‘During the years 1925 ‘bo 1928, numerous m:tigatioaa were carried out
""" with cobalt and nickel. At the szme time, we also tried to find effective and
laating iron catalysts which eventually might be used to replacs the expensive
cobalt in largs technical enterprises., A summary of the results obtainsd-during
those yeara 13 presented ip Die Erdolaynthese (Sk). In the fo]lawing a short
resuns ,of this vrork,is gtven :

" The highest yialds obtem with ron” catelyebs -at that time were” 35
to 45 grams of liquid hydrocarbons per cubic meter of water gas. The catalysts
-contained iron and copper in the rata.o of 411 and were prepared by decomposing
the nitrates. Scme additional constituents were added which were believed to be
favorable and increase ths activity. - We used sodiumeglass powder and sodium .
aluminate of composition JA1(OH)5~1/3NaCH. .The additdonal constituents amounted -
to 10 percent and were mixed in: 3;3' form with the finished iron-copper cxide mix-
ture. The catalysts mentioned were tested viith water gass The time for which -
the catalysts remaﬂ.ned active was not very long. Ve conducted a laboratory ex-
perdment and ussd 40 grams of oxides (corresponding to epproximately 22.grams of.
Fe); the gas-flow velocity was 4 liters per hour. In later w:paﬁments ve used
10 grama of iron most of the time. 'Hence, for the earlier rumns, the. _quantity of -
: st was more than twice as’ arge for e same: gas velocity. 'J.‘his has to be
;taleen into consideration when the efficiency of thoss early catalystd is judged.”
- For.this reison, dirsct comparison betwaen the. yields at that tims with the. yielda
obtained at present is not’ :'munedia‘bely possible, This is complicated: also by the
‘fact that. our present results are not bassd on water ‘gas but instead are referred .
. to mixed gas(29C0:+ 58Hs)s It is ccmceivable that. iron catalysta wﬂl give botter
’»‘ylelds with watar saa than m 'mimd ga.s. Al G

e Tho beat eat 'b uaed:at.' ,tlmt time conaisbed of hFe + lcu L& 10 Jaercent—
Csodtun. almina.te (w;( +1/3%eOH). The preparation of this catalyst was car--
‘ried out under the condit ons mentioned earlier. ~With 44 grams of catalyst (cor— }

, responding to appxmd.mately 22 grams of: iron) and a gas ‘veloclity of &4 1iters per
hour using water gas, a maximum yield of 4k grams per ‘cubic mster wes obtained.

" The_ highest efficiency was: ‘reached after the catalyst was in operation icz.idays ~
"After-14 days of operation, the ;y:leld at:lll ‘amounted to. 38 . ; the

~14th end 18th days of. operation, ithe: ty écreav d 'very raptldly from 13

a p cent. ccnt.ractiono : i P

“with’ :lro catalysts ss_lhad ‘been reach ¢ ‘catalysts. At
.investigated, among others, ‘Fe=Cu-ln0. catal ysts hich ontaine

- gol powd n'dxed, with the catalyst in the dry state
-compared . the’ earner Fe=Cu cataly: 8 coul :
lever, we-calculatad a yield of 48 grams per cubie mter for water ga.s at 250“0.
when the gas rate was 4 liters of gas per hour and ‘the ' catalyst consisted of Fo-
‘Cu=ln +: wpercemtof ‘eflica gol. . The ca_.ta:l.;rsb eontaimdatotalofl;grama oz'

iren. (Fo:cmun 4:1:1). Ths nfe of this ta.lyst was vory short, however.




- During 20 to 25 hours of operation, the cantraction decreased by one~thira. .ae
.the same time, ths products formed showed a distinoct yellowish tinge.. Only for .
& short period of opsration (approximately. 20 hours) did -the catalyst come up to:
expsctations and produce a yleld comparable to the calculated yleld. . o

_ For the following experimsnts Fe-Cu-2-component and Fe~Cu-AnO-3-compon-
ent catalysts were chisfly used, For the experiments that used Fe-Cu, the cata~ '
lysts were formed laigely from-ferrous compounds. The Fs-CuekfiO«3-component cata-
lysts wors formed from ferric nitrate: exclusively. For the gakes of clarity these
two catalyst specles are dealt with separately. In the course of the experimsnts,
it was found that iron could give good results when ussd alons under certaln ex-
perimental conditions, These Fe-l-component experiments are described in the.
ssction on "Copper=free Irem Catalysts". AR S

TRON=COPPER CATALYSTS FROM FERROUS CORPOUNDS

"~ In the following, those rosults are first describsd that were obtained -
with iron-copper catalysts produced by precipitation of various ferrous compounds
under various conditions. The ferrous compounds were made by dissolving iron

wvings in variqus acids; in som® other cases, the ferrous compounds were bought
as such, for example, iron-II~sulfate and iron-Il~chlordds. - = -~ - - T

e ... Aftsr soms experiments which promissd litfle success and wers carried -
out with copper-free ferrous carbonats catalysts (on which wo shall report later -
in more detail), ths sams catalysts were investigated, conmtaining 20 percent of

—copper, . The canditions for préparation were the sims as those of the ‘coppar-free
catalysts, - Therefore, we refer to what has bsen sald about the preparation of

“copper~fres catalysts, o Lo T e

pASCE—

.2 Iron shavings were dissolved in dilute formic acid, and the resulting
“dron-formate’ solution was precipitated in the cold with sodivm bicarbonate and-in
‘the presence of copper nitrate (20 percent of coppsr): The catalyst was washed
.in a COp atmosphére to avoid oxidation of ferrous carbonate to ferrde hydroxide. .
“The_catalyst wes dried in vacuo at room temperature. For investigating the ac-:
tivity we. always used 10 grams of iron and 2 grams of copper. Ths flow velocdty:
‘of tho mixed gas, ‘which consisted of 29 percent CO and 58 percent Hp,vas 4 1liters -
er hour, - The catalysts wore taken into operation withoul any provious pretroat-

.- Since addition c'il ‘manganese to iron-copper catalysts produced from fers .
‘rous compounds activated them more or less, corresponding to production conditions,-
we investigated the effect ‘of alkalization of ths manganese on activity. Ve found
that alkalization of the manganess did not improve the efficiency of the catalyst.
For the sake of clarity, we discussed the influence of manganess and some other. -
‘additions to the ferrous catalysts in the sams place where ws discussed the iron-
‘copper catalysts without additionge™ —
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5Fe~1Cu Foi'ms foxﬁmﬁ and’ eoppér nitéé.ts - 238 25 2 39-
‘NaHCog ‘

: SFe-ICu , Ferrous” formate and copper nitrate 235 26

N Nanci,xﬂ.tated‘in ths cold with S
5Pe-lcu o Fesm'cmm;3 formate and eopper uitrato 235 21 3 NS
10% baadc precipitated in the cold with = - DU e
Mgl - NaHCOj, basie MgCOy mixsd 4n dry : ‘
SFe~1Cu~ Precipd. ti.onvﬂ.th aHGO3 (a:!.nml- 235 23 5 4
:'SFe-J.Cu- .-,Precips.taum ﬁth Na.HGO3 (azml- 237 -2 b 48(2) -

-l tanaous) e

‘ L ‘!a.ble 48 cun’caina results obta:lned from coms ca.tal;ysts prepared by tha
,.mntioned metheds.  With an iren-copper ecatalyst containing iron-end coppsr in .
“the ratlo of 5:1 (first sxperiment), 39 grams of licquid products were obtainod
‘per normal. cubic mster of mixed gas at a ma:dmm contraction of 25 percent. Cata-
l&st 2 ¢l ffers from catalyst 1 in that it was not dried at room temperature in .
vacuo, ‘but, instead in air at’ 105°C, . Thus, the ferrous iron was partly oxidized'
o ferric imn. ‘This ‘can be: follmd vasily by the change in color from gmenish~ :
grey to brom. -The efficimcy of this catalyst wes the. sams ag that of catalyst
1 For this reaaon, in our future exper:lments we no 1onge:.' msorted to dz;ydng in
mo - - 3

: After. mi:dng t-he 5Fe-10u catalyst with 10 percent- basic msneaium care :
bona.to (m:had dry), the yield could be increassd to 47 grams. {(third. experimnt)‘
"With an addition of 5 percent: aluminum (simultsneaua preﬁ.pd.taﬁon ‘of ‘the three =
‘components) 43 grams of 1liquid products wers obtaixd (fourth experiment). ‘A1
-eatalyst: consigting of SFe=1Cu,- .containing 20 percent of nangamae,"::for which the :
,eouponmts ‘wors pracipitated ‘simultanecusly with sodium bicarbonate :

e a:lmpufy'tm pmpamt.m _ e
rial mtaad of imn-II—chlori.de ‘l‘hess‘ eata:ls'ats wera precipitated 1n the eold




 5Fo~10u .‘reso,, and Cu(f ﬁtﬁ precipitated < 22

1 6 -
2 5Fe=1Cu ' 'FeSOj and Cu(Hi )2 preci;ﬂ.tated 220 23 - 5 2
L -4n the cold
3 5Fe=l1Cu~  PFeSO, Cu-ln nitratc pzvcipd.tated 21+0 S 7 3 L ]
Uin in the cold with Na: R
4 SFe~lfu-  FeClp, Cu-Mn nitrete precipitabcd%o 2 3 3
S YU inthe celd with NazCO3 - ' o
5 SFe-iCu~ - 9012 Cu-¥n nitrate predpitatad 235 20 . 4 30
7 1¥n - -.in'the cold with Na ’ R
6  SFe=1Cu~ -: _Fscl Cu-¥n nitrate pz-ecipntated 235 12 s 18
0 1Mn - intha cold with Na,COo, catae . R
aystexgracte&fer%. ursuith shee T

O E@m'imems 1 axﬂ 2 (taible 49) shm that ths' aff:.cimcy of the catalyst
prcduced from iren sulfate ds lower than that ‘of the- catalysts produced from fere
rous formste, - The yield amounted only to 1% grams. per cubic mster of mixed gas .. -
at 242°C, and only 25 grams per cubic meter. of mixed gds at 250°C." An- addiﬁian o
. reent of manganess at 242°C. furnished 22 grams of liquid prcducts (emri- ‘
» msnt 338\ Wihen Feclz was used inatead of FeSO;,, this. -yleld increassed to 32- grmne :

. (expsriment 4), Vhen the experiment was repaated, 30 grama wero obt.ainad at g
":tempemture of 235“0. (prarimﬁ 5)« e gt SR

T Wc bali.eved a.t firsh that the poor activity of the cat.alysts prcducad :
,from FaSO,’ and FeClp could be attributed to ths presence of some Nazsol} and NeCl,"
‘respectively. . For: this-reason, catalyst 5 was washed for 2/ hours' with water to
vemove the: last traces of the sodiun salts bofore it was used for the operation

; propar.t_ “The wash water contained. deﬁnite quantities of: chlorma Jons. Experi- ,
- ment 6 shows that this extracted catalyst does not work any better than the un- .

" esttracted cat.alyat, in fact, it was found that the extracted catalyst was less .
aetivs than ths' unexbracted The seme affect waa obsemd ‘when a catah,'st Wasg..

. precipitated with potassium carbonate, - In this cass,. the. catalyst s.ci'.ivity did

- not- '.i.mprove by. washing either; as could be ‘ssen by comparing it with a similar .~
- unwashed cdtalyst. The. em:planation for: thi.s bshavior is posaibly as followas -~ o0
‘Earlier invesbi.gatims have shown that iron: eabalysts ‘may: be ‘activated conaidarably,ﬂ_;
. by the addition of small quantities of alkali. After the normal washing-out. operao:l ‘
_tfon following the precipitation with. ‘soda, thsra ars eertainly soms traces of .
. ‘alkali Yeft in the catalyst that could causs: activatim of. the contact. By a
further washing opexation (extraction) with water, the alkali content is reducad
.50 considerably tﬁat. it-is po ‘Jonger-sufficient. for an activation. Therefors, the
; extrac‘bed cata],yat canmt normany reach thc activity of the mea:tracted ce.talyst




' ' Furthermore, the.alkali remaining in the catalyst after a normal washing
operation may not producs sufficient activation simply because it is coxbined with
chlorins, This would s8rve as an explanation for the low activity of catalysts -
prepared from FeSO, and P , Tospactively. A more efficient catalyst wag not
obtained either when the cat: precipitated with soda was boiled three times
with'a soda solution before extractior. Cns is forced to essums, thereforo, that
enly an alkall sddition to the finished catalyst can increase the activity in the
dosired megsure. That this is actually the case may be seen from the“experimsnts
_Gescribed in ths following section. . = . ‘ - e

.. : W of g Seperate K2C03 Additse o o ~N. _~

" We used potassiun carbonate as an alkalizing sgent. At first, the quane -

fity ms 1/2 percent referred to the~iron metel. The alkalization was carried out
4n such a way that the catalyst already dried at 105°C, was impregnated with a
potassium carbonate solution. It was then dried on the sand bath with a emall

vﬂam@.

- From teble 50 the activating influence of the potassium carbonate addi-

tion my easily be noticed. Catalyst .l was precipltated from a ferrous sulfete
‘solution containing copper and mangansse nitrate (precipitating agent, sods, and

A ar——an

precipitation carried out in the cold) and furnished a maximm contraction of 14 -
- percent without the extra addition of K5C03. The yleld ampunted-to 22 grams of -
1quid products per cubic mster of mixed gés. (experiment 1). ‘When 1/2 percent -

 KoC03 was addad 6 the

same catalyst, the yield was dowbled (expesriment 2).—The

optiium reaction tempsrature could be lowered £rom 240°C. (exparimental) to 230°C.
.Experiments 3 .and 4 give the results with catalysts of identical compoeition which, .
‘however, were precipitated from an FeCls solution instead of an FeS(, ‘solution.. -
‘A lafer activaticn with 1/2 percent chgz.inc"i*e'ased the yield from 32 to-48 grams. .

When the precipitation was carried.out

‘the yleld was L5 grams
tating agent,. therefors
i% can-be obseryed that

 carried th sodium bicarbonatse instead of soda, .
(ectperdment 5).  The use of sodium bicarbonate as preclipi=—"
,_does not-seem to give any advantages.  From experiment 6
a catalyst produced from ferric nitrats as a starting ma- -

‘terial gives a catalyst of lowsr activity (for the sams conditions of preparation),

A catalyst obtained by thermal dscomposition of the nitrates:

nd impregnated with

1/2 percent K003 wae fay inferlor to the precipitated catalysts {experimont T)e . .
Tron-copper-manganese catalysts which wers precipitated with sode ab ths boiling .
poing and conteined 1/2 percent choe -gava ' 51 grams of- liquid products at 230°C. - -

(extperiment 8).

e discoversd that.

ts washing tims may be shortened ‘considersbly .

for & catalyst that was: procipitated from g hot solution. For ig'&;;g ‘Teason, wWe .

always resorted t6 this kind of precipitation in cur future work.

7 The' rosults up to this tims refer to catalysts which contained copper

and manganess, precipitated from their nitrates, From experiment 10, it may be '

3’180‘&':

ed that. the chlorides of the promoters ln and Cu my be used with success ~ .
“To investigate whether the addition of Mn to the already alkalized cata= -

1ysts causes a further increass in activity, manganeso-free catalysts were. tested
‘during experiments 11 and 12. Tt is evident from the experiments that a subss=

nt-alkalization of an ironecopper catalyst without msngansse gives a yield of

- 50.grams, - The-catalyst which was nob alkelized with 1/2 percant potassium carbon-

Koty -

.ate in comparison with the previous catalyst,yielded only 35 grama of lgquid .

_products.  Experiments

13-and 1, finally disclose that ths addition of msgnesiim -

(simltansous precipitatian of the chlorides) reduces the sctivity of the &Fe-1Cu

[ Rt




m ot t&ad te
_ _ ' , Kaco3 C - yields,
Exe ST -~ contents Teme . . groms
peri- - ST . referrod pers~ laximm  per cubic
nent Composition , : o iron, ture, contraction, mster of
Jo. of catalyst  Mods of tion _ percest °C. _ percent  miysd pgas

1 SFe-J.Cu-lKn FaSOy, Cu- and Mnenitrate O 240 u 2
- precipitated in the S A _ ,
’ cold with Ea SR . S
2 5Fe-10u-1mz FeSOj,, Cu- and ¥n-Ritrats 1/2 -~ 230 29 NER <2
A precipitated in the R o
: . cold with HaxC0g S g S
3 5Ee-1cu-nm FeCly,Cu-and Mo-nitrste ~ O 20 22 32
> o procipitated fn the . . T T
. g ‘cold with FasC0g. 3 RO P N
PA SFe—lcu-mn Feclz,m-and Mnehitrate 1/2 230 . 30 "
o predpitatedintm o
.5 15Fe-10ne]Mn Fsclz,cw- and mtrate Y2 o232 28 S

6. 5Fe~10u-mn Fe(ﬂoggs, 9\3- and Hn- o 1f2 232 - 2B .35
A , nithate preﬁ.pitated SR ATy T
s . with NaoC03 ‘ 5
T \"5Fe-10u—1!m Fe-Cu-}m-nitrate themlly 1/2 232
PSR - Gecomposed iz _
:u&»““-SF@-lcu—]Mn Feclz,&l-and Mn-nitra‘be 1/2 230 42 s
R _ precipi.tated hot wikh oot e i
“ 5Fo-le=-1Mn FeClg, ‘end m.'p-nitrate ‘ 0 a0 23 kO
T PR Preﬁ.pita.tcd wotwith o e

: f'sFe-lcu-m Faclz, 3uc.1 .and mg 1/2 233 T30 o800
. precipita 2d hotwith _ T

0

(S

g{; k;g:'. "

|  HaioC

5?@-1011 Feclz, ‘ , , , : A
- “5?9-1011 ks Fecl pz‘ecipitated o 235 2 T3
."vf,SFe-lcu- : ]Fecl CuCJ.g, 1-: pre-- 1/2 235 @3 . 3T

12 ug - cip:l.tated with Na 005 L e e

,i""’»5Fe~10u—]Mg Feclz, CuCly, MgCly pré-- 1/2 23 2L 33
e cipitated with NagCO3 A




1 Tho optimm K2C03 -content 1ies botwosn 1/4 and 1/8 percent. ' The ylelds
of nqud hydrocarbons amounted to 53 grams per cublc meter of mixed gas, whereas
the other catalyst (comparative catalyst) containing 1/2 percent KpC03.yielded
‘only 5 grams The time of induction for the catalyst to rea ch fueximin .activity
ms-l to 2 days for 1/4 to 1/8 percent K3C03 and 3 days for 1/16 percent. It has
proved beneficial to start the catalyst off at first at a temperature of 235°C.
Ae soon as the contraction has reached 25 to 30 percent, the temperature may be
lowered to 228° to 230°C., in s0us eaaea even to 225'0., vﬂ.thout cha.nging thc
catalyst act.iv&ty noticeably

.. Tebls isnce of ity of KoCO3
‘ ‘ activitz of SFe~1Cu cotalysts ‘
mlda, ] T ’

Expori- K2303 pera~ - Maximum . -per cubie = AT
- meat _content, = . ture, cont,ra.ction, mater of | _ Contraction

No, percent _ _ “ °C. perecat  ° mixpd gis . Percent _ Days
i o - 230 ¢ A LT o 87 20 42 \‘
2 . 1f6. 230 - .30 . -~ T 53 28 k2
3 e 1/3 o 230 e 3L 86 - 26 42
5. 1/2 228 - w300 o 085 .18 21
6 A EE 228 e 29 . - SRPIE SRR - PR

e

T Besides eausing a: bebber yield, the a.ddi.tion of sma.ll ﬁg.ties of o
R ¢ 003 exerts a favorable influencs upon the life of the: catalyst. “The last" colum
- of table 51 shows the conbraction as still obtained after a certain length. of ‘
_ operaticn..  The ‘catalysts with 1/16, 1/8, and 1/4 percent K2C03 contents a1l
gave a contraction of 28 to 26 porcent after 40 deys.of operation, whereas a com-
parative catalyst with 1/2 percent K2C03 only furnished’ 18-percent. contractiod
after 21 days of operation and 7 percent contraction afier: 32 days. With ths
?ditim of 1 percent K203, the activity is axpected to’ ‘decrease evan’ faster, :
ut a contraction of 23 percent was still ‘obtained;. after 6 days only ZOopmant
‘and after 9 dsys only é~percont contraction vas measured (experiment 6). The
‘activity of & catalyst containing 2 percent K2003 wag' such that within'k da.ys tho
contraction decreased from 22 to 7 psrcent. The lifs of a catalyst that was: not
_'subaequantly alkalized (experimmt- 1)is. quitae good, too; however,\ ‘the maximum -
:yield was only 37 gramsrqu i only. cbtained after operating. for 14 days.. ‘After
‘40 deys of operation the- ma:dxmnn contraction of 21 percent, once reachod, rema:lned

jpractically mehanged.

'E'.xpe;i- " KolC !ields, grag:a per cubic metar of m:lmd gas_;g‘;”_ e
- ment after ..he folloﬂ.gg cays SRR
B i .35

s651 ff
&
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A
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Tablo52 varyeap]icib]ythofavorabhinﬂumthatmnw
qtmnti.t.iea (vary:lns 1/16 to 1/4 percent) have upon the life of tha catalyat.
In this tahle the yield liqnidpmoductsmreoordadwithimoadngtmwo:
-opsration. After 42 daya of undnterrupted operation with & catalyst containing .
* 1/16 percent K, lﬂgramaofu.quidpmmotaporcubicmteratmimd@astm
wore obtained; wi ha catalyst containing 1/8 percent KoC03, 45 grams; and with
_another catalyst containing 1/4 percent K003, 37 grams of liguid products per
" cuble meter of mixed gas were formed., The average yield for 6 monthe is approxi-
mately 50 grams per cubic meter of mixed gas for all of thess catalysts. . It -
“ghould be remembered that tho recorded ylelds were not referred to standard condi~-
tions (0°C., 760 mm.). -By rclerring to normsl conditions, the ylelds seemed
higher by sbout 10 percent.. These data ware campared with tho yields cbtained
from a estalyst tainix% 1/2 percent K003, We found that this catalyst (con-
taining 1/2 percent K gawwrymchlmrmldaaﬂsradaye Thus, we
found that ths yield after 21 dsys was only 37 grams, end after 35 da;m it ha.d
decreassd to 12 grams. The catalyst that vas not treated with KpC03 gave a maxi-
mm of 37 grams of liquid products after 14 days of operation. The activity from
t%ere on remainod const.ant, after 49 days, '35 grams of .uqxxld products were sml
obtained. -

o A repetit.ion of the e::psriments wlth maller addit.’!.ons of KzCO3 shomd
that the n'é?:dmam yields and 'hha sﬁability of t.he catalyets were reproducible.__

Expari- xzco — o ﬁelds, B Iield'eontraction, ;?
“ment content Operation, traction, SR : '
No. Eercent ___.SGaye mrcent cubic ma*ber z. :
07 G a3 a6 120 1,95 e e 162

‘1
e 7. E 280 0 B3 149 18 1,8 :.71,15, 1,64
B s 1 o (S 30 o568 L 1.87 1,83 1.83 1.73 1.65
b T 29,5 SB6 01,9 1.9 L2 1.66 164

5 7 2705 ' 50 i : 108» 103_ 1‘-07 106 ~1o5?

R Fram table 52 :i.t appea.rs that the’ 5Fa=16u catalys‘ containing 1/16 pez\-
“cent K5C03 still exhibits a somsvhat ‘higher activity after 6 to 7 wesks of opera--
_ tion than the comSponding catalyst contsining. 1/8 percent K2003. Homsver, after
- 8 weeks the vields eve approximaitely the sama in both cases. It appears that - tha
‘aetivity of the catalysts containing 1/¢ and 1/} percent. K2003 is higher during

" the f£irst weeks of: operation\than that of the othsr cata]yats that :!.s, these
-;-catalysts requ.tre a ahorber tim of :!.nduetion. PR RO T

. To find’ ‘out whether there i a’ mlati.onship between 'the yield and con=
; t.ractipn, table %3 shows the mtio of yioldzcontmction fcr catalyats eontaining

“‘varyjng amounts of K2003.,

Pk T Mter 7 daya of operation, t)ze value of the ratio ot yielﬂ:eontraction :
'varies betwaen 1.8 and. 2,0 for ‘all the-catalysts ‘concerneds The highest velus of

. 2,0 refers to the KaCO3-free catalyst.' The lowsat ‘value, 198, refers to the catss
lyst containing the greatest amount of xzco3. Wit ircroasing tine of ‘operation, -




. the ratlo of. ﬁom:wntmct:lm decreases rather mpicny for’ nn. the catalysta,
and after 6 wosks it reaches a value of 1.57 t0 1.65.  This means that in the
course of the operation gaseous products form at the expenas of liquid hsdrocar-
bons. The increasing formation of gascous hydrocarbons with inocreasing time of
operation may also be observed from analysis of the reaction gases. Thus, we
found that a 5Pe-1Cu catalyst containing 1/4 percent KpCO3 only ylelded 3.4
volume percent of gassous hydrocarbons after 8 dayss howsver, after 6 weeks of
operation, the quantity of gasecus hydrocarbons nearly doubled, although the -CO
was not converted to a3 large an m:bant an at the beglnming of the oparat:lon.

gx_r;_lmgo of Mode of M.}_mtion Upon m

o Up to now the K2 Mdi.tinn had been underbaken after the catalyat has
been dried. The catalyst was mixed with the Kg solution to form a heavy pasts,
then drisd cavefully on the sand bsth. We ‘have mixed the moist catalyst. . -
paste {as bbtained after washing) with the K03 solution and dried the nase at .
105°C, Ve found that this mode of addition does not affect the characterdstics
of tha catalyst to any noticeablé-dogres., This may be saenfmmexperimntaland
2 in table 54. In both casss, the maximun yield waa 57 grams of 1iqu1d producta, v
and the average yzeld for l.; ma!es of operation vas 52. zrams R S L

"Experi- K2(:03 e T " pera=. traeu per cubic  per
mmnt - ecmtent, ; : T o bure, tion,’ -meter ef cubic

S T fuoiat pa.st.s mmd:wmhi) "_:;zayr'-* A 26 ws e
 3/h-  Vashed 9 ¥imes: before ims %9 30 B8 em e

" pregmtion vith K2003

e Ws a.‘l.so hava added l psrcent K2003 to a mt eatalyst; then we. waahad
‘the resulting mixtiure twice: with water ttu'cugh a ﬁlter funnel.  This- catalyst
‘behaved Just 1ike a catalyst thatwas not alkelized at all and gave 26 grams of
liquid products (experiment 3) at & contraction of 14 percent, The minimum quan=
ity of KoC03 required for proper activation h:ad merafora been renu:ved from the A
_catalystbythemshingoperationo@'- N R A ‘

In the case of. experimant l;, the catalyst was not. washsd s:l.wc times, ag’
ves usually done but was washed nine times instead and theri impregnated with L/k
pe@cent. K2C03. ‘since its aotivity vag rio better than that of & catalyst ‘which
a3 washed on only six times, w9 are justified in assmﬂ.ng that :Lt is sufficient to
wash the catanﬁst only: s.ix times o

T



: In ths following course of the investigation, we have anslyzed what
effect shaping has upon the iron catzlysts. We have used a catolyst in powder
form in the laboratory. Ou a large scale, however, the synthesls %only be
carried out with a catalyst having a definite form. When the dried vatalyst is
broken into 1ittle pisces, they do not have sufficient rigidity to bs ussd suc-
cesafully. Howaver, it is possible to produce: small pellets by protruding the
wot catalyst through mm:!_._‘l.;jnlea.‘ -These pellets exhibit excollent mechanical
proporties. = Furthermore, ws succseded in gotiing a catalyst of good .mechanical
properties by adding 10 percent of 'a_tarch'%;S) (referred to iron metal). The
activity of thess catalysts may be obssrved from table 55. For the sake of com-
parison, the results ocbtained with this catalyst are compared with those of a -
powdered catalyst of the same composition. ‘ : ' TR

; : S . ! Tlax. Con- AVerage yield,.Erams/
Ve, e .. Temp., -traction, _oubie:meter, mixzed gas
No. __Conditions of preparation : ~°C. pereent 7 days 14 days 28 days
1  Catalyst used as a powder. . 229 .31 . 58 58 - 52

2  Catalyst conbaining 10% starch. 229 * - 3L .. 59 .59 . 53
3 . Catalyst pelleted. . - -, 229 ~ 3L 57 56 6

. A1l three catalysts furnished approximstely the same 3131d\,a'i" iquid
products during the. £irst 14 days of operation. After 28 days of operation, wo .
observed that ths activity of the powdsred catalyst and that of the catalyst con=
taining starch were still approximately equal  (average yield, 52 and 5% grams, "
‘respactively), but the activity of the pellsted catalyst decreased somewhat more .
rapddly. - In the latter case, the average yield afber 4 wesks of operatlop was -
about 46 grems, The somswhat faster decreasse in activity of the pellsted catelyst
-may be attributed to overheating, which is liable to occur more readily with = . -
~pellets thar with.a powdew.  The average spparent density of ‘tha pelleted catalyst

w28 0,95, wheieas the average epparent: density of ths powdered catalyst and of that

_ catalyst containing starch was only about 0,6 in both-cassse

L0 After ws had investigated the effect of the additlion of K2C03 upon the
- activity and the 1life of the precipitated iron=copper catalysta (produced from = -
ferrous iron), we also investigated the effect of ‘a subsequent addition of NagCl3.
- Prom earlier experiments we know that NapC03, as well as K2003, -is: capabls of -
‘ inereasing the activity-of iron-copper catalysts which wers produced by decompos-
"ing the nitrates.  The incressed activity rssulting from the addition of Ne; co; .
-was not quite as proucunced as the increase in activity?remKs ':-'mmr,“%% .
‘the 1ife of the catalysts fontaining RapC03 was longer than that of the catalyst

containing KzC03. .  —

e e
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Table, 56 shows the results with s 5Fe-10u cata];rot prapared by precipi-
tating a mixture of ferrous chloride with Ne After the precipitation, 1/4, -
3/2, 1, and 2 porcent of FazCO3 was addad. :.t “1/J, percent of NazC03, & maximum
yield of 54 grams was obtained a.tter approximately 12 days of operatiom (eoperd~
ment 1). Vhen this catalyst was compared to one containing 1// percent KxCO3, it
vas observed that the pércent contraction increased at a much slower rate for a
catalyst containing NapC03. If the ‘Jlelds andtholifeam just as good as in
the case of a K203 catalyst, it is prefersble to use X003 as a promoter, espe=
clally since it is possible to regenerate the KzC03-containing- oe.talysﬁs wit'.h ;

, greater assurané"o"and safot.y. We ahall report on that leter. _ _

. “ The oatalyst contairdng 1/2 percemt Na.zC03 exhibits a amnewhat higher
: activity than ths corresponding K3C03 catalyst. and espscially a better etability
(experiment 2). On the whole, howaver, it ‘differs litile from thet containing
1/} percent of NazC03. A% an Na2C03 content of ‘1 porcent, the activity, decreases,
and espscially. the 1ife of the catalyst drops considerably (experdment 3). This:
‘1s even more pronounged when 2 percent Na2C03 is added (o:qxoriment h). In general
the following m2y bs' eaid about the influence. of an ‘NapC03 addition: Catalysts
containing 1/4 to 1/2 percent K003 or NagC03 work ebout equally well. . Howavor :
‘ror reasons gim earlier, pmmtion wi%h KzCOg 1s to ba pretemdo R

' Inflnemo of com Content

RPN The cata.lysbs %0 far discussod contained 20 percont of coppor (reformd
to tho 4ron metal) in all casses,  After we had discovered that larger quasntities
.of ‘copper (as, for example. 30 percem:) ‘did not improve the. activity any further, 5
we i.nvastigated copper-doficient iron cata]ysts. - Table 57 shows the results of
,‘experﬂments during which an iron ‘catalyst was’ used, oontaining only 5 percent ‘
~eopper.  All other. conditions, however, ramsined the sams ss for ths abova—mentioned
g}talysts. -The subssquent. quantity oi‘ K2003 added amoun’aed to 0, 1/8, l/lg1 and .

2 yercent, i o : . P ‘




- The catnlyat, vhich was free of K3C03 (experiment 1), gave a marimum
‘yield of 4k g{m aﬁ'ar 28 days of operation. Comparison with table 81 (experi~

ment 1)  shows ‘that it surpassed the. corresponding catalyst contai.\% (Tablo
20 percent of coppsr. The catalysts used in' experiments 2 and 3/con @ 67)
and 1/4 percemnt, respectively, of KoCO3 had an activity approximtely equal to -
that of the catalyst containing 20 percent of copper. The decrease of activity

for the catalyst containing 1l/2 percent of K3C03 (experiment 4) is of the save

ordsr of megnitude as thaf. of the iron catalysts containing 20 parceut- of copper.

It should bo nated haro, however,.that by repeat.ing this geries of @x-
permenta with another catalyst of the same compoaition, the results could nol be
‘duplicated. The maximm yleld with the K2C03-free catalyst was only 35 grems,—
wheress with a catalyst containing 1/J percent K203, only 50 grams were ubtained.
We found that the catalysta containing 20 percent of copper eould be reprc'duced :
more eaa:l.ly than -thoge containing smller amovmte. ,

IRON-(DPPER WG&PMT CATALISTS PREPARED FROM FE.RF.IG OIHPWNDS ‘

. At tho game time that we :!nvestigated the iran-eopper cata.]ysts prepared‘
fmm ferrous salts, we also carried.out experiments on three-component catalysts.
The tidrd component was a difficul'bly raedueible oxide, preferably manganese oxide.
Earlier, we found that ths addition of such an oxide to cobalt and nickel cata~
lysts caussd considerable improvemsnt. Thls led us to investigate whether such

. an addition to iron catalysts would result in an improvement similsr to that of
~eoba.1t catalysta. 'l'he*most proszﬁnent metal imreatige.ted as a third component wag.

: : It should be not.ed the:t. the speciﬁ.c action of manganese o:d.de 1s not
v knom at present. It appears that the presence of ‘such an oxids ‘in iron-copper.
catalya’as would not be required so far as .'mprovement in yield and regeneraticn
are. concemsd, but it seems that the presencs of guch an oxide has a favorable .
effect upon the life of the. catalyst. aavious;,y- all those factors are also a
ﬁmcti.ion of the' mode or proparation of t.he catalyat and the choice of operating‘
condi cms., .

b 3 ‘The so-called normal ce.ta.'l.yst s used to at.udy the inﬂuence af the .
:vsrious condltions of prepamtiou alkali addition, ete. It contained iron metal,‘
‘ eoppsr matal, and pmsumably MnO tumganese o)d.da) 1n the ratio of A.;.l. s

‘I‘hemal Decompo:d.t:ion of Nitfatas s

o We. invesf.igated oata.]ysta which wers prepared by decomposing the nitmtes
at 250° to 300°C. in 8 porcelain dish. Heating was eontinued until all ef ths .~
-nitrous cidides had bsen dispellad. These decompcs:!.f.ion ‘catalysts wersa :lnferior to
t.he pmeipitated catalysts investigatad later. The decomposition: t.alysts were |
“investigated at temperaturss ranging. betwesn. 235° and 250°C. - In alll cases, the
addition of approximately 0.2 to 0.3 or 5 pereent of. KaC03 - to: the. ca.talyst wa.a ad=
‘vant.ageous.;g'rhealkaliwasaddedinomcasetotha ‘nitrates as sech and in. _

. apiother ¢ase: %o ‘the finishéd catalyst after thermal. decomposition. . We' could’ not. ‘
.obsarve any differences due to adding ‘the' alkali “in one way.or the. other. .The = .
»catalyats free of alkali were less active. Ths. ‘apparent densi.ty of- the catalysts
varied between 1.4 and 1.6. - Consequently, ‘it was much highsr than that of the 1ater
A!laoa-pmdpitated catalyst, vm.tch had apparent denai.ties vary:lng betuaon 0.92 and

1ed7.. et
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Foraoata]ysbchargemtaininghgramotimaamtalmda@a .
rate of L liters per hour, the decompositdon catalysts gave contrections of 25 to
30 percant for 20 to 25 hours when operated at 240° to 250°C. . The ‘maxinnm yield
of 1iquid products recorded was 42 grams!per. cubic meter., The 1ife of the cata-
lyat was short on account of the Mgh reaction tmperaturo of 250°C, During ths

- firat 20 to 40 hours, the contraction decreased by 5 percemt; and at the same
tims, the oll and paraffins formed became yellow. The life of the decomposition.
csta.lyeta was higher at 235°C.3 however, here.also, the oontract:lons dacreased

€0 to 100 hours of operation. - The products -started +0 become yellow after
150 to 200 hours of running. Vhen the decamposition catalysts were used at 235°C.,
they required 30 to 40 hours of operation before they gave a maxitum of 25 por-
cent contractiofi, - The yields amountad to around 30 to: 35 grams per cubic netor.

A more rapid increase in contraction could be obtained whem the catalysts were -
initielly taken into operation at 250°C,, and then after the .contraction had
reached 25 to 30 percont, the temperature could be 1ovrered again to 235°G.

5

© ' with the deccmpoﬁ.tion cialy-to unider normal circtmstanees we. cu.d not
observe water formation, but only when the average gas velocity was. reduced to
2 or 1 liter per hour. In this case we found some water in the receiver in addi-
tion to 811 the. paraffin—rich oil. Ths retio of liquid products to water was.
then approxdmately 3:1. An increase in yield of liquid products was not connsc-
ted in any way with the water formation. We shall report on this more- m_de'ca:u

'in ‘the section on: Exparimenta on Water Formatdon®; © .

" The produ.ct 8 of" the decomposition catalyats cmtained a h:.gh pe:oa-
_cantage of CO2 and Hp Just as in tho cass of the pracipitated catalyst-to be
described later). -An end gas, cbtained at 240°C. “and ‘4 liters per hour and a -
contraction of 25 percent, had the following composition: .COz, 18.435 olefins, -
: 0’6‘)_029 003, 00, 893; Hz, 590-!-; Wm’ 357, cmon n‘mer’ 1051; Nz, 8 80

Lo The dscomposition eatalyats could be regenamted with air at a tampara—
.ture ef 220’-250"0., with or without previous axtraction of the paraffin. ‘Tt dg
to be noted that the regenerated catalysta usually caussd the contraction to Ane
erease at-a-slower rate than a freshly prepared catalysbt. ~Wheri the ‘alkali<free .
" decomposition oa.taly-tn were repeatedly treated with sir; it was. observsd that the
activity of these ca'oalysta slowly incme.sed mora a.nd mre aftar each x-eganera-

Pracinj.tation wit.h Alkali.e@

' * When- we resorted o’ praparing ths Fe-Cu-l!no catalyst by precipitaticn
with al!mlie‘l,m could notice- -eggential . progrsss as compared to ths previously
described decomposition ca.talysts, . At ﬁ.rst we .»used al.‘ca}.i basea, latar we: uaad

»alka.lz. ca.rbona.t.es. , : = : e SR &

il precip_;tauon wi.th NalOH, 5N solmon or the nitrates m
'appraadmate}.y Ats tenfold weight of water '\refamd to the Fe-Cu~inO ¢ uantitiea

in the. nitratea) was precipitated: i% portions with a hot ‘solution of: NaOH with
‘stirring.  The NaGH solution was prepared by dissolving the theorstical quantity
of NeGH +. 5 percent excoss in four timsg its weight of weter. The filtered' pre—
‘cipitate was washed four ‘times. with the same ‘amount of water as the original . _
Aiquid. Although such’a" cata.lyst still - ‘contains- some residual alkali as: conld ba _-'_
‘detected by analysis, it waa nscessary, nevwertheless » to 'add some additional :
alkall ‘in order to obtain an actdve. cata1yst. The alkald- (a dilute X2C03 somtion)-




was added to the vwashed catalyst. Then the catalyst was dried at 105°C. and ussd
"for the reaction. Vhen NaOH was used as & precipitant, the most favorsble quanti-
1y of K2CO3 was betwsen 0.5 and 1 percent K»C03, referred to the total catalyst.
If a larger alkall quantity vas used, such as, for instance, 5 percent, the cata-
lyst reached its maximun performance sooner, but it had a shorter life, apparently
becauss increased alkali content favors the formastion of high-molscilar-weight
hydrocarbons, which decompose and cause decomposition products to be left behind-
on the catalyst. When catalysts were ussd containing a higher amount of alkali,
a greater quantity of solid paratfins at the end of the reaction mbe and in the .
reced.wr was sooh apparent. -

- " The - following expor!mnt also ‘showa that with the catalyat ‘containing
large amounts of alkall larger quantitlies of paraffin are retained than in the
case of a catalyst carrying the normsl allali content., A catalyst quantity was
:usged which contained 20 grams of iron, 5 grams of copper, and 5 grams of manganese
oxids and in addition in ons case 1 psrcent K 2003 and in another 2.5 psrcent KCO3
After 360 hours_ of operation (at 220° t6 230°C. and 2 liters per hour of gas),
extraction of ths catalyst with benzene ylelded 9.3 grams of paraffin from the-.
catalyst containing 1 percent xzco and 17.1 grams of paraffin from the catalyst -
)contalning 2.5 psrcent K2003 'I'he catalyst containing larger quantities of alkali
contained =2lmost twice as much para.ffin. This obssrvation is supplemented by ‘the .
further fact that the datalyst richer in alkali gave only 29 grams of liquid hydro=-
carbons per- cubic meter of gas as compared to 40 grams far the cat containing.
1 percent KQCO%Q (In both cases, ths temperature was 220°C., and thé contraction
epproximetely. percent. ) On account of ths higher boiling points, obvioualy a
greater percentege of the' ‘Teaction producte remained in the mors highly alkalized -
catalyst. A final calculation and addition of all products formsd showed that™im
‘both cases approximately the same quantity 'of synthetiec producte 'wes formed.’ For -
_the catalyst containing 1 percent K2C03, this total quantity amounted to 49:9
grams,-and for ths eatalysi‘. containing 2.5 percmt 32003, the total y.ield vas 51 5
’grams per cubic meter.» S : : : MR R W TR

_ In contrast to the decanposit:!.on eatalysts, the NaOH-precipitated cata—-
1y5t.a ca.n be takan into operation at &s low a temperature ag: 235°C., 'in soms cases.
even. at, 225° to0 230°C., and when large quantities of catalyst are used {such asy -
Tor instance,: 30 gramss the initial '('Temperatnre may. be as low as 220°C. When a -
qwzntity of catalyst corresponding to 10 grams of iron, 2. 5 grams of copper, and .-
2.5 grams-of Mn0-(plus 1 percent K5C03) was used, with a gas rate of 4 liters per -
“hour, ths ‘NaOH-precipitated: catalysts ‘gave a maximum contraction:of 30 to 35 Per-
cent after: -approximetely 25 to 30 hours.of opsration at-235°C. At this point
> thay gave a mmd.mm yield of 1;,5 bo 50 grams of liquid product per cubic meter' L

s

: e - dad. not ca.rry otxl'. any system c~axpsrinvanta on- the 11fa of the Na(}!{-
*pmci ﬁ,ated catalysts.: In general, howover, ‘it may be asaid that: they ‘are ‘more

" stable ‘than the: decomposition catalysts on account of the lower reaction tempem- s
“ture (235"0.). However, they are less durable than the sodappracipitat:ed catalyste.
For example, ws-found that an’ ‘NaOH=precipitated catalyst working at-220° to 230‘0. o
at the end of. 360 hours gave 4 percent less contraction than at the beginning of

,ths operat‘,ion. .




, - The conversion of the .mixed gas proceeded in fundamentally the same
mermer whether an NiOH-precipitated catalyst or a decomposition catalyst was uoed.
Primarily CO2 was formed, and little water. Detailed data on the relationship
between yleld, COp, and water formation for the NaOH-precipitated catalysts are -
sumardiged in the section on "Experiments on Water Formation", tables:..66 and 67.
Vhen the precipitation of ths NaOH catalysts was carried out in the cold and sub-
sequently wached with hot water, a catalyst was-obtainsd which gave a higher con-
traction more rapldly; however, the contraction fell off after 50 to 60 hours of
operation. - In addition, the reaction products were yellow despite the-fact that
the temperature was only 220°C. This phenomsenon is ordinarily cobserved to occur
between 240° and 250°C. when using a catalyst which was precipitated hot., The
large quantity of residual alkali remaining in the catalyst after precipitating
cold is obviously the causs for the initial accelerated activity. Nevertheless,
‘the catalyst was not very durgble. : Lo I ‘

.——_..:A ssuilar observation was made when the constituents of the Fe~-Cu-Un0
catalyst were precipitated separately with NaOH from hot solution. .The washed
glurries wéid then mixad with mortar and pestle, and 1 percent K was adced.

The catalyst thus produced showsd an increassd activity at 235°C., but the activity
‘reduced rapidly with a consequent formation of-yollow reaction products similer
to those described above. We. demonstrated that by washing each constituent inten-
sively, a catalyst of normal character was produced. -I¥ appears thaf with separateo’
precipitation, largsr residual quantities of alkali ramsin in the catalyst than -

when' the constituents are '-P%'eci,?itate‘i'ﬁm?lﬁar#ébusly-

' In orderto Turther investigate the influemce of vesidual alkali content
upon the activity and the life of the catslyst, the following experiment was - -

carried out: A cuentity of catalyat which contained. 40 grams of iron and was . . |
~praparsd by precipitating the various constituents separstely was. divided into-
four catalyst tubes, Sample 1 was used immadiately without further alkali addi-

tion. Semple 2 wae alkalised with 1 percent K3G03. Samples3 and 4 were first =

_extracted with water for 24 hours in ths Soxhlet apparatus to remove any residual. .
salts originating from the precipitation. Afier this, sample 3 was immediately
- taken into operation, but 1 percent KzCO3 was added to sample 4 before it'was. .
‘geken into-eperstiom. = - .. e T e T

' '~ In the temperature range for vhich we investigated these conditions, we .
obtained a’comparatively significant picture on:the action of the residual alkali
‘and the subsequent alkeli addition. Sample 1 (without slkalization) reached & -
 maximm contraction of 26 percent and remained there for 180 hours, ~Sample 2 = . -
(with addition 6% alkali) reached a maximum of 32 perdent contraction very soon,
‘but’after 116 -hours yielded yellow reaction products. -After 188 hours the contrac-
tion-had decreased to 20 percent. Sample ‘3 (extracted with water; without alkali
"addition) gave a contraction of 17 percent and was very active. However, it re-
_tained this activity throughout the experiment. Sample 4 (water extracted, with
‘alkali addition) proved to be best. It gave a contraction of 28 percent which is.

~~~~~ o
aw

‘somswhat less than sample 2, but it was essentially more stable, and after 188. -
“hours still caused a contraction of 27 percent... Thus, the catalyst prepared by .

soparate precipitation, obviously on account of ita comparatively high residual -
‘alkali content, wes quite active, oven without the addition of extra alkell. It
s rather stable, too. By sdding additional alkali, its activity was increased




but its life conaidorably suppressed. When the catalyst. prepared by separate pre-
-eipitotion was water-extracted, it lost activity, obviously a result of the more
efficient removal of residual allali, when each constituemt was washed separately.
Tihen this water~extracted catalyst was alkalized in the ordinary memner, a com-
paratively good and stable catalyst resulted. According to thess data, good NaOl-
precipitated catalyst should be obtained in the following way: 1, by separite
pr:idpitaﬁon; 2, by thorough washing and extraction; and 3, by subsequent alkali~
28 e L . . : X NS - S

KOH: We dld not £ind it advantageous to uss KOH instead of NaOH as a precipi-
tating agent. Ths KOl-precipitated catalyst sesmed to be comparatively active
“without additional alkali. The reason for this may be that the residual. potassium
~in the precipitated catalyst acts as a stronger base then the NaOH, and conge- . -
quently has a greater ectivating influence.  When more alkali was added in the
form of potassium carbonate; no essentizl improvement in activity resulted.

- . NHz* NHg may bs used also for precipitating the iron-copper-mangancse cata-
1lystT Precipitation with ammonie is a little more difficult becsuse precipitation
of the mangensss tends to be incomplsts, and formation of the soluble copper com-:
Plex salt oceurs.  This difficulity can be prevented by precipltating the thres
constituents asparately, and after washing them carefully, mixing them together
in a moist stats, Without the addition of alkali the ammonis catalyst was only . .
moderately active; with 1 percent KoC03 it acquired the activity of the NaCH catam

' __ Precipitation with Nagl0z ' .

preciplisted catalysta wers prepared Jike. tie NaOH catalysts, Fe-, Cu~, and Ln-
nitrates were d seolved in ten times their welght of water (referred to ironm, - -
copper, and manganese oxide content) and precipitated hot with a hob.-solution of
NapC03- (ths solution contained 5 percent excess over ths “theoretical ‘amount of
Ha5003). The eoda solution contained 1 part by welght of anhydrous soda to 5. . .
parts by weight of watér. The precipitate wes washed five timss with hot water, .
‘each portion being equal to the volume of the original solution, then the still .
moist precipitate wag treated with a required quantity of K2C03; it was dried on-
‘the water bath, and finally m’,'th?ﬁoven at 105°C, v 0 T B

... " The Fs<CueMn0 catalysts precipltated with scda showsd approximately the
‘geme behevior as thoss precipitated with NaOH; that 1s, they gave approximately .

ths sams aversge yields of liquid products. Furthermors, the CO. conversion took .
place chiefly with COp formation. As an example, in’...Table 53,  ~Jwiz, a sodaw
precipitated Fa-Cu-in0 catalyst containing 0.1 percent KoC03 is deseribsd (FasCus -

D = 10:2.512.5). (The added ko003 quentity 1s referred ¥o the Fe-Cutlnd quan-

" l-=ihe sodium carborates

‘Joblo 58 mhows that the catalyst sfter 168 hours of operation still .

‘gave a ‘scognhat higher conversion than it did after 46 hours.  The yleld of liquid.
products amounted to 53 grams per cubic meter. The conversion ratio betwsen CO. .
‘and #iz is spproximately ths seme as those of the section on "Experiments on Water .
Formation", deseribed for the KaOH catalysts. ~The CO portion ussd up during the ™
‘synthesis amounts to 1.2 to 1.3 times that portion which went into COp. Seventy-
“six to eighty~ons percent: of the CO-cxygen went to €0, and only 8 to 12 percent’
went ifito water. 'This'is brought out clearly by the end-gas analysis after 168

‘hours of opezatdon.




th Fo-Cu—lan {;082051’2?« 5)
Lp : 2 wh Loarbonate
eontﬁm Ool ncromt fz.?z

Temperatum, °Ce . 23 " 238
Space velocity, liters per hour 43 boly
Contraction, percent - v 282 . 32.b
Hours of opsration : 1168
CO converaion, percent going t.o 002 “h0.60 . - 38.2
Unreacted CO.-,— - = 10,5 11:7
:Synthesis (difference) o 48,9 50.1
COotsynthesis Lo S _1:1.2 B & : S 3
Oxygen conversions ~ T s e
percent going to C ‘ C8le? 76.4
percent going to Hzg (d:lﬂ.‘ereme) 8.3 - 11,9
H20:C0p - 1:9. : 116.5
Liq\d.d products, grams/cubic metaer - Not 52

Percmt 17.9 103 0.1 5.0 59.5 a, : -,,1.32,11;,1,’,-

b j ‘I’he soda-precipLated ca.ta],vsts could be 't.alcsn into opera.tion a.t 235°C.,
d 'by using & ‘gas rate of 4 liters per hour per 10 grams of - iron, the maiimum
contraction was 30.to 34 percont after appro:d.mately 25. 4o 40 hours. This corres-:
‘ponds to a’maximum yield of 50  grams per cubic meter of liquid products.  Just as -
An the case of NaOH—pracipitat.ed ‘catalysts, here,. 100, the addition of ‘alkald was '
; requirad. ‘We found that 0.1 to 0.2 percent, K2003 was’ :mf.;czent - When & Jargers o
quantity b Ka€05 was-added: (s to:20 percent ) the cutclyst had-eh-initially higher.
ectivity ohich could be. racognizcd An-themore: rapld iicrease. in contriction. " Homw
jever;: ‘the;3ifs-0f the cat&l.;:a. ‘de¢reased.’ (With higher: elkall® content, the iom_tim
of-the yellow: réaction z,rodncts sat. in earlie ‘i".._nd ﬁas ::oon roncmd by docmaee of
cat&lyat activi.ﬁy. B S L |
s The, sodae-precipita‘bed Fe-Cu-MnO catalyst seemod. ‘more aeusitixre than the
eemaponding ‘NaQH catalyst. At- a temperature of 2h5° to 250"0. 8 the catalyab
quickl,v bega,n to lose activity. : Al R

R nxtmded e:@exdm@ats devoted to inwatigation of the dm-ahility and re—
.activatitm of - the ‘sodium: carbonateepz'ec:.pitated ‘eatalyst were not carriéd outy
-Over a period of 200 hours these catalysts proved more ‘durable than the sodimn
h;’dro:d.de-precipitabed catalysta. With respsct-to. mter foma.tion, the goda "
‘catalyst behaved in the same ma.xmer as the Na.OH catalyst did a.t higher tempera- ‘
tura or at 1mrgas ra.tes.,‘:,- e : R LT

K2 3 Ce:ﬂ.y very meager m:psrlmntal rasul‘ca a.zve a.vailable on tha usa o£ po- . 
taﬁ T carbonets-as a’ precipitating agent,’ - The resulte sshow. that a cata.];fst
precipitated by KpC03 can glve a contraction of 2k parcent (4 liters per hour at
230°C.); oven without subsaquent addition of alksli. 'Similar results heve besn
'reportedTor “the KOH: catalysta, - Since. further addit ion of K2C03 to. the - eatalyst.
prec:!.ui.tated with K2003 prabably muld not canae ths: ‘activity to inmaae ay .

R Vi
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further, we mveatd.aaud the influsnce which Na.gGO; szoo_3 and potaad.\m aco-
tau(aachlpomxt)hadaaapmur Woobmdthatthomahorbaae_.u
(Ka2C03) had no influsnces mrdidpotassimaomte!mveanymﬂme. How-
ever, no damaging effects resulted from thedr addition. ' The addition of RbpC03
mundtheearlyappearanceotyanmmctionpmducta The contraction was
not:ln@reaaedby‘f.headdiuonofab. _

(mih)ﬁgs .

’ Weimatigatodmmindetaﬂtho?a—%-l!watalmmmmspm-
cipitated with ammonium carbonate.  Anmonium carbonate has the same effect as
smoonia. -To-avoid incomplsete precipitation or the formation of the water-soluble
complex salt, it is recommsnded to carry out the precipitation of the varloua Co
oompomtssemte]yandthantomixtmminamiatmto. :

The behavior of the catalysbs precipitated with am:onitm ee.rbcnate but
m inqn'egna.ted with alkali is described in greater detail in the section on "Exe
‘periments on Vater Formation" in connection with the question of whether a rela~ .
tionahip e:clsts bet.wesn tha COy ronmti.on of the ircn cat,alyst and its alkan con-

5' L Tha Fe-cu-lmo catalyate not treated wi.th alka]i had 1i‘btle a.ctivity and
mmbled thos=e obtained by precipitation. with amnnia - Tn order to activate :
tham, they had to be treated with K. 003 ‘and . Ywe tha NazC03 catel ysts, 0.1
to 0.2 percent.had to be added.--VWe: found that this’ quantity wag aleo sufficient
for the. catalysts preeipita.te& with sxmonium carbonate. In this mamner, we suc—
coaded in- ~preparing a catalyst which gave a contraction of 28 percent with 4
‘liters of gas per hour at 230°C., and at 235°C. the contraction was 32 percent. o
‘However, it. goens. that the aumonitm oarbomte catalyat. is not slmerior to ‘the

soda catalyst. S ' £ -
Varj.ation o.f copper and m:nganeae Content .’m Fe-cu-&mo Ca.talysta e

o I t.ha previoua e@ar:ments, tha catalyst cuntained Fe-Ctz—and m :m
.the ratios of Lalsl, Qual:.tative axpszﬂmente in which ths coppar and manganese
pwoportiona were varﬂ.ed wore carried out. The percentege contrattion was the
measurs-of catalyat activity. We found that the- Qatio "of copper and ‘mangenese
4o iron be.changed within wide limits without causing marked changes in cate~
lyat pef{gzmance. For this series of experimsnis, we used NaOH-precipitated cata-
‘1ysts which had been treated with 0.5 percemt KpCO3:- \'Ihe quantity of catalyst
- wag chosen to provide & grams of iron. (It is obwlocus that, en account of this
restriction, tha total quantity: of. catalyst was different for the various exper:!.-
ments as the copper and mangenese ‘eontent changed.) ‘We: worksd at- wm&pg;:;lmental
tempmutume of -250°C, ‘in order. to sf.udy the tabﬂ:.ty and life of . ) (e
mre rap:.dly Ws used the fo]lowing: LR

1. J.A. grama Fe-Cu-EnO in the ratio i :

18 grams. Fé=Cu-MnO in the ratlo of 4ilsl
3. 24 grans. Po~Cu-Mn0 in the ratio of: k:l;:t, Seal e
14.. 13 gz'ams Fo-cu-lmo in the ratio of l;'O.S' j;' s

T s_.._‘_...‘," \

'me experimnt shows that, with a 11 b




The cwtracu.on decreassd to 80 percent of the maadmm oontmc‘bion aftor h20, 1«50, :
azo, and MO hours, mapoctival;r.

' Wit.h the woptd.an of the aomvdxat wealksr catalyst k, all catalysts be- -
haved very similarly. On ths scale of the pressnt experiment, it mmde little
dfference whother the iron content of the catalyst varied between 33 and 62 per-
cent, the copper content between 7.7 and 33 percent, or the manganese oxide con-
tent between 29 and 44 percent. It should be mentioned that catalyet 1 gave 42
grams of liquid products per cublc mster after 447 hours of operation, whereas
cat.alyst 3 gave only 37 grams of liquid products per cubic mater. _

A,fm't-her _soriae of w:purimntn showed that ths coppsr and manganese. ..
contsnt of the catalyst-mey-be reduced to a very low percentages and as the sec—
tion on "Copper-Fres Iron Catalysts” reports, if thess constituents are missing
entirely the experimental conditions mst be adjusted accordingly and longer in-
&1:}.5.011 periods are umsany necessary befom such & catalyat reaches its meximm
perforpance.

: In the follmving, tio copper- and mnganese mdde-deﬁd.ent catalyats :
‘m mentioned, having composition (1) Fe:Cusin0 = 10:0,2:0,2 and (2) 10:0.1:0.1.
'Both catalysts were alkalized with 0.2 percent K2003r~ The catalyst which was
precipitated with soda. bshaved most favorebly. At 235°C. and 4 liters of gas: pox'
hour, it reached the maximum contraction of: 26 percent, which it also maintained -
when the temperature mas lowsred to 230°C. “The yleld of liquid-: products at 230°C.-
was 40 grams par cubic meter. “The catalyst was opsrated for a short time at 225°C.
giving a 22-pereent contractien, - When-the tempsrature was ralsed again: to 230°C.,
tha catalyst: coxxbinued to give a contraction of 2 percent for anothsr 298 hours.
The- catalyst vihich wag precipitated with ammonium ‘carbonats Fe=Cu=Mn0 = 10:0.2:0.2, -
rerformsd more alowly. : It gave the fonowing contrxi.ctions at 235°c. md k. Jiters
of gasperhour: A AR _ ;

contmetion, percant 2 % - l 22 R

:.5 After the ]leth hour of opera..iun, the contmctioa 1ncreased on]y very. little,
\but after 12. days of operatinn, a mxinum eontraction apparartly hed- mt yet
en r@uhea., :
|

Altlm:gh ths experﬁmsnt descri‘bed hare hsa no practieal signiﬁmnca,
i'b demonstrates the interesting fact that it is possible to activate slowly ths
apparent]y inactive copper-mnganese. o:d.dz-deﬁc@ent catalysh. For practical’
_purposes, it appears. ‘that one can get by with considorably leas copper and mnga
‘fiese than is contained in the so-ca.llad mmal ?e—Cu-HnO catalyst containing
~Fe-Cu=Mno in the ra.tio of 1@8181- Sonen ,

Signifieanca o.t’ Alkali Addition to Fe-Cu-MnO Catalysts

; The signiﬁeance of the a.ddition of alkali for the/ act:.vation of\the -
_Fe-Cus-Mno catalyst. ‘has: already been ‘discussed in conrscticn with the. various modea
of catalyst preparation. In the: follming, ‘the vardious observations are once mors j
‘summarized.: We have found that catalysts not containing any alkali (as for: i.u-
‘stance, decompoaition catalysts ox those precipitated with amnonia or amnonium”
‘carbonate) exhibit only little activity. _These catalysts require an additional -
quantity of appruximately 0.5 percent. alkali; and we believe that K2CQ3 is ths -
‘best salt. The situation is not qu:i.te ag’ clear in thse case of catalydts precip:l— '
tated with alkali hydroxides or aJIﬁﬁ.i canbomtes. ‘In this ca.so, daspd.te Ahs.




fact that intensive washing is carried out, a certain quantity of residual alkali
remains' in the catalyst which acts as a promoter and which is capable of producing
_full catalyst activity. In such & cass, the addition of more alksli is not re-
« The occasional obsarvation that precipitation catalysts exhibit high -
activity, even without subsequent impregnation (for instance, catalysts precipi-
tated with a stronger base sucsh as K2003 or catalysts in which the componenta are
precipitated separately), may be explained by the presence of this uncontrollable
residunl alkali which remains in the catalyst after washing. This quantity of
-residual. alkall can-vary considsrably, If a further quantity of alkali, such as
K » 18 added to such a catalyst, the extra alkali might not have any beneficial
eit 3 .in some cases, the effect is even damaging. To exclude the varying ef-
fects resulting from the residual alksli, it is advantageous to wash the precipi-
‘tats as well as ponai.ble with water or to ext.ract with mater. After extraction,
0.1 to0 0.2 psrcant x2c03 should be added. . :

R 'I'ha q\mstion was raieed whether mnganoua oxida may be replaced 111 the :
Fe=Cu catalyst by other oxides, such as tin, chmm.mm, slumd.mnn, or zine.. So far,
only orienting experinents lava been conducted . ,

B Z:ano—-A catalyst which was precipi’oated by soda and eontained Fe-Cu-
200 4n the Tat: ratie1022,5:2.5 in addition %o 0.2 percent KzCO3 corresponded. in-
~activity to s manganess catalyst. ' The catalyst gave 27 percent contraction at ‘
' 225°C.-at a gas rate of 4 liters per hour. After the temperature reached 235°C.,
the contraction-increesed to 31 percant. Without the addition of alkali, a. con=:
tmction of 23 percent at 235°C., could not be sm’paaaed. ' N

L Chmminm.a-In an oldar ser.i.es of axpardmnts vd.th chmmimn, t@m Na.()H-
precipd.tated catalysta ccmtaining different amounts of chroaﬂ.m wore inveatigat.ed« :

B I R 1., Fe-cu«-cx-203 Freees - o.s percent K2003
o \ ‘;' L2 Fe—Cue-Crzcg 8.2 8 < 0.5 percent K2003

)Catalyat. 2 waa practica.uy inacti.ve and at 21@0‘0. gave only 8 parcent cmtxsacbion. :
Catalyst 1 zave. 18~percent - ‘centraction at 21,0°C.” and 28 percont at 250°C.  After -
-oxidation with air at 250°C. neither of’ the: catalysts could be uged any l.ongar,
‘nor did treatment with Hp at 400°C. to reduce any chromate yield any better re- .
-sults. The corresponding decompoaition products; having eomposdtions 1 and 2, :
were: erven less active than the precip:i.ta‘bed catalyats Ly Lo

N Almhnm,e-sy pmc.’s.pitatim with soda from the nitrat.ea, a Fe~0u-A1203
B3 preparad. ~»,This—cat.a.‘£yst gave. a maximum contmction of 25 percent and lost °
its activity very: rapidly. Whén the catdyst wis: impregnated vﬁth 1 percent Kgccg, :
the contracbion was only l7‘p§rcent at 235"0. R : , »

o Tin.—»’l‘m nta].ysts containing tin ware prepamd by decomposition or ‘the
nitratea. “The required tin wis added to“’the mixturs ‘of ‘the nitrates as Sn02,’ cal-
‘culated as metastannic acid (from tin, nitric acid).  The catalyst was almost:
entirely :i.uactive, 4n both. cases only. amall. amounts:of oll formad. No comra.ctinn
-waa observed at 250°C, . The ca.talyst ‘had ‘the. follq;ving conpositian Fo=5n0z2 3
12131 +.0,5 percent K2003~¢—'2he ‘other catalyst had the compoalt.ion, Fe-Cu—Snoz - ;
k'1'1:~containing 055 percent, K2003 alao.\ q’l :
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In addition to the Fo throe-oanponent cata:Lyat.a, o doaira to describe
& fow more e:q:orimsnta in vhich catalysts of a special compoaition or preparation
wore :I.meatigated. T

W.—m following experiments show that iron—manganoae
catalyots which do not contain copper sxhibit soms activity at 235°C. A catalyst
which was precipitated with soda and consisted of Fe and MnO in the ratio of
1032.5 plus 0.5 percent K2C03 gave 12-percent contraction after 24 hours and 20

~pereent contraction after 42 hours, and a maximum contraction of 23 percent after
69 hours (space velocity, 4 liters per hour of mixed. gas). After 69 hours, the
:gag:ion products becam.o yellovd.ah and after 114 hours, the contraction started
erease. ,

o Whenthe same catalystmueed, however, w.lt.hout the alkali, the timo :
of mduction was considerably longer. A contraction of ohly 1l percent was reachad
after 69 hours, and 18 percent after 162 hours. After 210 hours, the contraction
wag 20 percent, the maximum contraction at 235°C, * When the temperaturs was raised
to ‘24,0°C., the contraction increased to 25 percent (after: approximately: 282 howrs).
A provious reduction with H, at 350° to 450°C. (1-1/2 to 2 hours of treatment) was
of no influence on either tfie alkali=free or the alkalized catalyst. Further de~
"tails on the copper-free iron cata]yst ars discussed in the section on "Coppex\-Freo i
ImnCatalyats" R ; cre . .

: Iron:M_a&esim.ﬂ ca.ta.lyst reduced by thermal docomosd.tion of Fe ni~ ;
,trate and a ‘solution of Mg0 in nitric scid conta.i.ns ths: two metals Fe and NgO. in -
‘the ratio of l:l. This catalyst was used dt 260°C. with mixad gas, and no con= -
traction could ba observed. When 0,75 percent KC03 was. add&ang an Hz treatment .
at 3‘:0°C. was parf‘ormed, no better results mro obsor?edo, . ) .

o Iron Salr.s.mBy pracip:ltat:lng ferxd.c nitrate or: remus chlorids mth

diaodium phoephate, the volumincus: iron phosphate was o‘otained., At temperatures ?
40 260°C. with mixsd ges, the phosphate catalyst gave no contraction, : Oxlds~-

tion at 250°C. and Hy raduotion ‘at 200° to°350°C. had no effect. ‘An iron borate-— -
precipitated cata.lysb, which was obtained by allowing iron hydroxide. (from ferric .
nitrate with ammonia) to. Teact with a boric.aeid solution, was just as Meffective.
At reaction temperatuves, considersble quantities of boric acid wers ‘removed by -
: aubl:!ma.tion.’ Another borate which we" produced by treating ferric: nitrate solution
“with borax vas 'not effective. The ‘unwashed’ ‘proparation. y:‘l.elded nitxric acid
nitrous oxidés, and water for a long time whon heatod 1n a straam of m:bwd gas.
' Bor:lc acid was 1ost. by sublunatlon. S , L

P Iz-on (2) oarbonata.mFor the praparatmn of ferrous ca.rbonate wo mimed
'lead nitrate with the calculated quantity of ferrcus sulfate in a éry state and *

. ‘added afew drops of sodium hyﬂroxids solution, Thenvthe mxturs was d:.gested in
‘8 _solution containing 250 ce. of water ‘and 250 éc. of alcohol ‘until all:the: Pere
“rous sulfate was converted. ' The’ solution- conteining & preci.pd.tata of lead: sulfate :
was filtered; the: nght-groon clear filtrate containing ferrous- nitrate vas heated
--and ‘precipitated- with a hot scdium bicarbonate solution in an’ “atmosphers of nitro-
"‘gen.. The filtration and washing operation of the grayish-white ferrous carbonate
: precipitate was also carried out in a nitrogen atmosphers. Nevertheless, a’ supor-
ficial discoloration (oxddation) of""‘t'.he carbomte ocourrod. ‘When' the carbonate



was -allowed to act on mixed gas, a contraction could. only be observed above 22.0‘0.
‘The maximum contraction of 19 percent was cbsorved at 250°C.. After:8 hours of
operation the products assumed a yellow discolombion, and aouvity docreaoad. _

mms-mou—om CATALYSTS (Meyer)

 Aceording to Fricke and Acksrmemn (37), during the dshydration of syn~
thetic needle iron ore Fezog-mgo) the lower the dehydration temperature
~  the more active the al; oxide obtained. - The internal ensrgy differences .
scate amounted to up to. 5 kilogram~calories psr mole of Fo203.- The axlides which wore
u%orgy upon Yeray analysis-chowed a more random erystalline structure,’
cTrys~ structure is responsible for the catalytic behavior of the oxides, it
-ua; appeared-interesting to us to investigate the catalytic a.ctivity of t.he neeﬂlo -
:!.mmoro with mspocttotheco-ﬂgmcﬁm g

- Prg) tﬁonof eNeadleIronOroal Feo03+1H

' I the pmparati.on of tho noedlo iron ore, we used 'bho msthod of Fri««-ke
and Ackermnn. , - o Sl o

A solution containing 1 Jmle of :I.mn nitrate. (FG(N03)3-9H20) in'1 ].itar
of water was added, under violent agitation, to-a sclution containing 3-1/2 molss
of ammonia per liter of water. The precipitate-of oxyhydrate was washed Seven =

. times, each tims with 4 liters of water. The separation of wash water frem the =
‘precipitate was accomplished by decantation and subssquent filtration. All opera-
tiong vere carried out in the cold, Before being: dried, the moist, amorphous mess’

o oxybydra’oa ‘wag ‘mixed with twice its quantity of concentrated ROH solution. -

- Then the smixture wes heated for 2 hours to 140° to 160°C. in a silver-lined auto- .

o clave. The reaction pwoduct, erh:.ch was bright yella:v, ms i‘ﬂté’red off and mahed'
,wif.h vater sixtimes. e - _ ‘ L

T

N A% i'irat, tho catalybic bahavior of the naedla 1ron ore was comparsd
with tha‘b of other iron catalysts. We conrpared its activity vd.th*an—iron catalyat
,whieh vas pmcipita.ted froin iron nitrate with scda. This catalyst, after careful -
‘washing, wvag digested at roam temperature with ‘2-normal KOH ‘soluticn, After this
digestion, it wao washed again in the “Gsual mamner. The catalyst thus contained ,
appm:dmately ths some- qxa.nt:.ty of KOH. after the. washing opsration as dld the -
needls-iron ore catalyst. Both catalysts were dehydrated in a current of air at
'210°C. (2 hours); then they were treated with’ H, for 4 houra at 210°C. and taken
-into operation with mixed gas (4 liters per: ‘hour), Vhen the activity of the . -
‘noedlé iron ore'was compared with the activity of the ot‘:er iron: oata.lyst.s, 1t
‘was observed that it d:.splayod ‘about - twice the act.iv:.ty ‘of the ordinary catalysts.
‘At 240°C. the nesdle~-iron-ore catalyst’ gave a contraction of 8,5 percent, whereas -
‘the contraction of the other catalysts wag only 4.5 percent. When the gas velo~
city was- reduced to 1 liter per hour, ‘the needle-iron-ore- catalyst gave’ a. contrac—-
tion of 29 percent and a yield of Aquid hydrocarbons of 25 grams per cublc mster
-of- mixed gas.: - Ths othsr catalyst gave, under the same conditions, onfly 10 grams
‘of 1iquid products. The activity-of the needle iron-ore’ was of the same orderof
"ma@itudo when thas catalyst was used for the synthesis with mixed gas directly
without preﬁous dehwdmt.ion. ‘A dehydration of the catalyst at ordinary pressure :
or 1n a vacuum over. phosphorus pentoxl.de had apparently no effect upon tho activity.

n .89 i



, Thepreparaﬁmofneedleirmomdoeamtproceedintrepmmuof
-copper. Therefore, we have mixed the finished needle iron ore in a molst state:
with freshly prepared copper. carbomate (obtained by precipitating copper nitrate
solution with potassium carbonate) and added 25 percent of copper based on the . . .
iron. With this copper-containing neédle-iron-ore catalyst (4 grams of ircn) and"
"a flow velocity of 4 liters per hour, a maximm contraction of 25 percent was ob=-
-sexrved, ylelding 40 grams of liquid produsts per cublic meter of mixed gas. The -
life of the catalyst was short, however. If the copper addition 1ls carried out
by mixing the components together in a dry state, the needle :I.mn ore is not’
activated {10 as hi.gh an extent. ,

' ' E‘urthemom we discoverad that. kieselguhr added to tha™ cOppeMomainmg

‘needle iron ore (added to the moist paste) caused the activity to decrease.

the sams way, the activity decrsased when 1/2 percent K2C03 was added after the
, copper addition. As the life of ths needle~-ircn-ore catalyst was comparativaly -
short when 4 grams of iron were used with & gas velocity of 4 liters per hour, the
catalyst quantity was increased from L, grems to 10 grams of iron, at the same gas
wolocity, since the bulk dsnsity of the necdle~ircn-ore catalyst as compared to
cobalt and niclkel catalysts is approximately four times greater. The following
expa'iments, therefore, refer always to:10 grams of iron, a catalyst layer lenghh
of 30 cmtimeters, and a flow volocity or L lit.ers por hour. - -

Table 59 gives the results with a eopper—frae needle 4ron ore wh:l.ch was '
i.dnlwdra'bed tmder various cmditions L ‘ . : .

. ‘Tableiz MEthionofmedleimnomvd.thor o
it without com undsr vard,ous conditions R )
Experi~ Catglyst 10 grams = = T _*;pﬁl‘aO: -.race cubi.c ,
Nee ’ ."irbn e Pmtreatment e °C Emnt mimd gas
1 Naedle 1von ore - Mmd 3&3 :!mmed:lately : 233_ S A3 12_
- Needls imn ore 2-hour air, 2].0°C., then .y~233‘ A3 437
Londaed gas. B UHE I BT
.3 Nesdle imn ore - . 16-»!mm° ai.r, 2.10 C., l-houz'; 233 . 28 Y 1 35
L ‘Needle iron ore ) ].6—haur Ho,:. 210"0.,, lohour /233 2 Almost in=
T . “Hg, H00°C, ... s e pebive
5 Needle ,tx'on ore + ,!-ﬁmd gas jmmdiately 230 30 L 49=50
. 25 pesreent coppar B IS O RIS Sy P
. 6 ' Needle 3ron ore + ;~2=hour air, 210"0., than 233 .29 . 50
7. 25 percent copper ' mixed gas i - R I T o
~q. - Needle iron ore + - lé—houra:lr, 210 G:;.l-how; 233 28-. T 47 -
© 25 percent’ copper . adr, "400°C, S S
'8 . Needle iron ore +. léwhour Hoy' 210° c., L-hour R s IR S
25 percent’ coppar 'Ha, 400°C. R e
9. 1 B 26 .

"/0u03 added after  16-bour alr, ;'a;bf'ca, 1-nourf_,’f 2
-trgatment. w:lth aix-, WG. ; SR

al¥ at 400°C. >

".v\




Ag already mentionad with regard to activity, it did not matter nhother
‘t}wmedleimoremde}wdrabodatrirstrorzminunpmaoneoofmat
. 210°C." or whether the catalyst was taken into operation with mixed gas immediately
(experiments 1 and 2).  Previous to experiment 3, the needls iron ore was dehy-
drated in a stream of air for 16 hours at 400°C. By doing this, the activity was-
increased considerably, and the yield improved from 13 to 41 grams per cubic meter
of mixed gas. However, the results of this expariment were difficult to reproduce.
When the. dahynmtion was carrded out in the presence of hydrogen insteed of air
agatnlst 400°C.,.the nsedle 1ran ore acqu:!.red only 8 vory slight activity (experi-
e .

: Fo‘rea:perimentastos,anaedloironoraﬁaausedthatemtainadZS
porcent of copper as carbonate.  The mode of mixing the copper into the molst
catalyst was described earlier. A maximm yield of. 50 grams of liquid products
(experiments 5 and 6) wms obtainsd, irrespectivé of whether the catelyst was. - -
taken into operation immediately with mixed gas or whother 1t was dehydrated-first
4n a stream of air at Z10°C. In contrast to the copper-free nsedle iron ore, the:

»'dehydrationofthecoppea—comainmg talys’ba:lnaatreamofairat 400°C, did .
mt. cause an increase of activity (experiment 7). 'Dehydration in a stream of Hy
at 400°C. led to a somswhat amaller activity (experiment 8). Findlly, we invastd.-
jgated the activity of a catalyst in which the copper was added in the dry state = .
after- dehydration of the nsedls iron ore in a stream of air at 400°C. This cate=
lyst showed an act.ivity 50 pereent below that of the mist catalyst (m&permant 9)o

' . We furbher :I.nvesr.:lgated tlw“activity of a coppexbcontaiixing needle—iron-
‘ore catalyst in which Fo and Cu wers present in the sams ratioc ag the previous...
needle~-iron-ore -copper catalysts, but in which the aipha Fep031Hz0component was
amorphous Fez03 instead of crystalline Foz03. - The amorphous iron oxide obtained
by precipitation with ammonia after washing with’ water was-divided in 'half, ~The
first half was converted into needle iron ore by applying heat under pressure at

& temperature of 250°C. in the presence of KOH, and thereafter the he catalyst wasg
mixad with copper ca.rbom:i;e. The other half was mixsd with the corresponding
fquant.ity of KOH at room tempamture and was then mixsd with copper. carborate.

Both catalysts were teken into opersilon with mixed gas without pretreatment, =
Thoy furnighed: the results indicated in table 60. = The needle~iron-ore eatalyst
containing the erystallized iron oxide is far superior in activity to ‘i'.he7 cat.alyst
containing amorphous iron oxids.’ It was found that the yielda for the crystalline
catalyst wers approximately ‘thres to four times as high as those of the amorphous g
catalyst.  This increassd: activity may be easily e:qa]ained ‘by & change of the = .
~cmte:lli.ne ‘structure which takes place within the needle iron ors after: dehydra ‘
‘tion. ' During dehydration, the water held in the crystallime structure of the:: =
,@talyst is either totally or parﬂy ramved, and by‘ doing ao, a random crystalf-
Jine structure :18 produced., \, v ‘ el

T ,' With raferenee to the li.t‘e of the catalyst, one observes from table 60,
' e:q:eﬁmnt 2, that the' nmdmmyieldms ‘obtained after approud.matelylz days; S
hnwever,afterZZdays,mﬂ.yhlgmmsofliqﬂd ets were produced. When -
twice the catalyst quantity was used (20 grams-of ), -the ‘activity remained *
‘unchanged during 22 days, whemaa after 1.2 days only 37 ‘grams of liquid producta .....
were formsd,




" ‘The increass in activity which resulted from tho addition of copper to
the necdls iron ore was not. further improved by the addition of thorium for in-

“gtancs, or Mn. In-table 61 the results are desoribed with nsedls~iron-ore cata-

lysts which, in addition.to copper, also containsd thorium and Mn. For experiment
1, the moist, copper-contalning needle-ircn-ore ‘cgtalyst was mixed with thoria,
vihich was precipitated from thorium nitrate with potassium carbomate. The copper~
needle~-iron~oye catalysts prior to the thoria addition had besn dried
‘at 100°C. Catalyst 2 was prepared 4n such a manner that precipdtated copper and
thoria were mixed with the needle ircn ore in a moist state. For experiment 3, -
coppor-containing needle iron ore was mixed a3 a moist paste with freshly prepared
thorde. The addition of mangansse (experiments 4 to 6) was carrled out ina
similar menner. ' All catalysts furnished a maximum yield of 49 to 52 grams per
cubic meter of mixed gas. The specific influence of the thorium or manganess upon
the activity of the catalyst could not therefors be observed. Regarding the 1ife
of the catalyst, it may be sald that the thoria-containing catalysta are somswhat
better than the manganszs catalyats. ' - : e T ‘

. . Simpiifisd Preparation of Headle Iron Ora .

; + ., . Inthe course of the investigation of the catalytic propertiss of nesdle.
iron=ore catalysts, we also investigated the possibilities of preparing them in a .
.admpler menner.. . We want to report on these exparimeats briefly. To start.with,
we endsavored to prepare the needls iron ore in the pressncs. of precipitated coppe:
in order to produce a more homogenscus lron-copper mixturs. The preparation of
‘needle ironi ore in the pressnce of coppsr was not succeasaful.  In every inatance, -
we obtained amorphous Feg03 mixsd with Cu, which could easlly be. rocognized from -
the color of -the reaction product. - It should be mentioned hers that the needis .
_iron ore, im contrast to the amcrplous oxyhydrate, is more voluminous, forms. - .-
larger granules, and is comparatively sagler to filter. Ths- product obtained,

which was prepared in the pressace of copper with KGH under heal and pressure, did.
‘0o% ‘exhibit these propsriies. Also, when the diron and copper were coprocipitated”
‘with potassium carbonats or sodium hydroxids, and whon heat arid pressurs were =
‘applied in the presence of ‘potassium hydroxide no needie iron ore was produced.
Ths catalytic activity of thess products was slight. The highsst contraction was
- *" Further axperimsnts were concorred with a eimplifisd method of producing .
needle iron oré in the sbsenece of copper.  Thus, the recommendation by Fricke and )
Ackermenn for en intensive washing operation of the amczphous oxyhydrats: precipi- -
tated with ammonis geamed superflnous, It was sufficient to wash once with water; -
‘the appliecation .of-heat under pressure with KOH produced the nesdle dronore (1
‘mole of iron was washed with 1 liter of water). Application of heat undor pressure.

!

‘mixsd gas was: obtainsd.

- and treatment with NaOH instead of KOH did not give any rosulte after previous

intensive washing, Furthermore, the use of an autoclave 1lined with.silver svems .
%o be absolutely necessary, Whan all the other conditions were most carefully . =
cbserved and when we used sn iron= or copper-lined autoclave, no msedle iron ors .
was cbtained. It is therefore probable that the ailver catelyzes the fomation

of tho.msedls dvenores . . T oo no et o =

S

hydroxide or potassiun éarbonate instesd of ammonia. Even vith incompletc washing

msedle iron ore cen be cbtained by heating under pressure in the presence of KOH. .

When -the usual quantity of copper was added, a yleld of 50 grams per cubic meter of

.02 <



Experi- : : N pera- trace  cubic  &rams after

No, 10 grams of iron . 2C, porcont mixed gas _ days

1 Fe precipitate with ammonia after = 230 13 1 12 = e

. KOH treatment at room temperature L ’ .
with CuCO3. No application of - _

: heat and pressure. . i PR B : .

2 "Feprecipitatewithammmiaatter . 230 30 49 T 0 -
‘ application of heat and pressure ’ S e .

, c’-:cm‘asanceofmmmdvdth - - | |
3 Cataggstidentiealvﬁthﬂoo z,bub 230 . 31 5 ,,9 43 37
.. vith 20 grams of irom, . Ea

‘l‘able 61.c-Influsnce of various. additions to 8
cow needloa :h'm cr8 -.

Lo Grams of

o - Percent 7 o 0 Tem— . COEles promcts B
"Experi-  added to S T peras trac- par cubic -
ment | the heedle - SR tv.re, tion, . meter of

S - S iron ors V Mode of addﬁ.ion [ N mgemt mimd 5&5 v R:amarks L
A 25 Cu, 18 Thoz ‘Meodls irom ore . 230 31 & 52 " After 17 daysaﬁ

p..usCu(&t - gramsstm‘

, -100°C.. dmd) ... . obtained

S Jmimsdwmith oo e
i 3 - cipitated t‘wr:m S et
2. __.25 cu 18 Thoz Cu plus thoriwn 3!«.;-, 29 5L After 18 days,'

- precipitated si- T R 141 grams: still .

TR «mﬂ.tameouﬂ.y with . . .. o0 obtaimed .
mgm inmoi.st
.", state with neadle
Jiron ors.

3 25 cu, 18 moz ‘Precipitated Cu - 235 30 a9 :LAftex- 17 days,
i " mixed modst with - . 5 laBgrams ati1l

' needle iron ors; - ST obtained
v _.tothis, moisb_“ - o
_4seddeds -




. Tabls 6 (contdnued) -

4 . 250Cu, 20Mn Needlo iren ore 234 29 50 . - e
L . plus Cu (at 100°C, : ; R
‘dr:led)mimdwith

freshly precipd~
o ‘tated manganese in-
. moist stata, _ . '
5 5 Cu 20¥n  Cu and manganess 232 29 5 After 18 days,
" precipitated si- - : 35 grams still

mltaneously and ‘ obtained
mixsd with needle . o
iron ore in-molst

) 25 cu, 20 lxn Precipitated Cu 235 29 49 After 17 days,
mixed with nsedls - - 33 grams still

. iron ore in moist , * ' cbtained -
condition, them = = . . N

. moist precipitated -
manganese is addsd. -

S

' By heating eummarﬁ.al FegOg under. preasure (in the prasenee of KoH at .
160‘0 ) apparsntly uncha.nged F3203 was obtamd, which at 270°C. was :lnact-iva.

o The inveatigat::.on of the catalyhic behavior of nesdle-iron-ora cata.lyats

‘as used for the gasoline synthesis may be summerdzed by saying that the meedle- '

iron=-ore catalysts exhibit a higher. ectivity than the ‘corresponding iren catslysts
propayed in the usual mamer, that: is, where the iron is present as amorphous— -
“Fop03. - The maxipum yield obtained with nsedle~iron-ore eatalysts ‘amounted to 53 -
. gramg. per, ¢ubic meter of niamd  gés,  The use of needle=-iron=ors catalysts, howevex-,
“doens nob -sesm practical, since their production: requims a grest doal of tima and
‘is rathsr complicated, Fttrthemm, it may be ssen from the ssction on "Irons -

Coppex Catalysts from Ferrous Compounds® that- ‘the ordinary. iron catelysts preparad
"in mch si.mpler waye have l‘ﬁgher aeﬁivﬁ:tﬂes and eﬂﬂb&t longsr lifetmag L

mmmca GF PRE’B?EA’I%EN‘I’ OF. IRGV CATALYSTS e

: The izwn catzﬂ.ysts 50 fa.r d:.scuesed with or without the addition of
2 K2003, ha.ve been used for the synthesis with mi.xsd ges lmmediately aftexr they e
wers. drisd at 105°C, - Maximom activity is reached aftsr a ‘certain induction period, 8
- which for ‘the alkalized. catalysts bacomes shorter with dncreasing alkali content. =
"'As already menticned, the time of inducticn for a catalyst coniaining 1/4 to 1/8 -
percent K2003 is of 1 to 2 days. With 1/16 percent K-C03 approximately 3 days are .
‘required, For catalysts whieh do mt contain emess alka.l:., the time cf induction
r-mawbeashighaslhdm _ L e e T L
Influenee oﬁ‘ GO Imiwt;i.on at Syntheai.s Tanperaimre
G We ha.ve investigated the effeet on a.ctivity and on f.he imiuct.ion period
;ofa special protreatment of the catalyst. ' lxperiments: 1 to I of table 62 were

. carried .cut with Fe~Cu-¥n catalysts which were prepared by precipitating FeCla,
.-Cullg, and: Mnclg wi.th sodium ﬁ‘bonat.a. One-half percent K2003 was uaed for imu

=%



o ’Catalmlmtabanin‘woparaum‘dﬂuﬂndmatomo. Catalyst 2
._wag treated first with CO for 2, hours, and catalyst 3 was troated wdth CO and

s oach, Catalyst 4 was treated first with mixed gas and then
The tesporature In all cases was 235°C. The
operation were 5, 17, 28, and 31 percent,
respaectively, In experiment 4, it should be remembered that the catalyst had
already acted upon mixed gas for 24 hours before the Hp treatmnt was performsd. .
On ths whole, for all exporiments, the sane maximm activity was observed as re-
gards the yisld of liquid hydrocarbons .and percentage contrection, With respect® -
to the stabilisy of tho catalysts, no wortimhile differences could be obgerved,

for in all cazea the aversge yleld was the sam aftér 17 daym of operation (last
colum, tabls 62). The life of thass eo.mysta was not too satiafactory, pmbahzy

bocauaot)wycmtaimdl/ZperceanzGOg o
-wmmxw
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i i days v
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- hours, tion, par cubic . grams per

psr~-  porT= auher of cubie meter of

= ﬁg%mu +
Kecos 2-hour . then
- _houz Bas

. SFe-10u'+ D-howr C.'O, 2~hom' 230 After 2~ 311.‘. 53
gt "1/2% K2c05 Hz, then mi:md g
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Ramﬂmmtmtmtﬂthcommmmmumo:t!wcaw‘
1yst (as referred to the mument when mixsd gas was admitted) the induction time for
'thonmiuntammotbocmd.doudaboﬁmod,dmthopmtmahmtuith&n—
quires 24 to 48 hours itself. :

For further upcr:nents where nmganou-fno 5Fo-:I.Cu eatalynt nas used
uhi.ohcontain.dllz peroent K2C03, tie time of pretreatment was reduced from 24 to
hom(oxpuimtssw'l). Whenmﬂmtséand7mmpand ons finds that .
for the run with C0 treatment and following H, troatment, a corntraction of 16 psrecent
nas moasured even when the catalyst was pretreated for anly 2 hours. When pretreat-
ment was carried out with mixed gas and then H,, the contrastion after the same
longth of tinme was only 8 percant. ‘hwmca ta, however, do mot differ in their
maximun activities. In this series of experiments, the catalyst which acted upcn
mixed ges immediately produced a contraction of 4 parcent after 2 hours, and after;it
had produced its maximm contraction, it was recognized to be somsumhat superior to
tho protreated catalysts (experimsnt 5). The experiment indicates that tho tims of
induction of ¢ths catalysts when CO 1s uszed my be shortensd; howsver, no other ad-e
vantages, such as, for instance, an:inmasadlength of ufc, resulted. .

In_ﬂneneo of CO Protreatment at Highev-than—Synt.had.s 'remperatura (Bshr)

"In addition to the prcvious‘.ly described expeﬂ.menf.a, %O i.nvest.igated the
winfluence of a short pretreamnt with CO upon induection time when the pmtrea.tmnt
Via mrried—out. st a higher tmperatu.re than the later reaction t«mpeﬂatm. C

v Fore these ezyorimmts, wa usad Fe-Cu—Bé‘nO catalyats oontai.ning theso eon-
et:l.tusntn in the ratio 10:2.5:2.5. Five-tenths percent of K03 waz added, Ths.

- catalysts were prepamd by. precipitating ferric nitrate with sodium hydroxide. .‘L‘hn
invaatigated range of raturs wes batween 250° end 270‘0. To start vith, the
catalyst wa2 brought to'the expsriment’ temperature in a’stream of air; then it was -
treated with CO for the dosired length of time st a ‘Plow velodty of 4 litera of co. .
‘per hour,  Then ths temperaturs wae lowered to 230°C. and mixsd gas introdnced I
“ghould be’ ment.ionad here’ that in the. oxperiments carrisd out, uniform and’ reproducible '
Tesults could not almys ba obtai.ned. Nemrttwleus, the fonovd.ng infomstioh w3 obc».‘
tamod. N = g S

Uhenthseata]ya%msta&anintoopbh»ionhthemmalmyimsdiamy :
-w.lth mimd g35, it gave 5- %o B-pemnt sontraction after 2 hours and 8- 1o 10~percmt _,
eom‘,raction ‘after 3 to: 4 houra, - VWhen the catalyst was: prstmated with CO-for 1 %0 2 :
hours, a: vent—great reduction in inductien ting resnlted.A When the protreatment way -

Pearrisd out for 1 to 2 hours at 250°C.; ths catalyat gave 19-percent conbractionm; . .-

¥after 1 hour at 230°C. and after 3 to.5 hours, it yielded 26-percent contraction.

‘When the CO treatment was carried out at 280°C., a contraction of: 17 percent was ob= .
-sorved in the following synthezis at 230°C. after 1/4 hour, and 22 percent. after 3/1.
‘hour, but after 4 hours, the eontracti{on ‘did not go. beyond 25- pereent. Vhen the tem- ‘
. peratwg,p;% tha g)/pretmtmnt oparation ms ‘increased 4o 270°Cs, no. rnrt.her favor»
able results were cbtained. VWhen mixed gas was admlttsd %o such a catalyst,ytha :
contractions wers lowsr than in the case of the . cata}.yst whd.ch was pretreatad at 260‘0.;
_For exanple, after 15 minutes the contraction was 1l percent, after 3/L hour 1k per— -
fcmt, ‘and ‘after 2 hours 18- pez‘cmt.*-:j In soms cages, we succssded in: mduci.ng a: cata-

-lyst: which' reached Ats maximum contraction quickly ‘at:220°C. ‘reaction temperatuxv

_,'This catalyst- was pretreated with CO at:250°C. for 2 hours. ' Thus, for this" catalyst,
we obtained ‘9~percent: eontmcti.on aﬁer 1/& hour, 15 wpercenf. aftor ',1/2 hour, and 20

‘percmtaﬁsrzhoura. L : : : s ,_‘_

s During tha co tmatmenh;at_;ZSO‘;to 270'1 ¥y 4 :
'mds: Immadie.tal;v; after the' pasaage ‘of the CO;- the ead.t ‘gas showad very high comen-
trations of C0p (up to 90 percent).. :After 1/2 to 3/4 hour the COp content vas lower.
“and, depend:.ng on the temperature, approachod ‘éonstant: value of 10 to go percent. :

Generally, a contraction was not observed in.the ‘beginning. At 250°C.; and s N
to 2 hours,’” no contraction tas ‘observed. At 260° to’ 270‘0., .contractions aa h:!gb as .

213 porcentroccurrsd Hore s apparenm, parti.al decomposi tion of the CO occurred with’
enrbon tormtion. ol , 96

M .
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industion when the catalyst was pretreated, but the visible oil formation was con=.
alderably accelerated by the CO treatment. For a catalyst taken into operation with
mixsd gus under normal conditions, the visible oil formed at 235°C. after 2 to 3
hours. With a pretreated catalyst, however, vieible oil formation was observed 1
hour after mixed gas was admittsd. - In most cases we could observe the formation of
oilattorl/htol/Zhoun-—inmma,omarurswloma. .

" . Ve observed that a CO treatasnt at higher temporatures shortened the time of.
:l.ndmtd.m oonuidcmbly and caused a greater contraction, as compured- to a catalyst -
which was not pretreatad. However, it appears that CO pretreatment is not practi~
‘cable, since we observed that pretreated catalysts in general did not give & highar .
Jield. In soms casea, CO pretreatment.was dotrimental to the yleld. Thus we chaserved
that the catalysts described here gave-a -contraction of 20 to. 25 psrcent in a compars— .
tively short time; however, they reached maximim contractions of 30 to 33 percent only
after approximately 30 hours. - In soveral cases tho contraction even remained below
30 percent. We also moticed that the pretreated catalysts had & shorter life than the
normal catalyst and that they had a tendency to form yellowish products oompamuvely
oar]y, eapecially when the pretreatmt vas can'led mrb betwoen 250’ ‘and 260°C. R

’ I it should be deaired, nevertheless,. to- carry out a CO pretrast.mont of the
:atalyat, it is recommended to pretroat for approximately 1 hour at-240°C. It is -
perhaps better to use a CO-deficient gas, as, for instance, prodicer: gas, in*ox'dor
to avoid local ovemeat.:l.ng of the catalyst by a too rapid reduction, T

0 The influsnes of a CO tneatment upon eoppam-fm :Imon—manganesq catnlyst.a
was also—invesﬁgated Tha pretreai‘anent, hqmnr, o favorable effect upon the,_
contmtion. e v v : e T . e

R We have attemptad to ahorten tha tims of induetion ror tha 1ron eatalysta .
by treatmg them for a: short time with mixsd gasat a tampemtm higher than reac~
“tion. temperature.” The investigated temparatum range wee 250° 40 300°C.; the time
‘of pretreatmsnt waa 1 'l:o 2 houre. | '.emple, vi'.ha foiiowing eu:perimenta ars ds»;;-

5 scrlbed :
An Fa-Cu-lma catalyst contahxing the met&ls in tha rat:lo of 10:2.,5:2.5 m
heated to 250°C. in a strean-of mixsd gas for 3/4 hour.. ' Then it was heated for
‘another hour at: '250°C. with mixed gas.’ “Aftasr this time,: it pmduced 8 contractim
‘9!’ prs percant. When the reaction temneraﬁxre was lowsred to 230°C. ; visible ol
fomation o8t in’ after 5 minutes. The contraet.ion, after 1/4 hour,‘ wa.s 10 percemt,

after 5 houra, ltrpercent, and after ao houra,‘_‘ J: ‘ :

y " The same catalyat was . trsated for 2 hours with mi:md gas at 260‘0. .mm:-
lowering ‘the reaction’ tenxperatnre 1o 230°C., the. contraction after 15 ‘minutes waa 6
- percent, and after 4 hours, it was 7 percent. After 20 hours of opera.tz.on 1% was
only 16 pereem Vis:lble oil fomatlon snf. in after 10 m.nutes at 230“0 SR i

céﬁeraetim of 17 percent within 2-1/2 ‘hours. 011 ﬁas tormed ev‘m; then By lomm-
ing the reaction temperat.ura to 230 G., the contract.im' ecreased :
aﬁ.er—70 hours, did not surpaas 18 percmt. :

treatmnt with m:lxed gaa

Fm theae oxpcr:lmants, it 18 indicateﬂ that pru
at high tamperatures is . advantage.: It appears that oil Iomation was accel-
. erated 'to soms extent;” howevox‘“‘tlw ‘3ncrease of eontraction wag not. ‘As ‘s matter of
fact; s could observa that a’ cata.lyst pretmted in® ‘sueh a fashion _behaved more: un«
favorably than the normally pretreated catalysts. Esped.al‘ly is this-trus for. pres .
‘treatment at highar temperatures. This effect: is underatandable if one takes into
conaidemtion that the iron" eatalyst 1: comparatively sens:l.t:l.ve at temperatums of

a:omd 250"0. .




Aaalreadymtimed ineontrasbto ooba‘ltmdni.ckelcatmatu, the
iron catalysts can bs used for the synthesis without a previous Hp treatment. _
The latter, howsver, require a comparatively long period of induction. At a re-
astion temperature oi’ 235°C., varying with the conditions of the synthesis, this
vﬁmorinducummabemzoandaomm It takes approximately this
length of time to produce the maximun contrastion. It was desired to investigate
whather this time of induction of the catalyst could be shortened by an Hz treat~
ment performed either at the reaction temperature or at s0M8 other lﬂgher

perature, -
megon Treatment at Rsaction Temporature, 235°-3oo-c. (Bahr‘)—‘”“

-~ .= A1l of ths expermnts carr.ted out with this. object in mind ind:}.cate that.
an Hﬁﬂtreatmt at the reaction temperature does not shorten the time of induction
of the carrier-frec catalyst. Vhen a catalyst was treated for ]/2 hour or longer
(up to 10 hours) with Hy, such & catelyst behaved just like a catalyst which was
_taken into operation immediately. No d:u'fezence -existed betwsen tlie copper—
containing and the copper-free catalysts,. If 'the course of .the Hy pretreatment
g™ ‘£ollowed closely, as the temperature incx'easea alowly up to 200°C., the apneaz\-
—gnew- of ' reaction water is noticed at iround 100°C, - This soeus to indicate that
‘the copper is being reduced. Water formation sst 3n’'again at avound 150°C. , .Ob-
“vioudly, ab this temperature ‘the reduction of the iron -oxide . and higher @anese ‘
‘oxides oceurs,  The. raéuct&nn -of - these matals, however, does not’ pwoceed ta the -
jmeta'.u.'le s‘hste, bu's oan],y i'.n a lomxr oﬁ.de In tm case of mnganese, Mno is pro-

Hz Bzducticnt'at Hi@; Tanperatms (Meyer)

L A pml:im:lnar;y rectuction of tha Fe catalyat with”Hg at high te.mperatms
, caused a considerable docrezse of ths activitys A S5Fe-lCu ca.talyst containing
1/& poreent K003 which was talsn into operation with mized gas immediately, i
58 grams of 1iquid products, After|16 hours of reduction with Hp at 450°Ce,
Tﬂcmdbypaasage of mixed gas, a. “contrection of s parcent wag obtained after
1 houw, After 24 hours of further operation, the contraction dscreased o 6.5
9 percent, and yellow producta wers formsd. Since this esta!yet was reduced by the
‘Hg' treataent at !«.5(.)"(20 the dsterioration of activity t have boen caused by
_various reasons. - First, the iron which vas formed by the reduction at 450°C.. .
might have sintered. Secmd]y ~the high ed@tion temperatm'e might. ha.ve ea.used
the .imna.ndcoppertofo, , : ‘

S Fmvar, thare ia an indimtim 'that,in aomsa caaeapa reduction of the
catalyar, ‘at ‘high temperatures may be advantagsous,. as tha follcmn& observation
“shows: A simultaneously precipitated Fe-Al catalyst (15 percent 2 A103 referred
to: :l.mn) ‘proved to be active when taken into opsration with. mixed gas. :mnnediately.
‘After rsductim with Hp at zg,50°c., this catalyst yielded 27 percent contraction

—atter 8 hours; rumever, it dropped to 9 percent after 6 days -of: opem‘.ﬁon This =

- $inding is not in contrast to the statemsnt just.made, sines; in the presence of

- Alg033 the iron oxide is only: reduced to a small degree %o iron mstal, ' This hse
bean found to be truo by experimsntal . evidanes not yat. ptﬂ:].ﬁ.shed '-Fm-t.henmm u
'A1203 is capable of premﬁngﬂntsﬁng i ‘

% ss.nee the catalyut did mt conba:ln a.tw coppsr, a dam@.ng affect dm to
"a:u.ow !.omat:lm was not poas!b].o. R P
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IR 'menddiximofmretocobaltandm.ckeloatﬂyatliamimmt.
Itmtsamuimdinﬂumumthowuﬂtyandmeortheucatums With -
dron catalysts, - hmm,mtommtmadmhnormagommlhmdw

unfavorabls results, except in those cases where the catalyst was mixed with alkell
carriers, such as for instance, Stuttgart Masas. In these instances, activation i5—
actuslly caused by the a.dditionotthe carriers. This incrsase in activation, how
ever, should not be attributed to the presance of & carrier as such but to the fact
that ths carrier is alkaline, Such an increase in dctivity alss ¢ould be accom-

p].'lshod by add:l.ng amall qmnt.itiea of K2C03 to the oatalyst fres of carr:ler.

Hoaem, we have again mrestigated ths questi.bn of the carr!.er, since R
vin sore cages the reaction differs when & carrier isg added. Just as it is possu.'blo
to direct ths reaction of water formation, the poasibﬂity should exist of increass
ing the yieldsobt.ainedtramnﬁxedgasandimnatalysb Inthemxtchap'ber W
‘sha]l report on thess mﬁmﬁe. ) ) _

: ‘ -Fa=Cu Carrier Oatalms fmm Ferrous Salts

PRI ﬁmbasi.cmteﬁalchoaenforammberofcan-isrcatalysts!ndthem
position 5Fe+1Cu. The preparation was accomplished as already describad previously
Aby precipdtating the chlorides with NapCO3.  If alkalized with 1/k or '1/8 percent.
"KpC03, this catalyst yielded 60 grams per cubic mstar of mixsd gas. - Table 63 SUI=
mariZes the results of experdments. with iron catalysis containing- earw:!.era.. b R
: should be mti.oned in advance that in no instance did the activity of a ‘catalyst
contai.ning a carrier surpass the sctivity of a carrier-free catalysts Generally,
‘ths carrier had an unfavorable Anfluenca on: the performsnce of the ca.talys‘b. 'f‘t
wad also obgerved that the mods of mixing the carrder and the catalyst was . impo
-anb. - For mri:nsnt 2, the catalyst used in. exper:imsnt 1 which bad given. 58 grams
of licuid pmﬁuctsoms m:!xad with- !d.cselgtzhr Thme, & grams_of Klezalguhr wars
- added bo: everlegmmBofmnandmimdinadry atate. 'macatalystmquirada :
-4ime of induction of 4 days. This is ‘understandable if one. considers the larger
,,vol\mw of the catalyst and the better d:.sbribuﬁ.on-and aasipe.tion of, the ‘heat. of
‘raaction. . Besides, the activity dscrsassd faster than ia the cass of a kieselguhz\-
fras catalyst. - XL the k&easlgubr is added. to the catalyst prior to precipit&ticn,
Q more; Iritimate mixture-is obtained. * This catalyst only furmishes a maximum cone
tion of 16 percent (e:cperimani'. -3), ‘which decreased to 13 parc&nt after 4 doys
of ‘opsration. A -preceding reduction. ty- ‘Hy at. 350°C, did not changs’ %he gitustion
(experinent lé). "The same catalyst, however, without K;005 addition. {exporiment 5)
cnly yislded a. coxrbract&.on of 16 percent when taken ) gperation with mixed gas -
immedidtely. " .One. ean conclude from this that alkali in the presence. of kieselgum- :
loses its activating properties. The two following expsriments (6 and 7) show. t.hat»
‘diatomaceous eart.h reduces the. a.ctg,y:.ty of the imn-copper catalyste alao cImo
eu:perﬁments ‘8 to 10 sodium glass powder was added in various waye to a nmalm.lized
SFa~=1Cu cata.lyst. In ‘experiment 8, ths sodium glass powder was mixed with 2 catas
iyst in a dry. state, and.in the ‘¢course of 5 days'operation, 29~percent eentraction -
wag observed.  The ‘maximm yield amounted to 49 grams per: cubic meter of ‘mixed ga.s.,
From' this, it ¢ a.ppeara £hat. the activa.ticn caused by sodimm glaas pcmder is not a8
pronounced a3 the ‘activation increase dus to addition of KoC03. If the addition™
of the glaes powdsr is made before or after the precipitaticn’ (experimsnts 9 and.
10), & maximun contraction of 26 ‘percent is obtgmd 4n both cases after a long
tims of: immct:wn, and a yield of 40 grams is cbtained, This increace :In—a.ctimy
was less prcmuncedtlmnwhenthe glasspowdwmnﬂmdinadry te with the
catalyst. For the sake of. cnmparison, “the catalyst was tested withput glass- pcmder‘,
addi.td.m under ‘the sams condit.z.ons (axporimeub 11). ,The ma:dnnm 3 ':!.d qm.ained wa.aé
- ‘9‘?-."
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L ' The addition of powdered silica gel caussd an effect similar to that of
kdsselguhr (exporiments.12 and 13).' The alkalized, as well as the nonalkaliszed -
catalyst, showed the same behavior after addition of silica gel had taken place in’
a modst conditiot. The maximum cornbraction of 15 and 13 percent, respectively, -
ecould not be improved even after reduction with H had been carried oxt at 450°C.
?&mthcaﬂinagelmaddeddrytothealkanmﬁcatm,mmwtmob—
served {experiment 14). ' By tresting with Hy at 450°C., only a short-lived in-
creage in combraction, up to 21 and 25 percent, respectively, was observed,

. Table 64 contains a fow more experiments in vhich mstal cxides wers
Tused as carriers. Although these metal oxides could not be ‘considered as carriers,
their effect is to be discussed here nevertheless, since-these-axides were not
mixed with the iron and copper by simulteneous precipitation but were added to the
iron and copper separately after precipitation had been completed. Manganeso. . ,
axide and mine cxide decressed the activity of the allalived ag well 2s the nomw -
alkalized iron~copper catalysts to the same degree (experiments l=4). It should
be mentioned that the alkslized cabalysta possess a somevhat higher activily.

The addition of Al303 lowered the activity of the iron~copper ecatalyst (eoperdments
5 and 6); no difference seemed to exist in the activity of the alkallzed and none .
aikalized catalyst. Finally, wo investigated the influense of chromium oxide,
'Cr204 behaves indifferently irrespective of whether it was mixed with & catalyst'
‘irmibist or in dry form, The yields with-bhe-alkalized and nonalkalized catalysts’
were of the sams order of magnitude as withou Cr0s3. RS s NPT E IR

" summrizing the results, the following may be said sbou carriers: We
have not 'vceeded__ih,improviﬂg—the*yieldsl by e.dding cax_'riers_'to‘the ironwcopper

catalysts dmvestigated in this work, .

C. .7 fe also imvestigated the effect which a‘earyier has upon Fe-Culind cataw
Iysts/that were precipitated £xom ferric salis,.. With thess catalysts, we always . -
‘used 'a larger quantity of carrier than we did with the Be-Cu catalyst, ~The ratio
of catalyst to carrier was l:1. "Tae quantity of carrier addsd was not withoub
‘significente upon the activity of the catalyst. This was showni—in-the-egperiments
on precipiteted carrier cabalysbs. . . om0 ]

ey

AT

©0 77 In early experiments we miwmed the carrier material direetly with the . \
axide powder obbhined by decemposition of the nitrates, We added about 0.5 per-
cent K003, and the ratio of axide powder ‘and carrier was l:l. As carriers, wo ..
gaed si1i%a gel, kiesolguhr, and gréund Stubtgart mss. Vith this mods of 2ddi~
tlon, no difference in activity was hotieed for the various earriers.. - | |
<0 1ater, we carried on imvestigations during which the: cerrier material .
was mixed with the nitrates before the\ decomposi:bion\. * The ‘resulting mass con- -
talned Fe-Cu-lind catalysts end carrier in the ratio of l:l. The nocessary alkall
(0.5 percent KsC03 referred to thé metal quantity) wes added to the nitrates be-
fore the decomposition. The chief carriers used were ‘Stuttgart mass-(granulated’
and ground), silica gel, and kieselguhr. ‘With this method of additicm, no im-

PN

provement over the carrier-frec catalyst. could be observed in any instance. 'The-
catalyst which contains Stuttgert mass or siliea gel was epproximabely-as active
as the cabalyst without carrier,” It is interesting to note that the addition of
kieselgubr coused detericration of the catalyst, and rendered it almost insctive,
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‘The dacomposition catalysts prepared in.thess two ways could be regenerated by |
oxidation with air at 250°%. vith or without previous extraction of the paraffins,
Cerpier Flus Precipiteted Catalvsts !
: Bynhdnsadryauau-predpdtatqdcatalyst-uthqmrmchaa )

silica gel or kieselguhr, catalysts were obtained which gave approximately the same
_percentage contraction a3 .the carrier-fres precipitated catalysts. "(We found this
information. from earlier experiments.) The advantage derived from these precipi-
tated catalysts was chiefly that the larger volume of catalyst contained a smaller
quantity of mstal. It should be mentioned, however, that the life of the ‘catalyst
was shorter in proportion to the smaller quantity of metal contenta. -

An esesntially different picture resulted when tho catalyst was precipi- ’
tated on the carrier. When sodium hydraxide was the precipitant, we wore not -
- successfvl in cbtaining active catalysts. For instance, a catalyst precipitated
-on kisselguhr by using NaOH proved to be practically inactive, even at 250°C.
Also with NapCOz-and KoCOs~precipitated kdeselguhr, at first, very Peorly active.
!égata}ya‘sa.m ‘obtalned, Better resulis were found with asbestos, calcium carbonate,
sluminmm silicate, and powdersd silica gol as carriers. The ratio of carrier |
material to metal quantity of the catalyst was 1l:l, and these catalysis gave a
- eontraction of 20 to 28 percent at 240°C. with 4 liters of mixed gas per houra

- .. The uge of kieselguhr appsared undssirable in cannection wlth precipi~ -
- tated iron catalysts. - This is contrary to our experience with cobalt and nickel.
. later we.succeeded in essentially improving tha kiesslguhr precipitated jron_catas
- lysts without recognizing the reasons for the initial failure of this corbination.
" As nentionod ir the section on "Experimente on Water Formation®, we I
_.gucceeded in conducting the Synthesls over the course of pertial weter formaticn—
" 'when using kieselguhr eatalysts, This fact is of great significancs with respect

%o the sventual possible increass in yield with the.iron catalysts. PFor:this .

. reason, ‘the Fe-Cu=MnO-kisselgubhr catalysts with varying kieselguhr content have .

‘bean aubject to a thorough investigation (mot yet comcluded)s . | 7 o

. Preparstion of Some Fe-Cirtn0-Kisselguhe Cataly

" Ferrie nitrate,l coppor nitrate, and menganous nitrate wers dissolved in

wa‘bex‘*?’:'rha quantity of water used was 60 times by weight that of the iron metal
‘employed. The solution was hsated to the boiling point, and ‘then the required:

quantity of iiesslgulir added. A hot solution of NapCO3 was zdded to the hot : .
nitifabgnldeselguhz “slurry under constant stirring. : (The NapC03 solution contained.
“the theorstical’ quantity of NazC03 + 5 percent excess in & tenfold weight. of =
water,) Ths NasCO3 solution was added to, the nitrate-kiesslguhr slurry in por--
“tlons. 'After the precipitstion was complsted, the precipitate was filtersd and
_washed gix times with hot water, - Each washing was equal to the volume of the .- .

“originAl slurry. After the washing operation, the filtrate reacted anly faintly
‘alkaline. ‘No alkalfzation of the catalyst was carried out.  The catalyst was . -
‘dried on the water bath and then further drisd in the oven at 105°C, Ve have -
found 1t expedient-not to take the catalyst into operation with mixed gas at once,"
_but rather to heat it o reaction temperature with a stream of air just as in ths
" case of the eobalt catalysts. Uixed gas was admitted after the vater had been - -




' _ On account of the larger volums of the kieselguhr catalysts, we could
not use 10 pgrams of iron as we did in the case of the carrier-freo catalyst in
eariier oxperiments. Vo used only 4 grams of iron. Visiblo oil foxrwation began
with a 1{,Fe-1Cu~1tn0):1 kiesslguhr catalyst at a temperature of 235°C. Tho con-
traction after 5-)/2 hours was-16-percent, and after 22 hours it was 30 parcent
(maximun contraction). -The catalyst yislded water ftvom the very beginning. The
section on "Experiments on Water Formation” describes the difference between the
kiesalguhr catalyst and the carrier-fres catalyst for the sama contraction., The
Kieselgnhr catalyst converts only 66 percent of the CO at a contraction ‘of 30
porcent, whereas, metallic catalysts at a contraction of 30 to 32 percsnt. convert
up to 88 percent of the CO, The difference may be explained through the water
formation of the kliesolgihr catadysis. ST -

" A yisld determination wes uot_oarried out for the 1:1 kleselguhr cata~:
‘lyst, since we found that ths life of this catalyst was very ghoxt,  After only .
46 hours, a dacreace of contraction get in. After 70 hours, the contraction had
%decreasedtozoparmtc. ST e e
Lo - Further expariments have indicated that a 1:1 kleselguhr catalyst is
not readily repreduced. Some catalysts (of ‘the same composition, apparently)
 only yielded a contraction of 15 to ‘20 percent at 235°C. The causes for thia
erratic behavior have.mot been discovered. Ve ‘suspect that the alkald content -
"of the catalyshs has an effect. As already msntionsd, no additional alkalization
of the kiesslguhr catalyst was carried out. The residual alksli apparently has -
. an activating influsnce on the catalyst. Even after congiderables washing, some
‘pegidual allali remains in the. kiegelguhr catalysv. 1% appears that this resi- =
.Gual alkali in the 1:1 catalyst ie verdable. .. S e

o We have endeavorsd. to ‘activate such an inactive 1:l catalyst,  for. sxampls, -
by boiling it with vater to remove the possibls unfavorsble excess of alkmali. No ' .
- improvemsnt of the cataiyst resulted from this procedure: ‘It should be mentioned .
here, howsver, that we did not succeed in. removing any regidual procipitating salts
from a Kieselguhr-catalyst which was dried at 105°C. " This msy be seen from the -

Yredlowing experiment. © .

0+ A'1:d Ideselguhr catalyst preeipitated with NepC03 wag drisd in the
filter funnel and then subjected to drying in an oven at 105°C, The molst pre=
cipitate still reacted alkaline when tested with litmus. After drying, the =
catalyst was boiled for soms time with water to remove residusl alkali. Nelther
the aqusous filtrzte noz ‘the catalyst gave an alkalins ‘reaction when tested with:
1itms after boiling, ~This indlcates that the residual allali was held fimly .
" Asguming thet an ineffoctive 1:1 ldesslguhr cetalyst ‘contains too little

alkali, wo added additionsl alkali to the dried catalysts,” Thus, we added 0.1 -

_percant K004 referred to. the total weight of the catdyst, When ths drisd cates

dyst was Eregted with alkall, we found that the allalization had no effect-on the

“activity; neither was the activity affécted whem O,1-percant 2003 was added to:
the still: moist’ precipitats. S T
"7 A decreass of the kiesalguhr + quintities did not. improve the iron~

N ld.ese].guhr camwm“ : ‘ e o s R .

SIS
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 1(4Fo-10u-1n0):0,5 itdobelgubr Catalyat

‘ A 1(4Fe~1Cu~1Mn0)10.5 kiesolguhr catalyst was poorly active., It gave
11-psrcent contraction at 235°C. Strangely enough, no water formation was ob=
served with this catalyst. This peculiarity of the carrier-catalyst was not
pronounced with the small quantity of.lkleselguhr used, - e =

o 1(4Fe-1Cu-1Un0)s2 Kiesslguhr Catalyst

" Better ylelds were obtained with a 1(4Fe~1Cu=1in0):2 kiegelguhr catalyst
than with a 1:1 kieselguhr catelyst, With uss of onlg 4 grams of iron in the
catalyst charge and 4 liters per howr of gas at.235°C., the maximum contraction
after 16 hours was. 32 percent. AL this point, the catalyst gave 47 grams of
liquid products per cubic mater, in addition to 30 grams of water (including water
vapor).  Although this yield was smaller than that obtained with ths carrier-fres
procipitated catalysts, it should be remembered that it was obtained with only
410 the customary charge of iron and 2lso considersbly emaller consumption of CO.
In the present—case;-approximately 55 percent of the CO was ussd up, With complets
CO converaion, & yleld of 85 grams per cubic mater would result, as compared with .
a yisld of 55 grame per cubic mster from a carrier-fres catalyst.  The total CO -
‘ consumption was approximately 90 percent of the furnishsd CO, Here a yield of &1
- grams would result for a complete conversion of the €O, ... .~ ..o

e At 225°C, and with a 1:2 catalyst, a 20-percent contractiocn was atill .
cbtained. for 4 liters per hour of gas and 26-percent contraction for 2 liters psr
‘hour, . The corresponding yields were 27 and 36 grams, respactively, per cubic .

S e L D TN L

-7 By using a larger quantity of catalyst, corresponding to 16 grams.of

‘izon, we svccceded with'a 132 catalyst in increasing the yield.further, and at. .
the same tims we were able Yo reduce the reacticn temperature somewhat, Ths fol-

These results mey be congidered satlsfactory from the point of view.of CO usage,
‘and the water formed during the reactlom, ~ - . o o L
© 7 In'most instances the 112 kieselguhr catalyst was reproducible. The: - -
1ife of ‘the catalyst cennot be regarded as' satisfactory, VWith a catalyst quantity
‘corresponding to 4 grams of iron at an hourly gas rate of 4 liters after 120 hours
‘at '235°C,; a decreased contraction was observed. . Apparently a reaction ‘tempera= -

ture of 235°C. is too high when working with kiesslguhr citalysts. Bstter results
‘wore obtained &b 225°C., although & imaller conversion was obssrved when the eame
quantity of irop (4 grams) wasused. . o oo ST

' Mo esperinents have been condusted on & regeneration of the 1:2 catalydt.



| | ._;(:.ro-;'cu-a_;mo) 13 Kiewelguhir Catalymt

nwmmmg-wg.smam,mmm.motao@.;‘m

hourly gas rate was correspondingly decressed to.3 liters. The 1.3 catalyst at

m'géunummumdzepmt,andaﬁdddbsmmdnmﬂnpmm
per nl. Armymadmmmmicutwmdaofomd, 0 ‘that water and
ol were produced in the ratio of 1il.l. We investigated tids catalyst at 235
andobtaimdoxﬂyaogmma‘otnqlndpmdnctameuMcmr. This was att
to the shorter 1ife of the catalyst. The contraction decreased from 30 to 26
cent within 70 hours of opsration. . ' IEEPR :

L 2(4Fe-10u-Dn0)sk Kiemelguhr camm ‘ |

I Further dilution of the catalyst. to-13l, gave poor resulto. The tims of
induction of the catalyst was prolonged considerably. For example, with a quan~
tity equivalent to 2 grams of iron, and 4 liters per hour of gas, at 235°C., 3~
porcent contracticn after 46 hours, 9-percent after 118 hours, and caly l2-parcent
after 142 hours resultsd. At 245°C. this catdl yst gave 20-percent maximunm con~ =
\tracticn. We did not make any yield determination for the oxpsriments with the l:4
‘catalysts on account of ths low degree of conversion. Superficially judged,. theo .
catalyst behaved similarly to the catalysts provicusly described; that la, it had
“the ability to form water during the reaction from the wery beglmning, -~ . :

e

g With Iieselguiw catelysts of composition 135 and 1:8, using the sems
normal catalyst laysr length, only 1 and-0.5 grams of iron, respectively,-could be:

‘used.. With an howrly ges rate of 2 liters, thess catalysts wers tested ot 250°C,
-and did not give e cantraction surpassing 6 percent. _Neverthsless, even thass -
catalysts formed oll end water, - e I

.

offer the possibility (even if only theorsticel) of incressing tho ylelda of .

* #a has been pentionod in |

liquid products, bscauss they con art less CO to €O, them do the carrier-free. -
.catalyste. In order to apply ‘the expsrience obtained with the Ideaslgunr cate-

\1ysts oo & tochnical scals, tm disadvantagecus propertiss of the catalysts mist

” bo ‘overcoma; nemely, tha msatistaczory ‘activity and tho eompamtively short life.

.- . Ve have trisd soveral means of Ancreasing the activity of the kleael=: -
guhr catalysts. First of all, we studied the influsace of subssquent alinlisa-
“tlon.— The. catalysts, as previously mentioned, gave contractions up to 30 percent
even without alkalizatica; in other words;-contractions of the sams order. of ‘mag~—

‘nitude &3 correspondsd to the ‘carrier-freo: catalysts. The CO conversion was, =

'howavor, wmuch lowsr on account of the prevalent formation of wates. A .serles of

‘sxporiments showed that the activity of such a carrier catalyst could ‘mot be im-

_proved by, aubsequent addition. of elkall. . t gave a maximum contraction of 30.

percent.  Vhen alkeli (%20_0{‘)"%1:‘3@& in larger quantities (1 percent) to tha .
\1x at ] RV

05°C.) in some cases, We cbsexved a damaging effect..

‘Spaller additiops were without influsnce. If ths allmli was added o the still
modet catalyst Lnmediatoly after precipitation, additions of 0.1 to 0.2 percent .

‘did not cause v noticeable affsct. Wiﬁraddiﬁoha ampunting to 0.5 to 1 percent,

w8 observed COo formation again. - " -~ ... ©

NI
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- .. Theoe ohservations were’ oapeodally apparent nith cataLysts procirdtatod
w:lt.h amonia, The similtaneoudly er separately precipitated ‘smmonium carbonate~
kiegolguhr catalynta of composition 131 to 112 ware only mildly active in tho
absence of alkali. At 235‘0. and 4 liters of gas per hour, they gave a contrace
tion of 15 to 20 percent. When alkali was added, ws observed that the formtion
of water decreassd with increasing alkall content. With appmwd.mtely 0.5 to b

'percont. 32003 > tue ﬁ.d.bl.e mter formation stopped.

- We have, furthermore,. tried to utilize the ﬁﬂmd gas to a-greater ax-
.tent wdth iron-kiesslguhr catalyst (in ons stage), by using correspondingly wider
and longer catalyst tubes end larger quantities of catalyst. On the other hand,
we trisd to increase the conversion by reducing the gas ratss and kesping the
‘catalyst layer length at its nommal valus. A noticeable increase in contraction
wag obssrved in any case. The maximen contraction with kieselguhr catslysts o
reached in this manner was 37 percent. A more.thorough invesiigation: showed Wy
s further increase in contraction is not possible. The CO under the glven con-—
ditions was converted to a large degree, however, not to water, but to C0,. It
was therefore apparent that the carrder catalyst approached the behavior oi‘ the
*carﬁ.er—fme ‘metal catalyst whea the conversion of. the CO increased. -In the :
‘ssetion on "Experiments on- Water Formation" the conversion conditions for a kiegel-
guhr catalyst were described when the ce.talyst layer length vapied, The experi- .
ment diecuased there indicated that the water formed in the Tirst section of ths
catalyst is decaanposed sgein-in the following sact.ions and enters into a reaction
vd.t.h the. CO according to the. water-gas react:.on, e

' - In spite of the Gifficulties memticmed, we believe that by continmg' |
’ the experments with the sron catalysta containing Kieselgubr we my. eventually
: obtain yielda that are h‘igher than 55 grems of n@id products per cubic mster. ,

GOURSE OF REACTION WI‘IB IR@! CATAIEST (Eahr)

ST ”Batmsn the carrierafm iron catalysts e.nd the cobalt’ ca.t.a:l.ysts ussd. L
for the gam]ine a;mtheais, a remarkesble difference exlsts; namsly, the oxygen -
Teontained in the CO 4s chiefly converted into 002 when ironm: cataJ.ysts are used,
“wheress with cobalt catalysts (es well as nickel catalysts) water alone is formed.
gThe conrse of 'bhe maction with eobalt catslysts follm the fonowing equation. .

co + 21!2 - (cna) + Hzo, &

sshersas, for imn, the react.ion chieﬂy pmceeds accordi.nz to.~

R This equation states tha.t,with 1mn catdysts, ror evary mlecule of

E lwdrocerbons 1 'molscule of COz is produced; that is, in presence ‘of dron cata.—-
“lysts only ong=half ‘of the. GO ‘goss Lo synthetic products of ‘some naturs,. As _
.already. pointed ‘out, the reaction with iron catalysts doaa not proceed axclusively
‘according. to tha' equat:l.on given above; but’ with varying exporimental ‘conditions; .
‘water may be Tormed. . In general, it can be ‘gaid tha.t an’ i.mn eatalyat converts

_.'larger quant.ities of the Go-caqrgen i'a mter when:

-'_.-31. “The' reacbi.on temperatm 1s high RN :_ RAROR R B
R Thoaxitgasisrichinlwdrogen =

‘3. The catalyst layer length is longer for a certain flow velocd.ty, :

. 4in other: wnrds, the- annner the gas rate for a gim ca.te.'l.yst.--

].wer 1ength
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.. .To show the differences between iron and cobelt catalyata more clearly,
table 65 shows experiments with an Fe-Cu-Mn0 catalyst and a cobalt-manganese and

a cobalt-thorium catalyst. The conversion of the various gas constituents was
calculated in the following manner: The corresponding CO. conversdon into CO2 is
found from analysis of ths reaction gases under consideration of the contraction,
In this way, the percentsge of the converted CO is also found. The difference .
of both quantities-referred to 100 parts gives the percentage of CO used up. ‘
This comprises the total synthetdc products, including the paraffin which remains
4n the catalyst. It:aleo takes into considoration the carbon deposited on the ,
catalyat as elamsitary carbidic carbon, originating from the G0. To ascertain .
how miuch oxyzen (£rom the CO) went to water, we caloulated at £irst how mich CO=- -
cxygen went into COzs=The difference between this valus as compared to 100 parta
gives the percentage of oxygen converted into water, (including, perhaps, the
oxygsn~contsining synthetic producta), ‘Although the-calculations oublined here
incorporate soms irherent errors (for instance, the mesagurement-of contraction.. -
in gas analysia), we have found it sufflcient to cbtain a general-pleture on ths
courss of ths conversion. Dol T T T L e

————FoGulia0" Fo-Cu0s Cobalt- Cobalt-
—  33%60, 1% Ko00x manganses thoriwm

Texnpratum‘, °_C“‘_>_- T ‘”'f"‘ I
- Speee.velocity; liters per_hour -
Contraction, percent’ . ~ =~ - RN 1 S
€0 converaion, pergent to €Oz T
Unchanged €O . ot

Syntheals (difference) = | 2t

Ob Sonveraton, percent to B0 .- 6.0
- Eiquid producta, grams ‘per cubic meter- ok
Reaction water, ce. per cubic meterd/ .

X

=&/ Fe-Cu-En0 (Lil:l) + 1 percent KzC03 was pracipitated with NeCH froa the -
27 nitrates.  The cobalt catalysts Were precipitated with soda from the .
2 nikrates, and the details are described in ihe expsrimantal deserip~

- tlonof Dre Koeh (1932). v ool sl
b/ In¢luding the water content of the undried starting gas, emounting to g.

"0 12 cubie centinsters per cibic meter. -

... - The comparison of both ‘eatalyst ‘species in table 65 shows “that the cos
balt catalyets forn practisally no COp. Hence, they comvert dlmost all the CO-
‘exygen into vater, In contrast, ‘the iron catalysts form considerable C0p, only . .
half of the €O being used for ths _aynthesis. Approximately 16 to 12 percent of .
the Co-oxygen 48 converted into water when iron catalysts are uced. By comparing
eolumn 1 vith column 2, it may be cbserved that by halving the gas Tats, Lo malol
‘formation fncreased from 16 to 28 cc. of water pef cubic ‘meter of gass On.account
‘of the large production of 02, the yields with iron catalysts ars only approxi-
mately half those of the cobalt catalysis.. ‘This Gifferent reaction mechanism,
_which forms C0Z rather than H20, is the chief reason why iran catalysts give lower:
yields than cobalt catalysta. - The following example is explanatory: Referring 0.,
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table 65, ‘the cobalt-manganese catalyst ‘acted.on & mixnd gas and gave 70-percent
contraction. The reaction gas had the compositions CO2 10,8 percent, olefins
3.2 porcant, .02 0.0, CO 13.6, Hp 32.8, hydrocarbons 16.2, carbon mmboer 1.56, N2

‘ : It is evident that the catalyst uses CO and Hz approximately in the
ratio of 1:2, which is very close to the ratio of the two gases in the original
mixed gas. . The COsHp ratio in the reaction gas is st111 112.4. Theoretically,’
it is possible to remove the hydrocarbons from the reaction gas and cbtain more
complete conyversion by recycling the unreacted components once more. An essenw
tially different picture-is-cbtained from the reaction-gas analyses of the iron 7
catalysts. . The catalyst mentioned in table ‘65 gave 30=percent contraction at
220°C.’ and"a froduct- gas of the following composition: COz 21.8 percent, olefinsg
g.z percent; Oz 0.3, CO 3.2, Hp 58,8; hydrocarbons 5.k, carbon mumber 1.72, Np :
oQe . B . )
. % Here, 93 percent of ths CO was converted (3.2 parcent CO in the end gas).
The CO:Hy ratio used up was, however, not in the ratic of 112,  On account of the
\greater C0z2 quentlty formsd, mors CO wag_consumed with respect to hydrogen than
?g-mli%d corraspond o 1C0:2Hp. Conss ly, the £inal gas hes a COsHp ratio of

. Another experiment is discussed in whlch {on accoint of the o Feaction

=
temperature of 210°C.) a. somewhat larger part of the CO wes not converted. - For
this experiment (teble 66, No. 2), the following end-gas analysis was obtained
with 26-percent contraction: COp 18,2, olefins 0.3, 03 0.2, CO 9.0, Ho 59.85
. hydrecarbons 2.5, cerbon nuber 2;?5.‘,:\ B2 10.0. R TR NP A R

" e andlysis shows that tho shifting of the retio of CO:Mp in the end
gas imry.conﬁ.dnrable:fozsithia_.'catalys‘l}i.(apprdﬁmtely‘j'?é%v percont of the CO
- was converted). /The ratio is only still 236.6 in the final gas. ~ ° R S

"7 T3 following experiment ghows finally, that chifting thc ratio of CO:Hp
was noticeable in the First ‘stages of the reaction. . An Fe=Cu-ln0 catalyst-was
tosted at 220°C,, and it gave 10-percent. eontraction at g certain gas rate. The
peaction gas had ths following composition: COp 8.1 percent, olefing 0.0 percent,
0p Oolyy GOval,h;’:ﬂgéo@l,;h,vﬂroc’a;;bom#z_:a,,;carbcn naber 1.43; Hp TR0 0
L " Although only 26.5 percent of the CO was converted, the COpilia ratie- - .
in the reaction gas shifted from 1:Z (mixed gas) to 1:2.8. A T e e

.. In contrast to the cobalt atalyst wndch uses CO and Hy epproximately

in the ratic of 1:2, the gas composition changed very rapidly all glong the course
"of the reaction tube when iron.catalysts woré used. . This was trus even- for wory -
‘aml1 contractions and became more pronounced ss tho-conversion inoreased, With.
~an’iron catalyst, thersfore, ‘only the f£irst zones ‘of the catelyst received a ges

‘ of the -original composition. . Tho gucceeding zones received gages that were mors ..

and more enriched in Hy and leaner in C0. ' To convert such a gas %o liquid products

“@ifferent veaction conditions oobviously are necessary than were reouired for the

O! " 5 gaa. . : e

0=



) Considering the conparatively high CO usage with iron catalysts, it is
oovious that a gaz richer in CO than ordinary mixed gas ghould be used, This is
cvident from the equation, 2C0 + Hp = CO + CHp. We have, however, found that
the activity of ths iron catalyast decreases very repidly when such & gas vas used.
The activity could not bo maintained, eéven whon the gas rate was reduced. Even
whon vator gaz was employed, this rapld decrsase of activity wase noticeabla. The.
_ahift:l.ng of the COtH, ratio in ths gas wasg tho resson for not resorting to recy-
¢ling toc cbtain a highor yisld of 1iquid products and more complete conversions

-~ In the follgwing, the :product: gas analyeos are summarized, as they ware
cbtained with an ironecoppar-mangansse catalyst at a tdmperature of 190° to 230°C.
To facilitate working at 190°C., a larger quantity of catalyst was used for this
experiment. Ths catalyst used corrasponded to 120 grams of Fe=Cu-MnO. The an~-
alysss show how, comparatively independsntly of the reaction tempsratures, the
final gasee bocome richer in Hy'and leanor im CO. ' R e

Tem  Ges  Com e Py
pors~ - rate, & race - : . ' : !
turs, liters tion,. B S Carbon
oG, por hour percent 02 Olefins. T2  CO Ho-  carbons No. U2
190 . 1.5 20 U8 05 0.2 128 615 1.5 7 233 8.8
» 200 a— "207, ’ 2!6 . ;7“1908 -92 : °2 698‘- 6101 E 205 2020 ; vgeiﬁv,

220 - .3°9v . 32 ‘f .22°l'=“ °3> ':ul' '107." 6000 ' 606 ’ 2055 v 809
230 A6 33 . @b b .2 L9 S5k 105 A6 98

| EXPERTUENTS ON VATSR FORUTION (Beh#) |

" . . Ag montioned in tbe section on “Cowrse of Reactlon with the Iron Cate-
lyet¥, the ensller yields obtained with irom catalysts as compared with cobalb :
~eatalysts were ceusod chiefly bscauss the resction yields congiderable CDp sather
%han ‘water. It has-already been pointed out thatywith iron catalysts undsr cere
- 'tain conditions, the formation of water may be observed. In the following series
-of experiments, we attempied to provent-the COp formation on the catalyst in ovder
to cbitain a highsr yvigld of liquid producte. -.‘WB ‘invegtigated the following: v

‘1. _The influence of gas composition (o£ CO:l, ratio) upon

© .+ ths formation of COp and water, -~ . R

2, The influsnce of allmll content upen the COp formatiocms
©'3. “The COg formation when uaing a COp-containing initisl -
R e T T e

4 - The COgemzter formation on -iron catalysis. containing

S caprierse oo D

CQSH - -"',

\ T~ Upon €03 and HA0 Fepmation =~ - . Lo
. .-+ During vt\kxe,,*follé's\_ﬁ,xxg,e:@eximents, ‘Fe=Cumdin0 (43131 containing 1 percent

' K2003) catelysts were usad. They were preparcd by precipitation from the nitrates:
with sodivm hydraxids. -'The comparatively high alkali content: B parcaxxb)had en- -
advantageous ¢ffect on. NaOH-precipitated catalysta, Iater, hovevar, we used catam
.lysts precipitated with soda, end found that these catalysts produced still betier
pesults. Those catalysts should be only weakly alkalized, containing no more than

0.1 to 0.2 percent KaC05. - - T R A ‘ ' R

eI s



Expardsiente, with Mized Gos

The mixed gas used had the following composition: COz 2.2 porcent,

Olefins 0,0 peresnt, 0z 0,0, CO 30,6, Hp 58.1, hydrocarbons 1.5, By Tobbun someye
) The ratio of COsHy was 1:1.9. To stgrt with, we investigated the in-
fluence of peaction temperature on the courss of the CO “converaion in the mixed
gas.  To extend the experiments and to be sble to vary the temperature and gas
velocity considerably, a comparatively large catalyst charge (120 grams to 80 -
grems of iron) was uged. The results of tho exporiments are given in teble €6,
Theoy are arranged in the order of increasing véaction temperatures. The table
_shows, first, that at low temperatures (200°~210°C. ), a comparatively large quan-
tity of ths CO remains unconverted. This is caused mainly by the poor activity

of iron catalysts in this temperature range. In eddition, an iron catalyst at -
200° or 210°C., requires a longer period of induction than 20 to 60 houra. The -
catalysts were f£irst allowed to act at 220°=230°C. until they gave a contraction
‘of 20 to 25 percent. Thereafter the temperature was lowered.. Ths table then
shows how, with increasing reaction temperaturs, the quantity of CO converted to
COo decreased, as compared to the CO required for the synthssis. At 7200° to :
210°C. , approximetely ths sams amount of CO wes converted to CO, as waes converted
. to hydrocarbons.- At these-temperatures, no water was formed, a%l of ths oxygen . .
_converting to CO,. AL 220°C. , 6 percent more of the CO was used for the syntheeis
proper; at 230°C., 10 percents and at 240°C., 21 percent more CO was used for the
gynthesie than was used for COp formation. At the mame time, increasing qwnti-
ties of water vore formed with the oil, ~-The hordzontal row indicates what part = -~
of-the CO-cxyzen was converted into water at the various tenge ratures. " Experiments
6 end 7 show the influence of the space velocity. - SRR T R

LT At &.space velocity of 9.8 liters of gas pér hour and 240°C., epproxi=
mately 4O percent of the CO went to COp, whoreas 5k percent was used for the gyn= -
‘thesis. With 1.6 liters of ges per hour,. epproximatsly ons-third of the CO wentb -
%0 C0,, and 60 percent went into the synthesis. From the table it is not apparent
tuat the yield of liquid products was incrsased, however,  This is apparent by- :

axperizents 3 and 5. For experiment 3, 49 percent and for experiment 5,-
59 percent of the CO-wes used for the synthesis. - However, the yisld of Tiquid—
producte for both exporiments was 50 and 49.5 grams per cublc meter of gas, =
' \If the "theoretical yleld" of gaseous, liguid, end solid hydrocarbons
is calculated for the synthesis on the basie of tha CO contents (expressed in '
granms’of hydrocerbons per cubic meter of ‘gas), on comparing these calculated - i
vields with ths liquid products obtalned, the différence between the total yield -
nd the liquid-product yield should account for.the gaseous hydrocarbons emd

other compounds fozmed. - The teble shows that, for reaction temiperatures: of 2007
to 210°C. , comparatively larger quantitics of products: other than liquid were
formed. At 200°C. they were approximately 51 grams, ‘and at 210°C.. they amounied
0,40 grams.per cubic mster. . Since. +hs'reacticn gas fxom these experinsmbts con-
‘tained a comperatively small amount of methane hydrocarbons, one was justified
-in agsuming that during the reaciion larger quantities of paraffin remained in
the catalyst when ths ‘operatiixg’temge‘,ratfura wag lower. - For the following ex=.
“periments, which were canducted betwsen 220° ‘and 240°C., ws_observed increasing -
amovnts of paraffin hydrocarbons in the reaction gas. The carbon number of the



Temperature, .°C. ~ = 200 20 220 230 20 240 - A0

Hours of operation 263 191 436 602 T géy 858
Space. 7alocity, liters por hour 2.7 5.0 © bols  heb 3 9B 1.6
Contraction; percent - 2 26 30 2 3% 30 38
CO conversion, percent to €02 .8 38,6 k3.4 W8 317 394 35.5 .
Unchanged co . S0 17.0 20 T2 6.5 3.8 605 b5
Synthesis (diffarence 1.2 39.3 W94 5L 58.5 Skl 60,2

.Oz_mrmn, Pemnt o 320 y '06‘ .7 690 959 ) 2098 uf.? 2&»:7
Heaction weter, cc per cwbic - L , L b/
e ' Tl S 12,3 10,7 16. 26,5 42,9 267 nb&
Iiquid products, grams per - ' ' :
o . 2.7 29_06 50,0 49,7 49,5 n.bo n.b.

cubic master :
Caleulatsd theorstical yield,
grams of hydrogarbons per

3.5 69 815 2 998 92.2 1027 .

‘cubic, meter .

Reaction .gass an EE : RN

' GH& contend, bperean o 2.6 2.5 5.k 10,5 10,9 81 143
.Carbon_mubes o 2,20 2.7 172 146 37 - Lo3h 1ubB

-

8/ Incloding Waver, Sontent of The wmaried Starting £at.
B/ =n.b. =.not observed. SRR I

bydwocarbons decrsased with increasing temperature. < The difference between the -
calculated yield and the sxperimental yisld of liquid product yisld cbviously was
cauged chiefly by tho increased formation of gassous hydrocarbons. The gaseous -
hydrocarbons may be gasol or methane, - If experiments 3 and 5 are compared with : .
each other, one obssrves that dwing experiment 3, 37 grams of products other -
then 1iquid were formed, end-for experimant 5, 50 grams of synthesis products wore
formed which wers not liquid. The analyses of-the-reaction gases show that during
axperiment 5 spproximetely twics ags many paraffin hydrocarbong wers ZoFRed a5 . -
‘during’e::perin;am’: 3. By raising the temperature the conversion of the GO during
ths synthesis appears mors complets,  Cbviously, however, - this larger converaion
did not cause an inmerease in yield of liguid products but -enly dmcreased the por-
on of gassous hydrocarbons formeds T M

i+ . In particular, we weitt to rofer to exgeriments 6.and 7 which ave 14ated
15 the table. From thsm, the influence ‘of the space velocity upon the nature of

‘the conversion at 240°C. may be obgerwed. - By reduecing ths hourly throughput from
9.8 %o 1.6 liters, the coftraction increased from 30 ‘to 38 percant and 60 percent
‘of the CO was consumed during the synthesls, -From these data, & theorstical.
yield of 103 -gra‘:n(qmof: hydrocarbons per cubic meter of gas can be ‘caleulated. - No
yisld dete etion was made. _H_Awever,. 3% is apparent from the gas anelysis that
for this slow gas throughput, a large amount of . gaseous hydrocarbons formad (1.3
percent pareffin hydrocarbons). T 7T



—_From a further serics of experiments, oneo can cbserve that, for still
lower reaction temperatures, ha gasoline formation on the iron catalyst procesds
predominantly by vay of COp formation. The results of the expsriments are tabu-
iated in table 67. In order to lower the experiment temperature conslderably, we
uged for this experiment an Pe~Cu~Mn0 catalyst which contained 5 percent K003
(90 grams, 60 grams of jron). We 4{nitiated the catalyst at 220°C., and thereafter
the tempsrature was lowered gradually-~the lowest experiment temperature vas 170°C.
For this temperature end a gas rete of approximately 1 liter per hour, a contrac~
tion of 11 percent.vas still observed. On account.of the low throughput, we :
decided not to mske a yield determination, and we merely analysed the end gas.:

‘ 1 2 3 b
Temperature, *C. : - 220 . 200 %0 170
Hours of operatiom < = : RN s § 18 Uo . 185
Space: velocity; liters por howr ' , 4.0 Ll 142 ¢+ L1
Contraction, percend L . -3 2,1 2.8 10,8
CO conmversion, percent to CO3 - R S 316 O 1193

Unchanged CO - ' "602- . 23.8 10.6 61.0 -
Synthesis (difference e \

02 conversien, percent to H%OA L, L8 . 1.0 - Lbho o Wb
Ozoomersion,_ percent to CO2 . ST "75.2 ., 88.0.- 38,6

49.3 38,6 . A5.h 19.7

if
i

- ‘Teble 67 chows (as is already appsrent £rom earlier. exporiments) thai
in the vrange of the low ‘reaction temperatures, the reaction procesds by Wy of
G0, formation. “For instence, eb 170°C. the GO qusntity conwerted to CO, was ap-
tely the seme as the COp quantity converted io hydrocarbons, This condi-
tion does not change apprecisbly at 190° to 200°C,3 bub at 220°C., we could cbserve’
that -ths quantity of CO converted to hydrocarbons was. larger than the quantity of
CO converted to COpo At tnis temperature, too, we observed the formation of -
quentities of water. - Ordginally, we were inclined to believe that the differences
in the reaction mpchenism between jron and cobalt catalysts was mainly due to the
higher reacticn temperatures that the iron demands. The ‘above experiments indlcate,
however, that the ivon catalyst under investigation did not form increasing quaniti-.
ties of water when ib was ‘permitied to operate in the reaction temperature range =~
‘of the cobelt catalysts. -In fact, we observed the eppositis tendency; namely, thab
in this temperature rangs COp was formed exclusively. ~Ths lover the reaction tem— -
‘perature, the more CO2 was formed, S s e L Sy
L - Experiments with Hprich Gag. = |
' .. For the following ‘experiments,. instead of using mixed gas, a Ho-rich gas
was employed to determine whether the CC2 formation could be suppressed by using
‘a large excess.of Hy. The ges employed had a CO:ly retio of 1:4.2. :The theorsti-
eal yield of llquid ‘products may be caleulated to be 08 grams of hydrocarbong. psr
cubiec meter, Ihe ‘camposition of the gas wasg ‘as follows: - GOz 0.0, Olefins 0.0, Op
0,0, €O 18,6, Hz 792, no “paraffin kydrocarbons, Mz 2.2 - i e D
... _ . : The quantlty of catalyst usad was 60 grams, waich was equivalent to 5.
grams of iron. The experimental. resulis are. according to reaction tam-
perstures in teble - 68, B e :

,m_,
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Temperature, °C. ST 200 20 20 230 240
Howrz of operation 593 L3 353 13 287
Spacs velecity, liters per hour: 4,0 4ol 3.9 3.7 7.9
Contraction, parcent - - : 19,7 20,6 © 23,1 25,0 22.7
CO conversion, percent to CO . 32,8 5.1 R h2.5 - 4led

. d CO : 28,0° ~"3:8 &5 o 1.5 7.0
Synthesis (difference : 39,2 511 52,1 . 50,0 51.6
O, conversicn, percenb—to HO 6., 6.0 10,7 7.5 10,2
Reaction water; ¢ Ler cubie peterd/ 16.6 - 24,1 - 28.3  25.4 . 28.8
Liquid products,grans per cublc moter 16,2  35.1 - 35.9  29.9 - 29.3
Reported thecrotical yieid, grems CHp per - ~

cuble mster _ 12,6 55.5 - 5605. 54eQ  56.0
Bogsction gas: ' T o _ x . " _
. cH . coi’l”'mt, Pammt .- : N : -305 - 232 ‘v 103 2-6 . 109 A
o ) _"“la‘o - 2027 "2;»%:,,,_, ’1065‘ . 1089

arbon mumber

g/ Including water content of the undried starting gas.
. &% T genoral, tebl6 62 showe that an Hz-rich gas does not give ‘better re-
sults as £ar as the supproesgion of COp fFormation is concernsd. By using an Hg-
rich gas; the water formatlon soems to- set, in somewhat earlier. We alresdy could -
cbeervs vater-ab 21C° and 200°C, However,: at higher temperatures,as for ingtance,
230° and 240°C., the reaction water Lormiion predeminatea. Comparicon with table
66 (mixed gas experixents), shows that en Hg-rich ges dosa ‘not give any better re- -
albs than a mixed ges as far asg water formation is concerned et higher tempera-
tures, . Some additional interesting informaticn may ‘be obteined from table 68. It
‘appears that an Hperich gas tonds to producs “camparatively large quantities ef
gagecus hydrocarbons. in sddition to the ugval lquid producks, as-may-be -2oen by
- gompering the calculated: theoretical yislds with ihs obgerved yields of Jiquid -
products, It ip vemariable also that for low temperatures (200°C.) considerable
difference sxists between both valuss. Th geneyal, the experiments may be BUme
marized as follovist - When uging an Ho-rich gas, the degree of conversion of CO to
liguid producits Wwas nob larger than with nized gas. With a mixsd gaa cenbaining
30 peveent of CO {compars tabls 66), on the avorage,; Cifty grams of liquid pro=
ducts per cubie meter were obbalned. WA & COz=froc basis; ‘this figurs corpes~'
ponded to & degree of liguefaction of 57 percent. For the figerich gas (18.6 . - -
pazcant C0), the yislds smoimied o 35 %o 36 grams-per cubic meter, which corras-
ponds to a degree of liquefaction of 65 to 66 percent on:a GOz=freec ‘basis. . =

SR " In general, we wanb ‘to emphasizs the perceat .contractions obtained by
using ‘the Ha-rich gas.On the average, e observed 20 to 23 percent, that is,
. mmerically it was approzximately 2 .10 3 pereent sbove the CO contents of the '
initial ges. The situation wes simllar for the mized gas. With mixed gas, the .
average maximm cantraction vas. 30 to- 35 percent, with an initial CO content of
28 to 30 percent in the synthesis gas. R R IR [T FA

© .7 It ehould be mentioned t the iron catalysts requirved & longer —
 time of induction vhen used with Hp-rich gases compared to the time of induction
‘for mixed gass ‘ R L

AN =T
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o The experiments with rich gas were ropeatod wdth anothor ‘Fo-Cu~tin0
catalyst containing 1 percent K (8 grams of iron), to determine how the gas
composition shifts ot high temperatures (up to 260°C.). Vo obtained ths follow-
ing data (table 69). With increased temperature, the €O, content diminishbsd,
and for the maximm temperaturs (26CC. ¥ 4t decreased o 35 psrcent of the CO
originally employed. At this_ point, 57 percent of the CO was used for the syn~
thesis. Similar regults were cbserved earliscr with mixed gas at 240°C., vhen
Aarger quantities of catalyst were ‘employed (compare teble 66, experiment 5).

Table 6Q.==CO_co! n with Hoerich gases (COsliy = 1th.2)
oh Fe-CuBd gatalyoto containing 1 parcant K203, -
} for & ture range of 230° to 260°C. ‘
‘Temperature, °C. - . R ) 250
Space velocity, liters pexr hour = . 37 40 ke
Contraction, percent. T - 2he
€0 convergion, percent to CO2 _ - .3 khO 39
Unchanged CO : o7
Synthesis (differemcs) = ' S B9ST - hS.6 SR
0, conversion, percent to Hz0 — © Bak 12,8 13

. i The conditions for conversion wers jnvestizated agein. with'a starting
_gas corbaining GO and Hy in the. ratio of 1:8.5. The gas had the” following com~
position: GO, 0.0 percent, Olefins 0,0 percent, 02 0.3; €O 10.4, Hp 88.3, no
bydrecarbons, N2 0. T ORI I I PR BT '

SR . The thesretically posaible yield for this gas ms 61 grams of hydro~

earbons per cubic meter. T ce S N
-~ ... The experiments carried oub in this connection immadlately Poillowed
those deseribed in tabls 68. The sams catalyst was used without provicus regen~
sration. - The catilyst (60 grams = 40 grams of. ivon) at this time already had

baen in operation for 950 hours without decrease in activiiy. . By usihg the CO-

dsficient gas, the “experimental results of able 70 weyve obtelined. . .
.05 Tehblg 0.+s00 conversion for a eas (COsHy =

Temperature, °C. .o : o :
Space velogity, liters per hour - . . B3 5e3.
Contraction, pereemt v, o0 IR SaBa2
00 conversion, pereent 0 CO3 . . 3k.6 27,0
Unichamged €O . 0 . - o E B
‘Synthesis. (difference) o o
0y eonversion, peréend to Hz0. - .. R 200
L3quia products, grams per cubi¢ meter - T g 195 T
‘Reaction water, cc per cublc meter L - 1 23e2.

N

~3/ h.b. = not dstermined,



: ‘ ,,f'm}le"lovalma that itmaposaibh.todomaootmcomerdonq:co'
to CO2 o a value of 27 percent when using a large excess of Hj. For the same
exporiments, 63 percent of the CO was converted to synthesis hydrocarbons.
Roughly, 36 percent of the awailable cxygen in the CO wvuas .convertsd into water.
A conversilon of 63 percant of the CO to synthesis produats would correspond to

a yield of 39 grams of hydrocarbons per cubic mwter. The determination showod,
howavsr, that only 20 grams of liquid products per cubic mster would form3 hence,
an approximatcly equal quantity of other syntheals pooducts was d. The
rezction gas contained 2.3 volume~psrcent; of paralfln hydrosorbons with a carbon
aumbsr of 1.78. The yield of approximately 20 gramns of 1iquid products would
correspond to a degree of liquefaction of 65 percent, referved to half of the co
quantity in the original gas. Az zlready pointed out, 63 %o 60 percent of ths

‘Jdquefaction was reached with Hy-rich gas. One can sse, tinrefare,-that with a
large excess of Hy, it wus not posalbls o excesd this degres of liqxefaftidn«

= " The result of the series of experiments showing the jefluence of ges
composition (COtH, matin) upen the COp formaticn mey' be summarived ae followa? -
By using lavger giantitiss of catalyst {or smaller gac throughputs) end working
at higher reaction temperatures or uglng an Hy-rich original gas; ans succeeds
in directing the reduction of CO pertly by wy of water twrmation (for sn Fe-Cu-
MnO catalyst). In tHS fwst favoreble case, 20-to 36 parcext of the aaygsn con- -
tained in tho CO could be converted into water, The ratio of the €O converted .
-into €0y and ths CO convertsd intc synthesis products wag 1:2.3 for the most
productive case (table 7€, expsriment 2}, An esseritial increac® in the yield of-
1iquid products was; however, nob obtained with the formation oy water,  T.\o degret
of liquefaction obtained was 57 percent whon mixed gas was used, cad for an M= 7"
‘zich gas (up to a CO:H ratio of 138.5), 65 to 66 percent liguefactfon was ob-3 .
- talned, on’a:COsfrec/boals. - . - U o e e T R

-+ From the oxperiments reported here, it msy be concluded that the forma- - -
tdon of water cbvicusly proceeds in & differen mg,nnar,than.with'eabalt cetolysts. |
Water did not appesr-before a certoin diluticn of the CO in the redction ges Was'
veached. When Hoexich gasss were used, this condition was mot at once, and ‘he

- formation of-reaction water (visible soparstion of water in the roceiver) wae\ gen-
erelly observed when a cuntraciion of ‘25 percent was roached, ~Ubwiously; the O
-\ﬁas conwerted in the fireb secticns of the appargitus to. such a degree that the '
suceseding sections of the wnit wers charged with an Hp-rich gas. Such & ga8y
‘however,  furnished predoninantly gaseous hydyocarbons &t the temperatures in .. -
question. Therefore, the yield of Tiquid-products did not increase egsentially

-, To accuire full activity, the cerrier-freg Fe-Cu-tin0' catalyste reguired
activeilion with Tined alkall. This was contrary to ‘obgervatiéns with cobalt cates
lysts. It could be assuimsd that the ‘different course of ths reaction with the 0
precipitated iren ‘catalysts resulted from the s1mli content of the catalyst. . -

(By different course of the reaction, L0y formation is meant.) ‘This may refer 20

" the elkali (KpC03) which was added after the catalyst wae procipitated, or it mey o
_refer to the resicual alkali content of the procipitated catalysta (such as TppCoq).
_Even if the iron cabalysts were washed ‘thorcughly, considerable quantitdes of .



. To investigate this point, a mmber of Fo-Cu-in0 catalysts were propared
10 which smmoniun carbonate was used as precipitant, The mothod of preparation
ard ths genoral behavior of those poorly-active catalystawers described In the
ssction on "Iron-Coppor’ Three-Component Catalysts Preperad from Ferric Compounds” .
In the follmring, we shall conasider the offect of freedon from fixed alkell on
tho formation of water. In tebls 71 exporiments with two Fo~Cudn0 (4:121) ammo-
mium carbonate precipitated catalysis are doscribsds ‘ .

Teble ﬂ. ,‘--00 conversion (mixsd 5&5.2' with Fe-ﬁu-!&:ﬂ cat__a;_lxggv ot
. grecipitated vith ammonrium carbonate
' ' S S
FosoaninD - Faiumino
103, 22 0:310:10

Temperature, °C. - - L 235 o235
Throughput, iters per hour ST T Rl 2.
Contraotion, percent - . o , . AL 32
€O conversicn,-percsnt to COp ' ; C13.8 bhyohy -
jUnchanged €O~ D , . e 8L 8.0
Synthesis (difference) = . S 2k kT
O convercion; percent to co. ST 27.6 - £88
Q, conversion, pareent o Hza (gifferance) - T 1069 T 3.2
' Roaction gas, volums porcent:’ L : T \
00 T e T o 6e2 . 2203
- GO ‘ ’ TR T : S o . 22,0 : 3.5
B T R e o 813 '53.9. .
Cmonmbarjg_f ST e T P 1 e 230

0

.+ The experimants 1igted in tsble 71 indicate that ax immediate relation-
ghip between ths alkeli content of the catelyst. apd COp formation quring the .
_gynthesie did not exdse,-as ‘thoso catalyets which were fres from alksli oroduced ;-
1y GOQ.—TMOa%a!m menkioned in the first column was an exception.
Tiis catalyst produced water when thag_c'onmction' was only 12 percent. Eleven o
% of the CO convertsd went to water, whereas 28 poreent wont to COp. Nexb. -
we trded to increass ths converaion of the CO by using larger wities of cata~ -
1ypt and by decreasing the ‘gas throughpuls (expsziment 2). Howover, here, aled.s -
00p formed almost exelusively. For ‘experiment 1, ths HpOsk, ratio was 1:2.5: .
For experiment 2, ib had increased to '1:2.8. For experimen ‘1, the end gas showed
a ratio of ‘CO:H, of 112.6. For exps ent 2, however, this sems ratio was 1:15:4.

R e following, wo sbtempted to suppress the formation of COp on diron
catalyats by adding’ certain quentitiss of GOz to ths starting gas.. For theso - ..
-exporiments, we employed Fe-Cu-3n0 catalysts (1012.522, 5), virich were precipitated
with sods and contained 0,1 percent. 2%2; ‘The originsl analysis is givenin -
_table 723 the COsfy ratio w . 1:1,8, This was ‘gomewhat low.  Of several experi=
Tosults, only vmo are discusced hese;/

. In the £o3

" mants, which on the whols gave ga
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Expsri= perg- put, orodash
ment turc, liters tion, Carbon g
No.  °C. per hour pevcent 002 Qlefins O2 co H2 Mothens  Fo N2

1 235 41 264 289 1.5 0.1 T8 564 L6 1.63 3.7
2 20 4.0 32,8 28,7 1.2 ..280 Shh 3.9 | 1.38 3.6
: wial frazt- ’ . ’ 1093 . 90 9030.8 55,1 - - a— 308.'

) - By comparing the two product-gas analyses with ths initial gas, it can
bs ‘sald qualitatively that the addaition of COp to the starting gas did not impeds |
the C0p formation. In both cases, envichment in Hy occurred in the end gas. Ths
ratic of the residuval CO and Hp ghifted to 1:7.2 for experiment 1 and for expari-
ment 2 to 1:6.8, showing that for experiment 1, ab least, COp formation was not
influenced by the CO, addition to the starting gas. Hedther was moxae CO-oxygen =
convarted to water. 2N«) reduction of COp formation from CO was observed, - EXpsri~
ment -2 shows somewhat betier results. "The ratio of Hg0 to €02 was 1:2.4. Ko '
increase in the yield of liquid products was obssrved during this experiment.
4.5 Grams psr cuble meter wors obtained. This corresponds to a.converzion of 55 -
percent, ccnsidering the low Hy content of the sterting gas. The degreo of L
liquefaction just mentioned was referred to one-half of the usable CO in-ths -
starting gas. The course of. CO conversion, using & COz-rich starting gas is shown
in Table ?3» R ,( ) B S B - : T :

0. converaion, percent to GOz 35.7 T 22.2
Synthesis (difference). =~ . - . 15,8 - ... 533 .
0, cenversion, psreeat to COp - 2 7Y% D584
0y convergicn, percent to H0 (aizf.) 10,1 - - 2k
3208002 T T 137,2. T 132‘,1& R

An eéssentially different rasult wi

i , nt : iih roopect to GOp and Hz0 formation
was obeeérved when matal-carricr catelysts vere. used instead of the catalysts

alone, - ‘We investigated esrrier catalysts in which kieselguhr and the active con~ -
stitvents were coprecipitated with soda. Weo elso investizated precipitated cata~"—
“‘lysts in which the carrier material (tonsil) wis added after precipitation. {The
-term "tonsil" refers to & silica clay which is used as-s catalyst carrier.}
i A deseripticn of the msthod of the preperation and 4ho behavior of the . -
“Ideselguhr precipitated catalyats—has been prosanted in the gsction on "influence
" ‘of Additien of Carriers ‘and’ of Mode of Addition". In general, we Aimdted ourselves.
. ‘to investigating the influen of the kiegsslguhr eddition upon_the COp snd H20 -
" formation. When a precipitated catalyst (Fe-Cu=Mn0, 1,:1:1), precipitated with
soda, and containing 6 grems of kieselguhr was taken into operaticn,water-forma-
" %ion begen simultaneously with ;oil formation from the begiming. Thé temparature

R CES



was 235°C., and the gas throughput vas 4 1iters of mixed gas per hour. For the!
metal catalysts already described, the formation of water could bg detected only
aftor highsr contractions were obsorved. The carrier-catalyst gave 30-percent
contraction after 22 hourgs—=in other words, just as mich es the carrier-free cates
lysts gave in the sams tims. The product gas had the following composition:

CO2° (lefin 02 co  Ha Methaps No. W2

Kiesslguir catelyst, 30- ) T . |

pmnt mtracmn u05 1.1 . 0.2 13'9 59016» -207 3037 1.2
Yotal catelyst, 32-percemt . < - T L
: mtraction i : 17.9 1.3 ) ol 5.0 59415 . ._ ' !&4’8 - Xe32 1k

L

o - The kiesslguhr catalyst, upon ¢omparison with a carrier-free precipi-

tated motal catalyst (precipitated with gods ), was shown to give sneller cquanti-
ties of COp|at approximately the same combraction. Furthermnore. & 1arger propor-
tion of the CO remained weonverted. The findl gas did not show such.proncunced
ghifting of the ratio of CO to Hz. ' Ths ratio was 1:4.3 for the kiesclguhr cata~
1lyst, as compared to 1:11.9 Sor the metal -catalyst.- P g e

 Bottor insight into the gas camvorsions may be cbtained from teble The

- Zablo 7 conversion

. | ; . -
Temparature, °Co o R

‘Space velecity, liters per hour . G D e gl
Contractiom, percent - . = i T .
CO conversion, percent to €Oy . Lo 38,2 281
Sgnthesda (dfference) . 501 i 40,1

0y conversion, percent to C0p' . . Gl el DR
)Oa conversion, percent o Hz0 (aifforence) 031,90 10
W02 - SRR T S S L

N

... - .. A comparisom between the two series of experiments showe that the experi-
ment with the kissslguhr catalyst produced more water.. For G6=percent conversion
_of ths, €O, the ratio of Hp0:C0, formed was 1:3.7, whereas, with ths unsupported
metal catalyst, at E8~percent ‘Converedon of the €O, the ratio was 126.4. Approxi~
mately gix times as mufhosggea went o COp as 40 130 in the latter case. - i

ments describsd sbove. From cateulations we observed thal deepite iricreased water .
formation on the kieeslsuhr catalysio (on account gf t!;xa _loaer. gas ‘gp"ny_erai.on) s 80 .

[ vie didnot reks & yield dstermination of 1iquid producta for.the experi-

inoreass I yisld did not ecowr. -

larazpaﬁmx;%seomﬁzmed the - cbservation of inmassdwaterforma-
the_kisselguhr catalysts. -Thase exporiments to gome extent also gave

tdon on. hr catel |
better results on the ‘conveysion relstionships of CO..
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 Table 75 shows, the results of tw furtber expariments. Gne of the tests
m'copduptcd‘witha,eatumt gomevhat leanor in copper. . =~ 7 T R

Temperature, °C. . _ 235 . 235
Space ‘velocity, liters per houw . : b
 Contraction, percent Wy 7 29.2
Reaction-ges, volume percentt - _
G0 Uy = - Tb
Olsfins 8 -

%. : . . - ' -‘v; :2 . ‘. ) - °Q ) .
&6 12 185

% ‘ - 5ho2 57.1
‘Hydrocazbens. - . . - 5.9 . 2.8
’ caﬂm n‘m:bm'_“' ’ ‘ _ 1073 » R -_2«25 -
Na o ' T ’ . 1303 Moov ‘
. CO conwarsion, percent to COp 28,1 ¢+ 15.5
Unchanged CO -~ . = - 2he5 Chke3
Synthesis (differsnce) g Wl W02
0Op ‘conversion, percent to €03 5602 - 31,0 . .
0 conversion, percent to Hp0 (difference) 2.5 - 27
005000 - B 12,3 0 1.3

tio-.‘af;“j_F?-C_LueMnDik@egg@hr'is‘,ltj_,_ T

5/ e | Rl
o wikh catelyet 1, a convercion of 76 percunt of the 00 was cbtained, and
enly 2,3 timos morse G0, was formsd than waters ™ With catalyst 2, only 1.3 timss '
mors COp was formed then water at a total CO comversion of."’56_ percent, however....

SIS ..‘f““A't any;ﬁrat‘a;'-*fo'z; _tl"a‘sve oxT rimmts tm,'iaréer pard of }vislié Ccosxygen i
still went to COno- - Therefore, ws trled to suppress .COg- formation by using cota=
1ysts: qf"s:t,m kggher"!desem gmtentand by lomringtlm rpactian temparature.,

Yaximm conversinn @saible—_for these oxporimente haamtbeen estiw
mated, because the Kkieselguhr-rich eatalysts occupied & large volums in the peac-

Hon tube end thus permitted the pressnce of mall guentities of Fe-Cn-ain0. ~In

table 76, two catalysts rich in Idleselgubr and precipitated with NagC03 wers: men=
- tdoned. . The £irst catalyst ‘containsd 2 parts of ‘kieselguhr per part of Fe-Cu-tn0,

" From table 76 it is apparent that the 132 Kieselguhr catalyst did rot-- -
. produce more water thien the 13l catalyat. . Tho "Hy03C02 ratio waa 1124 Howover,
with the 113 Idje,sslguhr:catélﬁ*ét,_' wo succéedsd in redusing the GOz content to the
_extent that approximately equal’ ampunts of COsoxygen went to C92-and H0. - Further
-mcxemg-‘m‘.'}deaelgtmr.f:asulted in still less active catalysts; these have not

‘been investigated thoroughly., - e T ' ‘ R

o1 -



Another factor that favors water formation is operation of the klesal-
gahr catalyst at lower temperatures.. Tdth larger quantities of catalyst and &
catalyst reactor of larger diameter a sufficlent dsgree of conversion could de
obtained at lower reaction temperatures. We used 16 grams of catalyst of compo=
sltion 1(Fe-Cuslin0) + 1 klesolguhr, The catalyst was precipitated mith soda and
taken into operation at 235°C.; thon gradually the temperature wes Jowered to
200°C. Thus we obtained the canditions reported in table 77. , ,

;l‘abie walng conversion (mixed gas) cn kiese
'e=-Cu~2n0- ca’ ta ‘

Temperature, °C. . ST 235 235

Space velocity, liters per hour - S 3,0 o bl
Contraction, peresmt . o220 11T
\CO conversion, percent to COp Do Ce 16,8 0 - 0 1262
Unchanged CO U T - : : ‘ '
Synthesis (Giffevemse) 1 30:5 35.7
0Op" conversion, pmwhwmg : ChL T 33,6 - - 2hh
"0z conversion, percent to H (aifference) 13,7 2365
ER0IC0 2.4 1304

; A I S

&/ e ratio of o Gotn0 Tkieselgunr 48 132

B e

“Space veloclty, litera per hour - R PR L S IR k3 2.2
Montraction, psreent oo L 29 - 254 27
'CO conversion, percent to €0z - Co 178 108 LheS
Unchanged-CO.  ~ 0 e TTEeet Y £ S
Synthesis (differemes) = - .- SRl T 3he5 L 282 34.8

0, ‘conversion; percent %0 C0p . . S 356 2.6 290
‘0, conversion, percent to HO (d‘lﬁemme) e IE TR 16,7 T4 20,3
Reaction gas, volump parcents . .. o S L T e By B
B0 e L B S e 8.0 50 7.0
Lo ‘. ) 3 e .- ‘ o i - : k" e ‘ °9 » ;6 ‘08_‘.
L TR 10 ndd
L 11302 25 132.8




Table 77 shows that at 215 to 205°C.; better results wore obtained.

For experiment 1, approximately twice as mich CO went to synthesis products as
to COp. For experimont 2, almost threo times more was used up for aynthesis pro-
ducts than was converted into CO,. The ratio of B;0:0; to the COo:02 1lies somo~
whero botween 1:2 and 111.2. However, ab these low temperatures only 40 to 50
‘percent of the total CO entored the reaction. - Recycling the end gas could be a
means of utilizing more of the CO, as ths COtily ratio in tho reaction gas did not
'and cgnaﬂ.derably. For the experimemts discussed, this retio 1ies between 183

122.5. . L ' : EE

The kieezlguhr catslysts differ essantially‘r{'om the non~supported-
catalysts in that they can form water at low reaciion temperatures and are capable
of converting a greater portion of the €0 to synthesls products. For the non=- .
supported catelysts (see tebles 66 and 67), wo found thab the water formation de-
creagsd as the reaction temperatures decrazsad. As the reactlon temperature
dropped, wter. formation f£ipally ceased. For lower tempsratures, thorefors, the
CO2 valus becams mors and mors 'prmomced,vmen_cpmpared—to;tha$ynbmsis value,’

"Thres-~Layes Exporiment" with Iron-Kieselgunr Catalysts: -
' Previous experiments showed that the CO. present in mixsd gas/incom=
pletely comverted when Iieselguhr catalysts were ussd. The magnituds of conver-
sion verded betwzen 40 and 70 percont. . Thie lower degree of conversion mey Tee
@lt from the dilution of the catalyst when kiaselgihr was present; hence, for
a certain quantidy of catalyst less iron was available. In 2 further series of
experiments we have attémpted to increase 4he gas conversion in ouns. single. stage
by simply using greater quantities of catalyst, using longer catalyet layers
(ionger reaction tubes).— The reaction tubes used were up to €0 centimeters long.

-The catalyst tubes ussd normally wero only 30 centimeters in lengbh. =

s ' -I% is interesting to note that an increase in CO conversion in favor of
ihe synthesls preducts was nob obtained in thess experimenis. It was found that -

- e €O was used up to & graater exbent; however, the oxtra -CO was converted %o -
COg. AL the sams tims, vazer formation decreassd sharply. . Thoge phenomena wWore. .
‘observed irrespective of vhother the catalyst bad the saus composition over the -
entire catalyst laysr length or whether the eatalysb contained a larger ¥ emaller’
amount of iron st various placos in the reaction $ube, . e

=== In"the following an sxperiment is discusged in which three cetalyst.

layers were used in geries, each catalyst layer being richer 1a iron. then the .

‘previcus one. Table 78 gives information on the arrangement of the expsriment.
The total quantity of {ron was 1 grams,  The i ysh layor was composed of a cata-
‘1yst with the composition of 1 part of metal to. 3"of lesdiguhr; the segond - -
layer, L part of mstal to 1 of ldaeselguhr; and the last layer, no kiegelguhr.

VIt ‘may be ‘seen ,that‘tha;catalysi'."‘wa}s_‘z‘srrinfgad,a.ccord:!ng.“to the countercurrent
“principle. - The mixad gas entering was intended to -contact ths iron=dsficient -
catalyst first, and thon proceed to the Trop-rich -catalm.’laye‘rs‘t T

~oo . -Lleyer 1 vas taken into operation at 235°C. until the contraction was

‘13 psreent.  Tsble 78 ghowis that at this point app toly 35 percent of tha -

' €O was converted, and the ratio of ths. €0 which werit/%o €02 and ‘synthesis producis
was equal to 111.8, respectively, The COHp ratio-shifted only moderately, It
‘was 112.4 for the product gas.. 'At this point, catalyst layer 2 was taken into

.13



operation. The second layer was contained in-an open glass tube of scmowhat
emaller diamstersthan the catalyst tube. After-a totak-of 47 hours,  the contrac~
_tion had increased to 29 percent, A total of 75 percent of the CO was convertsd.
The ratioc of the CO which went to CO2 to the (O which went to aynthesis products
had shifted.to 111.33 honce the conversion becans mors unfavorazble. The oxygen
conversion also had shifted in the direction of an increassd COp formation. The
Hy03C02 ratio was now 16,4, and the COsly ratio in the reaction.gas had increased
to 115.1. Vhen the temperature was lowered to.225°C., the CO conversion decreased
to 26 percent. The cther converslon data ahifted in the manner indicated-in-table
76. -¥When the temperature of 235°C. was reached again, catalyst leysr 3 was taken
into operation. This caused a decroass of contraction to 25 percent, and conver-.
sion conditions prevailed which were similar to those when -carrier-free catalysts
were used. No water was formed., The CO:fiy ratio in the end gas shifted sharply
toward Hy (117.2). | 2 . oL

- This experiment showved 4that it was not possible to use moxe CO for pro-
duction of synthesis products by employing a longer catelyst bed in cornection
with kiesslguhr catelysts. The reason for this wae that the water formed on the
suceseding catalyst layers-entered into reaction with CO to form COg» .
..} In ordsr to ro-usge the CO when working with kieselguhr catalysts, we-
found t it was nacassary to work in several steges. Tho water bhad %o be ro—
moved betwoen successive sleged. Vis carrisd oub an expsriment using tonsil ss a
carrier. The experimsnt was not succegeful ;- hewever,—————— A

' Tabl@ z&m"ﬁwae-m:' mmarjmsnt GETe

-t —— . LT -

NS e

20 mg —

R -~.--..»a=o,§=o,,g: 42151 B Fe-Cuedind + 0.1%

e e - iieselguhe  kicselguhr 82232 - KC03
‘Temperaturs, °C. . e 23 235 25 ... 23
‘gpace wolocity, liters pere hour - [ Al k3 39 0 Ll
Contraction, porcent .- ST 13,00 0 29,0 26,2 . 25.4
“Hour's' of operation

CO conversicn, peresnt to GO0z - 323 32k 2.7 0 o M0.2
Unchanged €O .~ o 65.2 . 251 h=2.2 19.4
Synthesis (difference) . . v »'a@.\s.:‘ i h2.5. 3501 . 40.9

' N W8 181,33 1tl5 g

COg:synthesis products .~ - oo A8 . Lol
Oy conversion, percent to G0y . (246 . 6O ASoh [ 804
05 comversion, percent to Hp0 (daiffe).. 102 . . 101 - 12,0, 2
201002 : R s R “‘132;;»4’ '.‘:: 135",&» 13307 . lz(w)
Reaction gas, volums ercmt: L T T T e e b T N
coz_ _‘ N . \‘ \ bRy 505 -11&08]-003 17’2
sams o rm 9T T8 6
. 00 . g ‘_ . o —" 23‘02 1005 i 1701 : 747

Ao i

A8 L A3.6. Mok 13,0
‘ o2 X172
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E;perimtaﬁthrwmucam

‘_Itmsintemaﬁmstoamdytheinﬂweotthoadﬁtdonofmdl«
upon the activity of the 4ron catalysts and on the course of the resction. The
modo of adding the tonsil was important. In table~7$ results are gdencribod with
& mumber of Fe~Cu catalysts conteining different amounts of tonsil. They were

The activity as compared to the tonsil-fres cztalysts was approximately 25 to 30
pevcent lower. Otherwise, the course of the reaction was ths somes that is, the
reaction procesded by way of COp fermation. When the toneil was added vefors pre-
cipitation, an imactive catalyst resulted (experiments 3 and b). The alkalized
catalyst was even 1loaa active than tha nopalkeliged catalyst. Reduction with Hy |
at 450°C.Gid not change the situation., When the same quantity of tensil was’
added after the iron-copper precipitation has teken placs, a decroase in activity
resulied, but not as much aa when the tongll was added before precipitation. Both
catalyats, with and vithout allmli, .reached a maximm _contraction of 16 percent
‘and in this condiilon Purnished 26 and 22 grams, respsciively, of ligquid products
per cubic moter of mixsd ges. VYister was formsd similtaneously. Up Yo 20 graus
‘per cubic meter of gaseous roducts were obtained. A tongll=free catalyst, under
the sams conditicns of operation, yielded no water at & cantraction of 16 psrcenb.
It is evident, therefore, that for ‘the tonail-containing catalysts, %he veaction
proceeds partly by wsy of the formation of water, just as vas the casse with ‘
kiesslguhr catalysis. formation was suppressed-and .consequently mors CO was
‘availsble—for the formation of hydrocarbons. This is apparent by comparing the
end-gas analysos for tonsii=containing and tonsil-fras. cstelysts at approximetely
the sewe contraction (tsbls 80). Ths tonsil~containing catalysts for the sams
_contraction form cmly half the COp quantliiy. Correspondingly, tho CO.content.in
_%ho end gas is higher than in the case of the tonsil-free catelysts.. Normally,
‘using carrisz-free iron catalysts, for cach zble of CO ussd up for: hydrecarber [
. gynthesis 1 mole of COp should be formed. In experiment 5, wo found that s total.
‘of 35 percsnt of GO was used up. Of thig, 12 percent venb o COp end 23 percent
0 hydrocerbons. -Conssquently, ' for each mole of :CO available for .the synthesis, .
enly 1/2 mole of COQ went to COp, or in other words, for this experimsnt the reac-

Ption proceeded to cns-half by wey of the formation of waber and the other, C02.

S © Next we tried to cbtain higher eonversion by raising the reaction teme"
‘perature? However, increasing the temperature by 15°G, (Zrom 235° to 250°C.)
‘increased the contraction oniy to 20 parcent. . The C0s content, however, rose
from 4.9 to 8.6 percont, and mter formation csased almost entirely. We ave - ..
forced to assxms,‘,tl:erefcz'fa' » that at higher »»tempe‘ra,tm-as;tt_nsz,;pzﬁ.ma‘xy water reacts
with the secondary CO to foxrm COq. By dscreasing the ficw volocily from 4 to L
Titer per hour (ssperiments 5.064 6, teble 79), & significantly Wghor conversion
was obtainsd. We cbserved that the contraction increased from 16 to 32 percent
_and 29 percent, respectively. The water formation, however, decreased considsrably;
‘whoreas the COp content incyeassd to 17 percent. The course of the rsactian, SR
v fore, was the same as for the normal. iron catalysts. The docreass of flow
 yelecity caussd 8 highor formation of gessous hydrocarbons, g0 that the yiold of
' 1iquid-products-smounted only to 36 and 35 grams_ respectively, although 85 por-
cemt of the 00 was converted, - : 2= PEEPeCLLVeLy, BN B2 &0
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Table 79.= Influence of toneil addition to 5Fe-10u ca.talyst

- eipitation . <

Experi— xzco Toasl — Wadmum Vs
ment content. quantity, llode‘-of bdnction contraction, yleld,
Hoo percon'b _grsus addition conditions parcent percent Remarks_
1 /s L Mixed indry Mixed gas 2y - ”
after pra-  immediately 239" ) . . B
_ ' ‘ - ¢ipitation ce . s 5 'Decraase of
2 Without b ng:d in dry  Miwed gas = 16 I b;° tﬁ‘;tg
<0 . . . er - t K ) a .
. . cipitagign imnedistely 239 - _
3 1/L 4 Tonsil added . Mized gas : - By ng .
- .~ before pre- - immediately, 2359 o - gn:d]gi gfoi-ef
cipitation 92, Lso® .= | precipitation, .
‘ o 29" ‘ Y} the :i.;alyst
°  Without b Tonsil added  Mied gas - 5 . & = e} iﬂ;’fgn; :
L i : bofors pro- inunediately 235° E R, active. S
cipitation 32, h50° gb . - ¥y
5. /4 L4  Tonsil edded Wived gas 26 After. 6 daYSs
. o ' after pre-= Aimmediately b. 1¢/hr° ' - 56111 158 .
c¢ipitation o ccan‘I',:f:':x:ti.':mo L
- € 32 TS ~~_Water forma- _‘
- ; ' 7 zion T days
. 1 1°/h£:__ o later con= .
e ; traction st.ill_
o . , ‘ , e R L 27 percanto
6 . witheut L  Tonsil added  Mixed gas’ 96 a2 - Still 13% cono
4 KR g ~ e traction after
‘ e after pre= . immefliately' ;’h lo/hro o 6 days. Water
‘gg.rp‘itauiqn vl e L : g -~ formatiom T -
TS e K . 29 \ el 35 ' days, later
) 11 / A » . contraction
o - o still 26%.
Without - b  Tonsil 'gddea"; Hy, hsm 16 = Behaved like.:
; ST after pre=’ ¢ 235“ o . catalyst in!
» I I .., cipitation . R L st experiment 60
8. L 1/!4 10 Tonsiladded uixedgaa lh i -= :
R v ol N ‘after pre= im;:gédi;!a'tely L1 R S | 'gggiiszu:ia :
P IE R °1pj‘tati°“ ' L S o) bity causes
9 Withewt 10 Tonsil added Mixed gas i1 = .v'gg’;:e:zgi‘_,in
A e afber prae mmediately e 250 L

A activity. -
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trac-  products por . Gas compogition
s : , ' : Hydro= Garbon
Stage percent  of mixed gao COp olegins 92 co H2 carbons No.
13.5 2 o5l Ok 003234530 1.8 2.3 1 11.0
: 1005 03 ‘03 1701 56.0 l{.o 10% 1198 .
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3 1000 o ’ 8 : 1506 .0 - °O '998 550’&. 508 1076 130‘}
A .S 19.5 = ok . o3 5.2 549 6,0 1.83 U0
ko403 WL - -

P

o . Ingdnchmion,weshovld]ike«tospeculatemwhymbelietmtmtcar-
‘yier catalysts are caspable of forming water and why non-supported catalysts are
“incapeble of dolng 0. Obviously, With iron catalysts the formation of water

is the primary reaction just 86 it is with cobalt and nickel catalyabs. Wit
“the carrisp-free iron-metal catalysts, this phenomenon of primary water formation
s not noticsable becausze the water formed raacts with part of the;‘co_'-'accogng

to the water-gas equation. The C03 once formed is, as waa pointed oub inthe -
gectisn on "Raduction of the CCp on Ircm Catalysta",, not reduced on the iron cate~

1yst at the temperature range in question, - With the carrdor catalysts, howevers -
according to cbservations from the experimsnta, the subgequent CO conversion by
the reaction water takes plece only. to soms exbent, ' Tt may be that tho reason :

for %his behavior is that ths ¢atalyst is diluted and that the temperatures at

the various active’ centers are not quite as high as they are with motal catalysis.
The metal catalysta, on account ‘of their. concentrated fornm, dovelop more haat pIT
‘unit volums, whereas the carrisr catalysts develop leses heate - - 0. EERRR

| EEST AT OBMIED

... Of the iron catalysts described in the sections on "Imw—coppsr‘nnﬁeas~ '
'G@npbnent“Catal;VStsmepar&d;fm Ferric Compounds’ and "Needls Iron=0rs Catalysts"
ths best catalyst found, espscially with respect to stabllity, vag a 5Fo=lCu con-
~ taining 1/8 percent KoC03. Ita mathod of preparation was as fellowss 7180 grams
Yog FaClyz4H,0 (50 grams of Pe) and 26 grams of CuClp2H0 (10 grams of eopper) '
were disseiVed in 1 liter of water, Ths chlorids solution. was heated to the beil~

T otat and pracipitated with a solution contelning 160 grans of sodim carionato.
in 1~1/2 liters of water (time for. precipitation, 1/2 to 1 minute). 'The procipi=-" -
tate was filtered and washed #ix times with 1 liter of hot water each. tims.ifier
drying at 105°C. ; the eatalyst mass‘~ﬁa,a~',.pmvdemd:aﬁdi impregnated with: ,6"{,-3./2;, £
md11igrans of K5003 (1/8 percent ‘referred to iron). The K203 vas. dissolved in -
100 cubic centimeters of vmier, ' "The impregnated mass was heated with & geall:
flame on the sand bath, It is also permissible o mix the 2003 solution immse -
Siavely after the washing operation into the still molst cstalystmess. .
S hcatdlyst mags which contained 10 grame of iron was taken into opera-
tdon 1 L ouo v wildhout prebreatment.  The gas used was mixed gas: (100;'282§j L
" end: the flow velocity was -4 1iters per hour ‘at & Lemperature of 235°C. The mexl-
_mum contraction of J1. percent was reached after 2 deys of operation. After tha .



temperaturs was lowered to 228°C., a yield of 56 grams of liquid products (uncor— -
rected) per cublc meter of mixed gas was found. The average yield for 6 weeks of
operation amounted to 52 grams por cubic meter of mixed gas. For 7 wooks of op=~
eration, it was 50 grams per cubic meter of mixed gas, and for 8 weeks, it was 47
grams per ocubic meter of mixed -gas. . . .

From table.82 the behavior of such a catalyst may be obsarved for 8
woeks of uninterrupted operation. The reaction temperature was raised approxd-
mately 10° for a time of operation of 7 weeks. From the gradually decreasing.
ratio of yleld:contraction, one recognizes that the formation of gassous hydro-
carbons increases at the expenso of the liquid hydrocarbona. After the seventh
wesk of opsration, the reaction temperature was lowered from 237° to 230°C. By
dodng this, the contraction decreased Lrom 25 to 15 percent. The yleld amounted
to only 25 grems, The ratio .of yieldicentraction had increased from 1.52 to 1.66.

Tobio 82.=-Efficiency of o SFe=1Cu catalyst + 1/8 percent - '
EpCO3 prepared by precipitating FeCls aud CuClo with soda

IR AT VS R M W S T
Temperature, °C. 230 228 229 230 233 233 237 230
Contraction, percent - 30 - 30 30 30 28 - 26 25 15
Yield of mixed gas, grams T ' : : L

per cubic meter 56 55 56 52 KT . k5. 38 . 25
Averag’ekyield‘fo‘f“nﬁmd*.j—;,'—’* e “ T e .

gas, grams per cubic IR : R T
moter . . 56 56 56 55 53 92 50 - 47
‘Yield:comtragiion . 1,87 1.8% 187 1T 168 1.72° 1l.52 1.66

R B =N 'In,_'sdne'c‘aééé‘ catalyots were obtz;imdby the ebove-ientioned method of
preparation, which gave & maximm yield of 60 grams of 1liquid products per cubic
meter of mixed gaso Lo L R TR

B L . REGENERATION OF IRON GATALYSTS ~~ "

g J

- , ‘With mgard to‘t'h'g poésdbﬂity of faééneration, the jrem catalysts are
‘mach casier to handle than the ccbalt and nickal catalysis. Whereas, ‘Por-the
‘eoball catalyst, & complete reworidng of the catalyst is nscassary o obtain the

“original activity (dissolving the catalyst'in nitric acid and repracipitation)y :
‘iron catalysts may be regenerated simply by treating them with air at the gynthesls

‘temperatura. Extraction with benzine is pecarmended first in -order to recover .
the high boiling gccumulated paraffin hydmcamonaﬁwm‘qh; are alv:ays_'prage’nt ﬁ.n the
0 Repeneration of Fe-Cu Catalysts ~ S

©C ... Table 83 shows _ O
catalyst containing 1/4 percent KC03 which was regenerated under various condi=
tions. Thess catalysts furnished, during the first operation period, a maximum -
yield of 56 grams, and after 6 waoks, they"ati]l-prgdﬁced“ﬁ?'“g’raﬁ_s',per;eubic'mater_

“of mixed gas (average yield for é weeks! operation, 49 grams uncorrected).  Cata~
1yst 1 was treated Pirst with Hp at 235°C., then extracted with aynthetic benzine
(boiling point, 80° to 100°C.),"and finally oxidized With air. Catalyst 2 was
- extracted with benzine and then oxidized with air, whereas catalyst 3 was merely

~

: v _ Y
the course of the “eecond oparation when using & 5Fe=1Cu -



o";. Qv Cu \ at\"’
neral . upder o :
. Etl'.racmd ﬁelds,gmnis per cubic mster '
: -+ pevaffin, ___ - after :
. ¥ods of regensration ___grems: 1 — 32_ 29
1. Hp treatment at 235°C., benzins ex- S I
~“graction, then trsatment with aire e '
at 235°C. : g - T2 55 53 - 50 43 37
2. Benzine axtractdon, thon treatment ' R

with ar at-235°Ce—— . 9.0 53 50 N S
A . v T gt ter 287736 43 daye
3. Trestmant with air ab 235°C. only. - 5552 19 18 43

For all three catalysts, after rogeneration under varying conditions,
practically ths original maximom Ficlds could be obtained again. Catalyst 3 4s
sven superior to both the other catalysts insofar as stability is concerned.
yhereas. for catalystas 1 and 2, after removal of the paraffin, a 2lehour exideticn
with air was.sufficient; mextracted catalyst 3 still consumed part of tho oxygen .
o0 that it wes treated with-air for snother 48 hours. The reason for tho better
stability of catalyst 3 scems %o bo, therefore, the complste removal of the last ..
traces of the high molecular weight pavaffins and acids. -, . ' SRR

g Tt should be mentioned hsre that a 5Fe-1Cu catalyst containing 1/ pere
“eent KgC03 and formed with starch as a binder reached its original activity after
paraffin extraction with benzine and ‘subssquent oxidation with ajr. The shape -~
of the catalyst had not maffered any during the reactivation. Even after a second
oxidation, +hes ‘shape of -the catalyst was still ths same. No reactivation was *
_:possible by merely condireting Ho or Hy-NH3z mixtures over the ircn catalystis.: - WAsn
tho catalyst was treated with Hp=til3 mixtures, & small dogres of reactivation wmas.
obtained; it was, however, of short duratlon. =~ - SR e T T

. 'The 5Pe-1Cu catalysbs. thab containsd only 1/8 percent K3C03 could be
extracted with ‘benzine and subscquently oxidized in a stream of air and thus re—

\zain thedr activity completely. When the catalyste containsd only 1/16 percent
K2C03, afte rogencration, en initial yield of 51 grams was obtained; however, i

the stebility ws somewhat Ampaired and wag not quite as good as during ths first .
period (53 grame during £irst ‘poricd). Similar cbservations could also be mads
with a catdlyst ectivated with NapC03. However, it ‘seemed that the time of induc-
4ion for these catalysis, afbsr ragensration, was somewhat longer than for the . -
first poriod of opsration. For this veason 100, an. activation of Fe=Cu catalystas
wAth NeC03 instead of Kgf03 is not recommended. “Extraction alone without subss-
quent ‘axdidation only can g9s incomplets regeneration. . Other processes of regenera=
tion, such as treatment with steam or heating in a stream of N, at ‘250°C. ; were

without effect. = |
S . Regeneration

i
[\

of Cu-Fres Catalysts. -

.. Regensration by simple air treatment did nob prove succossful with the
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_  The catalysts which were prepared by dissolving iron shavings in dilute:
nitrdc acid and subssquent precipitation with Na2C03, containing /4 or 1/2 por-
cent K2003 alkali ( gave a maximm yleld of '45 grams and 47 grams of liquid
products,’ respectively) efter being treated with air after 8 days of operation
gave only a contraction of 13 and 3,6 percent, respectively. During the first 2
days of operation,. these catalysts had already given a con action of .20 and 23
percent, reapectively. - ‘ . ‘

REGENERATION CF EXIT GASES

: In the section on "Courss of Reaction with Iren Catalystel!, we have
mentioned a difficulty which occurs when the benzine synthesis ia carried out on

iron catalysts by using mixed gag of composition 1Co+2Hp. The disadvantage cited -

is that approximstely ecual quanti : , _ ' :
hydrocarbons and for CO2. '-'This~comraion'to COp is ragponsibls to a great degree
for the mmall yield of approximately 60 grams of liquid products per ‘cubic meter
of mized gas. Ths degree of liquefaction, by whieh we mean the percentage of
iquid hydrocarbons formed during the synthesie for & certain quantity of CO Te-.
- acted, 1s just ag gooed as in the cese of tue cobalt catalysts, namely 60 %o 65
ipercant. A further increass of the degres of licuefacticn at the expense of ths

amall - quantities of gassous products formed appears hardly possible, as a by-

product of the reaction €05 rather than water 1s formed.# In some cases, it .
_appsars advisable to peconvert the exit gaa obtainsd during. the benzins wynthesis -
into symthesis gas.. This is to ba.recommended, since by dging iron catalysts, i
approximately 700 liters ‘of end gas &re cbtained from each cubie meter of synthe-

dis gas. The average conbtraction is approximately 30 perceat. For this reason . ..
" wo carried out a fow experiments on the recovery and regeneration of the exit gasea.
‘*Reasoning here-is not ,clea_r.}—-- T P FEe e SR BN :
S0 S 7 ugs of Coke st High Tempo rature |
. he exit gas was conducted at 1000°C. over a lajer of granular coke of
.pea slzs 10 centimoters in Jength, comtainsd in a porcslain tubo of 16 millimeters
inside diameter. To ‘protect the resction ges £rom changss which might ‘oceur in . .
regiona of lower temperature; it vas conducted away £ren the hod zonié as rapidly -
as possible by using ¢ 2-millimeter wide porcelain capillary.  The porcelain tube .

#as heated in a Mers furnses. = B

' 1n table & the composition of the. srottict gases is tebulated for varl-

ous regeneration temperaturss:
Fr T Bl T e o e R T T B T
ST ;Tablaﬁ}i’.{»(lmver’sion' of -reaction 8>01‘1 coke st high temp ratures . ¢

.benzine synthesls 20,5 0,5, 0.0 T ho0 605 3.2 Qo2 ALT
A% 1,030° . 27«2 0 1350 53.7 2,0 1.0 10,0 - 10-
Ao T000e . a8 .2 - .0 33k 335 .7 10300033
M50 w6 0 3We BT 5 0 93 B




- A synthesis gas 1s cbtained which ‘conteins more CO than corresponds to -
the composition 1C0-2Hp. S ‘ , , oo '

Proof that the carbon participated in ths reaction was furnished by the
gas expansion during the conversion. This caxpension amounted to 23 percent at .
1,150°C. From 700 liters of exit gas, therefore, 870 liters of new synthesis gas
were regenorated. The carbon used up during the reaction could be accounted for
by differences in weight. - L ' o : ‘

Uss_of Coke ab High Temperature in the Presonce of Tluminating Gas
. §

In order to arrive at a CO-leaner and Hpy-richer synthesis gas, various
quantities of city gas were mixed with the exit gas obtained from the benzins. B
gynthesis. The mixture thus obtained was conducted over coke at 1,100°C. Table
85 - shows experimental results of this-regsneration. . R N

.~ Tabls 85.—Conversion of rea ction gae on coke in ths.
. T presence of clty sas ab 1,100°C.
YAdded quantity of S ) ST .
iNwninating gas, e St . Hydro-  Carbom - ' .
- percent ___ C02  olof 0o co H>  carbons Mo, Y2
155 .. L2 0.0 0L 324 |
1800 - 190 : oo 003196 5701 196 A 1 8@7 _
205 - T W0 60 b 57.6 1.3 ..~ 1.0 90
C -‘2300 R . 05" : .01 - o"zvn_ 300857»6— ! .2 . 7 loov 906
o R6.0 e O el 29,3 583 1.6 1.0 - 9.8
o e o5 L -] \ 0 02 23:.6 59.1 : 106 S “_loo 9'7
" Composition of exib - - L e T e Sl
. oyobhesis—. - T 2.8 e N l&pﬁ;ﬁsgéﬁf S 3.2 0 113 19

.

559 1.6 . 1.0 88

7 yat the additdon of 26'to 28.5 parcent of 21luminating gas to the exit
.gas obtained from ths benzihe‘,synthesi‘a‘_(bhe;empos’ition of the exit gas as ob-' -

Vgained from the synthesis is given in the 1ast column) & gynthesds gas is cbtained

,m,ch‘c@ﬁains;co,_am Hz-,:lx;'the”mtiobff 1:2. This is not the situation for all
axit geses obtﬁn’edf:}gmimxxjjcatalystgﬂ, . For example, wo found that for a COx .
Jeaner end gas cpntaix;j_.pg,anly ‘19 pgre?snt:coz'and-ﬂ g p,er,centﬁ.ﬂg,_'thejﬁddition of

18 percent illuminating gas was. sufficient to arrive at a synthesis gas containing
'28,3 percent. CO and 58&h'parcent<82aj'»'T,M,saszaxgmﬂé ‘observed in this conver- -
_sion (the conversion of Qnd"ga,s_.vtpj;synth“emﬁg_ag ~amounted to, 17-20 'preent..

'Uss_of Coke at High Tempere: ures in the Presence of Broken Cla \

070 o A third pqssibility":‘tor-f:jége_nefgtinjg;:the»@;&iga,g obtadried from the
benzine synthesis consists in heating the ‘zas to very high tempersturss-in the

_presence of ceramic material. - Table ‘86 swmarizes the reaction-gas analysis - :

“after tho end gas Wag conducted over broken clay ‘at_various temperatures. - - -



Tabls 8&-~Conversion of reaction gas on broken c1ay.
. ' a ' S Oie- ' R Hydro- Carbon
Temperature, °Ce C0p fins 02 cO = Bp carbons Koo~ Ny
Composition of the exit gas o '

.\

2.6  1l.31 11,0

from the benzine synthesis ' 17.8° 1.0 0.1 5.2 62,3
lsm : ) 906 0 < o0 1801 9799 ' 300 1.0 11.2
1,100° 17 0 o3 239 866 29 1.0 LT
1,200 : 2,5 0. ol 2606 - 57.3 2.2 1.0 11.3
1,230’ loa .0 03 2702 5706 lo9 . 100 ) 'nos
1,3” 1q6 no . ‘o 2801 - Sth 08 . luo 1151 4

‘ " As is apparent from the table, a reaction temperature of 1,200°C. is°
required to produce a synthesis, gas containing 2.5 percent 05, 26,6 percent CO,
" and 57.3 percent Hy. In accordance with ths equation COp + = CO'+ HO, the
conversion is associated with a contraction in gas. volume, which to a certain .
extent is compensated by expansion reactions of the hydrocarbons. In the best
instance, & maximum contraction of 8 percent was obtained. .

NP " ghis mode of regeneration of the exit gas has the advantage that no
nes sulfur compounds are introcduced into tha-synthasis gas and, conssquently, .
“no additional sulfur. purification s necessary. a .

'Two;sn),@ EXPERTMENTS WITH WATER GAS AND MIYED' GAS ON TRON-COPPER CATALYSTS,
Noger) - 2 e e e m L

- 1 ST : . . e~ o
Water-0as Experiment - e ‘v o

R . ‘As pointed out in section én "Best Catalyst Obtained®, 2 catalyst

' composed of SFe=lCu containing 1/ percent X,CO (precipitated froi FeCly and -

.. CuCl, by Ha5C0 will give 50 grams of liquid ptgd_ucta per ‘cubic meter of mixed
ges-whan permitied to act on a mixed gas ~o£:composi-tion-29_‘.percent»'_co'.p1ua <8

" percont E%” This was the case for 6 wasks of operaticn during which time no
regeneration of the catalyst was required. Since, during this experiment, -
the synthesls gas was depleted in CO and gince only moderats quantities of
gaseous hydrocarbons wore formedy wa fslt that no considersbie increase in
visld could ba: expected in a one-stags operation by merely changing the ex=
perimental conditions. We therefore employed water g “instead of mixed gasg
in two stages, using iron catalysts of thmséﬁi‘émosithn;-_int_bpﬂx.'st.age"sa

o start with, we attempted to find the highest possible yield and tho ste-
“bility of 'the iron catalyst.  The result of this investigations is given in -

'ITa_bJ_.‘q 87. S

Table 87, ~NaxiEum olds and ‘shability of: Feolcucata]:,rst "

o T oonte porcent. RoC0O3 Whon wator gas Was used. . -
B . S : IR SR Tae T T et T, o '\ ,
_Operation, temperaturs, Contraction, liquid products /m3 o
Cdsys. .. 9.~ _percent ~ of water g3 __ /s
e s o T
Cho o a3 o o 6T
Ak @y . B %




o After an initisl gaximm yield of 75 grams per cubic mster, the ef-
factiveness of the catalyst decreased rapidly, as compared with the operation
with mixed gas. After 1l days of operatiom, the quantity of liquid hydrocar- .
bons formed had decreased to 53 grams per cubic meter. Aside fram the actual
decrease in yield, the deterioration of the catalyst was apparent-from the
early sppearance of yellow reaction products, Yellow products appeared much
ater when mixed ges was employed. With mixed gas, we could operate for U to
S weeks bafore the colorsd product was noticeable. Here again, the catalyst
lost activity at approximately the same rate at which yellow products, which
we believe to bs paraffin decomposition products, were formed, - It is plaus-’
jble to assume that the iron catalyst should exhibit a longer lifetime when
only part of ths CO in the water gas was converted., For this reason we oper-
ated in twoistages, Two tubes, each containing 10 grams of irom, -operated in
series, wers charged with water gas at a flow rate of L4 liters per hour... The
temperature was chosen so that the contraction after the first stage was 28
to 30 percent. After the gases had passed the first stage, the 1iquid reac-
tion products were removed and the end gas passed over the second catalyst .
without removal of the CO,. The results of this experiment are summarised '
in Table B8&. The sum of the hydrocarbons formed in-the firsbt and second’
stages amounted to a maximm of 85 grams; after 12 days of operation, this
wes 80 grams; and after 18.days, only.70 grams of total liquid productss - In

spite of -the highsr yields, the decraase in activity was not quite as pro-
nounceéd as when water ges was used in a cne-stage operation. However, -dur
ing a two-stage experiment, twice the catalyst quantity was used, = .

‘ekperi’mént with water-gas on
Seon ng l/4 perce sC 3

¥irst stege .. Second shtage . Sum of iiquid
. - T ldgquad — o laquiao -products collsctsd
tdon, Temp., Contraction;- v_brnd;gts',vcont?aqtion, products, © | in first-and -
Gays 2C. percent . gofm® -~ - percembt & go/m? . second stagas
T 230 30 sg o200t 30 0 Lot 85 '
S12232 2T T v B w28 80 . -
i8.:230 © -20 . kW2 - - [ U EERDC Y To

. .We believed that incressing the flow velocity from I to § 1iters per
hour, ‘corresponding:to twice the catelyst quantity, would yield poor results
with the two-gtage experiment.. ‘However; ws have not. carried out this expsri-

‘ment, because,: even with-a flow velocity of i liters per hour, the yield had

‘slresdy decressed from |55 grams to L2 grams in the first stags after only 18
deys of operation. Since the load on the catalyst for the first stage of the .
- operation was no l1éxyer than that of a: ons=-stage operation operating srith =
mixed gas (bscause here also for the ‘same” contraction of 30 psrcent, the aems
'yisld was-observed, and in.addition, for a considsrably longer time of:opera=
~tion), the faster-decrease in activity in the: first stage when using water .-

'gas should be attributed to-the-higher ‘concentration of CO in the. water ‘gas.
If the flow: velocity should bs doublad 5 this effect would bacome even more

promocunced, then with a corresponding increess in flow velocity when mixed

gss is used. *In the latter case, ths maximum yield is 51 grems with a figw’
‘velocity of 8 liters psr hour: (60 grams at L liters per hour); and.after 10.
days of oﬁezjation,{itdééréased.td‘hﬁ,,_gr_amsg-”*ﬁ_}3i R bR RN R




_ _ With respoct to the stability of tho iren-catelysts, we consider 1t
undesirable for the reasons mentioned above to employ them with water. gas. .

. Without Regeneration o the First Stage.

. Two-stage experiments with mixed gas in which the end gas was passed
over a second iron catalyst after the ssoline had bsen removed appeared not
very promising to us. The reason is that the CO ig already converted rather
completely after one agingle stage. Gaseous products appear only in small
quantities. In fact, when we did carry out a two-stage experiment in which
the spacs velocity was doubled, namely 8 liters per hour, corresponding to- -
twice the catalyst quantity, no improvament in the yield of 1iguid hydrocar-
bons was observed. g : S . : :

With Regeneration of End Gas After the First Stage.:

. " We wers interssted in finding out what kind of yields per cubic
" meter of mixed gas could be ‘obtained when the end gas was scrubbed fres of
the benzine and then passed over piecea of clay abt 1,200°C.. This oparation .
ragensrated the gas and converted it to synthesls gas. ' It was passed-over
an iron cata2lyst again. “The arrangement of the experiment was 23 follows:  °
The first stage was charged with 3(Fe-Cu catalyst) containing 1/8 percent . .
. 52;:033_.frha;1‘_1.ow;_valocity as 12 liters of mixad gas per hour. The. product’
' gas Bcrubbed. free .of 1iquid reaction products and continuously- regenerated
on pieces of clay in a Hars furnace at 1,200°C. The syntheais gas thus
formed was “immediately co::g'ge;d into ths sacond stag’e_gy second stags
“was only charged with 2 pax; of iron catalyst as the gas/volume Was re-
‘duced from 12 to B liters “per hour after passage through the Mars furnace..
Rarto: 8 /contaln. the restits of this experimente . . . .

—and 90 ... e, e
e 9 . -pabte-89.~~Two-stage experiment with mixed gas and .~
: ~regemsration O ~ond gas irom the 1irst stage. .

I L . Tiquid products,
/. Temp., ~Contraction, = grams per cubic
N L .. ..e@g. - percent .~ . meter of mixed gas
| First stage o e300 .. 30 0 0N g6

. Second stags & v . 230 28 it 31
First and sscond stege - = " Approximately. - . 93
' 7 starting gas. - : e

P e

| Table 59, +Composition of starting ges and Teaction gas for both stagos
TR g e T e s Gane ' quantities still

ol T . Hydro=  bom _ ' present from -
o fins 0p CO  Hp carbons No. Wp. 1,000 liters

T

Starting gos, 1.0 0.0 00 29,6 59,5 L8 1.0 81 1,000
End ges, first stagel9s - :alf,-1--.:'0-3{-41"'*,3«.;97‘,-59;9;_‘5-50_6;«.;‘"1:;_21'-11.92'.?5';'_‘ 700
 Regensrated end gas 260 o2 2623 56.9 7 3.0 1.0 112 680
End gas, gecond atege: 1998 © 69 e 205 5806;.}_1_3;,-9.,'. 1.5 W9 500 -

e



It is possidble, therefors, to obtain fro@ 1 cubic meter of mixed gas,
. 93 grams of 1iquid products, of which 56 wers obtained in the first stags, and
37 in the second stage. However; gas regonoration was necepsary sfter the first
) St8ge. .Referring the yield to mormal conditions, the value increassd from-93 to
102 grams per cubic moter of mixed gas. From the last colusn of Table 90, it is
obvious that from 1,000 liters of mixed gas, 500 1iters were still present leaving
the second stage. After another regensration of this ond gas; 25 grams of addi-’
tional liquid hydrocarbons -could be obtained; so with a three-stage operation, & -
yield of 127 grems per cublc aster of mixed gas should be snticipated. =

Nething definite can be said sbout the economic feasibility of such &
process. Perhaps the synthegis end gas should be passed through the gonerator
during the gas production period. 4 two-stage operation with water gos in which
the end gas is regenerated after the first stage, gave a higher yield for the
firat days of operation than mixed gas. The yiold with water gas amounted to 70
?rusuf_or the first stage, and 33 grams for ths ‘second, a total of 3103 grams '

uncorrected), The activity of the 1ron . catalyst, however; decroaged mors ra-
. pidly with water gas, especially in the second stage. The reason is that tho end
gas contained mors CO than H, after it wao regenorated at 1,200°C. ‘For exsmple,
its CO content vas Li po‘rcen% and H, content only 32 percent. e

v Two-ghage. @g riment with Water Gas -
A",(F_i‘ret stagés .?qbcat;ﬂyatp_.- Second stagoes -Co @t#hat,

e Finally, we want to report the rasults of a two-stage experiment im
which the first stage was operated with an iron catalyst, and the sscond stage
with & cobalt catalyst. As a starting gas, e used water gas.. Jt wes our in=
tention to convert enough CO during the first stsge so that tho end gas had -
approximately the cemposition 1C0 + 2H,. A gas of such e composition 4a do-

‘gArable for the operation of the gasoline. synthesis on cobalt catalysteo - In- - .-
‘this mannor, gasolins could be easily obtained in places whers local conditions
provide sufficiently cheap wstor gas, The results of such an expsriment are . . -

‘summarized in Tablea 91 and 92, Gasoline and oil were removed after the first
stage. The CO, forsed wes not scrubbed out, B N

st "stage, Fe cat.a.lysb -0 grams Fo.
(Second stsgey Co + 18 percent ThOp). 4 grams Co

L™ Temp,, traction, produsts;.
Stege - eC. "'-»‘jﬁ:f&hﬁs:ifrf" w3

a L

e

‘Second stags (Co) 180 64 68

| First and socond stages SRR R T -
Firet stage (Fe) 28 2 M -
‘Second stage (Co) - . 180 - 57 o 68
First and second steges — L I

S
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" mable’ 92.—Composition of resction gas after the various stages..

L [T ———Tjdro~  Carbon _

GO, fins Oy €O Hp carbons  No. ¥,
B e dtage W7  0o5 0.0 285 W6.6 12 LTS 8.5
SEeem manU DL
‘%rgsttw h6:h '1:5 :3 | 8:9 '15Z2 1o:3 3 1:az : 17:h s -
 sscond stage ) ) _ ' ,

: The first row in Table 51 indicates that the first stage gave 35
grams of 1liquid products ‘at a contraction of 21 percent (iron .catalyst).

end. gas ‘analysis (Table 92) shows, however; that the gas composition 1G0+2Hy
wag not reached and that CO was still present in excess, With this end gas,
a yield of 68 grams was obtained in the second atage using cobalt catalyst.
The eontraction was 6L percent (Table $1, row 2). In both stages together,
the=efore, 103 grams psr cubic mster of nwater ges (uncorrected) were formeda
“The end ‘gas analysis of the second stage indicates plainly tham an excess CO
was present as ‘far as the cobalt catalyst was concerned.’ During & .gacond
‘experiment, therefore, wo charged the iron catalyst stage somewhat mors
‘heavily. With a contraction of 27 percent (row 3), the yield amounted to =
147 grams and the end gas’ corresponded approximately to a 1C0+2Hy. . This end
‘ges furnished 68 grams of 1iquid products per cublc ‘meter of water gas in . -
‘the cobalt stags (row b)o Consequently, a total of 115 grams per cubic geter
‘of water gis were formed. The end gas leaving the secord. stage still con-
%ainsd CO and H, in approximately the ratio of 1:2, which indicates that the
gss usad for charging ‘the second stage corresponded to the usage ratio of .
.CO and Hp. If one exprassas the residual GO and ‘Hp, in percent, talking into
_consideration the contraction which had occurred, one findes that only ST -
percent CO srd"9 percent Hp did not. enter into the reactiona -1k, 5 Percent
€O was utilized b> form gasecus ‘hydrocarbons’s A certain quantity of C02
(corresponding to the quantity of hydrocarbons formed) appsarsd at the end -
of the first stage. During the ‘second. stage, no additional CO, formed, The -
COp obtained in the first stago was apparently not attacked in the second. -
‘gtages the CO. ‘quantity after the second stage was equal to that afpor tha' .
first stags.. zFurthefmoze, if the CO had. been partly hydrogenated,. the Hy |
balance should have given an indieatgon* of thatj the ‘gaseous hydrocarbons -
formed should be: compoged of: molecules - incorporating fower -zarbon mmbers. - -
The question of CO reduction with iron catalyste will be discussed in detall.
leter. It is spparent .,.from:_thfe.r.experiment’sb that with mixed gas sdvantages
‘result in & multistege ‘operation only when the end gas, afver sech etage, - :
‘"ip regemerated by thermel treatmente - .. .o A R STRTS
... The exscution of such an experiment wlth water gas is ‘not recom-
mended on- account of the rapid decreass of activity of the iroa catalysts >
especially after the second stage. - Water gas,. however, can bs used suc-

ceasfully in a tao-ctage operation without re onieration if the first: atage
~is.charged with en iron catalyst, and the sscond stege with a cobslt cata= .
. lyst, A mOrs frequent regensration of the iron catalysts becomes necessary,.
e Bt . _ necessttds
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SIGNITICAHCE OF IRON CATAIISTS FOR THE STMULTANEQUS -PRODUCTION. OF CO--
mmxmﬂmamm JORKS, (leyer ).

' Considering the byprocduct, coke, obtained from the illuminat..ng—gaa
induetry, it would be desirable for many gas works to use part of the coke
for production of a standard city gss and simultangously gasoline, For
this purpose, the water gas produced should be processed first to remove -

“the 002 formed. _ L~

-

.. From the Hpy-r ich synt.hesis gas thus produced, containing, for ex=
‘ample, 20 parts of CO and 70 yarts of Hp, with cobalt catalysts under proper
reaction conditions, approximately 50 grams per cubic meter of liquid pro~ -
ducts can be obtainedo The end gas from the synthesis, which is lean in 00,
conforma closely to.- tho apacifications of a standard eity gaao N

(A,

" The fur’bher poss:.b:.lity of the ‘production of s‘bandard city gas, ,
nractically~free of €O, and the simulitanecus production of gasoline on cow
balt catalysts will. not*ba—utscussed further, We want to discuss the pos-
sibility of perhaps producing a standard c:Lty gas when ircn catal,y'ats ars ;
used durin—r +he synthesls., T

.Tabl 93,»~g.nd gas !:ith Fe cata]yets for gases of various’ CO c.ontem,So

<

- T : . ¥na . gmnmﬂ §

Oparao Conis : Ln.qu:.d products R e e o Gar—
Pemp., tion, traction, per ‘cublc mstor - Ole-» R Izydi‘ ¢= bon
-©g. - days  percend :of ﬂas, gra.ms COg 11’15,:, 02 00 jgp carbons No. Ho -

N T
L

B S TUITIN TN CEPR R ‘»Synthsais _gass_ -.'20(20-75'32 ..... e
226 . e o727 oo LT 7102 0.5 0.0 108 80.5

'1;67. L2

i 2 3.
< Afver removal or €0p e o eb o0 2.,0 90‘.4 2 3-' 16T LT
ST e Sl Synthesis gasb _2900-581’2‘ e T e
2300 20 30— IR 5 R W 0;0'13.0'60.1 okl 1.68108°
* After removal oi‘ CO o e LT 0050, Tholk T 5.5 L.68 134
236 . 15 - 86 17 19,7 0.9 ¢ o0 305 61,3 B3 1.53103

: After removal oi‘ 002 o ‘:_'-.'.i': R N I ¥ v-‘.O hol‘z_76°6 50 R 63 125

: Table 93 gives some and gaa o.nalyses whlch were obtained vehan vara.ous

: starting gases werse used with SFe~1Cu catalysts «containing l/u percent ‘K
(precipltated from FeClp, CuClp, and sodlum carbonate).. The experiment conv =
ydit:.cns were such that opbimum vield of ‘Iiguid- hydrocarbons wers produceds By ..
using an Hg-nch syntbes:.s gas of composition 20 percent CO- and 75 percent Ha,
which is also especially sui‘hable for.the production’ of a\propex' ci'by gés when
_cobalt catalysts are used, iron catu]ysts produce an end--gas which-after re~-.
moval of the COp. contains apbrom.mately 90 percent H, and only small quantities:
. of. hydrocarbons (E}gosrjs:"ent la). with m:u:ed gas (29 0-—58 ) and under condi~ . -
tions favorable for the benzine- synthesis » 2n exit gas is obtained during Ex~
- pariment lb as~ mdn.ca’cade By raising the- experiment tempera«.yra from 230° 4o

| 2h52 0. temporarily, twice Jbhe: quantity .of gaseous hydrocarbens may be ob‘c.a:xed
(as may: be- ~seen” by compar Lng. emarment 1 ":uth 2 in. Labla ho -




'rabla 9I..-End gasaa with Fe cata]yata and mimd ﬁaa at olevated temperatures.

COn- trams oF

oj:eré- trac- 1iquid End gas composition
Temp., tion, tion, . products Ole~ Hydro~ Carbon
°C. days percent . @88 COp fins Op CO Hp carbons Ho. No .
a 230 6. 30 . 5 19.3 0.9 0.2 ﬁ.h‘ 61.8 ﬁ’3 1.5- 1.5
b - . . T - ° 03 02 ?605 . '1 K 155 1ho3 .
a . 2hs 7 33 = == 20.0 1.5 .3 1.7 57.5 6.k 1.5 12.6
b . ' — 1.9 .8 2.1 71;9 ) 8.0 105 = 150
a 245 11 28 . == '19.2 132~ .3 k.0 .59.1 . L.t 1.k 11.8
b B ‘ ’ - 1-5 . eh 500 7.361 ‘Sobf‘v- ‘1‘11?1‘ lh 6
a 270 12 = 34— .= 20.2 L9 .k 1,8 56.0° 7.0 - -1.27 . 12.7
b N . ' : o= 2.!‘ - us 203 7000 808 1027 16 0
a 270 lh 26; ""‘ " 17:2 7_1oh : ,#2 h.s 6090 ) 501 ’ 1025 » 1103
b\'.': o : . . - 1=7 92 Soe 72:5 692 1023 ' 1306
a 300 1 3L == 192 2.3 .0 3.5 5kS. . B.1 1,26 12,L
b , - - L e 208“" oo h°3 . 6705 . 10,0 1026 : 15»)'.“.
a 300 .15 .5 -— 9'.,7.- 9 o2 17k 59,1 3.1 1.07 - 9.6,
b ; : 10_.;02 19.3 .,h‘

'65::5 :

1,07 10,6

; a= 2900 - SBHQ. b = after removal oi‘ 002. .

the contraction decreased from 33 to 28 pereen‘bo

. On account of the higher experiment tempera'bu‘res N the activitv of the»' :
catalyst decreased rapidly with the simultaneous formation of yellowish products,
After L days of operation, starting from thé increase in temperature to 2hZ°C.,

The end gag hed-a composition

as showf in row 3o ‘The quantity of the ‘gaseous hydrocarbons. formed, theraefore,
decreased and was approximately of the same order of magnitude as that from.an. -
A further increass” irrthe reaction temperature . -
to 270°C., caused a rise in’ contraction and in formation of gaseous hydrocarbons o

iron catalyst operated at. 230°C.

(column L)<’
‘formad;
0 2é—percent4.
(eolumn. 5).

Wo also carried ocut an experiment at 300°C, -

‘gas, initially 10 percent of gasecus hydrocarbons were formed. -
the contraction decreaged to 11.5 peresnt and’ only 3 b, percent of eaturatsd
gasaous hydroca.rbons wers ooservedo e L

It is apparent from the low carbon numbsers that primarily CH, was
After two further days of operation, the contraction: decreased from 3k
Correspondingly, the quantity of - gaseous hy drocarbons dsereassd
‘Referred to 0, ~froe:

After 24 hours, o

Table 95 —End gases with Fe catalysts shd water gas. ETO

Ton=— ,’ bx-ams 553

I'Fd gas compos1t3.on -

_ Opera— ‘trac- “liquid T 4 - Care:

Wata{ ‘I'emp‘., tion,  tion, ‘products, . Ole- PR Hydro=-.. bor. .

s-/ 3 ~days - percent mggas COs- fins Op CO " Hs' - _carbons Hoe W, -

N 2_356 .6 ko 75 3691 2.3 0,27 6.1 L1.5 . he2 o 1887 9.6

: B e S e 3, ©3 9.5 65.0 . 6.6 1 88 15.0-

s 236* 10 36 . 67 - 30, 5 o3 "11.0°h0.8  L.8 9.8

b ’ o S ks T " . ; <-'j . hoo oh 1508 58 8 ; Z‘ 6_u9v 106 lhol :f
1/a.== hhco-- b,?He. b= After removal of cog. o

K}
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. Table 95 reports the composition of two end gases obtained with
‘water gas on an iron catalyst. An increase of the gaseous hydrocarbons ag
compared to the mixsd gas experiments had not taken place. Experiments at -
elevated temperatures were not carried out, because iron catalysts lose ac—
tivity more quickly when water gas is employed than when mixed gas is used
even in low-temperature regions, An increase in temperature therefors, and -
the use of water gas with iron catalysts would certainly tend to decrease
the lifetime of the iron catalysts still more than in the case of mixed gas.

In summation, it.can be said that the reaction gases obtained .
from the benzine synthesis when using iron catalysts did not possess the °
. proper requirements of a good. city gas. The concentration of gaseous kydro-.
carbons in the exit gas was too low, and the required heating value thus
wes not assured, The different composition of the end gases obtained with
iron catalysts as compared to cobalt catalysts-may be explained by the dif-
ferent course of the reaction on iron and cobalt. Since, on account of COs *
" formation, .only half of the CO in the synthesis gas was converted into hydro-
carbons when iron was used, the amount of gaseous hydrocarbons in the exit '
gas was considerably lower than when cobalt was used. ~Furthermore, with.-co-
‘balt catalysts, a _considerable incrsmse in gaseous hydrocarbon content oc-
curred on account of the high contraction cavsed by water formation.. This-
was not the case with lron catalysts becausae: chiefly CO, was formed, which
did not reduce the contraction as much as the condensable water. . By scrub~
bing out the COp, this disadvantage could be overcome to a certain extemt.
The: Hp usage with-iron catalysts was small. .. Consequently, after ths G0, had
been scrubhed out of the end gas, the remaining gas. contained approximately.
60 to 65 percent Hp, when water gas was the original gas. With mixed gas, .
_-a final end gas containing 70 to 75 percent Hp was obtained sfter the GOy
had bsen 'scrubbed out; and with a starting gas consisting of 20 pezcent CO .
and: 75 percent. Hy; an end gas rsgulted coptaining 90 percent H,. For this
- peason, the end gas had too small a density and did not correspond to city
-gas requirements, RN G PR S o - L
‘M. An incréase in experiment temperaturs is not to bs recommended in
‘connection with iron catalysts, since the inmcreased yield. in gassous  hydro=
carbong. did not reach the desired-degree and the life of the iron catalyst
' was considsrably impaired. With the decreass in lifetlme of the catalyst,

~the amount of  gaseous' hydrocarbons formed decreazsed as well.

T4 was thought thst a small addition of mickel or cobalt o the
iron catalyst-should favor 'the formation of gaseous- hydrocarbons,. and there-
by increase the hesting value of -the end gas, ' For this reason, we added 1 ...

" and 9 pércent nickel aud cobalt, respectively, to a SFe~lCu cabalyst. Ths '

_preparation of the ‘catalyst was carried out by simulianeous precipitation .
‘of the thiree metals. The catalysts were ‘taken into operation with mixed gas.’
.at 235°C,, in one case directly, and in another ‘case, after au Hy treatment.
'A11 catalysts furnished a final-gas which did ‘not. differ appreciably. from -
:the end. gas obtained directly with a SFe-lCu catalyst without nickel or co-
valt, &g far as the contents of gaseous hydrocarbons was concerned. =

" “‘With a content of S percent nickel, ‘the activity of ‘the cabtalyst
was somewhat inferior t0 the nickel-free catalyst, whereas with a content’
" of § percent cobalt, the -activity was not impaireds . '

\
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REDUCTION OF THE 'O, ON IRON CATALYSTS (Bahr).

“In previous. chapters; we referred re:;oatadly to ths high content of -
COp in the end gas obtained from carrier-free iron catalysts. HNe have had
end gases containing as much as 20 percent or more of CO,, in addition %o a
mi.gh Hp content (60 percent). "Since it is known that thg_ €0, may. bo reduced
at a lower temperature than the CO,.this simultaneocus appsarance of CO2 and
Hy in the.seme gas-in the presence of -the lron catalysts is astonishing. Es-
pecially is this true since COp can be rsduced with ease st 150°C., when co-
balt or nickel catalysts are present. The explanation may be that the iron
catalyst in the presence of cobalt and nickel can not reduce ‘C0, at low tem-
peratures. Kuester (30) has reported no noticeable reduction o‘% COp to =
methane at temperatures below 300°C., but only at elevated temperatures, 350°-
LOPC. However, at temperatures of arourid 200°C., a reduction of COp to CO
occurs. . o o ,

C The kleselguhr catalysts which form some reaction water do not be-
have differently as far as the CO, reduction is concerned. Of the -experi-
ments mentioned, let us consider %he following in greater detail: An Fe-Cu~
0 (L:1:1) kieselguhr (1:1) catalyst waa used; Starting -at-150°C. with a
-‘gas containing 14,8 psrcent €O, and 83.L4 percent H,, the temperaturs had to

- be raised to 200Pt, before a small contraction of J percent could be meas-— '
ured. At 275°C., a contraction of 6 psrcent was observedj at 350°C, (L .
1liters of throughput per hour), 19 percent contraction was noticed. At this
‘temperature, the reaction gas in addgition to 30,7 percent residual-C0,, 2ls0
contained 3.3 percent CO and 2.1 percent paraffin. hydrocarbonse The latter -
hsd a carbon mmbsr of 1.9 hence, the observation by Kuester was confirmed,

oo onoo T thet the COg 18 not -enly converted to methane in the =
presence of iron -cavalysts, but also to higher ‘hydrocarbons, At LOC®C., .
the contraction ingreased only a small amount, and eventuslly reached 21
percent. -In addition to 10, percent residual COp, the product gas alsc
contained 4.7 percent CO end 3.2 psrcent paraffin hydrocarbons with.a car—
“bon number of 1.37, ,In the cold section of the reaction tube, a small . -
amount of yellow oily products condensed. . Calculation showed that the COp
“(on 160 percent basis) was converted in the following mahner by, the cata-
lyst at 350° to hOO®Co .0 . o Coipam b S

Percent L

© . Teup., Undlmnged To To paralfim ‘
T . ._®C. . CO0p  _CO Nydrocarbons = .
' .. 350 Y 58,8 182 2.8 .
U B00 i 38k 25,0 2300 o

© . A% lO0PC., a small: analytigal error was inproduced into the deter-
mination, as the sum total of the unconverted and convewted CO2 is more $han -
© | The result of these experiments may be summarised by saying that
ewen with the iron catalysts which are ‘capable of forming. same reaction .
water, reduction of the COp was not. observed at the reaction tempsratures
of the benzine synthesis, ~Thus may be explained the fact thabt /in the re=
action gases obtained from iron catalysis, appreciable quantities of-Hpy can’
" coexist in these zases with fairly large quantities of COp. =

-1 e



COPPER~FREE IRON CATALYSTS (Hsyor)

"Finally, we want to report on the results which we obtainod with
copper-free iron catalysts. With reference to earlier experiments, wa want
- 4o vefer to the Mesammelten Abhandlungen zur Kenntnis der Kohle® (vol. 10).
Of special interest are the results obtained with iron-aluminum and iron-

silicon alloy catalysts .

(39). In contrast to the nickel- and cobalt-skeleton

alloy catalysts, iron-alumimm and iron-silicon alloys, after removal of thes

aluminum with NaOH, were

almost entirely inactive, 'An improvement did not

result even when the catalysts were oxidized.

: That it is possible to obtain comparatiwely good yields of liquid
_ hydrocarbons with iron alone (ithout copper) may be Seen fram the following

Anvestigationss .

L ey

Preiiminary Eipez*imenfs.

~ To ascertain what the cabalytic ‘agtivity-of a pure ferrous irod

catalyst is, greatest ca
catalysti.oxidation to th

re was taken that during the preparation of such a

e ferric condition was avoided. -

" In the bééihning,ﬂwe used Hatl0, as. 'pfafcipitant'~'sinqa. the pre~ -

_cipitations obtained with NaGOy or KoCO

ad a tendency to. discolor very

rapidly and changs .from green-oF black into browm. Ths precipitation with
~NaHGD, seemed more stable. The preparation of ferrous carbonate from FeS
and _Ngﬂc% wag accomplished by adding the hot solution of Fes0) to a solu="
“tion of NaKCO3 under condtant stirring. In order to assura complste pre-

cipitation, heating was

continued for some bime on ‘the water bath under a .

GO atmosphers, - The grayish-white precipitate was then filtered in the ..
presence .of COp and washed free of sulfates with boiling water.. The drying
of the FeC03 was accomplished: in ‘a.vacuum. at. rooa temperature.: The cata- '

. 1ytic activity of-this ¢
S at 2h5°C.), and an incre
‘tiom with Hp-at LOC®C.

atalyst was very slight (2.5 percent contraciion
ase c¢ould not be cobtained by a preliminary reducs

In order to sxclude the possibility that. the ace.

tivity of the catalyst was reduced by residual saifate sulfur, ferrous ' °
“nitrate was used-as starting material for the preéparation of FeC03« For
_this purpose, iron shavings wers dissolved in dilute nitric acid of a ' B
“specific gravity 1,035 Soluticn was carried out in the cold, the pre=

‘eipitation of the ferrous nitrate being accomplished with vw:,mc:c)f3 dn the

manner already described. With this catalyst, a contraction o
__Wasvbbi;ainsd"dva'ing'-ﬂd_aysjqf;oparaﬁiomj'. g T
g . Aefaix"éltlemé'tiva‘ methed for the ﬁreﬁéf_atipnf of Fal0y; W
‘sorted to the precipitation of ferrous formate by means”oi‘-rzaléo o

‘rous formate was obtains

~

Tl pereent
- 52 2 : .03, .. Fer=
d by ‘diesolving iron shavings in dilute Yormic . .

" acid, -and processed- as described aboves With {q:.his"'EecOg and. an_experiment’

temperature of 248°C,, & maximum contraction of 26 perc

" Howeyer, it should be me

S ¢ rcént was obtained.
ntioned that it took 10 days of operation to reach

 %his: contraction. - The maximum yield of liquid hydrocarbons was b2 grams.
per cubic meter of mixed gas.. When the experiment _‘temperdture was raised:

- with another kKatch-of Fe

€0,, produced-in:the same way, a maximum céntrac—

“tion of-only 5 percent could be obtaineds It 1is, therefors, apparent that
the activity of the FeCO3 ‘catalyst; prepared .ac‘:cordi:.ng %o this methed, is



not reproducible. The pmcipitat.ton of ferrous formate with uamo3 in pres-
ence of kieselguhr led to catalysts which were inactive, A catalyst prepared
by precipitating ferrous sulfate with scda exhibited no activity either.
Howaver, & FeCO eatalyst prepared from ferrous formate and Na,CO3 gave a
maximum contraction of 12 percent: The resulta with the copper-free ferrous
carbonate catalysts so far investigated are tabulated in Zable 6.

Pables 96,—-Activity of ferrous carbanéte prepared in various manners,

aE Maxdmom
\ . Maximmm yields of

S o o con= .  liquid
- ‘ . i .. et traé- pro%sta, .
Exp. _ o s Tempo, tion, Bo/m°
¥o. = Yode of preparation  Carrier ‘Pratreatment ©C. percent mixed ges_
1 FeSOy + NaHCOg - . Without Mixed ges  2hS - 2.3 = -
2 FaSOy + KalO; ' | Without Hp Loe® - 245 . 2.0 -
3 Fo(iy), and HaO; | Withowt Mizedges 238 h-oo' R
§ ~ immadiately - - .
4 Ferrous formate and Nanco3 without Mixed gas = 2h2 26 0. | ke
Y o .\'» : immediate]y' I : e
5 »Same as\h (x'etest) SRR ce o oghe SQO_" Ce
6 Ferrous foma‘w end xanca_., thr,. mxed gas. . 2hs - 3,,0, T e
T :imnadiately b RN
7~_Fesol% and ua2c03 A m'ahout Mixed gas. 2h2 . 0 o =
e R Cfmmedistelyt .
8 .lFerrous form&te and ma2m3 Without Mixad gas . 242 12.,50» L=
S S Lo Domediately - FE

Gopper catalysts fm Ferroua compoupds" o

' Ix} the accuion; "Irc"m/ SFe-1Cu catalysts wers deseribsd in detail, _
whlch ware prepared by precipitating: the chloride from hot ‘solution with Nagco3. ‘
These catalysts were ‘alkalized with 1/h parcent KoC04q, and after approximately
6 wesks of oparation, “thay gave. an averagse yiseld of- 0 grams of Iiquid pmducts
per cubic neter of mixed -gas, Table ‘97 eontains the results which were ob=: =
tained with a s:!milarly prepared catalyst wh:.ch\ 1Jarasx copper-i‘ree, hawever s cand
contained various quantities of 1!2003, ‘__ . IR R

N : hvarious
' KaC03 ~ con‘braction, ‘ Ya.eld, grams per

Exp., Gata].yst contenb, percent a.fter days. cubic meter .. . L R

tio. composition percent .~ 7. i . 2L of mixed gss - ' Peparks

17 Iron alone .»'40;- LR 127 R V-] ‘.f“ 15 22 A.fter 3 meks, no -~
- . T R e S furthsr inerease T

' - T g B e Jin, activity.-':

2 L des 1/8 ll;’[ CCRP 20 e o33 : .do,
30 lgos o yfles 180 X7 23 oo 300 (do,.

k¥ - dos . Yf2 ‘, "33 -.18 20 .. - 25 ﬁ do._,.

. 11;3



. ‘The influence of the K;CO, addition was not as pronounced as in the
‘case of the copper-containing ca sts, This, .of courss, refers only to ths
catalysts prepared from FeCl,. With other modes of .preparation, as will be -
shown in a later chapter, a subsequent addition of K,CO, can cause a consider-
able increase in activity. The catalysts precipitatdd from FeCl, and contain-
ing various quantities of K?COB require a long period of induction just as do
the K,COj-free catalysts, The maximum contraction for these catalysts.is
reached only approximately after 3 weeke of operation, and the yields ob~
tained up to this time do. not show any great differences. The K;C0 ~fTee
catalyst furnished.22 gramsg with ths catalyst containing 1/8 percént K C03,
33 grams3 1/l percent KCO3p 30 grame and 1/2 percent K,CO4, 25 graus ,og
1iquid producta psr cubic meter of mixsd gas were obtained,” The experiment
temperature in all cases was 2LCPC.. Congsequently, it was approximately e
higher than for the corresponding copper-containing catalysts. - After '3 woeks
of operation, no further increase in activity was observed. . o

T Prixicipal Expsriment (Ackérmann);

- : :‘Dum';_wedv\?eightj-;'fu and Mode of Preparation.

... In spite of the very voluminous and varied research on catalysis,
‘no information has been obtained so far from which one could predict just
how active.a certain catalyst would be. In all cages, it was necessary to
- carry out. a time-consuming activity determination. - The reasons for this
are well-known, With-the precipitated catalysts, it was found that the
.mode of precipitation produces important differences:in the dumped weight |
" of the catalyst, The determination of the dumped weight of ths catalyst -
may be carried out very quickly. Therefore, we eitempted 40 £ind the pos- -
"sible relationship between dumped weight of a catalyst, and its activity, .
‘It was pointéd out-that chemical changss might occur in ths iron catalystis .
during the synthesis which would not have any comnnection with the dumped -
weight of the catalyst; and also, that the ¢atalytically active portion of
the catalyst surface doss not have a simple Felationship to the degree of
dispersion:as indicated by the dumped weight, . = . o o e T
. Predipitation. The aqueous solutions of ferrous chloride and
. ferric nitrats wevwe procipitated with agueous. solutions of sodiumm carbonate,
‘potassium carbonate, and Sodium hydroxide and potassium hydroxide. The .
:‘conditions, such as concentration, temperature; and addition of reactants;-
. waried in all cases. The precipitant was always dissolved in a quantity.
~ of water which was %o 3/L the volume of the iron salt solution, It was . .
. ‘always used in 10 percent excess, . After filtering, the precipitant was . v
washsed 6 times with waters - The water used for each washing was equal to-
“10 times the welight of the iron which was to be-washed. The catalysts .
.were GrFied for 20 hours and 110°C., and were then ground into a fine =
-powdar. Thereafter, the dumped weight was determined by shaking the cata-.
‘Iyst: in a graduated. cylinder until no more reduction in volume occurred
upon 'fuz‘:her.; shaking, From ths dumped volume and the weight of the cata=
1yst, the dumped weight was caleulatede~ . . = oo
. g ‘Procipitations with soda. As m&y be seen from Tables 9€ and 99,
the dumped weights vary tetween. .28 percent and 1.00 percent. " There =~
_peems to be a fundamental differemce in the dumped weights of the pre=

‘this gection is defined as bulk density ah meximums packings =
.'.;-,m,,::’

%The term l*dnmped mightn as used in thisand “the Bucceeding pagea in



cipitated ferroun catalysts and the precipitated ferric catalysts. 'The ox-
planation may -be that from ferrous salts, at first, ferrous carbonate '1s pre- .
cipitated, whereas from faerric salts, ‘\rarric oxyHydrate is formed. This at .
first voluminous and very déifficultly filterable precipitate bakes on drying
and forms a blackish-blue brittle mass. It has an especially high dumped
weight. _ - . .

From ferrous salts, at first, a white ferrous carbonate precipi-
tates out which forms an easily filterable dense crystalline precipitate.
Dacomposition sets in as soon as the washing operation 1s begun, and as soon
‘a8 the air has access to it. The precipitate is gray at first and then .
changes to black, (After a longer period of contact with the. air, the black
mass changes into a reddish-brown ferric hydroxide,) When dried at 11C°C.,
the main quantity of the CO, is driven from the ferrous carbonate, causing
_a very pronounced loosening of the mass. This loosening is the more pro- -
nounced  the denser (larger crystals) the original ferrous carbonate. Those
precipitates which were most easily filtered had the smallest dumped weights

The greatest varistion betwesn dumped weights and precipitabing .
conditions oceurred with the normal precipitation of -the ferrous chlor?.d&""

(Table 98, precipitation 5 to 30.)..

Table 98.—~Dumped weight with normal precipitation of ferrous o
 sulfate, ferrous chioride, and ferric nicrate with sodiwn carbonate.

= R ‘Concentrat.ioz‘z,";lb'. . Dumped

o __ - Exp° ' grams of iron per Temﬁ;., Lo o welght,
Iron salt = No. - liter of solution  ©C, -~ ~ . percent
. Ferrous sulfate, 1 50 20 0,35 -
B T 1
o 3. - 10200 650!
R ‘ co h TN "lOf ' Gl X000 - T T b2
Ferrous ¢hlorids - 5 - 100 200 - e500
=6 106 - 100
v Tl 50 20 S ah3
R SB— e . UBO . ,2000 0 . e31
9 .30 oac ot TR0 mo e 0580
oo s Ao a0 D TEREe
. Ferric \ni\.t’rai}e\ (5 b U s S 2 0 e 1,00
o A B0 100 .83
. s SRR B - li . e 10 . K o 20 e o 0‘83> R
o e e w0 BT

%Wormsl precipitation = sddition of ‘precipifant to iron salt solubion, .
" <-Reverse precipitation - addition of iron salt ‘solution to precipitant.

“

g -



~ Increase of ‘the temperature (100°C.) as well as increase in con~
centration caused a noticeable reduction in the dumped weight. With reversed
precipitation (Table 92), -however, small dumped weights were only obtained
when chloride ions were added to the soda solution in advance in the form
of Nacl (Teble 99, Experiments 21 and 22), This observation may be ex-
plained by agsuming that in the presence of chloride ions, the seeding of
the crystals rroceeds slowly. At the same time, the velocity of crystal
growth of the FeCO crystals increases, - Whereas in the case of the normal
preciplitations s jcient chloride.ions are already present in the pre-
cipitation mixture :Lrom-the very beginuing, in the case of reverse pre-
cipitation chloride ions have to bs added to the sodium carbonate solution
before the. precipitation is carried out. o -
of o

“Table 9G.--~Dumped waight with reverse precipitation

forrous suifate, ferrous chloride, 2 arric. nitrace with soddum
Concentration, , ‘ —
. . grams of iron * Dumpead
_ ' Exp.’' - per liter - Temp., welght, -
Iron salb> _No. ‘of~solution  ©C, percent Remarks
Ferrous gulfate 15 = = 50 J 20 . 0.3%9 7 M
R Sa6 o 50 100 .39 -
DR EEE R I S S -20 b8
R TR 10 100 - obB
Ferrous chloride %_9 . -_50 20" oi? . A
B e (L 0 100 o N
o O ?o o oo, 3%_510 graus of FaCl
o L pp TR %O - - 100 ~:28 to 10 grams of iron
23 o300 20 0501 20 grams of NaCl to
St 2k 20 100 .59 L10 grams of iron
. Ferric nitrate 25 50. —- .20 - 683 . o
R TR 26 R« I 100 . .87 ..
-y GRS |t 20 . oTh .

o . precipitations with potassium carbonate. The same observations wers
made when The corraspo g precipitations were carried out with K5COg0 Here . .
wa :succe;ede'd, for instance, with the reverse precipitation of 50 gramg of iron -
per liter of ferrous ‘chloride at 100°C.;. in reducing ‘the dumped weight from.
0.k6 o 0.25 by the addition of EC1 to the K,C05 solution. _The dumped waights
of the precipitations of the +three ‘iron salts with sobagsium carbonate, in
generaly were in gocd ‘agreement with those ‘thMned_Ey’T:mqipitatmg with
~godium ‘carbonate solutions. Consequently, it is _nofr _necessary ‘to recite’ -

. these valuess. ' - , T e

v < .. Precipitations with sodiwm hydroxide. The precipitations. with ‘godium
‘hydroxide gave, in 311 cases, high dumped weights, The resulis of these pre-
_cipitations did not depend on whether ferrous or ferric salts were used: The. .
* dumped weights obtained varied from 0,6 to 0,9, It is aknown fact that from
ferrous salts; at first, a white ferrous hydroxide-is 'precipitated, which is
‘very difficult %o filter in the prassnce of férrous-carbonais. Cyponrdryings

4% did not loosen up. On account of the ease with which i% could be oxidiged
after the drying operation, it comsisted chiefly of ferric oxide. _The dumpad
weights.of all the catalysts which viere produced as ferric oxide fragments or. .

#glatesn depend somewhat on the size of the powder after being pulverizsd; -



pqudered by means of a mortars

10 mirutes .  15 minutes =~ - 20 minutes -
0.7l 0,61\ 0,59

Catalytic investigations of Gatalysts with Various Dhmped Weights.

. We employ the contraction as a meagure of the activity of the cata-
lyst. An equivalent of 10 grams of iron was used with L liters pe:r hour of
mixed gas at 2L0P to 250°C, Tabis 100 contains the various catalysis arranged .
according to their increasing dumped weight. Considering catalysts that were

' precipitated from the same galt, no relationship secms to exist betwesn con- -

traction and dumped weight, The comparison of catalysts prepered fron dife

" ferent salis, hcwe@er, shows that the ferric nitrate catalysts are more 2c-

tive than the ferrous chlorids catalystss  -Activity increasss viith increased

. dumpsd welghts and decreases with emell dumped Weights.

" Pable 10 s—Dumped weights and cawalytic activity. of
Sodium carbonate-precipitate ferrous chloride an

ferric nitrais. catai:}'sts Znonaﬁcalizedi,

e

Dumped ~  Maximum .

Catalyst welght, contraction; - Temp-, Gperation,
Iron salt -Ho, percent - percent °C, hours
4+ Ferrous.chioride 1 .. 0,26 . 8. . o250 .1200
o o2 S e300 ‘g 2850 L6
T B J2o 8.8 o 2ho . . 6h
R ok w250 b6
Ferric mitrate . 5 . 83 . .~ 22 . 2ho o 90 -
I B T - R B3 T A e 200 = 90
. 7 W8T '3 2o .90,
8 1,00 o260 280 . TUT

R ~ “This £inding -céntradicté thé"‘-op:.mion_ that ”ca‘t'alﬁrtié,'actiﬂty‘irrfﬂ -
creases with decreasing dumped weight. -As a matter of fact, the dumpad '

weight does not geom to give any information on. the. (i:me!‘),,,cataly‘t;ic active

A P

surface of a catalyst. A more appropriate means of testing the catalytvic -

properties would be perhaps determination of the heat of adsorptionm, which '

Ly 3

. may be resdily obtained as the heat of wétting when ethanol is used, for' - i
" instance. . Thus, we: found that'a catalyst precipitated’ Withvsodium,carbona'ce '

- from ferrous .chloride and havinga ‘Gumped . weight of 0,31 percent s\xhibit_'s a
“heat of wetting of only 2.3" calories per gram of ‘ironm, whan. 96 percent of

alcohol was used. The -corresponding _precip'itatsd-*-fgsrric"nitraf;@“_.cafgalyst.

" with the dumped: welght. of 0,83 percent had a heat of wetbing -of 9.l calories

per grams of iron. - It cah'b.eﬂ_'said,thé.tvvd@padﬂ:eightg,dataminations ‘are nob
suited to predict ths catglytic ‘properilies of 'iron ‘catalysts, ferrous and

.. feryic. Another reason for this As - he\_facﬁ:'that »th’é ‘catalysta themselvaes,

' under the g=me washing conditions, contain various amounts of. foreign mate-

rial which has been introduced through the ‘precipitation. . later washing ex-
periments showed that the ferric nitrate catalysts mentioned in Table 100

must have contained considerable amountsof NazC03e’ This wag probably re=.

- sponsible for the higher ‘activity those catalysts éxhibited, ‘when compared N

to the chloride catalystso . .

UNG

.7



Table 101,~-Dumped weights .and cat ic activity of sodium carbonate-

precipItaEﬁ Terric nitrato catﬂ'is%a, eﬁausﬁva% Wash&t, Jn Comparison

" %0 NH3~ and (ﬁsh)zcoy {reapoctively) precipitated i‘orric nitrate
catalyste (nonallmlizad)

Gata- . . Uunped l!aad.mxm Opera-

o lyste ' welght, Temp.,, contraction, tion,
Iron salt Noo Pracipitant " parcent  ©C. percent  hours
Ferric nitrate 1 HH © 0.98 240 7.5 8L
‘ 2 )2003 1.00 235 - 10.0 120

3 Na2 1.00 235 . T.5 - 120

L . 1,00 - 23k -1 . 120

5 »na2603 1,00 0 23h - FT1L5 120

Ae Table 1C1 showsg the activi’sy of thorot.ghly washed, soda-precip.i.tated cata-
. lyats was not higher than ths. activity of the pmcipit.ated ammonia-_or ammonium
carbonateupracipztated cata:l.yat-ao S

Datemination of the )‘lkali fraantity Xeaded for ’lka.a.ization.

. ‘ Estimation ‘of alkali quantlty according to chlorine content in cata— .
: lys’c.o .The. addition of &ikall~carbcnais as an activaling infiuence upoun the.

- 4ron. one~-component catalysts is similsr to that on the mul‘clcompon@nt catalysts.
“Po study the effect of the alkali, an sxpeoriment ims performed in which the
alkali was to combine witl anions’ in the catalyst which wers believsd to be
damaging to the catalyst. With this, the function of the. alkali would be file

' filled. An excess of alkali in such an ‘instancs would be daairabl»s,. Ag the
experiment reveals, tomever - (Table’ 10?) this assumption was “uhjustified be- -
cause; the activity. k@pt on incz-easing with increasing alkali additiong and it -
“increased. independently of thé quantity of chlorida present Bh::.ch it ‘was Bupnf
_poaed would lnteracn with the alkalin , o , Dl

~¥orrous chloride-
equivalent ancunt , - WWice the equivalent amount, and -£0 ‘Eimee
o tlgxa aquivalanf. amount oi‘ alkali. PR

SR Chlorlde content: 00026 percent, s B
;\requires 09051 percant K2003 for. neutralization., L

R Ka‘(}o" S -.Temp.,, Contraction, Oparation,
i perce i', e percenﬁ o “hours
ST ed0 ket 260




4 ' Exgess alkalization and removal of unadsorbed alkali antitioe
filtration and w ashing, respactively. During alkalization of S%Wa we .

generally found that the alkalinity of the slurry formed with the KoCO3 golu~
tion decreased after a short, time. This we believe resulted from adsorption
of alkali on the, catalyst.. In the following experiment, therefore, we per-
mitted the catalyst to take up &n optimum alkali quantity. A catalyst pre-
cipitated from ferric nitrate with sodium carbonate wes impregnated with 0.5
percent K003 when still . molet. From samples (e¢) and (d), the alkafigstion
liquor was rémoved by tﬂtration, and sample (d) was washed twice, Table

103 shows that, with increasing aubaaquent removal of the x2c03 s the activity

decroasedo .
Table 10 -Ferric nitrate- rec:.pitated catalyst
EIEIIza%Ion and subgequent removal of alkaii' by -

filtration ami washi.ng =

Pretreatment, : Activity- : ;
Same- percent Tempo, Combraction. after days of onaration, parcenc
" pls K,CO, . 8C, - 2 N N 20 - 50
a 232 138 . 19.L- 2k 26 23,5
b 1/2 232 2% . 27,5 2% : e
e 1/2 percent- . 232, 115 15 . 15.5 3 O
‘ ~removed by = . S o e .
suetion, . o T L =
‘d 1/2 percent 232 11 T 10 8,6 . 11
" “removed by L o Lo
. suction and
wash:x.ngo : N

e Aside i‘rom finding thax. posslble adsorption of the optimtm alkali
quantity whlch might have taken-place on the catalyst was not permanent as
could bs Seen from the fact that with subsecuent removal of- K2003 the ac~
tivity decreased, this.experiment gave some other very important information.
Titrating with 1/10 N hydrochloric acid: the fﬂtr%w obtainsd from the iwashe
ing operation of sample (&) (methyl red), we found an alkali quantity thres
times as large as the gaantity of KoCOy added for alkalization, The excess
alkali can only ‘hava originated from the catalyst itself and ‘probably re-
mained thefe on account of insufficient washing. Hence. the catalyst hed
‘been praalkalized by :the precipi’oating sodium carbonate, From this observa~
tion, the: ‘slowly increasing activity of ssmpile (a):may bs explained; ths -
course of the activity increase is characteristic for sodium carbonatd ale
kalizatiom “Tikewlse, the rapid decresse in activity of sampla (b) may b@
due %o overalkalization (wazcoj an& 1/2 percent KQCO3 present).,_; T

Lo Precipitation in presence oi‘ fixed alkalin Two catalysts were
prepared by precipitating ‘Terrous. nitrave .and i’erric .nitrate with ‘ammonivm
.carbonate, - The ‘contraction of these. catalysts , for emmple ‘after.5 daya
of operation at 235°C., amountad to 7.% percent: for-the 18_ferrous nitrate. -
‘catalyst which was not alkalized, a.ndf%es—%percant “for the seme catalystr
.containing 1/2 percent K,C0,. For a nonalkalized ferric nitrate catalyst, =
the .contraction was' 9T neréent and for the ferric nitrate catalyst alka-
lized with 1/2 percent K 03 23,5 percent. As one can eee, the activity of
the nonalkalized catalysts, which are cbviously free from alkall, is very -
small, :Activation with’ alka:u. is’ especially proncmnced in the caae or the B

farr:.c nitrate catalyste




Exhaustive was “of ferric nitrate ca ts precipitated with
sodium carbonate. Icoofgﬁ ¥o experiments so far %ﬁ Iron one-component
catalysts, more active catalysts may be. obtained by precipitating ferric ni=
.trate than are obtained by precipitating such ferrous salts as, for instance,
ferrous nitrate or ferrous chlorids. We have found that the reaulting ac-
tivity is independent of the precipitant. With regard to the precipitant,
we found thsat uh:iy'a was superior to (RH, According to this, the
.most active ca % should be expected to re 1t fram a precipitation of
ferric nitrate with sodium carbonate. It was our aim to find the optimum
‘quantity of alkali nscessary for such a catalyst., During this dstermina-
tion, residual alkali quantities still present in ithe catalyst (due to more
or less thorough washing of the catalyst), wers determined by titration
- with-HoY and further washing until worthwhile quantities of” sod:lum car-
bonabe were no longer removed from the catalysto \

: In this manner, the most active iron one-componant catalyst so |
far wmes obtained; when alkalized with 1/2 percent K 03, it gave a contrac~
tion up to 31 percent and yleldsd 55 grams of liquid Kydrocarbons (oil +
gasoline) per cubic meter of mixed gas. Following is the mode of preparaw
tion of such a catalyst, and t.he cetal:{tic testing employed in dat.erminmg
its activity., L e

N

Moso Fffect:.w Iron Ons-nCcmponent Catalyst. '

oy Hathod of preparation (normal experimenJO A solution wag: pre-»
pared by dissolving ferric nitrate containing 50 grams of irom in one litszr
of boiling water¥:  Into this boiling solution, a.boiling solution of 160 .
grams of sodium carbonate in 750 cc. of water was added as rapidly as COp
‘evolution. pemitted gtirring constantly. Tt was brought to a boil for-a
very short time and filtered hot through a filter’ funnel, The- difficultly
filterable: precipitate was rashed 10 times with 1 l4ter of water for each
washing. Then it was dried in air at 110°C. for 20 hours 3. the dried and L
brittle. catalyst was powdered in a mo::--z‘.zaw° ERRE S v

- Alkalization and cat.alytic activ:.tyo The moist cata]yst was
mixed with a soiution of the celculatad quantity of K2003 in- a little wate;
.ang, driad at)ll(PGo_- ~ R T . . o

. FxJom Table 101,, it may. be saen that, with: 1ncréas:mg quantities
of alkali, ths activity ircreases, The catalyst:containing 1/L percent -
K €O, furnibhed its maximum contraction after L days of operation; when'
contm.ning 1/8 percent K CO,, it reachsd a maximum contraction after 10
days; with }/16 percent gftér 5 to 6 days 3 and without alkali, after '3 -
days, The time of induction, which ‘in every instance was no longar i‘or
4his catalyst than for an iron-copper catalyst; passed t.hrough a ma:d.mum '
with a K,C0 content of 1/8 psrcent. As will be shown by time tosis, B
catalysts t?xat require @ long time for induction are less sudceptible. to
fatigue than catalysts that require a ghort - 4ime for. inductmno After 1l
days of operation, the catalyst with 1/}¢ psrcent Ko CO4 formed yellcw pm-m o
‘ducts,’ At the sams time;: tha-y-held"of—_-liquid hydroc bons had decreased .
by.8 grsms per cubic mster. - The -nonalkalizad catalyst gave a contraction
'of only lO \percent for the whole Lime of ol'.na::'a:l:i.on° i . .

- 3 : ,\".

ﬁ"l‘he ferric nitrate used for this -and. further experiments was preparad
. by dissolving technical-iron in: dilute nitric-aeid and heating tha
ferrous nitrate golution wifbh c_oncentrated nitric acido



itated ferric nitrate cata~

breci

Table 104.~~Activity determination of a
Jdyst (precipitated w :

v

5

Intflusace of  quAn of’ K,C0 C .
,0 .Fgcent KpCOo3 Q%M Y8 _percent KpG03 L/l percent KgCO3
N , on= ] cone~ Con- ; ,
Opera~ trac- Iiquid trac~ Liquid +trac~ TIiquid trac-. liquid
tion, . tden, prod:g.ts tion, produgts tiom, prod tion, produgts

2 .

dsys percent g./m” percent g/ percent g. _percont g./m®

8.8 13 - = . b == 18 -
10 =~ 155 — = 20,8 - 27,7 e
‘1 l'l.o? ) ]-906 3311 g 2‘405 - hzos ' 29;8 55
906 . 12,2 2205 ’ 3103 . 23 hhol 3000 Sh
- S d ; 22,0 ’3801& 2605 . h606 '28u7 53
— - 20,7 - 38.1 26,3 5.8 28 b7

I 4 .
S O~nbEw e

: Catalytic activity durir%a 1ife tests. The experimental results in
Table 105 are to’ J%dged as follows: - percent K?_Gp3 s Time of induction,
' 3 to lj- days; more than 50 grams of liquid hydrccarbons vp to the tenth day. of
operation; 50 to hO grams up to the 22d; and LO to 30 grams up to the 38th
dsy of operation. 1/8 percent K,COs: Time of induction, B.days; more then
‘b0 grams’ of liquid preducts up to t‘ge_ 38th day of operation: The average
yield between the 3d and 238th day of opsration for the catalyst containing -
1/l percent alkali was L3 grams; for the catalyst with 1/8 percent alkali, -
4% was Ll grams of liquid hydrocarbons. .Ths addition of 1/8 percent K,CO
produces as good an average yield for 38 days of operation.as thé additiod -
“of 1/l percent K,00,, Possibly the opiimum alkali quantity is somewhera be«
tween 1/8 and 1 reonts ‘f’ SR L e e

Ly

. ‘Table 105.~Behavior of sodium cerbonate~preci itated ferric

.. . Operating temperature: < 233°-235°C, - v g
T T Gatalyst Wo. L . Gatalyst No. 2—- Canalyet No. 3—‘-/""
[Opera= . Gon= i -Liguid - - Cone . “fdquid 7 Cone.. - Liguid.
~tiomy . . triecbion, preducts, - traction, pioducts,  traction,. -products,
‘days . .percent . gofw’ . . percent _g_../m_:iﬁ . percent . g./a’
3 2lgS e T 0293 T e L R
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X cavalyst 3 was prepared in the same manmbr as catalyst 2 (fresh precipita= -

tion). The above figures. show that it was semewhat superior to catalyst 2.

7o

| : L 38

21 28,5 h2.3 . 1 26e2. ;.,
.

g




4 . . Pelleting and catalytic activity. -The catalyst, which wag impreg-
‘nated with i/4 percent KoCO3,was coupressed in the pelleting machine (crogs-
section--mm; “thickness, 1 to 2 mm.)s The increase of activity was somewhat
more rapid than in the case of nonpelleted catalysts. The activity decrease s
. however, was _faster.~ The-maximum contraction was reached after 3 days, with
a yield of Sh grams of liquid hydrocartons, On the 1lOth day of operation,
it had decreased to 50 grams; betwasen the 10th and lith days, it varied be-
tween SO and LO grams; and at the end of the 22d day, it was 30 grams of
liquid products per cubic meter of gas. aAfter 38 days of operation, only
13 graus of liquid hydrocarbons were formed, )

-Conversion of CO with water vapor at synthes:.a temperature, ~In
connection with the gasoline synthesis, we wers aiso interested in finding
out whether the iron one~component catalyst can accelerate tha water-gas :
‘sh1fn at banzina-syntheais temperaturaao :

Lo <A catalyst which conta:med 37& percent 32003 and was- preparad oy
.precip:lnating from ferric nitrate wag allowed to act on mixsd gas at 235'5’(2° .
“for LB hours. The resulting contraction was 21,5 percent. = Following this:
reaction, a mixture of CO with steam, containing both components in the
-ratio 1:l, was passad over the catalyst. (Two liters of (0 were bubbled
through water at 83°C.; %the- vapor pressure of water at this. temperatuwe iz~
1/2 atmesphers.) In the end gas; we found 32 percent _CO, and only 7.3 HZ :
whereas the CO-content had decrsased by .36.6 percent. The expansion wag
only 5 percent. - (According to the water-gas generation and sssuming COp
formation, 2n expansion -of 32 percent is expectod.) Consequently, we aa'e )
Justified -in toncluding that the bsnzins. synthesis cccurs: smultaneously\ )
with the water-gas reaction. If one assumes: that 1 €O, is formed from ap=
proximately 2C0 + 1lHp at conditions of the benzine ”syn%hes-is, one ia in-a -
position to calculatd approximately the original water-gas conversion. .
According to 1-.!11.@9 -about 20 parcent of the G0 was- ‘converted with water.

After 2k hours, the’ 602 ‘decreased to 20 parcent whereas the expansion in-
creased simultansously to 9 percent. - we concluded that the benzine syn-
theais had decreased more rapidly than had the wat.eragas reqctiono At
the same time, we found thaf'l gram of ysllowish oil had collectsd in

the receiver. After: mtch:mg to mimdegas » the eatalyst at first gaw

13 percent confraction; L8 hours J.ater, it gave 28 percent contraction’

and agaia produced colorless oilo L ,\ :

et

o we have found that the iron one-»comporan catalyst a’c. synthsais
tempera‘ouz'as ‘can shift the water-ges eguilibriuam- toward €O, formation. ,
This discovery, hcmever,, doss not explain why the benzine Synthesis tales
a different course over the iron one~compeae% catalyst from tha’b over
'-'cobalt and nicLal catalysﬁso E i : '

S ; { : _' g S Regena*aticn E‘;parimsntsa_v T
‘ With Hy. at synthssis temperaturao A cé.'t.alyst. which ai‘bar 20
days qf opsration; gave only the smmsil contraction of 27.5 nercent and .
furnished yellow oil wes treated. wigh b 1iters per hour of Hp at 2322C.
During the’ H “treatment; the hydrocarbons leaving the catalyst in small -
.quantities dId Tiot have a ‘brighter color. When mixed- -gas was used again
,yellow products formmed just.as before. The ¢ontraction after the H :
‘treatment was practically tho same &s befors;. hcwever, after b dayg oz
“operation, it decreased to 21 percento_ Consequently, no rageneration
had occurred. - . i : .

e
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Viith superheatad steam at _synthesis temperature. The experimsits with
ateam may be summarizsd by saying that the fatigued catalysts were treated w:lth
10 14 r hour of steam at 230°C. The contraction.at first decreased to 0"
percefit and increased slowly again. When the ateam was allowed to act on the
catalyst for 2, hours and whenthereafter mixsd gas vas admitted again, the ori-
ginal contraction had not been restored. Vhen the catalyst was treated with
steam for only A4 hours, the origingl contraction was obtained with mixed gas
after 3 days of operation. In all cases, we observed that the liquid products
remained yellow. consequmtly, no regeneration had taken place, o

- Oxidation with air gt mthoaia temperature, After treating tho
catalyut. for 40 hours with 4 liters per hour of air at 235°C., the contraction .
‘decreased fram 25 psrcent to O percent. -Even when the catalyst was allowod :
to a.ct on mi.md gas for. soverel da;ys, it mma.tned :im.ctivc. :

‘rhe regeneration emperl.ments demnatratad, tm:-efore, that so far wa
have not succesded in reganarating an iron oms—compouent catn]ynt.

Allmlisauon with Sodium Ca.rbonate

: . The alkalization with 1/8 percent, l/k pFércent, and 1/2 percent of
dimn carbonate ylelded a amaller activity than with the corrssponding potos—

- slum carbonate experiments. The tdmss of induction wore longer. After approxie
mately 8 deys of operation with 1/ and 1/2 pereent NapCO03, maximum contracticns
of 23 and 28 percent, respsctively, wore obtained. The maximum yield for a cata-
~lyst containing 1/2 percent NayCo. 2 vas 45 grems of 1iquid hydrocazbons after 8
days of opsration. It is intercating to obssrve thad the cata;gts alkelized
with potassium carbonete rotained their activity for a longér pericd of time. = .
‘After 42 days of operation, ths. catalyst containing 1/2 psresnt NepCls, still
Jielded 40 grams of liqudd hydrocarbom 3 the cns containing 1/4 percent: H&"v%,
‘after the seme lenigth of tims, 5till geve 36 grams of-liquid Iydrocarbons. For

~both catalysts, however, the oil was yanawish, A% this point we want to memtdem
‘& catalyst for wiich we observsd the longsest time of operation sver obtuinsd for v
an iren mesoompmen% catalyst. This ms a ferric nitrate catalyst precipitated
with sodivm earbonate which was, however, not washed exhaustively. . (Sés tabls
103, test a). This catalyst was not alkalized after the washing ope*’at:.oﬁ, how= -
‘gver, the water from the washings showed that. at least 1/2 percent EagC03 was
st111 contained in the catalyst as residusl alkali originating from the pracipi-o
tation. It reached. its highest contraction after 20 days of operation (27 to 28
‘pvrcsnt, maximun yield, 46 mms), and betwesn the 8th and 42d days of opemtizm
gave more- than 40 grams of liquid wmwxbons. On the 58th day of opsration,,_
~the: contracuon tas still 23.5 percemt and the yield 38 gx'amao S

T Hulticxmponent Batalysts I‘mcipitawd
e oFo mth& ueat .mon ’Jne-component Gatalyat

i gl

o Iron-mmx_' catalﬁta. St.ilmlated by the good maults with' imn
qne-cmanexm catelysts, it wis suggssted that we f£ind out what in{].uenﬂe ’
‘the pressnce of copper would.havs on the bast iren: ee.talyst. It apoeared
to us that a further incrsasa in actimty should not be imposzibla. As =
‘tha e:q:erjmsnts shcw, hs?zsver, m :Improvemsnt, but rathsr dateriomtmn '
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resulted., We precipitated ferric nitrate-cupric nitrate solutions in the -
aome manner with sodium carbonate us ‘'we precipitated the iron salts from
which the pure iron catalyst was made., The copper quantities used were 1
percent, S percent, and 20 porcent. For the first series of experiments,
the catalysta were not alkalized., In the course of 7 days of operation,
no effect of the copper could be determined. All three catalysts behaved
exactly as did the copper-free iron catalysts; the contraction was around
10 percent at 235°C° In another series of experiments, the -catalysts were
alkalized with-1/4 percent K2003° The contraction increased to 27 to 28
percent indspendently of the cobper quantity. The yield of liquid hydro-
‘carbons was, in the best case, L9 grams per cubic meter. After 2L ‘days
of operation, the products formed were yellow at an average contraction
of 26 percent and 38 gragps of yieldo :

Iron-zinc oxide catalyatso A precipitated ferric nitrats cata-
,lyst, after having been alkalized with 1/L percent K,CO,, was mixed with .
some ground; freshly prepared zinc nitrate, Three cat ysts of different
zinc contents were thus formed; containing iron and gine in the ratiocs '
100:1, 10s1, 23l. The zinc carbonate wag precipitated: from zinc nitrate
with sodium carbonate. When the activity of these. catalysta wag deter= '
mined, we found that the catalysts containing 100 partsgof iron to 1 part
of zinc, and 10 parts of iron to.1 part of zinc acted ,virtually: in the
same way as dld the zincefree catalysis. The maxcimom. cont.raction was 31,
%032 percent, 5& to SO grams of 11quid }wdrocarbons per cub:.c meter of
_gaswere formedo - v _ o

R ‘rhe catalyqt -which conta:med 2Fe==12n required ‘a longer pericd
of inductiono_ It gave its maximum coptraction afier 10 days of operation:
{30 percent, with L9 grams of- lzquid;produc’cs)o - After 38 days of opera-
-tion, it showed a somewhat smaller decrease in ac’r.ivity than the more -
-zinc-deficient cata]:)fstso The dinfluence of the zinc o wiich is present
~in the’ ‘fom of zinc oxide f at. synthas:n.s temperature is’ thex'efore onlwr
Shghto S e Dol R S

\

: '~"‘ T ﬁ iy ' Perric h itrate X‘ecmpositmn Ca’calyatso

e If we had succeeded in preparzng decomposi‘c.ion catalysts whlcn
_had the ‘seme activity a8 the precipitated- ca'balystag we could have’ chaape
ened the ‘catalyst. considerably by gaving ‘the sodiun carbonata, the wash .
water, and some time of operation. . As! sta.ri.in,, ‘material, we ‘used ferric
‘nitrats solution.: It was evaporaied to the consistency of a syrup (par-
“tial decomposit:.on)o- Through ‘some pralimzrary expnrments we found that
‘the. catalyst ds more active the faster the- ‘decomposition occurreda - Thers~
fors; the thickensd 'nitrate “solution was. rapidly dacomposed by introducing .
small portions into an iron pzn heéated: dlrectlyo It was.-stirred cmrt1n=-
uously until the evolution of: nitrous oxide fumes almost ceased, "Ths rod-
‘brown oxide was mmediately removsd from the ‘hot pan,  The bast catalysts
were:- obtained when alkalization was. ca:rried out ‘before the decompositiono
The:. alkahzation was: acccmplished by adding %the’ ca.iculatad ‘quantity of .
potassium carbonate to the nitrate solution. With 1/h percent K003 and
at-235°C., - a contraction up to 29 percent was reached, and L8 grams of -
liguid hydrocarbons per cublc ‘meter of mixsd gas were: fomedo ‘It did'mot -
matter whether the catalyst was powdered or whether it was uged in gramiles -
such a8 ‘wers ‘obtained after the decomposit:mno - As-campared t¢ th¢ precipi-
tated catalysts, a faster decrease of activity was noticeables after: 13
days _of.  operation, the contraction decreggad to 25 percent and the yis:ld
to- -38 “gran‘a‘ per cubic matero S e



‘ A treatment with mixed gos follawed by air, and vice versa, before
taking the catalyst into operation, proved to be less desirable than treat-
-mont with mixad gas alone, . .

' Ve added some starch to the catalyst to be pelleted (1 gran of
starch per 10 grams of iron), The pellets had a diamster of 3 mm, Their .
activity could not be initiated when treated with mixed gas alpne, By treat-
- ing first with air and following with mixed gas, a catalyst which contained

1/2 percent cho3 gave 1l percent contract?.ono el :

. { )
REACTION PRODUCTS FROM IRON CATAILYSTS

. * . Since the laboratory experiments yielded very small quentities of
material, we did not make very thorough analytical studies on the composie
‘tion of the reaction products, Inthis connection, we refer to the end of -
this section where We have discussed the results of a semlplant-scale opera-
_tion, S - I

. Content of Unsaturated Hydrocarbons in Syrthesis Products
. ~{Qasolina + Oil) as . 2ined on Iroa Ga ate. -~ (Ba

o  We found that an 4ifbﬁ~cdppér~ma'_nga.ness (h-ll) catalyst containing
1. percent KoC03 gave the following products ‘containing unsaturated hydrocare
-bons, ‘as shomn™in the following table, T A

i —1 7 ) T 5 6
Temperature, ©C, 200 210 220 230 -~ -2ho- 250
D ters e e 27 kO ki k6 3k 9.8
‘Vo;l_.uine percent inw] e : AP - S :
“H3S0), divided by’
;*;PgO; soluble (un-
- saturated) .

182 ko9 18,5 19k 29,3 b1o7 |

... The above summary shows that the content of unsaturated compounds
in the reaction products varied bewteen 5 apd 42 volume percent. Except for
gome irregularities, we found that the oil is nore unsaturated when it was
produced at a higher reaction temperature, Furthermore, we cah recognize
that at lower gas ratea an.oil is produced which is more -saturated (Experi-

‘ments 5 and 6)s With water gas, a oroduch’ is obtained which is richer in .~
unsaturated compounds. -The gasoline plus oil nblained from water gas at re=

-action temperatures betwasn 230 and 240°C., for instance s containg 15 percent
volume percent unsaturateg, = o LT ey L e R

. Paraffin Extraction from Iron Catalysts.

- . -Inthe course of the synthesis, the iron catalyst like the cobalt
catalyst takes up a certain quantity of paraffin which it retains within its
body. Wo. extracted this paraffin from the catalyst using benzol or hydro= -
genated Kogasin I. Thus, we cbtained up to 30 percant of paraffin, based on -
-the catalyst weight. .The quantities of paraffin incorporated in the from .
catalysts were not quite ‘as high as. in the. case of the cobalt: catalystes The
reason for this may perhaps be that. these NaOH.-iron catalysts s on account of
‘their short life, did not have enough time to be completely saturated with:

paraftin.;' ‘
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o A closer investigation of the extracted paraffin showed that, -just
as with the cobalt paraffin, it.could be separated into a lower-melting and
-'a higher-melting portion by extraction with a golvent such as’ ether, By :

multiextiractions, with ether, of the high-melting portion, a product could
be obtained that had a solidification point of 99°C, and melted batween 11L®
and 117°C. Consequently, high-melting paraffins may be obtained from the

iron 8yntheeia also,

relationship between this quantity of paratfin and. KpGOq content
: of catalyst (10 grams i’ﬂ (ueyer) .,

, KoC03 upmﬁ'ﬁ"‘m‘ﬁ'r - c o'n'—mﬁ' T mﬁ"
. Expe content tion, of mixed mfaa of. paraff.’m,‘ go/m3 of Fer-  Aiter

Fo.  percent  days grams Bixed gas cent "~ days
1 o. 50 - s, o b.§ 0.9 20 42
2 . 1/16 60 : 600 - o o 605 AN 1.1 L 28 ha
3 1/8 . 60 - 6,0 - 7.8 1.3 26 - k2
b /L .85 . 5.5 10,1 . 1.8 26 k2
5 /2 20 2,0 10,0 .. 5.0 18 22
6 . l ’ . 10 100 : 1200 ’ L 12o0' : 6 ’ 9 :
7 I 2 - " ; 7 : ‘ R 07 “.8:12 . o 1107» ‘. \‘; 7 e h )

tained in iron catalysts with varying amounts of K%gs These data ars for a
\defmite pern.od of operation. The third from the % column indicates the .-
quantity of paraffin’' (in grams per cubie meter of mixed gas) obtained. from
the catalyst bty extraction with synthetic benzine (fraction B8P=100°PC.)..
catalyst with 1/l percent K2u03 contained approximately~tmce a8 nmch paraffir
ag did the catalyst which contained ho Ky sCO 4 catalyst containing 1/2 pare
.cent K C0, , after bsing in. operation for. 2()3 days, took up the same quantity =
‘of. paraﬁ‘in ‘ag-did a cétalyst contain:mg 1/l percent KaCO 3 after 55 days of
operation. Still larger paraffin quantities were containad in:the cata],ysts‘
~alkalized with 1 percent and 2 percant K,COj. “The catalysts lost activity
‘with increasing.- paraffin formation (last co umn),, It should be noted that -
“the decrease-of the activity does not depsnd om the quantity of the paraffin’
taken up by-ths catalyst but rather om the simultansous -appearance of decozna
position products of the paraffin, Thess decomposition preducts appear in
-greater concsnt.ration when heavily alkalized catalysts ere used, For the.
,catalysts containing 1'3.tt1e K2003 s the. decomposition products do not anpear
;asearly’°-',.":’r .‘ . . - : . "'

Tabla 106 give\s information about the quantn.ties of - paraffin con-

: In srmmary, it can bs seid that with iron catalysts 5 up to approxi-
mately 12 ‘grams of high-meliing paraffing may bs extracted from the catalyst:
“per cubic meter of mixed gas; provided the cat.alyst-—con’cains 1. %0 2 percent . .
K260 . To, preserva the’ life of the iron catalyst, it is recomended “therg-
forey that only small Lo moderate alkalmantitiea ha added:




Acid Products (Bahr)

Just as in the casé of cobalt oatalyata, 80 also with 1ron, not
only gasoline;oil, and paraffins are obtained, but small quantities of acid
products also, Then the syntheuis was carried out with carrier-fres cata-
lysts, these acid products were chiefly found in the ofl, but also to scame
extent in the paraffin in the catalyst and could be axtractcd ‘by boiling
with & one to 2 normal Ha .or NaOH aolution, Yellow extracts wers ob-
tained which, a.fteranaci cation and extraction with ether, and evapora-
tion of the ether, left behind semiliquid products of pungent odor reminis-
cent of the higher fatty-acid series, In ona case, we obtained 0.5 gram
of such acid products after extracting L0.5 grams of a catalyst, that is,
approximately 1 percent of the catalyst weight. Perhapa the activating
alkali content of the catalyst gradually entered into reaction with the
.acid products and formed soaps, Possibly, also, fatty-acid salts of iron,
copper, and manganese appeared to a lesser degree., In this connection,
an older experiment is of interest in which the spent catalyst after
paraffin extraction, was treated with sulfuric acid, When exbracted with
bsnzol, the catalyst gave 9 percent paraffin as referred to the catalyat '
waeight. In order to remove some ether-scluble. products, which night still
be in the catalyst, it was boiled out with ether, and thereafter it re=. ..
.fluxed with dilute sulfurie acid., When the acid was added, almost violent'
. COp evolution occurrad, After the insolubles wWera ‘filtersd off, the sul-
furic acid solution was extracted with ether in a psrforated funnel. The -
insoluble resldue from the cat&'l.yst was extracted. with ether 31300 Both
gmounted to 1.2 grmns of. a J.:n.quid product in which sma‘.ll anid particles
wers. dispersed, The wWhole mass had a pungent odor, Referrsd 46 the final
- weight of the catalyst, a.ppronmately 9 percent 'oarafi‘in and bols percant
facid oroducts” wers. obtaineda e ,,

It does not, appear that the decreased catalyst activity should
ba caused by -2 combination of the. acid materials with the alkali of ‘the
catalyst (to form fatty=acid 'salts). A 2lready mentionsd, we added 1-
percent of potassium ecetate to the eatalyst without imp ring the ac= _
'tivity °f ‘bhe—catalyst "Tin the section, "Iron-copper ee-component Catalyst.s

ZPrepared from Ferric Compounds"
Whether ‘the iron catalysts, on account of the added alkali, have

‘a. stronger tendency uhan cobalt to form acid proaucts could not b“é ascer-
-tainadto datef,‘,_»‘ . S - e : o : e

,\. .

Strangely euough,“the reaction water and tha liquld products

“ thaﬂliquid products of the carrier-frae catalysts;"f Eithe" the aeid pro=
ducts :do form %o a wialler extent when carrier: ‘catalysts are used or arg
retaiusé *'oo a greater degraa by the carrier catalysto C R

ADVANTAGES AHD DISADVANTAGES OF IROE CATAIIS’I'So

~The advannages and disadvantages of us:l.ng iron catalyste may .
be aummarized .as followsz o S N

LT thn iron catalysts are nsed we shan not have to mly on .’
,the expenslve\and rare cobalt, but can use instead, the cheaper iron which
is available in Germany-in’ unlimited quantiti.eso The addition of ‘thorium



“which 1s expensive is not required. The iron catalysts can be prepared tech-
nically in the same type of apparatus as the cobalt catalyst, that 1s, elther
by dissolving iron in nitric asid or hydrochloric acid. Soda may be used for
tha precipitation in both cases, ' ‘

2. The iron catalyst nay be taken into operation with mimd gas
:Lmdiately at the proper reaction temperature without previocus reduction
with 82 at higher temperatures, For this reasoch, no reduction furnace
(working at higher temperatures) is required as compared, for instance, to
the reduction of ths copper-freo cobalt catalyst, where such a furnace is
used.,

’ v
' 3 Tho life of the iron catalysta avaﬂable up to not may be re=
garded as aufﬁci.ent‘ly lcng., .

: - U, -The fatigued irom catal.yst may be reganerated by a aj.mple
treatment with air, after extraction, By doing so, the catalyst regains
its ap_t:.vityc Tl’r.la is 1im, contrast to coba.lt. catalyetso

. The highest’ yield thus far obtained with iron catalysts is-
60 grams per. cubic mster of mixed gas.  The average yleld for é weeks o!"
operation ia 50 grams per cuble meter or mized gas (uncorrected)e :

S 6a The products of the iren catalyst.e (gasoline, oil, and
paraffin) are qualitatively the same as in the case of the cobalt: cata-
“lyets. - The iron catelyst offers the posaibility of producing gasoh.nes
: with a high content of unaaturateeo a Sl

TR 70 Ths iron ca.talvat has the advantage of baing cheapar, more
easily -taken-into operation s and. requiring simple regenera’ciono T4 has

‘the disadvantage, however,. over ‘the cobalt catalyst in that it i‘umishes
only half as high a yield,

B 1'58"';,





