 1ittle alkald, ws have taken already dried catalysts and added some adw.
ditional alkall to them, Thus, we added 0.1 percent K,COy referrad to the
total waight of tho catalyst, When the dried catalyst Wab traated with al-
kali, we found that the alkalization had no offect. on the aotivity, neither
was tho sctivity effectod when O.L percent KpC0j was added o the still

moist precipitats,

A decrease of the Idoselguhr quantities did not improve the ironekieselguhr
catalyst any further. . _ '

A 1(kFo-1Cu~1¥n0):0,5 kieselguhr catalyst was only little active, It only

gave 11 percent contraction at 235°C. - Strangely enough, no water formation
was observed with this catalyst. This peculiarity of the carrier-catalyst
was not ‘yet pronounced with the small quantity of kisselguhr used, - I

Batter ylelds than with a 1:l kioselguhr catalyst were obtained with a
1.(LFe=1Cu=~11in0) s2 kieselguhr catalyst. With the application of only L grans
- of iron in the catalyst quantity and-L liters per hour of gas at 235°C., the
paximm contraction after 16 hours was 32 percent, At this point, the cata--
lyst gave L7 grams of liquid products per cubie-meter in addition to-30 grams
of water (diclusive water vapor), Although £his yield is emaller than that ob-
‘tadned with-the-carriérafrea-presipitatod catalysts, tho-result sy ba-locked
upon a5 fevorabla anyhow, bdeause it was obtained with the spplication of . only .
h/lovo:vgge 'Otm;:n mmmn::zy of iron, and alag;?;‘conb:ldetablyf
smallar CO cons 'S -pres cage, approximate porcont altow:
gether of the furnished CO wero used up.»r;,m'.’a complote CO usege, a yield of 85
grems por cubic moter would result, In comparison with this, a cdrrier-fres
X | §ave yieo 0f.59. per cubde meter. The total CO consumption
perc

‘furnished GO, . fisre @ vield of 61 grams |
i mp . don of the| CO.. S
SR L e SRR SERCIE RN AT 4 ‘, -
A 22°C,, and with @ 1:2 datalyst, a contraction of 20 porcent was still obe
- tained for L liters per hour of pas, and 26 percent contmction’f"_f.or 2 liters
- honrk - Tho| corresponding ylelds were 27 respectively 36 grams per cublc




.These.. rosults may. be. looked upan. a8 ‘favorable. from the. point ‘of .view_ of .CO. usage,
and- tha watex- i‘omad during the roaotion.

In moat. cases, ‘the. 1:2 kieeelguhr cata]yat WES roproducible. “The ‘1ifetics of
the catalyst so far cannot bo regarded as. satisfactory up to now, - With a ‘oata=
1yst quantity corresponding to ki grams- of “iron-at an hourly gas rate of L -1litors
for alraady 120 hours ut 235°C., a decrcase in the contraotion was observed,
pparently, s reaction temporature of 235°C. 18 too high'a tomperature to ome-
»loy when working with kisselguhr catalysts, More favorable results were obe
;ained at-225°C,., workiny temperature, although a emallor conversion vas ob-
served whon the same quantity of irom, namely b grams, was' useds

No oxperiments have been conducted on the rogemration of tha 1:2 catalyst.

1(hsu-mu-mno):3 kiesolgnhr catalyst,

When wa used this catalyst, we could: only.chargathe tube’'with a catalyst quans
tity-corresponding to 3.3 grams of iron; extending over a Aength of 30 om.;

the hourly gas rate was correspondingly decreased to 3 liters, The 1:3-catae
‘lyst at 225°C., gave, under the most favorablo conditions; a contraction of: 28
‘percent and correspondingly a yleld of LS grams of liquid products per cubic
meter, -Along with tho liquid products, LO grams of water per oubic meter were
formed, so that water and oll were produced in the ratio of 1:l.). ™e invese
tigeted this catalyst at '235°C,, and found more unfavorable results, namely -
only 30 grams of liquid products per cubic meter, were obtained, - This wes ate
“tributed to the-shorter lifetime of the catalyat. The contraction decreased
from 30 to 26 percentrwithin 70 houra of__operationo

1@3-1!.!\1—1!&::0):!4 kiesel;mhr catalyata. e
f;A further: dilution of the: catalyst to k. proved to be unfavorablea By doing.
‘this, the ‘timo of induction of the.catalyst was conoiderably prolonged, For
oxan 10, guch a catalyst when usin;. an equivalent quantity of iron, of 2-gnans,
‘and I 1itera per hour of gas, and 235°C,, jgave 3 percent contraction after -
‘46 hours, § percent after 118 hours,) and after 1 hours, only 12 percent; -
Ab2 9"0., ch'a catalyst contiindy ks pgrts o kioaelgulu', gave 20 percent

- T8, ot make" any lyield Wete natio\b for the experi-
lysts. bn accunt of the low degree of conversion, Sue
perl':l‘.o:lany Jnd.gwad s tha. catalyst wbavodfimilatrly as did the preyiously de-
‘goribed oatalysts, namely it tho ability to.form water during the redce -
_tionﬁfm ‘the-very. begdnning,|

e



" In cidor 40 use the experiendes nado Gith tho .
ohnical gcale, 2 hinddring properties of the
101y, the unsatisfactory activity and the’

‘the: carriers{rae-catalyots,.
kieselguhr catalysts on the.
_oatdlysts have to be overco
- comparatively ghort

~Ye have tried by several méans to increase the a ivity of the ldeselguhr-
catalysts.  First of all, wo studied “the “influence of subssquent alkalization.
The catalysts as.previously mentioned gave ‘contractions up:to 30 porcent even:

"without alkalization, or.in otier words,. contrastions of tke: game ordor. of .

negnitude as corresponded-to the carrier=free catalysts. - :The. CO. conversion

was, however, much lower on account:of the prevalont water: formation, A
_series of. exporiments shovied that the activity of such a carrier catalyst .

‘oould fiot-be improved by subsequent addition of alkali, It gave a maximm
‘ontraction of -around 30 percent, Whon the alkali (K,C05) was added in larger.
quantities ( one percent "to the already drji_edqat}nﬁe’t (at 205°C,) in some -
'vages, we observed that tho alkali addition had even a damaging offect, and

it lead to catalysts of lesser activity. Smaller additions remained without
4nfluence, If tho alkali wes added to the still moigt catalyst-immediately
‘after precipitation, additions amounting to 0.1 to. 0.2 percent did not.cause

‘any noticeabla offects Vith additions amounting to 0.5 to:one.percent, we
observed that tlio resoction showed a tendency to. take the course over the C02

formation again. =~

‘These facts were especially outstanding with catalysts which were precipitated’ -
- with ammonia. The simultaneous or separately precipitated ammonium carbonate
_kieselguhr catalysts of composition 1:1-to 112 were only nildly active in the
_sbance of alkali, At 235°C, and b liters of gas per hour, they gave a con- -
“fraction of 15 to 20 percent; -When-alkeli was added-t¢’ this-catalysy; wo-could:
‘obgerve that the water-fomation decreased as the alkali-added to tho catalyst
was inoreased. -With approximately’ 0.5 to ons percent K,COs, the visible water
formation stopped entirely, © - T oo T o T o e
‘Wo.have furthermore tried to utilize the mixed gas:to a greater extent when - -
‘iron-ideselguhr catalysts (in ong stage), by usink correspondingly wide -
2 nd - larg talyst quantities, On the other hand,
g the gas. rates and k ‘

S L:aye  length ‘at i%s no el

ease in contraction is 1 longs
Licns 18 ponverted to/a large dégreo -

- investigation showed why & furthd '
7. found that. the CO under the given o



(Bar)

CO 18 ‘found also, - The

In..sp:l.ta.,o.c..the..d:l.fﬁcnlties..mentioned,..ue.ane.oﬂ_.the.opinion,.that.bwn-
tinuing the experimonts with tho "iron catalysts containing kigsglguhr, vie:
‘may" eventually:obtain yields which: are. higher on. the -ayerage than 55 ‘grams.
of liqu:.d products per cubic matero N

VIIe Course of the heaction with the Iron Catalyst,

"-Between the carrior-free 1ron catalysts and the cobalt catalysts vsed ‘for -the -

benzene- synthesis, a remarkable difference exists, namely, the. oxygen con= .

tained in the CO is chiéfly converted. into €05 when iron’ catalyqts are used

whereas, nith cobalt. catalysts (as well as nickel catalysts) practically on'.l,v

‘water.is formed, -The .course of the reaction with cobalt catalysts follows -
~ the follcwiny equation:

. ‘ Co +. 2112 (0112') + }120
vhereas for iron, th_e reaction chief],y‘proceeds-_according to:
2C0 + H, = (Cl' )+ CO,

This: equation states_that. with iron catalysts for. overy. molecule of -hydrocar-
bons. one molecule of .CO, is produced, that is, in presence of:iron catalysts
only 1/2 of the: CO. goes to synthetic products of some nature." As. already
pointed out, the reaction nith iron.catalysts does not proceed exclusively:

) accozding.to the. equation given above,. but here ‘also, varying with experie -

mental conditions, water is formed to a greater or lesser extent. ~In general,

one can say that an iron cata],yst convarts larger quantities of the Co-oxygen
to: water when.

T 1 ""Tho veaction temperature 15 “high;
"2, The exit gas is rich in hydrogen;
3> The catalyst layer length is longer for a certain
~F o flow velocity; in other words, the smaller the’ gas
v " rate is for a: given catalyst layer lengtho ‘ -
In order o bring out the differen os botwaen 'i on and oobalt cati lysts more
olosely, .]able IF sho.:% expe*riment% with an Fe« La
a cobaltemangancse and cobalt=thorium- catalyst,|. .

The ponvarsion o]

lysis jof the\ reaotion ‘gajsos under -cor
) percpntage‘ of . th conve\nrted
diﬁ'erence of both quantfities roferrsd to 100 parts
taggro . CO ‘uge " Thig compriises the total synjhetic pro-
tha paraffin which rémains in the catalysty, . o takes "
n - thh carbon daposited |on the catalyst: as?eleme tary ¢are:

02 13 found from the an:

wm\l
the 1 arious}
" gas. conatituents‘Lwan chlculated inJLtho f(‘tllcmirg rianner . The corresponding CQ-

" conversior] into
. side»ratidnu of the contractions In‘thia way, th

Cd

’f'}"btd‘c?'car, on :ghdforigi ating;from $he CO{ ' In arder tp:.asceptain how mugh oxve



re-cu-vno 4 Fe-cu-llno +' Cobalt~ Cobalte
J.‘t K200 3 38 K,_coj -Renganese: - Thoriun.

Temperature, 9C, - 220. 220 198 190
Liters por hour. . - ko 22 b b
“contracuon,porom . ‘30 . .3%. . 10 70
co- ccnverai.on percent o S aa T

to 002 ’ » bBOh lloos .Jf"l ' 1'06?
Unohanged GO T.2 6.9 %ﬁaﬂ 12,3
~gynthase- (difforence) b9k 63,0~ -Bhab. 87T
02 conversion, . purcent : C an e -
« %o Bo s . 6.0 | 12,5 83.3 861
1iquid products, Bo/i3, 50,0 49.0 98,7 9ki.8
Reaction water, ccm/n -/ 16 - 28 T -

y Fe-cu-uno (lul:l) + 17 xaco was precipitated with NaOH from ‘the
"+ nitrates, ' The.cobalt cateiyats were precipitated with soda, and
tha nitrates,-and the details are described in the ezmarimental
_description of br. Koch (3932)e ., -
E/ Including the water of humidification of the n -dried atarting
8830 The water contents amcunted 8 to 12 cc/ ‘

The cmparison ot both: contact apeciea ‘in Teble 18 ahowa that tho. cobalt catm
‘Iysts practically ‘do not. form any ‘Hence, ' they convert almost all the co=
X into water, In contrast to t cobalt. catalysts, the iron catalysts =
fora 'a considersbls part of COy. ~With them, only approximately half of.the .
is Iu;edf 'the synthesis as ‘such.| Only| epproximately 16-]‘ perc nt of; the
i8 [conv S.nito water when iron oatalysts “By. pompar
2 olumn ons with column. 2, it may be o ‘that by re ucing the. ges rate doﬁm
' vater ‘omat:lon doubles ar ngxﬂ tely) - Tmltater |formation ine .
136 t0.28 ‘cc, of wi of gas, . count of ¢ prav\nlont
1\302 toikmation, the ‘yioldas with 1ron cwatalwbs are only approximately half those’
“the cobalt catalysts, | This | iffen nt rea t.ion mechandem which fo co“_ T
ts give lewer yi 1ds than
it thig outs: | Referping to-.

" rather than M0 18 the chief reason why iron
catalysts, ul'ho.l‘nouﬁgemlew

%
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appro:dmnte 1y in.the atio of‘ 1‘ 2
ho 4o gases. 4n'the. mi.md 3890

that the cata]yat usef GO and €
that s, vory.i hose to.the original ratio of
Tho CO=fl, ratio :An’ the ‘reaction pas s etm 1!2oha Theoretiosng, h‘;:iﬁwu-

It. :la aviduut

_the_liydrocarbons from.t:
_morae oamplate’ conversioch by resytling:tho ‘unraacted: components: once mora. - An:
eogontially difforewd pioture 48 obtaimd* Lrom- ke reaotion ‘gas analyses of .
“the u'on catalysts. 'rhe cat.a]yat msntioned in 'rable 18 gave 30 percent contrao-

Wy °2°°"a Conm oo
peéoéui-; 21,8 - 0.7- -.o,_3'jf‘.3.a TBBB Bl ;372_.'.9,8,;

Hore, - 93 percant. of the CO converted (3°2 pament €0 in the end-gas), The co:,
Hp ratio used up was, however, not in the ratio of 1:2. On account of the-
greater 602 ‘quantity formed, more €0 was used up with’ respect t.o Tydrogen than
wonld tesorrespond to 1C0:2Hz. - COnsequontly, the ﬁnal gas has & co:ﬂz ratio
of 1118,

Anothor expariment is diacuaaed during which (on accouut of tho dow- reaction

terporature of 210°C.) a somewhat larger part of the CO was not converted. _For

this cxperiment (Table 19, No. 2) , the follmng end-gas analyais was obte.ined
with 26 porcent contrastion: - -

0, s 0p €O M cxg‘-mﬂ- CCezahl " N
mlﬂc 18" 0.3 - 0,2 9.0 ' 590 ) 2.5 - 07) 100

The analysis shows that the shifting of the rat.i.o of CO to Hz in the end-gas
is vory considerable for this catalyst (avproximate]y 78 _porcent « of ‘the i1 -

Co" wea- converted). The ratio 1" only 8t111 216,6:dn" tho"£inal 883 =S

The I’ollowing axperiment. finally ahcws that, tha ehii‘ting of the ratie of co to
lip was already noticeable in the first stages of the reaction. An Fe-Cu-¥n0
catalyst was tested at 220°C,, .and it gave 10 percont contraction at a- certain
_gan rate, The reaoti&m gas hnd the. following oouposit.ion. 3 ‘

\am 0p . do \ By \ cﬁh-m \ 4 c-zkahl ~1.r'12¢>'
“ 000 K Oohl 2]02‘ . 6001 ) ‘ 208 ‘L X 1(\;h3 .
'Alﬁhough only. 246.5 pex‘;cent of the \co was cohve\‘rted the COv‘» to Hv\‘» ratic: in thJa
‘rasction pas had shifted alveady from'112 (mixed gas) to 152.8." "

[ i
| .-*"be-‘

oy




1% 48" obvloua that a‘gey” mm An CO“than- ordinaxw mixed gep ahoum be. uaed.‘

‘This 4o ovidont Tron the equat C0 + I =00, +; cll2 'Yie havo,  howsver,
;.£om that the activity of. on- catalyst decfesses’ bxtremaly fast whon
‘ouch & gas 1s used,- Tho activity cannot bo maintained even when the gas: rate
‘40" rodused, Alrew whon watoregas is employed ‘this rapid decrease: of ‘ags.
" tivity with: the iren catalyet: :fnoticoablo. 'l'he mentionad shifting -of tho-
20020 ”2 ratio; in the gas in gtion with dron: ‘oatalysts 46 the resson for.
-not noanrt.ing to reoycling or-to obtain a higher. yield of liquid pro=.

: 'duota am! 8 mom ocmplete conversiom

. In thc tollowing, a apmmary of the raaction gas analysos ia given as it is.
‘{obtaimd with an ironegopper-nangancse catalyst at a:temporature of 190 to
+230PC5 In“order to" fasilitate working at’a” témporature “of 190°C.;, a-larger

- catalyst quantity wag ‘used for ‘this ‘experimont. . The catalyst used correse '
-ponded to 120 grans of Fe-cuouno. ‘The analyses show how’ Somparatively:indes-
:poudent ot tho reacti.on temporaturea tha f!.nal gasoa becm richer .'m Hz and coo'

Temps Ges rate, cont.r., R A : ,
°C, utera/hr. ‘porcent coa- ‘sm 0 }12 (_:}_{h-}ﬁ'l c-zm N2

"‘j;i:so..l 2.8 20 W8 0.5 o,z" 128 61,5 L5 2,33 8.8
200 2.7 _ zu 19,8 0,2 0.2 6,8 .61,1. 2,5 .2.20.. 9.h
220 .-3.9 - "“'“32 22, 0,3 0,1 17 60,0 8.6 2,55 8.9

230 ¢ b6 33 20i6-0.670:2 . 297 55L 10,5 Luk6 9.8
(Bahr) vIII, bxperimonts on ‘t"atev Fomation.

‘Aa 18 mentionsd alreadw 4n SGOt:lon VII, tha smallor yields obtained with iron
catalysts as compared to cobalt catalysts.are caused chiofly because the ro-
action yields considorable c _and not water, It hss alroady boen pointed out
that with iron catalsata unde cerbnin conditions the formation of water may. -

‘b9 obsarvzd. Yo mvam.iga d | some more: in the foi!l.lov:ing -gorias of -
rinents, e lmva preva t the zatm:m on the cat%)yat ﬁ:
er to’ o at:lga d the 011, -
gy
) 1. The Anfluen itdon £
\ E s “mr 1 omgqla (0 m‘o to 1y ratm) upori
2. Tg noa aﬁlﬁg}i cumtents upon the. coj! fonmtion
“lfp -




on the C0, andl Hator:

erinonts,. PeCuslin0 \(kadsd. containing one percent K €o.)
_entalyate woro used, . They wore prepared by preoipitation.fram tho nitrates Gith-
‘s hydroxids,  Acsorddng to our experionces at that ‘time, we have found this
‘tol:0. tho most favorabla wav nf nwranswatian.  Tha anmis atdwader Wil ~Mendd e ]
‘$oph of ono porcent had an edvanta cous: offect. on: NeOH preoipitated eatalyste.
2%ox g0, hacover, o Uned outalyata hish varo preoipitated vith sola, ond s
found thad these cabalysts ero still more favoreble, : Theso-catalysta should -
mly bo veakly alkalined contalning no moro than 0.1 to 0.2 porcent Kp003.

Experimonts with Nixed 0as,
Tho ‘miued gas used had the folloming covpositions

w0, oW 0y G B CRo  CmaRl N
oot 2200 00 06 B s = 16

“Tie ratio of CO to N, was equal to 1:1.9. .To start: with, we investigated the in=
-fluenge of tho experiment temperature-on the. courss of the;CO conversion in the
mxed gas, In order to extend the experiments and to be able [to vary the teme:-
‘poratire.and gas velocity in wide ranges, a comparatively large cont&ct -quantity
(120 grems to 80 grams of iron) was used. The ragults of tha experiments are .

N

given in Table 19, . They are arranged.in increasing reaction temperatures.. The
table shows, in tho first placo, that at low tenperatures of 200=210°C., a-come
paratively large quantity of the CO remalns unconverted, This is mainly caused
by tho fact- that the iron catalysts in this range of temperature-show only 1it-
‘1o .gotivity. - In eddition to that, wo want to point out that onsicannot guts-
osod according to our present experiendces to get an iron catalyst started at
"300-6r-210°C;_ over & period-of time=0£-30°40-60-hours s=¥a-found-that-tha-tina
of induction is longer than that. -The catalysts.are first allawed to dot at
220-230°C,, up to such a time that they give a contraction of 20 to 25 peroent
Theresfter, the. temperature is: lowered, . The table then shows how, with. in- .
oreasing reastion temperature, the quamtity of CO converted :to C0p decreases:
when conpared to the CO required: for-tho synthosis. At 200-210°C., approxls
jeeme. anount of CO 1s converted to C0p as is converted to hvdracarbons.
ratures, no water was| formed yeb, | Praotisally all of:the wggon| -
o - At 220°C,, 6 percent more of tho (0 was used for the synthes

dinates what part of the CO-oxygen yas converted dnto water ab tho various tems
‘peratures,  Experiments 6 and 7 bring out the influence of the flar velocitys

“on 18



n ite of: mt i‘o
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'Pempermm, °0. - 72007 20002
" Hours of oparation 263 WL

‘Iiters por hour - 2.7 T T R
Contraction, porcemt .. b - 26 30 32030

co.cmruion. percent u. 3806 ’43«: § L g

£0.C0, 3066 Wdoh - HkeD.
mmﬁga 00 _a;17.or-'-~:--:ae',1::--&-‘“ Fo2---68

smmm (diffemnce) E ,.lsl. 2393 h9oh
neaction water, co/m3J 12,3 '10..?_”':;6;1;},7:'26°5 h2.9_;'.5 26‘,_7 __n_-__ho
‘Tiquid products, go/ml.” 227 . 2966 - 50,0 - 9.7 _; 9.5 mebs . maba
92,2 102.7

Calculated ‘theoretical- 1d ;73».; 569.11 57‘592 99.3 :

grans of lwdrooarbons/
Rnactiongas DT o : R
» GH}‘ cmwnta, percent - ,',' n6 . 05 Soh 1095 10e : B 1 1&«3
Carboh nwiber . 2.20 2.75 1,72 1,!;6 1037 1.3h 1.h6

-,y_ mmam tnmdmeauon water...

If tha ﬂehsoretical yiald" of gaaeoua liquid, and ao];id lvdrocarbons ia calcu-—'-
lated for the synthesis on.the. basis ‘of the €0: contonts  (expressed in grams-of -
_hydrocarbons per cubic mater of 'g8s) 3 then on comparing these calculated yields
with ths liquid products obtainad, the difference betwsen the total yield and - -
tho ] qutd .nroduut yielu should ace unt, for the | aseous - hydrocarbons and other |-

' formed, - : ihat .fot expa imont tenpe'aturem of 200.t0: |

n diquid: fom,:

quant t:laa vemaim Ant cntulyatf{ en.
For t touloui,ng ments which orape{n»-

'-‘?'u9

durdy lar M ba'gg:d
ug: mmion r. par
wrorumj ratura mp;‘ﬁm

Auighsl 0ot obwerind,



:m tha 4 tabla. From thm bho. mfluanca of tho flow: valoaity ‘upon’ tho nature of
the ' conversion at 2!:0’0; ‘may be observeds  One recognizes that by, reducing the
~hourly. ‘throughput from 9.8 to 1.6 ‘liters, the contraction increases"from 30. to
. 3B porcent ; and ‘60 parcont of tho €O is consumed during the synthesis, From. -
“this data, & ‘theoretical yield of 103 grams of hydrosarbons per’ cublo ‘moter of
&8s oan: be caloulatod. - No yleld:dotermination was matie; ~However, it is als
roady apparent from the gas analysis that for this slow gas: throughput s 8 1a.rge>
} amount’ o’ gaaacus wdrocarbona had*fromed (1&.3 percent methane wdx-ocarbons).,

Frcm a mrthcr 801‘188 of.‘ emriments ‘ono can ohaerva that for still lower ex-
- periment tempsratma, the benzene romation on the iron’catalyst proceads
‘predoninantly over GOp' formation. The rosults of the experiments are tabulated-
4n Tablo 20, In order to be able to lomer the experiment temperature considers
-ably, we' ‘used for this experiment a ‘Fe=Culin0 catalyst which contained 5. pors-
"cent. ng 3. (90 grams, 60 grams of 4iron). - ¥e initiated the catalyst. at 220°C., -
‘where ‘tho-temperature vas lowered gradually-the lowest experiment temperae
“ture was 170°C. For this temperature and a gas rate of -approximately one litor
_per hour, stil) a contraction of 11 percent was observed, On account. of the
low: tln‘oughput, we decided 1ot to make a yield deteminat.ion, and we merely
checked up an tha nat.ure of the end-gaao '

" Table 20 '-5-;,"'5 e

‘romporatum Co e RN TR __220
Hours of opgration R %ﬁo
liters hour e b j hol ok
-Contrac 1on"- eroent TR - P .1- s 1 22°8 10»8- :
BB ) percen uocozf"-.; e bleb T T 1963 .
' ‘ IR ‘ 6.2 .. 2@.8 ‘ 1096 6.0
'forencs) e e o k9.3 306 LS.h 19,7
my lm' R \r oo ‘[ B8 %0 [ 10“\ ~ - Oplh-..
R nt.t.o 0 RS P 89,01;; 8.2 1 88,017 38,6
L So .’-‘




quanbi.ties"' ;j:fwater
AN go of the-,. cohalt.»

‘For tha tollowing e:qiariments ; 1mtend of. usiug mimd gaa, , Lli =rich gas was"
;employed Yo Antended to find. out ‘whethor the CO, formation ‘could be auppresaed
‘by-using a lerger excess of Hp, . The-ges emplo; d-had-‘a-C0.to Hz ratio.of 1she2.
.The “theoretical, yield of. liquid products may he calculated to be be 108 yrams oi‘
;lwdrocarbona por. cubic mei-.esx'Q 'rhe composition of the gas vmu as follows*

s ‘c:oz;:.‘ * alm S ’92]? oo %"“" °‘z°"1
'-Percont OaO ,:-;0;0.”_5 13°6 79’ "‘ T 2"2

, 'The cata]yst quant:!.ty used was 60 grama_ which was aqnivalent tb hO grams of
’iron,.. The expermantal-tesults a.re rrangod,according to reaction tempera-
_'.turea 1n Table 21, _ =

w0 conversion “hzn Using_%
S ontain:lng One Perce g 3

;,’femperai ,_! , ,-
“Hours of oparat

-1dters. per hour
Contrdotion,’




~in-addition-to-thé-usuhl-liouid-producte
.. caloulated thooretidal yields with the. obaex : dqud
48 remarkable also ‘low: temperaturas,200°C,, conside

- existy botwoen both values, = In genoral, the experimonts may bo sumariged as
£o11owa’i " When using-8’’ Hy-rich gas; tho dogres of conversion of €O to liquid
" products 18 not sosentially larger than the degroe of convorsion with nixed .
7gas. - With a mixed gas containing 30 pereont:of CO (compare Table 19) on tho. -
“average, :: 50 grams of iquid produsts par oubic moter’ ave cbtained. If this
#4gure s veferred to CO, it corresponds to & degree of liquefaction of 57 -
- paroent, ~For the: Hpsrich gas (18.6 percent C0), tho yielda amounted to-35 to'
36 gma por oubic hiter, which corrosponds to a degree of. liquefaction-of 69
0 .65 porcent, when reférred to CO,.. T

. In.general, we want to bring attentiod to the” percent contractions obtained:
. by using I*!h::&-rmh\‘ﬂﬁ; “On tho average, we .observed 20, to 23:percent, that-
i5, mumorically it was approximately 2 to 5 percent above the:CO. contents of -
_the initial gas. The situation was similar for the mixed gas.. With mixed gas,
'the average maximum contraction was 30 to 35 percent with an initial CO content
-of 28 t0 30.percent in the synthesis gas.’
It should-be mentionsd here that tha iron catalyst required.a longer time of ine
:;‘:ﬂu:téon whan used with Ha~rich gasea as Compared ‘to the time of induction for:
‘mixed gas. et aon g

The “exporiments with Hy-rich gas were repeated with ‘another Fe=Cu=ln0 catalyst
containdny ono percent K,CO- (8 grams of iron). We wanted to.investigate how -
‘the,gas composition shiffs 4t elevated temperatures (up to:260°C.). Ve obtained
‘the following picture; (Table 22). - With increased temperatures,.the €O, contents.
%:',dmmistpdfaxnérozipm;mzca‘aei(zémca-,?.1t.;_'demaaa'dz;dmgtd;73Sssaﬁx:c‘e_n&;@ﬁ
 the ordginally employed CO, ° At this point; 57 percent of the CO was used for
- the synthesis, Such and similar results were -observed earlier with mixed gas
~ at 240°C., whon larger catalyst'quantities wore employed, (compare Table. 19,

v

.kxporiment 5)o
-t Table 28.= GO Canversion with
. Pn Fe=Cu-¥ii0 Catalysts Uon X

g™




a'fha Xp i oXlgwed| aoribed in Tablo
21; without timly 1ntermption. The. same’ catalyat g ; used: w:l.thout & provious
-;regomationo “Tho: catalyst. (60 grams = 40 grans of 1ron) ‘gt this’ time had been
in oparation: alrcw for 980 honreo A ‘of activits 'had not been '
‘,obaemd up" to this timeo ey 3 : ‘

,By using tho co-doﬁcisnt gaa ’ the e:q;crmental reaults of Tab:l.e 23 mre obtaineda;.

' Tomperature, °Ca .
-1iters per-hour - '
. Contraction rcent L
" B0 conversion, percenf E Ea_
‘Unchanged CO I
‘Synthesis . difforance)
0y conversion, percent.

Tiquid products, go{l??
‘ Heact.ion vr(at.erJL cc/

Table 23 shcws t.hat 1t was possible to decreaea the conversion of co to GOg toa
-walug of 27 percent when using a large éscess of. Byo. ~Fortho"same - exparinents,
63 percent of. the CO went to synthesis hydrocarbons, Roughly, 36 percent ‘of t.he
availableoxygon-in-tho CO was-converted -into waters A conversion of-63-percent-
of the GO to synthesis producta woild correspond to a yiald-of 39 grams of lwdro-
carbons per cubic meter. The determination showed, howsver, that only 20 grams .
of liquid products per cubic moter would formy hence, -an approximately equal -
_quantity -of- other- synthesis products wag'. ‘produced,- The. reaction gas contained
2, volune porcent of methans hydrocarbons with a’carbon mumber of 1.78.- The .
ained y__ie,ld,of;,apprg:dmmvly 20 grams of 14 produnts would corre pond

o, |

~*n.q| - nar. dete mined»



“in e yieXd of liquid produots wes howey
“tions ' The' degme ofuuquotantio_ obtain

the. op : \,conclude that tho. water formation

obvionsly proceeda 1‘-in a difforont‘ ; 1t does with ‘cobalt catalyatsn
‘Tt dosg: not show.up bafore a certain dilution’ ‘of - the C0 in the reaction gas
“has ‘been reechod, Whon' uz-r:loh ¢ases are used, this conditions is already met
. dn the range of lod contractions . for mixed gas, the formation of reaction
water «(visible separation of water in the recoiver) is'generally observed when.
"a contrastion of 25 percent.is reacheds - Obviously,-the CO was: converted: in -
‘the first sections.of tho apparatus to auch a. degree that the: followmg sec-
~tiong ‘of the unit were practically charged with a. H,-rich'gag, Such a gas,
_however, furnishes. predminantly gaseous. hydrocarbona for. the.temperatures. in
queation. Therefore, -tha-yield of ‘ldouid products doea not imrease essen=,

_ t.iel]w arv longer rd.th the water formationo

Influence of Alkali Cantents Upon COp Formation Using Iron Catalystso

%

-‘In order to acqui.re fun aotivlty, the carrier-frea Ve-cu-uno catelyats need an
“activation with £ixed alkall,: This is contrary to experience with ccbalt cata-
lysts. It could be assumed. ‘that the different course of the reaction with the

precipitated iron catalysta nay be due to the alkall contents of the catalysto

- (By different course of the reaction, CO, formation is meant ), ‘Thie. may refer
‘to the alkall (EaCh ) which was added- mﬁsequent]y to-the catalyst or it may
rofer to the alkali residual nlkali contents of: the pracipitated catalysts (sunh
MJlagc o Sven if the iron-cat elvsta ara washed thoroughly, considorab]y quan~
tit o? r.a,co3 remain in thono '

In ordar to .’mvoat:lgate thia point ‘a ‘number of. I‘o-Cu-Hno catalysts were pre-
‘pared for which ammonivm: carbonnte was used as:a precipitant., Ths method .of -
preparation and -the gemral behavior of these little-active catalysts has been
‘described in Section III,. In-the following, wo 'only want to discuss whother -
sush gatalysts whish are’ frec of fixed i favor the formaticn of water, In”»

Table 2L, of the gas ‘conve prafon for two such armonium carbonate catas
1?:28 18 d oribe:jm Two Fa~Cu- nf (kslsl) cate&ate re auh ectad‘ to imiostiel
|88 N

e



02 convoraion, percent to COp » 21461 - 838

_ _percent to 1,0 (diff.) 10,9 i 3el
fneaotim gas, vqume percenb 60y 602" +2063
200 ' §2 9.0” Sgog
573 o9
gﬁh BRLIE 0.2
carbon number L 71‘..51;’.}.. e 2031&

'I'he exporimenta nstcd in. Table 2h seem ‘ta. point. out. thatean.,inmdiate relati.om
ship betwoen the alkali contonts of the catalyst and the COp formation during: -
the” syntheasa ‘does not -exist. This sesms.to be obvious becuse the catalyets
which vere: ;precipitated with ammoni\m carbonate and were ‘free. of alkali ‘pro=
duced predominantly CO,.  ~The catalyst used in the first column was an .ex= .
“ception. This. catalya produced water: already at ‘a time when the contraction
was only 12 percent. Eleven percent of ‘the -CO converted went to water, whereas:
- 28-percent went to coa. ‘Noxt we ¢ried to increase a conversion of the CO by
~vsing larger catalyst quantities and by decreasing the gas’ throughputs (5x~
periment 2). . However, hore also we observed:the characteristic feature ‘ale

" ready met before with iron- catalysts, namely, CO, formod-almest exclusivelys
For Zxperiment 1, the nﬁmue ratio wes. 1:2,5,  Fbr Experiment. 2, it had ine
-creased- £0 1128, - For Gxperiment. 1, the end~gas showed a ratio’of CO=Hy of "
oL 2°6o For P:xperiment 2, hmvar, this same ratio was- 1 15 lz.

'~~-I-‘omation on Iron catalysts mxen Uaing a GQQ c(m-

In the foucwing wa attempted to auppreas tha fomati.on of 002 on 1ron cata-
-lysts by edding a cortain percéntage. of: CO, to the' etart:lng @aso Thus,: the
poaaibinty might exist to use CO for-the synthesis proper,: For thase expari-‘
‘mants, we, employed re-Cu-Hno catalyata (20:2,532,5). vhich viere E;:cipitated

‘with sodla—aﬁ ‘which ' sontainsd °c perwnt Ko »O o The. origina) lysis is
#iven. in Table 25; and the CO=H, rati Jﬁamo tcj;.:l.oB.F ‘This was. 5 ha
to0-dowy Of & veral expor gave, substantiatis

ylts,

-“\"55 .



- gan whioh ws aro.alroady emumwith’from \ming, i  ‘
';-‘;ratio of: tha rasldual 0 and ‘M, has’ ahﬁt.od to 117, fom"jv xperd

‘tion of Co, fomation frm»co waa ohsamd Expeﬂmout 2 ahcma ammt. more‘
- favorable’ ?osulta. ‘The‘ratio of water to. co was 112,44, Yo increase is the
yleld of liquid produsts wis' obtained during Shis-experiment.: ;L5 g./nd wore
_found, This .corresponds to 'a degrae of liquaot:lon of :55, parcent: by taking::
“dnto. consideration the somewhat low contonts ‘of ‘the atarting gas, The de-
“gree of liquefac’g.ion Just’ ment:loned whs veferred: to. 1/2 ‘of tho, usable €O of *
,the startingsasa R e S

. ‘rable 26.- come of the co COnversion ny Using a co, containingIStarting‘ cas

Experimsnt 1; ‘hxperimsnt 2

. . ) _ S (a3) bl (ee)
=C0" convera:lon, percent to 002 35 T29:2
"’Unchangsd. CO ~1865° 7.5

Synthosis (difference) IR 13 5303
'}02 convoraion, percent to coz T ¥ 5Bl
- ' to BaO (diff.) 10,1 2kl

.‘.

ifh. The cog and 1"af.ex' Fomation on: Iron catalystso

,An essential]y dﬂ'férent reault vith raapect to 00 ard water fmtion is. ob-
“sorved 'when tho previcusly. deporxbed cmﬂer calia]yate are. used tead of the’
’ so-mr Anvestigated metal catmysta g1 1anast1Lgat.ed \carrier catalysts for
which: the } ae uhr was adde ‘4mmediatoly and Which'y pﬂecipit d with--
.soda{ Yo glso investipated prooipifated: at te f whic the oprrier m‘tﬁw
rial|(tans 1) wag - added; aturftha ‘prosipitation ' e




at\m wag 2)PC., and. tho o
‘Por tho mlior metal oa Areal

“could only ba detected’ ¥

The- catmat gm 30 poroont eonti: on artor
‘a8 tuoh as the carrier-free catalyets gave in-
-had_dho following- cm‘os‘:mn.

“Kleselguhr cata]yet.,
30% contraotlon

mtal .aatalyst,
32¢ contraet.ion

~For comrarism ho kieaelguhrucamlvs vas ompared refres:

- eipitatod-metal oatalyst (precipitated with soda), Tho comi)érlam shmd thnt
.the idogelguhr. catalysts, ab. am:ro:dmate]y the. geme’ epntraots.on, .gave essen= -
tially smaller quantities of Furthmom, 4t'appoars that with tho’ !desel-.
gubr- catalysts, o larger Pro :lon of ‘the CO remained. unconverted, The final: -
- gas_did not . show such a pronmmced ah:u‘ting of the ratio of CO to o, : As was:

" experienced with metal catrlysts, tha ratio was 1:!;.3 for. the kicsedguh cata-
lyat as compared to’ :

'l‘emperahu'e, °C.

_ntere per: hout .




'rablo 28 ahoua tlw reaulw -of m;;mm.exmmm, o:w of m teat.a was
,conduntcd with a: oatalyst wmuh was: amhnt. loamr in’ coppers

Tempo rnt\ito,"c;':'
-1dters per hour’
‘Gontraction,” percom.

'-.ﬁaaction Kasy’ vol\mo porcant

‘"co comoraion, percant to 002
Unchanged CO
gnmm dn‘forancol




“Table' 29, two- catslaats ‘whichiar
.at.wd with: Nagc are menticmedu’

tains "2 parts of lde
J parta of kivselguhr

'rable' 29

jT&bérdturc,’ OCs 7. d23 5.
‘IAters ‘per hour-. h.1.~
Contraction,’ porcent , B AT
€. conversion, . parcent to 002 o 12,2
Unchanaed co. . .- ) iSte‘_.‘,l.
(aifterorice " 357
oreion, porcent- 5_ _5 iy LA ) 1 O
M P b0 (danrarence) 2

an Tabla- 29, 1t may be seen that tha mnigzged 1 2 ld.eaelguhr catalyst did
not ‘behave more ‘favorably: than the: pmviously dedéribed 1:1 catalyat “far ‘as-
water formation was: ooncernsd, - The Hy0 to CO, ratio m'lzzﬁh. ‘However, for
2133 kigseleuhr catalyst, wo.susceaded to reduce the tents t0° Buch'a
'poilntith?; appro:dmate]y .oqual amounts of co-o:wen “went to C0, and water re~
spect volye '

,,A t‘urt.her moreaser An ldese hr reault.ed 1n 8’6111 1esn native: catalyats Whi'ch
: homshlv




Oters. per tmr
Contraction. parcm R

Co: convareion, parcant to €Oy i

;mchanaed

05 Gonvamion ‘pmant‘ : . ——t
< ? to 1120 (dm.,) i

}»ﬂgO!COz

ineaotion gas ' vol\me percent co
.h-co,x,u 19'3_ &3okl - ,
O X3 5.8 8.8
‘CHy,~iV.. ‘:17.108.._ 1.0 ‘ﬂ-b.
C-zahl - - Je3: :203 -.,'nubo

B T 1ise 1 TEE _;_,2‘,8'

‘Table 30 shows that for the temperatures in question- (215-209’0 ) cemparatively -
favoriible results werd. cbtained in go far as the CO=cxygen conversion was con=-"
“cerned, For Experiment 1, approximately twice as mush CO went to synthesis Pro=
duots than did to CO,, Tor: Experimont 2, almest:3 $imes an much was used up for:
‘synthasis products’ ‘than was’ convertad-into’ 002. _The ratio of Hj0-oxygen to the.
.COp=0xygen. 1des sosewhere between 132 and 1:152, It his to bo mentioned;: how-
.ever,-that at.these low temporatures, only L0 to. .50 _parcent._of the. totnl 0=
entered the reaction, - However, tho podsibility exists to re-use. the end-gas
‘once more and load %t back over the catalyst. This oan bo:done because the CO.
“to lp ratio in the reaction gas.has not changed considorablys- For the’ exper:l.-i
ments diecuaaod, thia rat.io nes bet.mn 1:3 and 1:2.5.

j : oamm,s dmer easontial]y tm the mgu’cacmta 4n that
,gt"@“’h of convorcing;




_gonversicn in favor of the synthesis produsts wes not obtained. - Tt was found:

Shat: tho 00 vaa used up to.a greater extont, hozever,: tho axtra CO ocuvarted:

‘wont to:C0p instead of synthesis products, At the geme tims, ths water forme.
-ation dsoroases. shavply, ' These phenomena wore:observed iniversally srrespece

-dvo whothor the catalyst had the same composition over the ontive catalyst
layor. Jength or whathor the catalyst contained an inoressing or decreasing

- amownt of iron at vardous’ places in the reaction tube, i T Lo

~I:the  follawing “an-experdmont”1s disoussed for which'3 catalyst” layérs wore -
‘used in sories, each catalyst layer being richer in iren than the previous one,
‘Table 31 gives information on the atrangement of the experiment. .Tho total .
“dron quantity was 1l grans, The first layer was composed of a catalyst having
a composition of one metal to 3 kiesolguhr, the second lsyer consisted of & .
catalyst of one metal to one kieseljulr, and the last layer contained no kiesols
guhr at all, - It may be seen that the catelyst.was arranged according to-the

- countorcurrent, prinoiple, The entering mixed pas thus was intended to first -
‘contact the ironedeficient catalyst and then proceed to the iron richer catn-

“ g0 start with, laver.llo, 1 was takon into operation st 235°Cs up to ouch & tiwe
for which the coniraction was 13 percent, ' Table a?& zh}:ai&at ?J:iaccp:ﬁthav-
roxinately 35 percent of the: GO was. converted, and the ratio of the CO which
\rv’enf_.‘ to mlvﬁ zﬁa%nmsiq ‘producte rospectively was'equal to 1:1,8. -The'CO to

"It 13 intaresting to notice:that with thede

Hs-ratio shiftéd-only moderatolys=Jt was Li2li“for “the rasstion’gass— At this=
point, catalyst layer No, 2 was taken into operation.. The second layei was
containsd in a glass tube of somswhat smaller diamster than the ‘contact tube.:
Tho glass tube was' opom at both'ends, - After a totel of 47 hours, the contrace.
_tion thsn incroased to 29 percent,” A total-of 75 pordent-of-the CO was cone
‘verted,  Tha ratio of the CO which went to CO to the CO which went to synthe~
sis prodiots hed shifted to.lsk.3; herice 4% had become:more unfavorablo, - Tho
so had ghilted iR tho dii &n increased|CO, -

ted in tho direction of




stege of oparation. ; In the followi.ng
'e:'fq:arimnt uning tman ee :

’gabze 31‘7

v2:0.5|0.5. lulxl

S i e 1 ,.‘...)4,3108918“*\1‘7 ‘dﬂﬂe'-'&“h’ 3 232 K2CO0q,
b'femporature, °C. S - 235 235- 225 A,
Idters ‘per: howr - - , h_.ly'_' 3 ; i Co B
Centraction; bercent - ".13..0 29,0 . 26.2 :
Hours of operation ~~ - - 23 - hp.oo-gyc
-C0.conversion, percent to 002 2.3 . 32 22,7
"Unchanged CO - .. Tl 69,2° .. 25,1 k2,2
-Synthosis (diffmme) 225 b5 3% U0s9.
‘GOQ:Syntheais e 1’1:1 1.8 r_;ill 1 1.,3 13 1.')': BRI S B O
"02 convars:lon, percent to coz o 2he6 - 6le0 - hs.b B0l
t° 1120 (diﬁ‘.) 10,2  '   100 120'& . 060
002 “laad 1 sah 1337 1 (400)
Reaction- gas, vol. parcent co 505' m.a 10,3 172
g - 8 009 8. 6
v«’ t ‘0003‘
. 05 L 23,2
.- DO _"’5507_‘1
CHy=§I . 29"
e gy
— - "

e
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‘atabe with ah alkelisod catalyst and wit)
yst' contained. 5Fe to 10u, To this, l'g
grams’.of “dron, ‘ :

.tonsil is-added. prior to.preoipitation,:an-almost entirely inactive catalyst
‘rapults” (Experdments 3-and L)o. The: alkalized catalyat ia"still lese' aot

- than the non+alkalized catalysts ' A reduction with 1y’ st U50°C. ; does
.change-the situation, :-Vhen the same tonsil quentity:ls-added after.
‘copper precipitation had taken plaso, a-decroase in actiVvity results hare:
‘but it is by far-not as serious-as when-the tonsil:is added-prior to precipi=..
“tation,: Both catalysts, with and without alkall, reach a maximum contmcﬁonid
udd-

‘of 14 percent; and in this condition furnish 26 respectively 22 grams-of
productg por cubic meter of mixed: gas,  Vater is formed simpitansously, to:
‘20, g /@3 of mixed-gas- wero-obbained,- A-tongil-free-catalyst,-under the same-...
‘conditions’ of operation, yields-no water at a. contraction.of 16 parcant,. It -
4s ‘evident,” thereforo, that ‘for the tonsil-containing catalysts, the reaction
proceeds partly over the formation of wator just, as in the caso of .the proe:.
viously described kieselguhr catsalysts, ' The CO, formation is suppressed and
consaquently more CO 45 available for ths formabion of hydrocarbons.:

 (tabla 32, noxt pige)

This is apparent by comparing the endwgas analyses for tonsil-containing and.
tonsil-free catalysts at-approximately the same contraction ‘(Table:33)s . The:
‘tonsil=containing catalysts for the same contraction form only aprroximately
hnlf the COp quantity. . Correopondingly, the. COconténts in tho-endeges 45
higher than in the.case of the tonsil-free catalyats: Normally, using.carriers
free-dren.catalysts, each.mole of CO which is used up for tho hydrocarbon. syn~
‘thesis should also form ong mole: o: In Experiment 5, ‘ and
3

al o. found .t
total of 35 parcent of (0 was uséd up,-:0f this, 12 parcent went to COp, and
“ 23 percent to hydrocarbons, - Consequantly,. for.each mols ‘of CO'available: for, .
' the ' syntliesis,. only 1/2:mole of :CO went to.CO, or in other works, for this ex-
the fornation of water and tho

perinent ;- the reaction proceded to 1/2 over
other half to the:formation of §0p,

6T
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Next wo t.ried to obta‘l.n Y better degree of conversion by raiaing the maotion
tenperature, - %e regret to stute that increasing the temperatuie by 15°C.. (from
235 to 250°C, ), ths contraction only increased, to 2Q percent. The COp- ontents,
howover, went up. from .9 to 8.6 percent, and ths water formation cessed almost -
antirelw Ve aro forced, therefore, to assums that ab higher tamporatures, the
wator reaots: vd.th ths aeconde.ry CO under fomat:lon, By. daoreasing
the flow yelocity from L to 1. Titer por hour (Experiments 5 and 6, Table 32), a
81gnificamly higher-convorsion was obtainod, T observed that the contraction
- dncreased from tb 32 percent respectively 29 porcent, The water formation,
“however, decreased very considerablys whereas tho £05- contents dncreased to 17
peroent, ‘Tho couras of the reastion, therefore, was the same as for the nomal
“iron catalyats ~The dacreass of £low velooity caused a higher formation of :
gaseous lvdrocarbona so that the yisld of 1iquid products amounted on]y to 36
, reapoctively 35 grams although 85 psmont or the co was oonvorted., g

‘%?herofom = 45 ta mmnt thﬁt nei.tlm' hyfaising tha %ompmtm nar by des
oressing the £low veleoity are we 4 a position to cause & reaction to take -
‘place in the desire mammer. ve tried ono:furthor arrangement which:.was gener=
ally mogns.zad as favoring water formation,: namly multi-gtage operat,ion in:

serdes, i The experiment temperature was 2355C., and the flow velooity, L. mm
“per hour, The endegas of the firet stege. att,or removing $he liquid: reaction .

_prodnnta‘ns rec:lroulated” In: this manper, 90 poreent. of |the CO was _worlced up
iq_h s%sqga:‘.‘ The total contrast (m _ ted’ ‘__i lco roent usqe,'ra}:%oﬁh), :




~In conclusion, we should-1ika to give same of'our spuculations on why wo bellieve
-bhat, oarrier catelysts are capable of foming vater and why metel catelysts.are
-~4ncapablo-of-doing 80, - Obvicusly-with-4ron catalysts, the-formatdon of-water..
4a tho' primary reastion just as it is with-cobalt and nickel catalysts, . iith:. .
“the carrior-free {ron-metal catalysts, this phenomona of primary water formation
48 'not noticeable.becausa the water formed reacts with part of the CO ascording. -
. to tho wateregas equation, The COp once formediis, however, 2s rointed out 4in. -
_Seotion XIV, not reduced on the iron catalyat &t the'temperature range in quese
tion, - idth tho carrier catalysts, however, according to obsorvations from the -
expariments, thds subsequént CO conversien by the roaction water takes part.only.
to one "oxtents . It may. bo that tho roason for this: behavior.is:in the-dilution:
of the oatalyst and in the fact that the temveratures at. tha.varigus:getive ..
oeniters are not quite as hizh as they'ere in the-case of:mofal catalysts, The.
wetal catalysts, on atoount of their concentrated form, devalop mere heat par.
onit volums; wheraas the carrior catalysts develop.leus host for the game volums
en acoount of the carrler.dilution. - S e e

0f the iron catalysts described in Sections III end IV, the best catalyst found,.
espacially with respect te stability, was a SFa<lCu containing 1/8 porcont KnCOg,

Its mathod of preperation id'as. followsi . 160 grams of Fe0l, + LHz0. (50 g5- F%)
and 26 grems-of CuCly + 28,0, (10 g« of copper) are- dissolved 4n ons liter o mﬁ:
The chloride sé}ﬁtmmm%toi;m-;tﬁgws .ﬁbﬂlnt?w};-pmz:im? | with a olu="

‘X, .- Bogt Catalyst: Obtalned,




. ha‘vior ‘of -Bugh & cut.a]yat maw be- obe-
od operation, " The expes ;. temporature
appr .10 dogreea: Sor-a: t:lm‘ rg'oparation of 7 woekss"

LI gra docmaa:lng ratio of - yieldscontrastion, one recognizes that
»‘tha fomauon of '} gaseoua ‘hydrocarbons dnoreases at:the ‘oxponse of the. ddquid

: lwdrombcnm After 7 weaks of operatdion, ‘the’ exporimont’ temperature was -
“towored frem 237 to 230°C. By :doing this, the ccntract.ion decroased from

25 % 15 percont, - Ths yield smounted to on]y 25 grams, Tho ratio yleld:
contraotion had increased fron 1,52 | t.o 1,66. :

i Y S T e L

Eefioloncy of 4 SFos: t-»+“ 1/8-poroent K»C03
Prepared by Precipiteting F6012 and cme with Soda

Time'uf Operation dm PRSI
' SRR T T T2 ':-»u9_:,,56
Emr!mont Tempcraturefco ©230 - 228 -229 230 233 233 237+-230
Contraction, ent . 30 ~30 30 ‘28 26 25 15
Yield in g.A5. of mixed gas' 56 55 ‘% 52 W b5 38 25

“mzt:“*’“"“ % % % 5 s 2 % W

-ﬁ}%&ﬁﬂ . :__1,87;},— 1.01,1'J»'-'-",?V;L‘B'zz* 173 - »1*"1?68‘ | ~.1a;:'2 i_»:‘;;sa'f_'_lo,éé

In sm caaea catnlyats were obtai.md with the above mntioned mathod or prepara-
tion wiioh gavo a maximum yield of 60 grams of 1liquid products per cubic meter of
nixed gas. : For the above desoribed experiment with a maximm yleld-of 56 grams -
of, nquﬁhgroducts, a cat.alyat was uaod the aotivity of wmh ey be eurpaased in
80BO ins cos)

o

E:h“‘ .. aﬂﬂt ﬂJL::on fﬁhﬁﬁﬂgzﬁmz—

Mocnmary i o:deq' %o obtain the orxginal




Mode or regeueration

1. B mntmanb at 239°c.,
_ bongeno extraction, then
tmtment w.f.th air at. 2390.

; Bongomo extiacticn, them 9.0 H 50 U8 W 35

“‘afr troatuent, at-2 59@0. ST T Taners 36 13 days
‘3, Adr treat.ment at 239’0, S $1 521‘9 T X |

on]y. e

1'1‘ab16 36 stios tha course of the second operation period, when uaing a SFe-ICu
.oatalyst contalning 1/l percent K300y %hich was regensrated under various condi-

tions, ~These catalysts furnished, diring the first operation period, a ‘maxisum
yisld of 56 grems, snd after 6 wesks, they sti1l produced 39 go/m’ of mixed gas
(average yield for 6 weoks oporatiom, L9 grams mnomotad.)o ‘ catalsst lwas,
at first, treated with 82 at 235°C.,. then ‘extracted with synthetio bengens- (boil@j‘

: po:lnt. 80 to 100°C;), and finally- oxidized with alr, Catalyst 2 was ethcted'

:itg :grmw and tban ozd.d:lwd with air; whems oatalyat 3 was mazaa]y ‘
t o v

For'all ‘three cata.‘lyats, after the: regenerati.on tmder var.ving conditions pu-ac-
tically the original maximm yields could be obtained sgain. - Catalyst 3 ia even
‘superior to both the other catalysts in so far as stability is concernad. Where-.
.as_for cat: 1 and 2, after removal of the paraffin, a 2li~hour oxidation with
‘adr was auftic:wnt “the umxb?é‘ét’ed ‘catalyst 3 atill: oonsmned ‘part of the oxygen
go that it was treated with air for another 48 hours. The reason for the better.
‘sbability of catalyst 3 seems %0 bs therefore the complste: mmoval of the last
.traces of tm high mlemﬂ.ar parat’ﬁns, reapactive]y dodds, .

1t showld be mentdonod here that a GFe-1C1 atalyst containing 1/L percontK
and forpd with staroh resshed te or:gml aotivity after a paraffin em-aci
ngons and a sub v_’l'ithadrhaid v pertorned. Tha cha

<166~



rho catalwets ,wh!.oh were epared lv diueolving 1ron oh w6 1n dﬂube nitr.lo:;-.
aoid and subsequent precipitation with N o containing: ‘yespestive
percent -glkald (thoy gave a maximm _of U3 grams-respectively- 7
‘grans of ‘products) after being trested with air-after 8 days of opara— -
~$1on-gave-only ‘a-contraotion of-13-respsstively 3.6 percents Dioving the: ﬁrst*
‘two days of operation, these eata.‘lsata had a]rew gim a contracuon of 20
' reapectivelv 23 narcento BRI .

rmr) XI. Rogonex'ation o!' the ity Gases. .

" In Seotion VII m‘have mentioned a d:l.so.dvantage which occura When the benzene
v,syntlmia ig" carried out on iron catalysts by using mixed gas of composition’ ..
100 -+ 2Hy.. ‘The disadvantage cited is that an appro:dmate]y equal quantity of
¢D s 'used up for the ‘formation of acarbons and. for the fermation 6f CO,0
This conversion to COp is reaponsibla to'a great degree for the oomparati.ve
emal) yield of approximately 50 grams of quid- produsts psr cubic meter of
‘mixed gas. The degrea of liquefaotion iy - which we wnderstand tho. percentage
of 1iquid hydrocarbons formed during the synthesis for a certadn quantity of CO
»Ateactqd, is. Just as ‘good as in the cabo of the cobalt catalysts, namely 60 to.
69 por; oubic meter; - A furthor incroase~of "thy degreo-of qunafacf.ion at'
the em o of the already small quantities of gaseous. products formed appears. .
‘therefore barely poasible,: sinco we do not succeed weu to direct the reaction
over tho-course of water formation wlen iron 1s: used 4nstead of cobalt,  Ia i
~gome ‘casen, it appears purposoful to veconvert ths exit gas obtained during the
boncane syntheais into synthesis gas. This 1s td.be rocommended espsodally '

..gince by using n catalyats,, apprqximately 700. 1iters of mud-gaa are obrtained ,
from each cudlc mster of syntheois gas, Tho aversge contrachion d(ly
30 parcent, For his ason we ocarried out é."fdpr‘e@e’: monts on the roo very |

¢ and-; generration D, b

gy Usp of .C ka at. lﬂgh‘ amperature, |
b ana of Coke at;

lmwp of Cpke at| High: %enpornrtma 1n Preaenco M

High" ,emperdlt.m, and ; Prose\nca ot LnaMnaF oas.
ek



RO - 'l‘eble 37-
" converston. of the Reaction Gaa on cokn ot Mg;!mmratma

T e " E 1on,':
__Tempsrature,. °Ca"’ *-002'- 'sm 03 co H2 K%‘J C-Zahl {JL percent

~ Final gas from the bon

“3ene gynthasio, “20,5° _o,s‘;“o.o 4.0 ﬁ'_j-y60,,5 32 12 g
' M;_ 10300 _ 2.7 0.2 0.0 31.,10 537 2,0,; 1,0 10,0710
At 1100° - 1.8 0.2 0.0 33014,‘_,»‘, 53,9 0.7 2.0' 100 9.
At 1150 006 001 ) Ooo 3hn R Sh 7 095 : 1 0 903 ) 23

A synthesis gas is obtained which covtaina more CO than corresponds t.o tho compa-
sition 1(:0-2!12.,
Proof that the carbon has participated in the raact:l.on furniahss the. gas. exp&n—
sion- qxparienced during the conversion. This expansion amounted to 23 porcent
at "1150PC; . Fram 700 liters of exit gas, therefors, 870 liters of now synthesis.
.£88 wWore régeneratedo The carbon used up dur:lng the reaction could ba accountad
- for by dii‘ferences in’ waighto L :

: (b) In. order to arrive at a co-leaner respoci.ively Hg-richer eynt.hoais gas,
_ various quantities of city gas were mixed to the exit gas obtained from the ben-

zens ‘synthesis,' . The mixture thus obtained vas ‘conducted -over coke at 1100°Co ;
Table 38 shows oxperimntal reeults of this regemrationo G T '

- Table 38, .

== Gonverslon ot tnﬂeactidn Gas ‘on Coka In tho- meme ot city Gas at noooc.
,Added quantity of » SUETETT ,
iilmninating gas, .

“percent. : 0y ';' 00wy W oanl

-,1505, TS 32021:- : '""5509"}‘ 1.6 - 10" 8!’87“‘
180 A\ 000 316 5701 1.6 - JgoQ— ¥ ,,807‘ :
20,5 ; 30h 6746013 [ S 1e0. 9.0
230 30 8;; 516 1.2 |, 1'.'(_. L 966 ;
-«:6.“0" ! o3 196'.,_,-, 10 968
: ‘Lea’s' S0 o : 106 R 10 | B 9-7
‘com osit. on of the N AR RV
ex}: gaa“fm tme 3_62._‘:‘::- S 11'3.13.;; o9




xor.* il papos. obtadned. from iren.o ’
au"synthgmo .80, for axsmple W found:
tainsng only:19 parcent, C05 and 61.8 peveent 1, bio
‘Juminating’ gas-wan - suffiodent to. mm u&'a;nsyntheu 5. gas'containing
‘cent €O and 58,44 porcent . - The gas oxpansdon experiencod 4n: this
(tho convumion of md~gas to aynt ‘ am g ' { : '

"""“*f( rogengra thn ezd. g65, obtainad’ ,
- 0N aylmwais connlats 4n- lmbhm ‘the gas to vory ta.gh ‘temporatures: m the
presonco of ceramic material, Table: 39 eismarizes: the: reaetion gas analysis

;‘att.or tha end-gaa was eonducted mr bro!nen olaw ,at ;var ous meeratma,

‘remperaturo, og, °‘Z§g --sm:;x'«og;?-fco 1{ ‘rc?' c-zam W,
Composition of the exdt - - - oo LT hy T \
888 groixa the beneene . 17,8 1,0 01 5.2 62,3 2.6 . 1.,31 /ﬁao
20000 9.6 0,0 0,0 18,1 57,9 3.0 .10 1L2
. 110? hn? 7(' 090 ' ;003 23°9 5606 209 ‘: ‘1.0_ . 1107'
,nw 295 000 10.1 2606_ 5703202 . ;-o'o. . n93
1230° 1.8 . 0.0 "0.3 27,2 576 1.9 1.0 ' 1L5
. 1300 1.6 - 00 0.0 a&. '-_58,';,)4. ou L0 ,y-;.:u-._i_,

s is notiseablo rrom the tabla, a neaction temperature of 1200°c. i required
 4f 1t 18 desired to produce a: synthesis gas containing 2,5 porcent C0,, 26:6 per-
cont CO, and 57.3 percent ga In accordance with ths ‘equation COp + Ho'=:CO + Hp0:
. the conversion is associated with a contraction, which to a cortain extent is com-
pensated by expansion reactions of ths mdrocarbona. , In the best 1nstance, a max
it contraction of 8 peroent waa ascertainsqo A

‘This mode ot rogeneration of the exit gaa has the advantage that no new sulfur
_compounds ere_ introdused into tho synt;hea:la gas _____ and consequantly no_ ,additional
_ sulfur purif:l.cat:l.on 18 nacesaaryo L ‘ v

(l!oyar)j xn. : Two-stqge Experimenta yit,h uater Gag’ and m:nad m o ‘Iron -Copper cat a.,'
_'a, 'f:at.or-cas Expeg-mnt' - v; P g e allmk,

‘THis " rér;6 wuo
‘o!’ the uatalyab m paquﬁrdid. ]



vag to:incroass* tha-yield-per-cubio-
- attempted to £imd the highest posedl 1d:
“lyste  Tho rasult of this nvastigablon 1o gt

RSP

%4th-an initial maximum yield of 75 grams por oubic moter, the effectiveness of -
. the catalysts deoreases rapidly as compared to the oparation for which nixed gas”.
wes used, After 1i diys of operaticn, the quantity of Liguid hydrccarbons formed
had already decressed to 53-g./3. Aside from tho aotual decrease in yleld, tho
detorioration of tho catalyst in this.case is already noticeable from the early
appearance of yellom-colored roaction products. As dompared to tho water pas™
‘exporiment, the yellow-colored products appear much later when mixed fes is em=
ployed, with mixed ges, ve could operate for L to 5 weeks before ths colored .
- product was neticeable, - Here again, we had: the old experience, namely, that a
“oatalyst loses its sctivity approximately at the same rate at which the ysllow -
‘products are formsd which-we beliove to be paraffin decomposition rroducts,- It
should ‘be plausiblo-to-assuns-that the iron catalyst should exhibit a longer ..
‘1Afetine when only part of the CO in the-water ges was converted, For this rége
_gon.wo worked in two steges. Two tubes, each containing 10 grams of ‘iron, were
‘operated in sordes and charged with.water gyas at-a.flow rate of - liters per -
hour, The tomperature was chosen so that the contrastion after the first atage -
“was 28 to 30 parcent. Aftor the gases had passed the first stege, the lquid -
“Fedction Froduots - were Temoved and-the-end-gas was-passed on-ovor-the-second -
- catalyst. without removal of the COps The results 'of this exporiment are sume ., .
mariged in Table kl. The sum of.tﬁe—;lvdrocarbbns..ifqmed in the: first and gecond
-stages amounted to a maximm of 85 grams, after 12 days.of. operation, this was :
* 80 grams, and aftor 18 days, -only 70 grems of total liqiid products wore obtained,
In spite of the higher yiolds, the decroise in activity is not culte es provounced
a8 E%hen water gas was used in a ong=3tagc oparation, | One’ ehﬁuldvkeep_:ln‘mi:ﬂﬂ‘ :

l‘::: ver, Ahat during tho two-stige| experizent, ‘trico the catalyst quantity w

-2



.t 1e. our teliof that 12 wo.chould {horease tho. flow. volecity from i to 8 Aters
per hour, correshcnding to twico the catalyst quantity, the results obteinsd with:
the twowstage axperinont should bo.los favorablo, . Howover, vo havo not carried .
cut this experizent. . Tho reason for not havin ted ¢this was that evon

with &' flon veleoity of L 1iters per hour, tho yield had alrendy deoreased from -
65 grens %o U2 grane in the first stuce after.

, . e E -after only 18 days of oporatdon, Since -
the load on tho catalyst for:the first stagoe of the oporation was no larger than -
that 6f a oncestngo cperation operatingwithmixed yds (bacause-hore alao for ths -
8ame contraction of 30:percent, the sams:yisld was observed, end in addition, &
for a’ considerably longor time of operation) the faster decrease of the sotivity .
in tho ‘first stage when using water~gas should be blamed on 'the higher CO con-. -
gontration vhich the water-ges has. If the £low velocity should be doubled, this -
disadvantape would ‘bacome oven more prancunced than with:a corrosponding incredse -
1in flow velocity when mixed gas is used, In the later capo, the maximm yleld - -
18 51 grans with a flow velocity of 8 litors por hour (60 grams st L liters per
‘hour), ‘and after 10.days of oporation, it has alroady docreased to LG wrams. -

:ith respect bo tho stability of the e ca&éﬁ&sts ’ :We"éohéitlfar'fji.tv mfavor@bln for

‘tho Taagons mentioned above. to employ them with water ges, ' i

Tiio~stoge experiments with nixed gas in whioh the end-gas was passed over &
"gecopd iron catalyst after the benvene had been removed appeared not very promis-
-4ng° 40 us. ' The reason for this is that the 00 is already converted rather come
‘pletely after one singls stage, “It147to"bo-noted: that-gaseous: produots-appear-—
only in emall quantities; ‘In faot, when we did carry out a:twosobago-experimemt
for which we worked with twice the flow velooity, ‘namely -8 1iters per horu, core.
‘responding to twice the catalyst quantity; no improvement in the yield of liquid

Proustage Experimont with Nixed Gas with Regemeration of the Endepes after the

“4n: finding ‘oub what kind ¢f ylelds por cubio moter of mixed™
inofl - when) the e -sas.{m;ﬂjrubbe "of -the bengpne, and thon . .
“of clay ab 120(PC.: (This gporation regen

8is gag, It was carrigd over an irom cab 8
5 a8 followsy .The first stage wap ¢
1/8 porcent E,Chs. Tie flov velo




M A > : 31
lst and 2nd Stage @ - apprmdmte:ly 93
e 508 referred to -
start.ing gase
pable h3 Sl :
"'composmon of the Starting Gas and Hoaot:lon oaa ror Both Stngg_q
e _»Reaidual gas
_ .. quantities stil]
o , o "prosant from -
. COp &Km Oy €O B m c-zm N2 1009»1_.1.{.93'8'/
SHiret Stge’ 10 0.0 0.0 296, 595 1820 81 - 2000
;B?di;gis Stage 99 0 03 3e9 59.9 56 ‘l,ozl‘ 11.«‘ 00,

TRegenerated end-gas: 2,1;4» 0.0 0,2 243 56,9 - ~340 ‘1;91 o .f_"__j-"éeq

ea;gnd.’tm 19_.;,'8‘ _9,91{.”»0»_.22 2.,5 58.6 h.9 _1,.,5 lh,s : ,,;s_oo_‘

1t is poasibla therefore to obtain 93 grama of liqui.d produots 'from one cubic: meter.
‘of mixed gas. .56 grems of thé.93 grans were.obtained in tho first stage, ond:the

-rosidual 37 pramg from the. sccond. stage. Hcmever At wag- required that tho gas * -
"was regensrated after tho. first stage bafore it waa admtwd Anto the second. stage.
Referring the yield.to normal fonditions, the mmbet incressés from’ 93 to 102 grans -
‘por oubic meter of mixed gas. | Fiem tho: le rt colvm “of Table I3, it/ 15 -

from or: 71000 1ters of mixed gas employet

legving tHa sao (9e ~Aftpr anothor f* no

additﬂonal% qumwaroo, bons| could| be  dbained}

yleld of 127 gramd per cubic moter of: mixed gas el
: -?hJF f



m M" The reasen 15 bhab the end-ges contoins
» through tho broksn olay and was regenrated
" eroant and 8, content, only 32

d. m-abwm wlth watergg__.

151-. Stege: Pe eata.‘lyst.
2nd szagaa co oatalyat. :

'Finauywewunt. ogiva tha msults oi' a t.wo-etage expernnm rovwh:lch the
firot otigs was: operated with an iron-catalyst, and’ the secorid.stage with a:
‘cobalt catalyst. - A5 a starting gns, wo used water=gas, It wag our 1nt.ention
‘o convert sufficiont CO during the first stego containing the dren’ cata:lyet. .
80 that the endegas fron the first. atago hed approximately. tho cmnpoai.t.:lon,
100 + 2fl, A gas-of euch a composition is most faverable for tho exooution ..

of the banzono synthssis on cobalt catalysts. In this mannsr,’ Longone may ba
“ads1ly obtained in places whore the local conditions provide” aufficiant,ly o
cheap water=gas, ' Ths results of such.an exporiment are swmirized in Table hhe
Benzens and oil were removed after the—tirststagao The coz fomed mas not
aumbbed Ollto

| “Table e |
Tao-Stagg Expurimsnt &ith Tatersgas

(18t Stage Fe catalyst) 10 89 ,

(2nd Stage Co * 18" 'l‘hoa) “co o
, ' X Con-' Liquid
. BT 'remp,, traetion, prodmta
_L.__SI.gge eg, _ . pareent . - .
“1st Stage (Fa) 22h . . 2} N .]'?3575"?
2nd-Stago (Co) - 180 o6l 6B
1ot and 2nd Stawe - : ' . . 103
- 1st Stage (be; 228 R R T
~.2nd Stage (Co) - 280 . - 057 . ﬁg

lot and 2nd Stage




Ihe first row shows thet the first stage givea 35 grems of 1iquid praducts &t a .
eontraction of 21 parcent (iron catalyst). Tho endegas analyiris: (Table L5) shaws
‘hosever, that the gas composition 1CO + 2H, has. ot been.reached yet,- inatead .. -
045 st111 present in exoess, With:this end-gas, & yield of 60 grans wag ob= -
‘tained in tho second stags using a oobalt catalyst. The CO,'was not previously.
removad, and the contruction was 6l percent (Table U5, row 13);{-;;kkm;-bot.h;a',tagas;r
togethor; therafore, 103 grams per cubic meter of watergas (uncorrocted) vere -
formedy ~ The “end-gas analysis-of tho-sscond -stage indicates' plainly that-an- Oxe
‘eess CO zss present as-far-as tho cobalt catalyst wag: ‘concerned. During a ' -
second exporiment, therafore, we chargoed the Fe gatalyst stage scmewhat more. .
heavily; - One.can see that with a contraction of 27 porcent (row 3), tha yield
.amounts to U7 grams, and that the end-gns approximately corremponds to & 1CO+ -
2y, This ond-gas furnished 60 grams of 1iquid products per cubic meter of -
.water ges whén golig through the cobalt stage (row ),  Consequently a total -
“of 115 grams- per cublc meter.of water-gas were formsd, . The end-gas deaving. the
‘Second stage still contains CO:and Hy in approxinately the ratlo of 112 which -
is proof of the fact that the gas usdd for charging the second stage corres=-. .
ponded ‘nearly:-to the usage ratio of CO and lip, -If one expresses the residusl

€0 and H, in percent, teking into consideration the contraction which had og= -
ourred,” one finds that only 5.7 peroent €0 and 9 parcent By did not enter-into .
the reaction. ' 1.5 percent CO was utilized to form:gaseous hydrocarbons. A.

gertain quantity of.C02 (corresponding to.the.quantity of hydrooarbons formed)

‘appeared-at.- the ond-of-the. first. stoge,..During tha second stage, no additional:
'C0p was observed to have formed. - The GOz which was obtained in the first stage -
an;s which entered the second stage was -apparently nop ‘attacked while going <"
through the second ‘atags, Vo bellave this;to'be trus:because 1t appeared that
the COp quantity after tho second ptage was dqual to that after tho first'
‘stage, Furthermore, if the C0p would have teen-partly hydrogenated, tha Hp
‘balance should have given an indication of that, the gasacus: hydrocarbons:: -
| formed -should bé.composed of moleo ‘s..vi.nq_‘nx'pprat“ug-'quai‘f carbon mubors, -
-question of CO reduction with iron will be disol !




eharation € mu mga chargod with
atago with 8 ccbalt oatalysto s

“coko .wh:.oh :ls obtnine

1tmu1d 1o desirable for nany gas Works o m part‘ £ the cola ' for pyo-

-'dmm of a standard oity gas, and similtansously bapsons. Por this purposo,
, tho wateregas Mmm%w.‘mmdmmum or ‘lossor extont
‘.mmwzfomdmtommmmd

Pron. tlm ﬂ?o aynthaain gas tlms produoed " contadning Lor- example, 20 parts:
of CO and ny? otcobutcatalyatannderproperreaotm.;
conditions, - appro:dmte omotnquidproductambeobtm -and thy
ond-gas fram. the eynthesis, which is- lesn in’CO, conforms: oloae]y to the spacie
A,ﬂcatiom of a atandard oiw gae. '

The rurther posaibmby focr the ‘production of a- standard. city gas, pragtically
free of CO,8nd the eimultmou_sﬂ_pggduction of benzine on-cobalt catalysts will
not bhe discussed any further hore. .%e only want to discuss ‘the. possibility of
perhaps produsing & standard ‘oity gas whan iron cacalysta are used during the

'synthesiso

more froquent. mgeneraum or tho iren oatalyats"

- Table h6.,
bnd-aas with Fe eatalyats for Gasea of.‘ Var:ldns () contonts :
N con- . Grams oi' nquid bnd-gas composition
‘Temp, .Days or t.raction, -products per cu= G

°c,._ oparation parcent. ‘bie meter-of gas coa am 02 co H2 m” Zahl Nz

A

et i 13 ............
o L Synthea:\.s Qa5 2000-75",

226 e Lep ™ ﬂr 0.2 0.5 0.0 1,8°.80,5. 2.1 1,67 42
-After renoval or 002 \ e 06 0,0 2,0 ‘90l 203 167 17
o . Syntheaia (m: 29co-sa' "
;230 20 . ;; 0‘ = ?2" T%Jh 0.0 4a0 60,1 Lok 1.68 10.8.
','ANe:r mc@ 002 ‘ ]— 2.7 0.0/ 5.0 | Thols ﬁ.b‘ 1.68 130 T
: 23“ L ‘56 '_u 19 ? nn')P 0.0‘ ﬁos 6103 i 63 100
; th‘ m#}"’l °£ 602 \l_h_, 1{ “{ lo\ 0.0 oll o6 ‘5. 63 120. ’



“hent: ' 7
“benadne: théule : e)d.t gah 18 obtaimd during msrm b, of the mdi.-
‘adthd ccnzpoattion. "Ry raiging. tm_oxp-&rimont ‘tenporature from’ 230 ‘to eL5°C..

*temp::aniy—-#m!.oe-’bhe_ -quantity-of-gase ¢ ooarbonsw-bc-obtamed-(aa

expm‘:lment J.u.fn?"-in Tab, laih'l.

...... pm og:tm..'"'nqum ' xsnd-oas vompouil on’

T 1‘e'np-, mra» tion; 59,‘419&2 L i =l
Starting gus. - ©C. tion percont &, ges .~ CO,. BK" B 02 “col: HL K?t Zahl Ha’:
‘.“10 29 G =5 58 "2 30»'"—-'1 6 a 3 - 53 : ,1)03 005 0.2 oh 61 8 303 legf 11_05;'
Aftar 7'9«0\"1 Of COz ; ) : SR [ - 096 0 3 a8 - 7605 hol lnsﬂ‘—- lhﬁa !
2,..29.30 = 880 25T 3. ’;.'.L._-.,-__,;.__.E.,zo.o 245037 Xo7 . 515 6alsi 1,5, 12,6
M‘ter rcmoval of (‘02 o T IR D ) d.hue.l_ 71.9 3.0 150 157
“"'30 29 "'0 s "8 K!2 l hS C n 28 -~ ‘190.2 10 003 ho - )9 1 b ’t 011 -llap"‘
“Aftor rcrrovrl of CO2 == 15 0 5.0 73.1 5oL Lok llw}
U 29C0-581H 270 12 3k - 20,2 1.9 0L 1.0 56,0 7.0 1.27 12 '
~-}vAft.er m*\oval of CO2 o ' _ == 2L 0.5 2.3 -70.0 0 8.8 1. _
552900 = 58 112 -2710 1 26 -- .u17.2 1.k 0.2.:_11.8,.:-,60.0 Sl 1.25 11.35
Mt@r rsmoval Of 002 _‘- o : s 10? -0@ B 5a 7-%7?05 6.2 1123 1306‘
“65. 29°C0. =53 lip 300 S | 3h- - 19.,2‘ 2.3 0.0 30) “idk, b 8.1 1. 26 12ah_f
Aftor ) reroval ‘of €p o e 2,870,0 ko3t 67,5 109 1,26 154k
7029 C0 <58 p 3000 15 1.8 - 9.7 0.9 o.z 17k 5941 3a1 1,07 946

.. M‘ter renovnl of cOa Eme _ e 1.0 0,2 1%3. 65.5 J.Ix 1,07 10.,6‘

. . % IR T -
01; ucco\mt of ‘the highor exporiment temverat.ures, the activ:tty of t.he catalyst
dacreascs rapidly with-a simultaneous formation of yellowish-colored. rroductso
. Mter L days of operation, startin, fxom the moment:whon the temparature wag
< raised to )h5°c. s the contractlion. -daareasod ‘oz ‘33 to 88 parcent. . The end=
. gds has a conp sitionasgivon m:"Hr 3’. M~quant£ty|ci‘ Lhe' gaseous }wdrocaerns

.- formed, - thoref! ro, | decredsed and s approxirately of the same order of mage.-
P tude as -that of an/iren’ cata],vat- oparated ab 230°Q,°- A her 1ncreaao in the
C. 5 Canses tho_coptraction toup.o up‘ as waﬁ‘;l as

formntion: pf the|gaseous hydrocarbo - (column L)e - It is appa fron the " -
g-that pr:ﬂtmarny‘ CHh w\us i‘m|nad. Mter 2 furthor da.y"s of- oporas |

"- 8-

;;ﬂmim tenpoyature! “ to 27F

10w carbon’ rui



brage Aiquid -

a- | “tdcn, profucts,

ol

o tion - percent .w’ gas - COy
R I

61 30,5

23
54
2.8
boo

higher temneratures was that iron cata
faster:when water-gas
rature rog

cortainly h

‘Swmarily, we. oan aay that
- when usdng ‘ir
‘- Rgag. Tha con

=raquired heat:

" of ‘tha roaction which takes place respac
count. of the €O, formation, only approximat
~gas. 18 convorted int
- Hypdracarbons left in the exit-
Furtherrsore with cobalt cataly
contents- occu

usage with

Tab}a.li8 reports the composition of two end-gases which wore obtained with water-

gas -actdiig on an iron catalyst.. ‘An essentisl increase of the gaseous hydrocar-...

bons o5 compared to-the miXedegas experiments has not takon place, sxperiments

at, elevated temperatures were not carried outs ~The roason for not investigating -
_ vets oge thoir activ}ty;c'onsidorably‘

15 employed then when mixed-gas is ysed, :Thls even holds®
empa) ions ‘for which chiefly liquid products are formed, An in-
orense. in temperature therefore and using water-gas with iren catalysts would
avo 8 tendoncy to deorease the 1ifetime of the iron catalysts still -

i in the case of mized gass ' e

, _he resction:-gases obtained fram the benzens symthesis
on catalysts do not possess the proper requireronts of -a good city.
tants of gaseous: hydrocarbons in the' exit gas are too low, and the

ating valug thus s not. assured...The differont camposition of tha
. endegases - obtained with iron catalysts as compared to the composition of-emd~: -
8. obtainad with dobalt catalysts may ba explained by the different course .
tively .on iron or .cobalt..  Since, on Ac«.
atoly half of the CO in tho cynthesis
into hydrocarbons. when iren is used; &he amount of gaseous . .-
gas is considerably lover.than when cobalt. 15 wsed..
» 8-considorable indrease in N

o high contraction which'is caused.
ot case with'iron catal
t-redyce. ¢ { B

0.2 ek LS iz 1
0395 G06s
11063 /12,0 40,8 ho8 -
04k 15,8 58,369




xp
‘iron'"catalyete*sinc the yiald-in
-tha desired degree and tho: lifeti.mo
Bith tha decrease: in:lifetine of X
'£ormed decraneea as well, B

It 18 thinkable that & sman ‘addition of nickel respeotive%y ‘cobalt’ to'the fron
muummluem&huemumf,mmnamocm y-and. hemb3..i.n_._

For this raason we added one.and’ five percent nickel"“"ospectively cobalt’ to a
EFe=-1Cu catslyst, -Tha proparation of the’ oatalyst wag; carrded ‘out by simule
tanaous precipitation of the three. metale. ‘The catalysts were taken into’ oper- :
ation with nixed zas at 235°C,, in-ona case ‘directly, and’ in an

a previous: > treatment had bsen given the' catalyst, . 1) atal,vsts mmishcd

a final gas which did not differ uprreciably from: the: end-gae ‘obtained diroctly
#ith a SFe-1Cu cata]yst without nickel or’ cobalt as far Ag the contents of- gase-‘
ous lwdrocarbons wAB concerned.,

"xith a content of [ percent nickel the activity of the catalyst ‘{8 somewhat.
1nferior-to-the nickel-free catelyst , whereas with &} contont of 5 percent co-
“balt, tho activ:!ty does not seem: ‘Yo have’ been impa:h‘ed as yoto

(Be.hr)XIV ° Reduction of the r'o, on Iron Catalystso

In the previoue chaptera,we have referred repeated]y to the}fact that the end-

* gas obtained from carrier-free iron’ catalysts has a high content of C0p. Ve
have had end-yases contalning as much as 20: percont. or. more: of cop in addition
to a high lly content (60 percent). Since it is known that the COp may be Te= -
duced-at a lower tamperature than' the CO, this simultaneous appearance of C0p. -
and iy in the same gas in the presence of the iron catalysts scems aetonishing A
tspacially is this true since COp is ‘reduced with noticeable speed mlready at .
150°C,, when cobalt or nickel catalysts are present,  The explanation may. be
that the iron catalyst in the presence of ~cobalt -and. nickel is not in a posi §
.tion to reduce 002 at low. tenperatures.. : As has been inveet:lgated by Kueete -/

no notdccable. roductdon of 002 to methane occurs 'if:tho temperature 15 bolon
300°C., and only at elovated temperatures in the range of 350=L0CPC., will iron
catalysts raduce COp Lt° - mathana,- Howevor, at temptrnturee of ground 2co°c,‘, a.

_r_ecluctio of__c 2 to (
e kiesglgwchatal

\nesit onto: form‘L eacticg‘x wate‘g -
do\ not bphave differéntly afp.a far las the\ COa » ducti«bn is. ¢oncerried, - -
‘periments mentioned, det ug. congider th\ef 16wing -in. greamter ddltail: lFe-Cuw- :

'nmo (h:l‘:l) (lcleselmnhr)(l:xl) ca t.a:lyst was;us'd an«;l ‘the: temperﬂltnro 1n thé e~

ST go L

EO wil]t occur 0.
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49 honee, _obegrvetion by?
not nly od to!

. hoo’co"thet;‘contraotion cfeased: “only an unessentially emall,amount- and’ event-.
ually: reached 21 parcent,: In addition to 10,k parcent ‘ragidual COp,: the Teace .
'tton'gas”also-eontained’h‘?"wment-—ee-andﬁ-a—pereentﬁeﬂﬁ—mdrocarbons-w&thm—-—
‘carbon nunber of 1,37, On the:cold: section of the-reaction tube, a-small.amount.
of ye’.llow 011y products condensed outy A’ calculation ehcmed ‘that the-C02"(on "
100 percent ‘basis) was converted in tho. follawing manner»by the catalyrt when
working at: 350-1;00°G°: o

SR _u ..h]?amgnt ,,,,, S S
‘I‘.emv'. y - Unchanged .

°c, ., G0 i: -.QQ,.._ }ql-mv
350 - 68,8 . . 18.2 21,8

Wo 38 20 23'.0'5"

At h00°0., a small analytical’error a8 introduced into the. determ:matlon because
the sum total of the unconverted and converted CO2 amounte to over. 100 percentq

l

The result oi‘ the deszribed experiments may bé sumnar:l.zed by say:mp that even .
with the iron catalysts which are capable of. forming some reaction water, a ro=.
duction of the CO, was not observed at the reactlon temperatures of the benzene
synthesiso o . -- .

Thus nay be explained the 1act that in the reaction gasee obtained from iron
catalysts, appreciable quantitics of Hy can co-exist in these gases with large
or next to large quantities oi‘ COa. '

(Meyer) . ‘ '
) xvo COpper-free Iron Catalysts.

Finnll;’r:“'we want: o~ repert“oﬁ “the: “results: w‘ueh Su-& cb‘ained with copper-free irom
catalysts.. With reference to earlier experimente we want to refer to the
"Geamelton Abhandlungen zur Kemntnis der Kohle®, Vol, 10, - Of special’ inter_est
-are g osults obtained with.ironealuminum reepectively iron-silicen alloy ¢ata-
]ysts,f Contrary to the nickel respectively cobalt: ekeleton ‘alloy catalysts, :

_-.--————-—-~~-g——~~-~--—---———~

‘6/ aiennst ff-cmtnie 15&, 107 j(193h)o‘17,

el doacks St it o ".~'1t."‘ i et ------\-- o et
ircnsalindinm and iron silican:alls h; dibeolving out lthe ] |
NeOH, were alnost entirely :h:\iaoti.va\o.r rom ment cﬂid not res

the neatalmte were oxidized, \

ECE



ascotain wha talytic activity of ‘a pire ferrous catalyst is

00 hydrogenation), greatest care wds, taken that during the

atalyst, oxidation to'the forric condition was: avoided

-In-the-beginning;~we-used-Nalt0y-as-precipavans-sanse-the-prévipltations ob= .
‘tained with Na,C03 or K,C0, have.a tendency to discolor ‘very rapidly and change
‘fron green or bladck into brown, - The precipitation withiRal0y,: however, secms.
to_be much more stable, The: preparation of .ferrous carbonate” from FeSO) and -
‘NaHC0; was acoomplished in.the manner that the hot solution'of FeSfy; wes added
to a: a'oluti'on of .NalCO,  unider constant stirring.: In order'to assure. complete
precipitation, heating was contirued for soms’ time on the:water bath under-a: -
C0p ‘atmosphere.- Tha grayish-white precipitate was then filtgred in presence.: -
of COp and washed free of sulfates by using boiled hot water,' The dryins of .
the FeC0., was accomplished in a vacuum at room temperature. The catalytic ac-

tivity of ‘this catalyst was only very slight (2.5 percent contraction:at 2L5°C.),
and an dncrease could not be obtained by 8 previous rediction with Hp at LOOPCo .
In order to exclude any possibility of reducing the sctivity of the catalyst, by
any residual sulfate sulfur, ferrous nitrate was used as starting material for:
the preparation of FeCOy, For this purpose, iron shavings were'dissolved in
very dilute nitric acid”of & specific gravity 1.035. The solution process was:
carried out in the cold, the precipitation of the ferrous nitrate was accom~
plished with NsBCO3 in the mamner already described. With this catalyst, a
contraction of L percent was obtained during 8 days of operétibpo

As an alternative method for the. preparstion of FeC0,, we resorted to the pre-
‘eipitation of ferrous formate by means of NaHCO,. _’Fértbuaa'-fprmate; was obtained .
‘by dissolving iron shavings in dilute formic acq.do Ths_further: processing of -
the ferrous formate solution occurred as already stated above, :With this FeCO3
and an experiment tempsrature of.242°C,, a maximm contraction of 26 percent °
was obtained, - However, it should -be mentioned that it tock 10 days of opera=-- .
‘tion to_reach this contraction. ' The maximum yield of liquid hydrocarbons was
th2.<g~a/m3;.of,_ mixed gas. “When the experimont temperature was raised with another
f;ba_tqh?fbf’%EecOﬁEprqducedﬁ:in':.the-:samle-;m;ﬁ?aamnmmifcontracuonzofaonly:asfperg;
cent_could be’noticed. It is therefore apparent that the activity of the FeCO,.
ocatalyst, according to this method, is not reproducible.. The precipitation £
farrous formate with Nall0; in presence of kieselguhr lead to catalysts which. o
were almost indotive, -At .%baga‘ame' time, a catalyst prepared by precipitating
Perrous ‘sulfate with soda exhibited no activity either. -Howaver; a FeC “catas=
't prepared from ferrous formate and Nae“cg%r'gave & maxlmm cqntraction of 12
rcent, -The results with the copper-fres farrous|carbonate cgtalyats eo far
investigated aro tabulated in Table b9,

,:.,.:i.Pz_r -
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in dotall which were propared by.pro-

e

‘In Section II, SFe=1Cu catalysts wore deccribed | | wor '
cipitating the chlorids from a hot solution by using ‘Nag_(}g.;_;precipitant‘. ‘These -cataw
-.lys's wore alkalized with 1/b parcent K»C0y, and after:approximately 6 weeks of operav
tion, they gave an average yield of 50.g¢rams of 1iquid products per cubic meter of .
‘mixed gas, - Table 50 -contains tha rogults which were obtained with an analogously pro=
- pared. catalyst which was copper-frea hovever, and contnined various quantities of K,C05.

ono, Prepared fram. Procipitation with HarCOq.
“Various. 88 _of K203 ‘ T

tron 11
" Yield tn grems

R - KyC0, ' - Contraction in-. :
‘Exp, -Catalyst - ;‘-,conetm%s,r.-_, ercent after days ~per cubic meter R
“No.. compesition percemt .. "7 . dah - 24 - of mixed gag -Remarks . .

DL T T 5 .- '4norease in activity.
30 . om m

n
L




f‘cawisstao Afer 3 Weaks of "oporation, a3
‘sorved dn'mo eages:

, N 5O ,ar{n'om moh ona could predict juat how ‘
'good ‘and ‘how azt.ive .an‘erba:ln catalys - ;.oages, 1t wag" ‘Pound -
‘necessary to garry out a. time-comuming aetivity detemimt.ion. ‘The ‘reasons fm‘
this mmu-!mmo “Viith tha ‘precipitated catalyaf.a 4t wag: found that the
mods of praoipitation produces important dift‘erencee 1n ‘the dunped welght of
the: catalyst. ‘Tho- det.ermination of tha: dumped weight of the catalyat may:boe:
carried ‘out’ very quickly. . Therofom, ‘wo.attampted to £ind! the, possible. rela-
‘tionship between dumped weight ‘of a catalyst) and its catalytie activity, It
wes. pointed ‘out ‘that chemical ¢ changea might—occurdn “the iroxrcatalysts :
the synthesis wh:lch +ould-not have a-connsetion to the. d\nnped waight of the -
cata];mt to start with, and: also, it was pointed out that tho catalytically
_aotive portion ‘of the' catalyat surface does not have a simple relationship to
the degrea oi‘ disparsion as indioated by the *dumped weighto

Pmcigitations ‘ |

. The anqueous solutions of ferroua chloride and ferric ‘nitrate aro precipitated
with aoquaous solutions of sodium carbonate, potassium carbonate, ‘and sodium

' hydroxide and potassium hydroxide, The conditions, such as concentrauons, :

. temporature, and addition: of reactants, varied in-all cases,  Tha precipitant

was- alvays dissolved in a quantity. ‘of watar which was:oqual to a volwme of $/h
‘of the iron salt solution, . It was always used:in 10 psrcent excess, —After . -
“f41teriny, the precipitant was: washed 6 times with waters The water used for |
“each washing -was oqual to-10"timse-the: “wolght-of ‘tho=iren-which-was: trbc*wasmd.
The' »cata]ysta were dried for 20 hours ‘and’ 110°C. ;- and woro, then méde into a fine
powders.” Thereafter,. the dumpod woight was detormiped: by shaking the 23%2‘ 4n
.8 graduated’ cylinder untﬂ.) no.more reduction in  volume; occurred -upon :
.shakiny, - From-the dumped. volmno am\ the might or the oatalyot., th.a dmnped
ueight m calculaf.edo

Preb:lpitatione \’Lﬂth St;da:

reas from foqﬁc"éalta, r«
d very \ds.mcmw tuter 1e_

 boriate: 18 reoi ‘1tateg,}.__ 2
This ‘at first vpluninous: a

Hod s



Tm.mateot .variation botisen dumped weighte and prooipitatiny conditionn:ocs.
‘curred with the nomal; pmmmm of ‘the ferrous ch:lmde* - (Table 51, pre~

e 3d Viads with’ Normal - Preoi tation of - -
Serrous S ate, Yol . § 8 e with Soda
S Concentr&b:lm g TR

Exp, ~grams-of iron per. 'remp.
NOo

~Ferrous snlfate "

Forrous chloride

F'erric nitrate
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, 10;
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’-;‘,:.Increaae of tha tan;perature (100”0.,) as well as increase in concantration ‘coused .’
“"a’ noticeable radustion 4n the: duzmed weighto Wi.th revarsad, precipitation. ('I‘a le

Hoviever, small dunped we

nt»a

'cif chlopide ipns, the:

.addédito't o soda solution in advande.in the fo rm of Nf 1 {(table 5P, Uxs|
21 and 22).| The observation moy bo gxplaingd by:pssuning thay in &

al precipitation = addition’
ras precipitation - addition

btained phon chlordde lons | .-

of precipitant to Fh—ulﬂuoluum.
or rmut. d;oluu n-to precipibant;




AP grams ‘of ron: por.

T¥on salt Mo, _1itor of solution - _Remarks:
“Ferrons: sulfate: 15 ' TTie” '
16 ':59
17 0
18 10
berroun chloride 191 60 .20 0,37 -
20 50 2000 0.3 110 grans’of
21 ‘50 100, 0,32¢ NeCl to 10 -
22 50 100° ‘0,2R¢ {gramg af dron
a3 -10 20 0:50}: -~ o
2L 10 200 0.59).(2
. e st At IR '...L.‘.k':.n,.'_ : ’acl $°~10 i
Ferric nitrate 25 50 . 20 0:83: &
T 2 g0 100 0°_87 grar.a of iron
27 10 20 0.7k,

; Precipitnt.ions wit.h Potash. .

'The saro obqervations were. made when the corresponding pracipitations were car-
ried out with K,C0,. ~Here we succeeded,-for: instence, with the reverse pré-
-cipitation of . g ams of iron por liter of ferrous ichloride ‘at 100°C., t0 re=
duce the. durmed woight from O.L6 to 0,25 by the addition of KC1 to the K2003
solution, The .Gumped weights -of the procipitations of the threc.iron salts”.
with potnsh in general were ‘in. good agreement with those obtained by pre=
clpitating | with ‘soda aolutiona.mgonsequently it ia not. necessary to rccitt»
t,heae values.

Precipitations with Sodium }Wdroxide. _

Tho- vrocipitations vrith sodium }wdroxide give, in 811" caaes,~high dumped weightac
-The: rosults of thcse precipitat:lona do not depend whothor ferrous or: ferrios: :
;{lalts zfre used, The dumped weights obtained vary from. q:6 to_,0.9o Tt As.a
own fact’ tjat from’ ferrous salts, a .. £irst, & white ferrous hydrox; de is: pre-
1p1ta ed: which 1s very difficult’ to ilter in the presence of| ferro
drydn it\[ doss’ ot lopsen ups - On

he easp withiw
=86~

aceount of




e L1 53 uontaina the various cata]wts arrnngad accordi.ng to their in-

ainy ¢ ‘wolght,' cones.der:lng oatalysts which| iwore. preoipitated from the
.8eme galt, no: relationship seems to exist between. ‘contraction and dumped wedght,
The o %bn of ‘catalysts: prepared. from difforent. salts, howaver, shows: that -
‘tho. z'emo nitrate catalysts are more dctive thom the forrous. chlordde catalysts:
WMy a&ivﬂ.ty dacroases £Lor. J.arge dumpad weiahta. Small aotiv:l.trdeoreaaea with
small aumpéd weightl, o

) ed Vedghts and Catalytic. Activity of Soda
Preci 1tated -Ferrous Uhloride and: Ferrie mtra'oe

' : uax. con- ‘ S
. catal.yat Dnmped traction, ‘Tempo, After hours of
Iron salt - mmbor weight J)ercent 5%Cs operation :

Ferrous chlox_'!.de 1 - ©0:26 1250 1120
e 0,30 h.s . .250 RT3

3 0. 85 240 6y

LE : QJG"%‘-, "’r;.“lh 250 “U6

Ferric nitrate .5 0,83 22° 240 .90°
6 0,83 . .21 240 290

7 0.87 . 23 240 50
. 8 00 2 250 M

This- finding is in contradiction.with the: cpinien -that- cata]yt:le sctivity increases
with dooreasing dumped weight. As a matter of fact, the dumped weight does not -
“seem to give any information on the' (inner) cat.al.vt:le activd eurface-of-a. oata]ysto
A better suited means of testing the catalytic properties should be porhaps the -
determination of the heat of adsorption which may be readily obtained as the. heat
—of ﬂettin;. -vihen ethanol. 15 used for ihstince, : Thus, in accordanco with: tho cata-
‘lytic results, we found that a. catalyat px‘ecipita’aed with aoda fran ferrous chlo-
“ride hav.tnﬁg a dumped _ ox 23

of 9¢I; cilories per o ra o 1 t
pr pert:lc\aa of - talysts, This goes for ferrous as well as. ferrw' anlw.

‘Angther’ @uon\forttp 48 the fact’ thnt;; ho ~atalyste tlmwelvep, wnder ‘the’




i«'err:lo nitrabe

Ae 'l'able Sh shows, the aotivit.y oi' thoroughly vmshed s a-‘rrecipitatod cata]yata
48 not higher than the activity of thoe' precipitatod amoni.a or: ammonim-carbonate
“precipitated-catalysts; -

Detemination ‘of the Neceasgg Alkali Quantltx Eeaded for M.kelization. B
| ‘m:lmt:lon of alkall- quant4y ascording to ohmuia contants in oar, '

Tho nddit:lon of" alkan carbonate aeta similarly eotivating nptm N8 - nos
component cat.alyobs than it does upon - the mlti-compom catalysts.- I:rordo:
to study the effact-of the alkeli, an experiment was carried through for: whioh;,_,
-the alkali was to combine with enions in:the catalyst which were. believed to
‘ba demaging ‘to the catalyst,  With this, the function of the allali would be -
fulfilled,  An excess of alkali in suchaninstamwwldmnbomhmlhle
‘As'the experiment roveals, howsver, (Tabls -55), tids assumption does:not ssem -
hold bacause the activity kept x;uaing 'it ’;wuuing mm addi=-

m auppoaod to :lntoract. vi.th t!n alkal:l

g " Table’ 55
Influonce of Alkansation of & cat 3t Préj ared from Femus chlorido with Goda -
Cap! ‘ -.,=con ..an valsnt Amount 0L : S Y ount
' ST LeT. i ~ABOWNG 0L

Chlortas centantss 00026 ercom




b0 tako up aocordis . timm alkald quatity,
Eo00, whon atd1l modst, From samples (¢) and ‘(d), the alkelization dicquor
suction and oxplo’ (d) was washed twicoy  Table 56 bringe

»

! 25
15.5

e lhyenoblon o e o
d 1/e¢ rémoved 232 11 10 86 W
o 'vweshing

AR D

Aside from the finding that tho possible adsorption of the optimm alkali quantity.
which might have taken place;on the catalyat -was, not. very permancnt'as could be ...
'seen from the fact that with subsoquent removal of KsCO,, the activity decreased,
- this experimonb gave some othor very important information; . (Titrating with 1/10

"N hydrochloric acid, the filtrate obtained from: the washing operation. of ‘gampld
(@) (msthyl rod)). Ve found an alkali quantity which.was three tines as large .
‘ag tho quantity of K,CO, added for the purpose of alkalization,. Thp excoss gl=-
‘kald cén only have osdginated from the catalyst itself and probably ramainod -
there on-account of inoufficient washing. Honoe, the catalyst had boen pre~
-alkalized by -the: precipitating sodas=From-this:ngy-be:

i - -be-oxplained - without: ang -
gifficalty the Rlowly inoreasing activity of sample (a), tho courss of the acs.
mu? ‘m"f;c'tmmggism"" .(b)-may to due to Over alkalization (prosont NagCOs-
N . c ':"-l - s D B . : _’»‘:.‘ ‘;‘__.l_u:v S T .

and ferric nitrste

nitaate
talyst, hows -
te cats




m °N » ._-‘ﬁ.:“‘;'? Qetnersetung ."» , i 9 m R sy y p s
_ pomg: au(c;z; contands of j:m "x:nidu:l alkeld quantitiea suu pmaent in
talyst to méto . or legy thorough was I he oa : m
mu “operation of ths ‘natalysth wes Lollowed: u% alnald- detemmni of
tho wash water: (titration with m 60 long until no worthmhile’ qmutiea of
-am_wm ‘removed any . loager ' tho oatalyat

*m tlas mannér, the so far mesd ective iron on mmpmnt oatalyat. vas ‘obthinsd .
which:when alknlued with1/2 percent: Kgogg gavo 8. muon wp to 31 percont
‘and ylelded 55 grams’of 1iquid hydrooar: (03l #- ) per cubic mster of
‘nixed: gas. Followiny is’ tho ‘mode of preparation of sush @ catalyst, and the
cata]stic testi.ng employed in datemﬁdng m aotivitye ’

A aolut,ion was prepared: by dissolving ferrio: nitrate containing 50 grans: of

' dren 4n ‘omé liter of bolling water.® Into this bollihg solutiom, & boiling
“solution of 160 gréms of sodium carbonate in 750 co. of water was added as-i:
‘rapldlyses’ the. G5 evolution permitted, stirring constanuy - Tt was brmght to‘
‘a boil for a very short time, apd- ﬁltered ‘ot through a'filtor funnel. The -
. dtftieultly ﬁ.‘l.tarable pmoipttabe was washod 10 ¢imes with one 1diter of water
“for eash washing, : . - Then i} wes'dried inadr et 110°C,. for 20 hours, &nd °
tho dr:led and bri.ttle oatalyat. Was - puwdered ina marbar. R

b 147 and oatalytic astivity,

The' mom:é@tamt was niiad with tho solution of the calculatod quemtity ot
1) and 'l88 d!'iﬂd Bt 110°Co v B

S1s \ :
uvity mcmases. Tho catalyat contain!.ng 1, percont
mximm\ contrmtion alroady. a(‘tdr h dqys of ration; '«
cont KoC04 61 rsac!nda' , 10




r»»m- of ‘Aniustion-3 to i days, more: Shan 50
' up b0 tho tenth day of oporation;.
;wd hMD grans up to tho 36th day of oparation, .

1/8 persent K

.50+ 1D, gx-ma8 o éo thn am;

“of ‘Anduotion, 8 daya, more than L0 grams.of Jiquid: ‘produsts up. tﬁ tﬂa 3

‘day of oporation. . The avorsge yield betieen:the 3rd and 238th dew of opera-
:uon for the catalyat oontaiming 1/L percont:alkali wao U3 gramsj. for tho.
oa ont alkall, it was Ll arams of 1iquid hydrocarbonss...

~catalyst with 1/8
; The cddftion of

8 porcant.

- age yiold for 30 days of:

cont, .

ol rer 14

consequently..causes: just -es- .good
reent: ch°3o
Pogsibly tha optmwn man quantity is. smnewhare betvmen 1 (3 and 1/h

than' the addition of 1/8'}
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v26“93 39-9 2158 36f9 33.6

*eatalyst No, 3 was prepared in tho Sano maanur ‘as Catalyst No. 2 (frosh pro--
- oipitation), The abovo figurcs show that it was-even somewhat superior to”
- Catalyst Noo'2¢ = - . oo e R e SR R

- do'-Pelleting and Catalytic Activity. .

Tho catalyst which was impregnated with 1/l porcent K,C0, was extruded through -
‘$he pelloting macking (oross-sectiones mm, thickness, L fo 2 mm), The inorease
‘of ‘ectivity was somowhat more rapid than in-tho-case of wion-pellsted catalysts..
The activity decrease, however, was that much faster, The maximm contrastion -
was ropched already. after 3-dayp, and tho yield was then Sl grans of Uquid -
Iyérocarbona, On the 10bh day of oporation, 1t had decressed to 50 grams, bes -
yomn the 100K and 14th days, 46 varied botweon 50 and L0 grans, and at-th =
end of the 22nd day, . it was 30 grems of liquid products per cubic meter of gas.
After 38 days of operation, only 13 grams; of 1dquid hydrecarbons ware formed.

e comraimofmwithmur- oi &t Synthesis Temporature,

out. whother tha iron onoicomponant catalyst is already in a position to ace -




axpatision dnoroased oimulbsasonaly.up o9 mﬂ?
! lo-fron this that the bonsdno synthdedis had:deoreased more repidly.
-Uhan had: the watoregas reagtion.” At the samn time, wa'found that: ono gran
“of yellowdoh il had gollssted in the receivers: Altor switohing to mixede.
‘fasg tho catalyst ab Lirst gave 13 percont comtrastions L8 bours later, it
"gov® 28°percent contractiony and agein produced colorloss.ofly

“Wo have found that the iron one-component catalymt at synthosis tomperaturen,
“46 in'a position to shift the watersgas equilibriwn towapds tho COp directien,
“This discovory, however, 1s mot yot suffioient reason.and doos not give sufe.
fdodent besis for explaining why the: benzens synthesis takes a different courss
-over the iron ong~componant catalyst than it does over cobalt ‘and nickel catne

yetse”

Ui Rogonoration Experiments, -

" 8. Tith Hp at Synthesis Temporstures .
A catalyst which, after 20 days-of oporation, gave only the small contraction .
of 27:5 percent and whioh. furnished yellos oil alreedy, was treated with'l. -
litora per hour of Hy at 232°C, ' During ths H, treatmont, the hydrocarbons -
leaviny the oatalyst in ewdll quantities did not have.a drighter color. When
switching back to mixed gas, yellow products formsd just as before. The:cons
traction, after the Hy treatment was practically the same as it was bdeforej : -
however, after 'l deys. of oporation, it decreased to 21 percent, Consequently,

no regonsration had ccourred, .

—

Tho experiments with stoam may be swmarized by saying that the fatigued cate
Jysts were troated with 10 liters per hour of steam at 230°C. : The contraction-
at first decroased to O -porosnt, and increased slowly again, 'When the stesm
was alloved to act on the catalyst for 24 hours and whin thereafter mixed gas
wag: admitled again, the original contraction had not been restored,: ‘thy-
catalynt wos. treated | o for only U-hourg, -the original’




;;bonam yiclded a nmauer aebivity han with thacmep nding potessium: oarbon-
. ato ouporimonts.  Tho times of induction are: ‘approxinately 8 days
‘of ioparatien with 1/l and: 1/2 pércent ‘WaaC04, maxinim contractions’ of 23, re~ -
‘apect.:lmly 28 poroent wera -obtained, - The. mgadmm“yl.e """" t‘ or a catalyst containe
ing-1/2 percond. WasC03 was LS grams.of ‘2iquid mumm:‘ “aftor 0 dags of opars
ation, - I¢ 1 remarkabls to observe that ths: cetalyats alkalized with otassiun.
_carbonate retainod; their activity for. 'a longer: period ‘of times After L2 days' .
‘of oporation, the' catelyat ‘containing :1/2 percent Wa,C0, etill yielded LO grams :
of 1iquid mmar ohs3 ‘the one containing 1/L porcaﬁt 8,00 005, after the aame
Jength of -time, gave still 36 prems of liquid wdrocarbons For both catalysts,
‘homever,-tho” oﬁ. ~ms_yollonish in: color.. At this point we want to uention &
catalyst ‘for which wo obsorved the longest time of oporation:ever obtained for
an-iron enceponpanent datalyst; Vo are: tal!d.ug about-a ferrio nitrato-oatae
lyst precipitated with soda which was, hcmver not washed" e&hauattve!&. (Son
Table 56, teat 5)  This catalyst was not alkelized after the washing aperation,
However, ths water from the washings shoved that ot least 1/2 percent N 003
was st4d) conteined in the catalyst as residual alkeld eriginating from
precipitation, ~It reached its highest contraction only; after 20 days of oper
‘ation (27 to 28 percent, naximum yield, L6 grams), end between the Bth and L2nd
days' of oparaticn, gave.mora than 4O grams of liquid.hydrosurbona,  On the 58th.
day of oporation, the cantrastion was still 23.5 peroent. and the yield 38
Bl‘amc ,

b - l&ulti-com onent ca sts which wore Precipitated in the Same ~l.anner as

,st:lmulated by th:a good results 'qith 1ron ono-oomponent. catalysts, it was sug-
.qosted to. find out whi. influence tha presence of ‘copper would have on the

- bestiron catalyst,:. It appeared to us that a furbher inorsase in activity

. should. not be imposeible, - As- the exparinénts show, however, no

-but-rather a deterioration resulted, Fe pracipitated ferric nitrata-ooprlc
‘nitrate aolutiona in tho ‘same ranner pith sode 85 WO precipit.ated he iron. -
8alta from’ which the pure iron catalyst was made, ~ The coppor quantities nsed
Ware one porcont | oppsr '8 percent_coppor, and 2Ppero+mt gopper. - [For Lhe
'fira aoris ot e nts, - ﬂm '_t.a ver -uged vh!.ch“were ot 1iged,




to 28 poraent indopendont of the coppe
OBFBOTS Wig, 0 thy bent 6800 L9 gty
formed were yellon already at on. averago -

Ve -

—i-preciphtated-forrio-nitrato-catalyst.after. aying boon alialized ith 1/l pors.
.gant K500y was mixod with.sene. ground froshly-prepared wine nitrate, Thres . -

el p "

catelyste’ef diffarent ping contents woro thus’ formdd oomtaining iren and ming
4n the ratios 10011, 2011, 2:1,°-Tho zinc~carbonate' wan procipitated fram sine
pitrate with sodiun carbonate,  When the activity’of-those catalysts wes' dotere-

uined, va found thab tho catalysts containing 100 parts of iron to oo part of
vinc, ‘and 10 parts of iron to:one rart of wind acted practicolly in tho-samy .
way ag did tho sino-froe catalysts, Ths maximm contrastion was I to 32 pota
cont Sh-to 50 graus of liquid hydrocarbons per oubls-moter of gas wore formed.
Ths oatalyst which contained 2Pe=17n had a longer time of ‘inductionm, It gave
its maximm contraction after 10 days of operation (30 percont, with'L9 grams . -
of liquid products)s After 38 days of operation, it j._?ahdya”dfa-‘smhat“femallnr
‘teorease in sotivity than ths more ginc-deficlen “catalysts, The influsnce ™™
of the ginc which 1o present in.tha form of sinc-oxide, at symthosis tomperaturd,
18 therefore only slight. o i T e

7. Porric Ritrste Docomposition Catalystss

If we would keve sucdeaded in preparing decomposition chtalysts which had the -
pame activity as ths precipitated catalysts, we ‘dould. havo cheapened the cata=
J{at considorably by saving the soda, tho vashwwater, and some time of operam
tion., . L e '

P

As atarting material, we used the forric nitrate solution, which we have rew -
garted to before, when preparing the precipitated capalysts, : It v evaporated
to the consistency of a syrup (partial deccmposition). Through some preliminary
oxprinents, o’ found that the catalyst is more active tha faster the dacompo-
aition oscurred.  Therefors, the thickansd nitrate solution was rapidly desom~
‘posed bty introducing small portions into an iron pan-haited directly. It was -
stirred continuously until the: evolution of nitrous oxide fumos.alsost coaged,
The red-bromn oxide ¥as imediately removed from the' hot pan, Ths best catae
lyots were obtained when alkalization was carrded oit”before the-degomposition.
The alkalization was eccomplished.by adding the caloulated quantity: of potage’-
: K o 'Vnit.rfate_so,luuon"t %ith lﬁhporco ' KoCO4 and -ab-235°C4;
29 percent was-roached and 48:grams of yiqa d hydrocarbong. -
- me xed zas were formed. . It did not matter whothsr tho-cata=
st owdgred. or wh Lt fras uspd-dn #bmﬂmea ‘qucha“mg‘y:b-;
‘tadned after the decomposition, ' As cof ared: to thy precipitated cata ‘a
faster decrease of octivity is noticeably begause after. days of gperation,

tho, contwection had deoreased to 25 ""“F"“‘f o o yiold to S/




added some) starch to the catalyst to:bo pilleted. (omd gram.of starch per 10
“gréms-of “ron)s— The-pellats-hed-a-diawoter-of-3-mn;- Tholr-aotivity-aould-not—
-and followdny with mixd gas, a catalyst whioh acntetned /2 porcont K03

WI.— Investigation of tho esotdon Produots on the Tron Catalysbe. .

-81nce tho. 1nboratory experiments ylelded very small quantitiea of material, we
did nét make very thorough analytical studiss on tho pamposition:of the rease’

“t4on products; ~ In this connection we refor to the end of this section whore
wa. have. discussed the results of a semi-plant scale operatian. o

j{éatm)fcohgonts of Unsaturated Rydrocarbons in the/Synthesis Products (Bengene 4 041).
"' g8 _Obtained on iron Catalyatse T R '
We Tound that an ironw-copper-manganese (Lsl:l) catalyst-containing one percent
KsC04 gave the following products ‘containing unsaturated hydrocarbons as shom:
in the following tablo. S

SRS SR NG N VAR S
Temporature, ©C, 200 210 - 220 230 - 240 . eh0 -

Liters per hour 2.7 4.0 bl h°6 T ‘“§,8 '

Yolume psrcent in : . o R
11,50; divided by o | .
P30 U Ciuble (- 182 bg 185 19k 293 WLT
* "saburated). : , - _ »

The sbove summary-shows that the contents of unsaturated compounds in. the reac-
tion products varies between 5 and 42 volums percent, Except for samo irregue
“Isritics; wo found that the oil 15 mory uhsaturated whon it was produced-ab-a—
‘higher reaction temperature, TFurthermore we can recognize that at lower gas
rates an oil is produced which is more saturated (Exporiments 5 and 6), With .
‘water-gas, a product is obtained wlhich is richer in unsaturated-compounds,  The
benzens plus oil obtained from wateregas at reaction temperatures between 230
‘and 2l0PC,, for instanse, contains 15 percent volume percent unsaturates.
Paraffin Extraction frem|Iron Catelystss

-[In.the course of the synthosis; tho irom ¢ takes, up:.8 corte qqamli.ty _
of ;:jﬁaffm-‘}hhich_;lb.'-“m"bains J‘ithin ‘Ets bjsw us‘lt as _w_‘!a_;have_ founﬂp i, %lhﬁﬂ#}
‘fease with cd‘balt.” c‘w‘ptalymbnag }mr -extracted this piraffin out of the catalyst.

“96 T




‘ g the md'.raoted parafﬁn ohcmd that just. as wl.th

‘ “pavaffin, At oould bo. scparated dnto a: lowar mlti.ug and'a’ highar

:_f.molti.na pox-&ion by. axt.x‘aoting 1t with a solvént such ag othor, By tultde

- extractions; with ethor, of the high-melting: porticn, aga:!n a product’ could
_mnzmwmnchuwmum.muw md.moltedmm
Jand 1179C. consequenbly, high-melting paralfing: nay. ba obtained from the '
1ron eynthea:ls a:lao, :

(Hmr)

N _Paraffin Qnantit.ies netained 1 “tiew alyEt .
Beween this Parafﬂn Qutmtity and’ Kach ‘Contents of catalyat (10 ﬁrama Fa)

Ccmaump- .
. g K,C04 ““tion of .  Extraotion: - Parafﬁ.n in Contraction
' Exp. con?enes > Days of mixed a8 of para.ff.m fo/n>. of . pér=  alter
. N0%... percent operation _Por. J in grams . mixed gag cent days

--1- 080 5,0 beS 0,9 20 L2
2 116 60 - 6,0 65" 128 b2
-3 1/8 60 6.0 7.8 1.3 26 ke
L 1/ 58 5,5: 10,1 1.8 . 26 k2
5 ‘1/2 - 2,0 10,0 5.0 13 21
o i R A S SEEIRIRN o &y SIS : PY S R Y EEE :Il"

Table 59 givas Mfomatim ahout the para.fﬁn quantities contained :ln iron cata-
‘lysts with varying amounts. of K,C0.: This data i3 for a dofinite poriod of
“operation. The third last ooltin Indictes the quantity of paraffin which wan
‘obtained-from the catalyst by. extracting it with synthetdc bengene- (f'raction
-80=100°C }i=Tha- quantity: of -paraffin piven there-1s-given: 23: grana.ror.cublc.
netor of mixed gas put through the unit. - The catalyst with 1 ercent K.CO
contained appro:dmat.ely tvice as mush paraffin as did tho catalyst which ﬁon
tained mo K,C04, - A catalyst: contadning -1/2 porcent K. co after béing in opera=-
t1on for 20%dls, had already taken up tho Same quant $4570f paraffin ao did
a catalyst’ cunt.aining 1/ly percent K,COq-after 55 days of operaticn. St
vlar;.or paraffin- quantiti are  oon d in the catalysts alkalized with ome
_péreent, respoctively 2 percent,| 1(200 .. The| decrease of |activity of-the-oa ae’
Lysts :lmcreaaqs with increasing p at} forpation (last col =
should be added, 't b the ooreqse ‘of the as ivity does’

i E pargf ‘ ' t, but r 'tber




compae!.uon products: sh

1y-ons : ' |
hiah-malwng narat::lm;w be-to‘ : * cud, 3tor
nixed ges put’ through, provided that the catalyst ain : '{paruont xzco;,..
. In tho-interest of good 1ifotimos of the iren atelyst, 1t , omnded,
o theretom, thnt only eman to moderata ‘alkald quamitios ghould Yo added,

(Bahr) Aedd Producte.

"-'J\m 29-4n tha cese of- cobals eatalyats ‘80-algo" m.bhf» ' on,.not only benaane
‘041, and parnffin are cbtadned, bub euall quantitics of apid produste ss wells
mwn tho synthesis 1s.carried out with carrior-free "oatalyats,n theee -acdd pro=.,
duots are chiefly found in the oils but also’ oxtont-in"tha'y '
_which can be oxtractod from the catalyste: Such acid‘produnts,w;- *
" fram tho catalysts alxnoat !mmdiately’ Af.the catalyst is boiled with a ono t.o
-2 porcent nomal N ‘or -NaON solution, -Ons then obtaing quickly colored .
‘yollow extracts which gltar an acidu‘ying extraction with ether and’ evapora-
ting off the othor, leave behind omi-1iquid. produots of. pungent odor -which
" reminds ons of the: higher fatty-acid. series, In ona case we obtvined 0.5 grm
of such-acid products after extracting L0.5 grams of a catalyst having served
.for.samo.tims, that. 18, approximately»one parcent.of.the. ‘catalyst waight, . Pere.
haps the’ activating alkali contents of the. catalyst gradually enters into re-
‘aotion with the acid products and forms. 80aps,: ‘It 18 possible also that to a
esser dégree: fatty-acid salts of iron, oopper,:and-manganese might appear,

In this conneotion, ‘an older experiment 16 of -interest.during which the used-
up-catalyst, after the. para.ff:l.n exbraot:lon, was ‘treated w:l.th ‘gulfuric acid, -
When extracted with benzol, the catalyst gave.9 percent paraffin as reforred

- to tho catalyst woight. . m order to rerove some ether goluble products, vihich®
~might have still been-present in-tho:catalyst; it was boiled-out with ether, -
and thereafter it was refluxed with: dilute-sulfuric acid, When: the acid was

_ added, almest violent COp evolution occurred,. After f:llterj.ng off. the insolu~
vbles, the sulfuric acid ‘solution was extracted with ether in'ths 'oorforator, ,
and ths insoluble residue from the catalyst was boiled out-with othor as walls -

- Both extractions wore combined, and aftor evaperating off tha ather,. tho cone .
" binad rosidue amounted to 1.2 grams of a li.quid product in which small solid -
“partioles were dispersed.:The whole mass had a- ot odors  Referred to the,;
“final weight of the catalyat, appro:d.mate]y 9 percent paraffin was obtained
and- h.h porcont "acid products"

It doea ot appaar that tho decrease ‘in catalyst ncf.ivity $hould be:caused by - -
- combination of the acid materials with the alkali of the catalyst (to form
fatty-acid salts), ~In Seotion-IIT, as already mentioned, we ‘added:one porcent» -
of @meam acatate to|tha oatalyet without impairing the ‘activity of the .

cat e
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; _ ~frea’ catalyata " Bither tho ao:ld pz'oduot' :
r. n‘p*"when. arrior.catalysts are used, or: perhaps they. dro: Lormod: uat
.aa abnndmtly' but are retamod to 8 greator degma bw the oarr:ler catalyoto

Sumu-ny tha rouowina uay be m«l about the advantagaa and diaadvantagea tor
ueing iron catalyataa

L. ﬁm IToR caﬁl&"é‘ﬁ am used, w6 do niot Have o F expana Vo,

~ - -and 'rare cobalt; ‘but can use instoad;-ths cheapor. iron which 48-avails
sblo in Gornany in unlimited quantitiea. ‘An addition of e:quansivo

. thordum is not required. The proparation of the iron catalysts can be

‘carried out toohnically in the: samo’ typo of apparatus as the cobalt
-catalyat is prepared, that is, -either by dissolving iron in nitric aoid
or ‘tlwdrochloric ao:l.d. _ For the precipitation-in both oasoa, _goda may. o
~used, ‘ . o _ TR

2. The :h'on catalyst. maw “ba taken :lnto oporation with m:lxed gas 1mediately
at tho proper reaction temperatura without a previous reduction with ):
at higher temperatures, For this reason, no reduction: furnace (working
-.ab-higher. tomparatures).1s-required as.compared,. for. instance,. to.the. -
raduction or the’ oopper-frae ‘cobalt cata]yst whera such a furnace is
used,

3¢ The 1ifetine of the iron catalysta avaﬂable up to now, may b regarded
as auffic:lently longo - ,

be ‘lho fatigued 4ron catalyst ngy -be regenorat.ed by & simple troatment vith
. air (after previous extraction), By doiny so, it rogains its old activityo ;
'I‘his is quite contrary to’ ‘cobalt cataJysts.,

5;, The highest y:leld so I'ar obtained with iron catalyats 18 60 grams por
_cubic meter of mixed gass The average yield for 6 weeks of oparation is
50 grans per cubio moter of mixed gas (uncorrected). : ‘

6.,' The products of the tron catalvsts (benzana on “and paraffin) are quali- :
L__tativaly ‘the. game ags. in _the csse of tho. cobalt catalyete.wThe iron cata-

]yst offers the posaibility to produce benzenee vith a high content of
\msaturateao '

7° The iron catalyet has tha a’vantaga of being cheaper, being eaa:lly taken
into operation, and demanding only great simplicity in its regeneration.
It has the disadvantags, howsver, overythe cobalt catalyst in tbat it

- furnishes. pnly h\Plf as h:lgh a yield,

-|99 -





