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_\CHAPTER Ix.

INFORMATION SUPPLIED BY T.G. AND KELI..OGG RELATIVE TO THEIR
WORK ON THE PRODUCTION OF- HYDROCARBONS FROM MIX'I'URES OF co.
T &Ha— e

_-_-—---—-—--——--—--—— - ---—--—----_ -
——-“-—-—-—-—

INFORMATION SUPPLIED BY I G. .

Note-- In this field I.G. express gas volumes ato c a.nd 760 m,

—

In his introductory -word . Dr Pier stated that I.G.
have for some years past been working on the problemsr '
1nvolved in several places, namely-"

Oppau Ammonia Lab «Dr’ Scheuermann & Meisenheimer

Oppau o .Dr Winkler
Ludvigshafen . Dr Michael
“Leuna’ . . | Ober-Ing Sabel, Derentzel.

, Results of the various _laboratories have not yet
: been compared a.nd corr lat ‘ ' ; .

prepared by themselves is annexed (Annex D)o -

i.giemages.t.’ze@_lzz-sesess ...... KQE.MQiseaheimex:)L
investigation of the possibility

Starting poj.nt s

All experiments are carried out on a small scale

,m 31333 tubes an d ar e mainly directed towards findins
“catslysts suitable for paraffin prOductmn‘ o d
S mvestisation of the active component of
PL they :found Co to"
toB::ll:rl::Z:i::: Co {vithout any carrier) SaVeiait::;iqu’-d
_Products/m3; however, by careful slo¥ o I;ii: Zr/m3 in
(2% hrs) they prepared & catalyst producing} A

be responsible. According. o
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one stage. Catalyst life, hOWever,iJss short s,svthev
catalyst contained no "sta.bilizer“ ?( ’

R o Gata,l st
rather rapidly) o ; Yv Sintered

L Paraffin % in product was lower tTEn with Co-
Kieselguhr cs.ts.lysts. RS : ,

Ga.s composition 00 I-I2 1 2..

Apparent density ( Schuttgewicht) of catalyst-
11-12.»:%;,\; | AT ET

Spa.ce velocity 1 l/ngo/h._- ,

Further experiments were ca.rried out to
investigate the influence of ag activators
-y carriers.

: a) As MgO gives mixed cr'ystals with coo, this- combination
looked promising Between 2-15% Mg there were no great
dii‘ferences in results.» '
~Yield: 80 gr/m3.

Yield was lower. than expected. In addition ca.ta.lyst is
- very-dense (app.dens. 1. 2) , which mea.ns large veight
~of ca.ta.lyst requlred. S - RN :

fﬁ:b) Co MSO on Kieselguhr gave catslysts somewha.t 1nferior
- Kieselguhr cs.talysts. Catalyst life unlmown.
Co on Kieselguhr ‘Yield: 105 gr cata.ly"
“pegeneration 4 months.,-.-z e ’
‘The long 1ife without regeneration might be a.ttributed
to the fact that only during the first 10 or 1 days
some paraffin (of high melting point) was formed, 80 |
that the ca.talyst was not npiocked" by paz'a.ffin. :

ack of pa.ra.ff‘in formation might :
tive- spots on_the catalyst
30, caused by the: fact
ated in this catalyst.

An explanation of this 1
.be the sinterj_ng" of the most ac
- surface during the .first\week or
that no "stabilizer" was incorpor

rier, but may

As Kieselguhr 1s ‘. Very goo o8 oduct and,
ural pr
' cause difficulties because it is-a natur 1
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herefore, liable to Cha.nges in Structuré énd/oi.
composition, other carriérs with a. more unifo:em a.nd.
“'defined cheracter were invesuigated, namely«
' 1&1203 ‘ e
MgO- .
. EKaolin
- a.ndi pure~silica gel.
;;"It was found that Kaolin gave about the same resulte as- |
»"Kieselguhr whereas the- other carriers were somewhat

g :mferior. T . A-\:

~  They abandoned the above experiments after ----
,finding that Kieselguhr could be given a more u_nj_fom
character by heating it to 500—700 C.. : '

:-j - They then found that ‘I'h02 had a stabilizing

. effect on the precipitation of Co and f‘urthermore e
Qmoting influence on paraffin production. Paraffin
rodiiction was ‘found to. incr' sase with _increase in- I'ho2 ==
ntent of the catalyst. Co me‘selm atalysts show .
ower initial. yield ‘than Co ThO, Kieselguhr cataly
wever, probably on accoun the ‘paraffin
"duction , the former catalysts have

ecline in ‘yield, so that aftev_’_“som

proach and’ finally

‘,,n Burpass the yield of'the iCoThoa Kieselguhrdcatalyst».s

s have a11 been carrie Lo
n ‘that Co—Kieselguhr
than a co-Kieselguhr-

o The above experiment
out at noma.l pressure._It was fo

-. imdel‘ pressure gave more paraffin e
ThO ca.talyst This is the reverse of what happens .2t

norma1 pressure. An ‘éxplanstion mey be that, whereas ::’l;:h
tendency to form solid paraffin in general incre::;s
iner ea.sj_ng pressure, the CO-Kieselguhr catalyst es
more paraffin, the effect on the COThoa-Kieselguhr

t normel pressure - mey .
&lre ci much paraffin &
ady producing tarts producins go much (and




i robably of so high molecular we

1ght)

During another__experiment a c K:Leselguhr”" S
' at‘alyst (which gave during 10 weeks at”'thoughput 1 constant
"ijresults of 140~-150 gr/m3 in l ‘stage, the ‘product containing
= 30_90 gr/m3 high molecular paraff‘:ln) was sub-jec't'ed to
 higher throughputs under pressure iy |

| Throughput 2. l/ngc/h 41616. 120 gr
S »li»-.. ,,,,, '»_.“; S ggj_ 90

e At higher throughputs the percentage of paraff'in
1n total product formed decreased. .

he same catalysts, 1.0.8

120 gr/m3 at normal pressure

| KRS
‘130 " " higher " .. ¢ i
b) Characteristics of product obta.ined 'at normal press ‘N
S.G. . . .0.T2 L T
I.B.P. 35°C s.G.offraction - 135 o..é'L

loo® s . m Mo " - 190°0.692
-180° 50%
-300%  85%
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) 1.G% have compared pilled catalysts (Schuttgewicht 1.0)
"and the normal catalyst ( Schuttgewicht 0.3) and found that .
. the g,ppa.rent density plays no. role even over 1ong periods N

of. time (up to 8, months), both catalysts giving the same -»

: ‘results at the se.me throughput (- vol/vol. catalyst spa.ce/hr)'

. The above holds good both for working under
normal and elevated pressure.“ S :
d) Mg ce.talysts seem to -be- somewhat more rugged a.nd give .
about the same yieéld: as “Th oatalysts. )

Mg ca.talysts a.re better reproducible than Th
ca.ta.lysts. . » : :

¢) The method of precip:!.tation ‘of: 'catalysts 13 very _
important. It was found, for 1nstance, the.t the composition
of the prime.ry products ca.n be strongly Iﬁf’l’uence&"by"tlre
ethod of' precipitation used o ; :

;Nr'q,sabel mentioned that they are tging out ,a.': ,ataly_e
which will produce under 10 atm. pressure a product tcone

WOrking with such ca.talysts the sol:!.d wax con-

‘talned in the catalyst,umst be periodicaily (.8« every

. T
~10=14 days) removed, G+8¢ DY extra,ction s
,f) Reduction of catalysts. s -

I. G. £4nd no difference (for CoTh a.nd

, hort time
(o] higher during a 8
t 390°C and :
_between reduction a h large amounts of

‘and in thin layers (10-30 cm) wit 200_25000 duringml
‘'hydrogen on one hand and reduction at

Mg catalysts)
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jto 4 days in thick layers (1. 5 - 2.0 m) | i

L Th@Y even cs.rried"”"
ioven itself.

The expla.nation why thick 1ayers may be* emplbyedw ’
& at low . temperatures is perhaps that e,t 200-250 the N |
v reaction CO, C— CH) does not, yet take pla.ce. N

g) Regencra.tion in. situ. (CoTh and CoMg catalysts)

Is being carried out erery two or three meks w:l.th
‘hydrogen at 200-300° or by extraction with gasoline or-
Xylol at 120°C. ‘After Xylol extraction the regenerated
catalyst comes up. quicker %o msximum a.ctiv:tty. A v o

(particularly the_method of precipitation) is differenL

B) Re expe"ments 1n pilot plants.

“as the low pressurc Ruhrchemie “oven); b "
high pressure worlk; of the following siz"
- o 500 1 catalyst low, pressure
. ise-i T Tmigh (o to
. ,nepth of cetelyst ‘bed 2m 1n both types];, ,

S At norma.l pressure yields of }90-120 gr/m} WeI'e_. i
‘obteined, at higher pressures (3-5 atm:)
‘j'were erratic due.to varying t;emperatures (variations up

to 40°C in different, layers of ‘the catalyst)
H reaction system and now

a
only employ. tube ovens (16 un;u;s) both for pressure an |

b
atmospheric work (catalyst ipeids tubss. surroﬁn:::d ip to
water under pressure). Prossurc ovens can Withs

25 atm. e e T g
: i Evm;y unit is eqﬂipped with condensetj.on a.n
‘activated charcoal adsorption. :

They.then changed the



51ze of- cetalyst—containing tubes 6
‘ 1engh—of tubes 1 5. to 4, SiMme
“+(an oven with a tube 1ength of 10 m',._,j_:'s:' lll’id’er _ 6onet:i~uévtﬁ‘:
put may prove to’ be too. long) s
Volume of ovens: 51 ca,talyst volume
o121 -
uo 1 and;.lso 1 |
I.G. we.nt to make the oven' "'iﬂlong as possiblc,

a7 because the covers a.nd end pieces constitute a 1arge part
;,of the tota.l expenditure. '

-15- mm -1~.'d'. , )

A -t

?

They do_not. find, at constanﬂ “Space . velocity

: the oven ma.y become”»"B -
- ‘The flow 1s dmm.flow. ‘The upper par, - of the ubes”

'1 if’not'. f:l.lled with catalyst and*serve.e as'a pre‘
section for- the gas enter.tng cold.

INFLUENCE OF VARIATIOVS OF THEOUGH?UT.“\
- It was ‘found- that this 1nf1uence wes very ~',8re§#’ »
“r"bnt vas not materially different for ‘ovens: of 1. 5 and i
4.5 m length resp. (the latter ovens giving slightIY S
| ‘better results) g T R R e
» Working at extremely high space Veloﬁitie_f’ L
’ '(entering with cold ga.s) the reaction will be blown ouj .
5 . However, within the 1imits explored (up- t; ciom
_.3 vol/gr Co/hr up to now) it was found that the pro ::ph
per oven increases with 1ncrea.slng throm__ t-(see &

fig. No 25). Annex A.

g with 1iterature data f "
velocities.

rom verious
This check

sources, going up to mgher space
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-~ Mp Sabel finally stated that in L
are not run at "temperature" but_‘ according to the rate‘ of |
-Meth&ne formatiorr which is recorded. '

;mpomATmN FROM Dr WINKLER (OPPAU)

e The experiments of Dr w1nk1er and Dr Mich"-“l ar"d
;beinz ca,rried “out with iron catalysts for two _Pessons: .
'ff'a) 4n order to- ‘be mdependent of Fischer,

b 'because Fe catalysts are very cheap.

' About 25000 small-scale experiments have been
ried. out svith diff'erent Fev catalysts.

Schuttgewicht (apparent density) 2.0 kg/l.
work at atmospheric

: These. catalysts do not i
: pressure, because their activity is too low.

t
The experiments are, therefore » carried out at |

.hish pressures and were begun at 100 atm.

hase ’
"~ They first tried out. working in vapour phase

vith recycling_ of tall gas-.

~Oven 6 m long 22 mm,¢
. 20 layers of_ cataly:
' cat. volume 20 1 total



::"": Throughput - 10 m3 fresh gas/h.r-

a
: reacti g S/hr t° I'emove heat of

: Downflow ‘ L .
;ﬂj,v.'_jThe results ‘were not encoupaging‘

g5 Best yield' were.g_ﬁ

gr propane plus per m3 CO + H converted,. =

of'which '30-35% consisted of 03 a.nd Cu.—_L'Q’
__eesed on fresh co + H t M

Temperaﬁure 350°C or. 1ower._¢v{,»_
: It is possible to va.ry the
fresh gas, but normally a ra.tio 131 48 employed. ﬁlso'

runs with gas containing even 55% G’O nave been ma &
: | Practicany a11 of‘ tl;e oxy;en is expe:[.led m
the. form of 002. '.
. Results of an experinxenti J ,
"Duration 1500 ‘hrs ( 55 co 1*5 H )
‘fregh gas ‘2!
/o 50%

Throughput 130
% convegsion of resh 5ap

conxposition oi‘ the
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produced per m> I‘resh‘gas conv
| _ ; erted a.bout 145 gr 036405

The_» 1’45 sr c3cu05 + products‘ "wer £0
»‘o:._:;;(%cw)_, i

a.ny figures for the ti.me being, : .

. vith these types of react;lons results obtained va.ry with

»' Vat'yins size of a.ppa.ratus. e e

. Next day the experimental plant was visited.

: The 60 1 100 atm. plant. proved to be practically totally

, enclosed within a stall, s 80 that . not much could be ‘seen.

The flow of the products 1s as follows' b

o The products plus tail ges. 1eav1ng ‘the oven
‘pass. a heat exchanger (against the recycled: oll), are

partly further cooled and then & geparation between

- -gaseous and heavier liquid. products_takes place in & kind
‘. of hot separator. The finel prpducts are further cooled .

" down and then expanded.



The recirculat vo{‘
hpot and delivers the e
a.nger and a heated

In oven types c off t
: '.“811 the walls th :

, " e following lag" 1is 'obse -
418w26). -4nnex A.. h ipa (»se_ |
}:‘v"‘-?"the s In addit:l.on the temperature diagra.m ta.ken over
""j"aho 01‘088 'séction of & tube is- not a- straight 11ne, but
‘i"-dif:s ‘higher temperatures in the middle of the tube. _The
, erefice between ty and t, (see figure 27) depends on

th
ca; diameter of the tube, the heat conductivity of the
‘eatalyst, etc., but is prima.rily dependent on the diameter

.,’_,°f the tu'be.

ly shows that, with a surrounding -

rature, 1t will be,

to obtain constant
sured, neither '

4 the tubes.

ho ; " The sbove clear
-hot water bath of constant tempe

ij‘dctica]_]_y speaking, mpossible
1"9’111’81"s,t1.n:-es ‘within the catalyst-space mead
sect:lon o

‘Over the length nor over the cross
eter the ‘temperature

' 4 too jarge & dlam
an excessive CH),~ fo

;; e - WAER tu‘bes o
l'\me a.way , this being 08“33“ by

rmation



certain tempera.tur sc
ed, the CHl; foth o

- Another I'eason b

c‘u’f"rmins fie].d:;

_‘-’Very da-nSerous, ‘because contrary to
;_‘the oil-forming reaction
desorbed very fast from the. cataly
,,;-,,,once favourable conditions for CHy
, 1msdiately large amounts of CHy are. o

Pe catalYSta in long tubes (

erature range ,

emper ature pe a.ksm [

.G__ at present, whi.ch catalysts are rugged and less Wg _
nsitj.Ve to poisons than other catalysts. There are,

"f“"f“':t wever, vother Fe catalysts ’ operating a.t a lower
L emperature and which, therefore,
‘f;.xh respect to CH]rand carb,qn formet

€e _ _ : e

-are . not as vulnersble
ion as the present_.

The neighbourhood of the CHu-fOrmins\zonéﬁ:s :
what happens during

the reaction product (cHy) 1s

st surface, 8o that

-formation are rea.ched,

formed.

Thus it 1s, for mstanca, impossible to use .
even of very sma.n dtameter) «
d this acts’

They also found that once carbon 18 ‘being forme



-insulator promoting
ormation of further amou

~ The conclusion

’atalysts are much ‘more’ diffi ult:to: work -
: Go catalysts. U B0 Worke:

) .3°Wever; Fe catalyst - vers. adovted for the
j11 wing reasons. a
»v,';;t) ,lbeing cheap

" 2) being much mor
e (— Leistung) ‘un»

“the catalysts were mdependent
patents and furthermore Were a
" of former I.G. work. (NH; catalysts are be:lng,
, prepa,red in a similar\ er). . : :

Meens ‘were sought which ‘weulﬁ'“"' redutheéxtent

icaﬂnxvand %-formation. : :
Very active finely divided catalysts proved to
ve gree,t difficulties. A small particle of caron f°med
_.Vithin oné piece of ca.talyst sufficed to cause the oven A
©to'be f1lled withcaton vithin a short time. Twice an.

f"";oven had to 'be drilled out for th:ls reason. o |
- o 1ncrease the heat ‘

]

e They » therefore, tried t
“conductivity of the catalyst:
1) by incorporating metal strips ‘of goo

_ductivity within the catalyst layer, but -

- P
: 7';_2)“ best results were obtained by preparing & c:hereby
.“‘which itself had a good heat conductivity,

t
| within the catalys
“‘avoiding formation of ‘hot - BPO"'B sterting from finely

e o could be actitoved to 1ncrease its
;;.-»":,div1ded Fe, which 41gs sintered 1in order

d’enaity. o

a heat‘ con- .




o.or two deys, and only . S
Y X . Or x :af,t,_er this" ,
full activity. e i p"”:“’@f*s*‘-"? th-’.t_l_:'..

\1 s Small-scale experiments gave a Lei‘stung of. -
gg C5CyCg + . /1/day, at 310- 33o°c' | S
They then tried out the catalyst in a.nsemi‘

};f‘tevhnical tube ‘oven with tubes up to 60 T dia. with-o
anes inside. It worked, but they were not content with .

P O LA

”e“feéults. :'; T
. After this experfence ‘the principle of removing
the hea.t of ree.ct;ion through the wells vas ‘abandoned and

_'_v;_'a system of a.bout a hundredfold recirculation of tail gas
: "38 adopted, the underlying 1dea being as follows.'_i o
heat: of synthesis gas

and 1ndependent of temper-
e increase

As suming the specific

: and of tall gas to be the same

ature, 1t can be calculated that the temperatur
ting T5% of the co

',rby ‘the heat of reaction when conver
preﬂent in synthesis gas amounts to more than 1000 °c.
7 As the allowable temper

°f the order of 10 °c, one could P

_Teaction space into 100 sections. 4nserting & cooler

b"t"een overy two sections« A jegs complicated Wey . is to

a.ture 1ncrease is only
{icture sub—diﬂdins the, -



nta@s e relatively ‘small & of €O + Ha’ ‘but this pz-oired
be' of rro 1nf1uence on ‘the- results obtained as regards
Leistung of the ca.ta.lyst.;""'“"-" e bt fe s 2 "

L In°1dentally the fact- that the recycle gas 1in
: tice has & higher speeifié heat than fre sh .7as and. ‘the f‘actr
Sha 'it 1s no longer "wild" ensures very smooth operaﬁ’ion. T

., Ina plant w:l.th 500 1 cate.lyst the Leistnng at
resent is 0.7 kg/1/d=sy, but they hope to obtain 1.0 (as
}tained on'a small scele). o f- :

' ' A temperature {ncpease of 10, 20 or even 30°
f“ld be possible, but the latter would not yield any
ed‘i&ntage as pert of the catalyst zone would be too cold

;,"f°1' Optimum production. .

i1s 20 atm. Lower
“a smaller conversion..

the fact that the above only'

stressed
(pr Pior seWR and tha.t the optimum”

»emlda good for the sintered Fo ¢ate
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f:;be 8ummarized as fonows- L
co + 2112 - (0112) + 112
o 200 +: H _—’ (032) +. 002

- Both reactions teke place to about the same. extent. '

' . -~ If- the gas going to the second stage 1s purif'ied

_,by refri«geration followed by 002 removal, 1t then only -
-contains about 20% 1nerts. s e : .

E a.ratuses for the- second stage

- ha.s only. to be proportiona.l to the exten nt of CO conversion

in that stage (say 75:25 = size 1st to ond stage 3t 1) Onlv
"small correction has to be.mede. for the increased . :
‘percentage of inerts s whi.ch :lecessitates a 1little more:
eetalyst or a slight increase in pressure in “the” second”

s-age. -I-_cidentally ano her adentege of the Michael
principle of hea.t remove.l 41g that the amount of recirculation |

required 1is strictly pro sunt of 11qu1d

. The size of app

port:l.onal to the ‘amo



t_‘--' of view of power con
many stages the process is

R FOR oas RECIRCULA‘I‘IO"

S —\At first it wa.s,tho
| ﬁ r,' is: quite free to choo

eaction ~space. Dr Miehael now
may eventually use 1.0 o'
for recircula.tion amoun

_VpNote. Hee.t of reaction is -recovere s super pressure steam
(temp.‘_ high) and was stated to amount to l&000 cal/kg
*prima;ry pruuubb. S LSS S

In large-scale opere.tion they propose to use :
parallel flow as indicated in the sketch fig. 32, _because
increasing ca.talyst depth ErE very expensive > .as doubling the
depth mea.ns '8 times increase in power conaumption. Also the
dimensions of the ca.ta.lyst lumps play & role in power
consumption. At present 12 mm lumps are used.v., '

.n:(

Catelyst life 1s not _yet known. In a small-scale

exneriment (with va.rying temperature) & life of. 2 5 months
talyst and it

‘vas obtalned. The. temp. changes ruined the ca
~also fell to pieces. ~ |
Dr Michael believed that in large-scale opere.tion |
-8 Very long cetelyst 1ife can be obta.ined. ‘ o
onsists of roesting a.nd

w is very simple and ¢
yst proved to be better |

‘reducing. Often & regenerated catal
'than a new one. . - : . o ; N
: - .Power saving for recircula,tion could be ;ei‘f;cted

‘ or . . ..
b7 the ﬁljection of cold gase This. is not att:tal::izz 0
Germa.n conditions, because the W.H. s:eamsp::ere o fael

e

mm . t be attractive for plac |
arairebe: migh for instance 9 picture dividing the

s availsble. One could,
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It 1s clear- that the , s (2 rculation'“
£ gas) ‘can be qombined fwii:h various other mea.ns of .
o removing heat of reactrion, e.g. 1njection ot cold gas =
of o1l - etc. ,4:m~0n3 coﬁm combine direct and 1ndirect

: An interesting f'ea.ture is that thc purification

£ the gas may be. the same as for- NHBJ’_S thesis. gas.

?-(Afterwards ve. heard that in Oppau org S cOntent is

T P

‘ Also the Fe cat. seems to ha.ve a purifyin'g action, -

80 that, for. instance, one could use a Fischer ca.t..in’_ ;
the second sta.ge. '

"V‘:'heat removal .

Another 1nter7e/st1ng thing about the Fe cat. 15 :

-“f’:’t‘ﬁat it recovers after having been subjected t° a’ 333 con=
o ta.inlng too much 8. . e
;»PRODUCTS'

ygen
u

~200° bcontains 3'- 3 5 % ox
oduct' a.bout 80 %, ‘131

_The fraction

The Dieseékoil fraction

Olefine content of total pTr
fairly consta.nt for all fractions,
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9 (90% olefines)

9 (75 80% e 1
. _ 30 -
;i;cnu +. CQH6 3 | e.bout 20 (up to 30)'

fijROPERTIES OF GASOLINE._‘ ST ‘ .

o ,,; \ o ( /

. As the gasoline . contains oxygen* compounds FHT TS5
'funsta.ble 1t must be refined. I.G. are ‘busy working out
.tvo methods, both of which were stated to be very cheap_,xlf
ag’ 1t would be possible to incorporate the refining w:Lthin
_the synthesis apparatus.»Details could not yet be- divulged,f -
;‘7but will ‘be commum.ca.ted at 8 later date- B S

,_ Tho 1s%. method re:noves 02-conten" in produc... boili'w
tO 200 c- dovn tn 0.53 with a.yleld of 911-% (rest H2 g nd W.s)

Troperties\ of refined ge.soline. .
T - »-E.P. 2oo°c
45 - 65% -100° -
0.0NP Res. \8"’"88 g
o.nf MM 77 (45% - 100° ?) I
| losses 1ess than 1%. No\oxygen;:

o 2nd method. o
.removed, but only gum. O.N. 5 esearch .

60 o e
-.Blending ‘value: with gaeoline 0N ‘ A .
| 10% synthetic ga.soline 1n blend | 107 (research.‘M-)
yt i1 sroduced’ gasoline is .
By catalytic cracking of. e 38-80 ’ gearch method 85) .

re
- obtained with an 0.N. M.M. 76.5 clear (




t yet been completed and ap

: roperties of alcohols, etc

Acetaldehyde S 0.5 -
Acetone o 11
?Propanol IR 2 5 Pt LU parvs. .

: The above compounds are '
. practicall wholl -
ained in the vater layer. Y Y 001'1 )

EE——

i B_and,.c 4mmetumte.dmy,mof course, be

polymerized. o

02}11+ 1s obtained in large amounts. A polymerization
’t:by I.6. S

rocess for ethylene has been worked

e.re.ffin content of products :I.s small. By decreasing the

reaction temperdture during synthesis by’a out 20 25 Ty about

7-8% vax 1s obtained containins ‘some wax of very. high L

:,melting point,' which hesnnot yet been investigated.

New: . 60-70 Pfennig/l cata.lyst

Catalyj.t costs. ,

: o o wBegererated' 5-10 1
U Next day’ the semi—technioal plant was visited,
Vhich proved to have -2 very. simple leyout. Heavy products |
81‘3 ‘cooled down in two stages , .the heaviest part being
‘cooled only to 50-60 C on ‘account . of the presence of solid“

- wax. In the second stage of the “Ka.ltlcreislauf“ the o
temperature is reduced to 20 °c.- : o -

- The Ke.ltlcr'eislauf in t

coolers. It is clear that-in 1ar89’8

' will be made of heat exchangers in or
°f reaction in cooling water.

his plant only contained
ycale operations use
der not - to waste heat -



'I'he tail ga._s }'1‘9 dr

| The opera.tion of‘ the pla.nt was stated to be
fextnemely simple ’ the pressure in the pla.nt being mainte.ined
a back pressure regulator for the tai" gas. sty

1

Continuous supervision is neededf’only fbr control
,;Iof' cooling -weter temperatures. ‘

s It may be: ststed that the plant receives CO a.nd
32 :lthrough seperate lines, ‘the components being blended

P A the De.nel, so that experiments ‘with verying CO-H2 ratios
ca.n be carricd out.. ..

DFMichael mentioned that very soon a decision
: might be takon to. erect a plant f'or s nroduction of ‘5000 t/
om- of ltquid products*in Ludwigsha.fen

B. momnon- SUPPLIED BY mmoee (MR KEITH)
;”““4‘“" = A rough surveylha.s been made by Kellogg of 1he

034 now wasted in the U.S.A. Leaving ‘out . those. qua.ntities
.l,‘produced in too far remote places, Mr Keith +thinks: that -

5% 109 cub.gt = 142 'x 100 m3/day 1s 8 conservative fig“_? °
"'ff'f:for methane aveilable, AL wanteQ: for conversion into
’Jgasoiine, etc. in tho T.S.h. e

‘77" . The price to, be- calculate |
:/""P“I'ely f‘icticious., If now a consumer wants to buy a fevw i
"thousand cub.ft in pleces where millions of cub.ft areba'l:: :
id&il?: he has to pay the. price for £ue1 (5 cts/1000 cube ‘s‘

. Ko v,.v,
but if a new market for this 888 1s established, I 2 ots
”"'think 1 tities would be obtaine‘ole at, 8aY,

. 8 large: quan o o vorks

pep 1000 cub.ft, incl. transportation costs.
out; at 3 1.15/ton._

d for. this sas is



_g}ilﬁt investigations (chronelogically ‘recited).
’;(Further details may be found in nine Kellogg Laboratory
_ports handed over during the discussions )

1) Kellogg started 2 years 880 with Ni, 'because this metal »k
,;;13 specially excluded from Fischer patents in the U S.A.
-Canada. da- L , ey

and

A catalyst, consisting of- l}o Ni
10 MnO
} 4 A1203
and Kieselguhr .
'ave the same yield as obtained by Fischer- 130-160 cc/m3

g jPrecipitation -of nitrates_is carried out with ch03
,} " ~from chlorides gives 1ess active catalysts ,
"' ' _ LA sulphates gives no good catalysts at a11. _
Temperature measurements during these experiments were not '

fffreliable s which explains several erraticﬂ results obtained. i

“be 2 corrugated. tubesﬂof slishf-l}f 1 SeP dimensions‘ L
addition, in the centre, a “rod vas: inserted, pressing_ the -
:"‘corrugated tubes against the wall. The ‘whole’ aggregate was P
Tfilled - 'ith catalyst- 'l‘he catalyst particlei were at the NS
maximum 6 mm distance away fr°m 8 steel Bur: ace (see ﬂg' 33) |
to 24'

Length of tubes varied from 16' ‘ e
. *Metal temperatures proved to be even all over.
Two kinds of pressed pellets were tried out 1n
“{fthese .tubes, apparent density 0. 7 and 1 1 resp., dimenstens

*

'W".‘A: ‘Ym‘D . .
“f?fﬁThroushput 0.5 1/3:- /B 110""cx:3 1 atege |
T o 0

" 1.0

iﬁResults 2 therefores _were n°t encouragins



The above tube may be good, hovever, for
catalysts of 1ow density. o
3) Next, the Robinson Bindley principle of catalyst I
preparation (ethyl ortho silicate as-a carrier):;,_was tried out
for making catalysts of lower apparent—density Gave" great |
difficulties at first. Then 1t was found that the mixture

ha.d to- be hydrolysed for several days in a, wet atmosphere. |

C‘talysts were then good, but Verl eXPensive._“'u'

Snaihit o A variation consisted in cementing Kieselguhr
using *ethyl ortho silicate. Results were good, but the
Ecat. is still expensive.

4) Iii-Mn catalysts showed decreasing CHLL and co formation
*if"-precipitates«-—were-ﬁashedwwivthwincreasing—»amounts.-ofwwater
(- repeated washings with J4»50 ce. water/gr Ni)

‘ g ~No effect when re-adding some K2(303 to a well—
‘washed catalyst. R e e e S R L

Oil production increased with catalysts of 1ower
.;plapparent ‘density,_ also CO conversion increased.

. - 9% graphite (added to. get better pills) had no e
'if';‘effGCt on activity. o - v R TS
" Increase in Mn qontent over 10% had no influence.

~ Yields: 130-1#0 ce in 1 stage in glass tubes 16 mm.

‘:';dia- at space velocity of 1 1/gr Ni/hr.
- befcre continuing their experiment,

: ta e
S this ° & . n the whole subject

811 extensive. review of the literature o
~was made (see special ’ report) Je
: tigating:_

: They then started inves

'75) CoTh catalysts. Example : (]5 gg h oxide ] |

Ni . ' 1.9 KieselguhTe - d .
R aine .

At throughput 1. 1/gr CO/hr 50-160 cc yield/m3 was obt »

ter conversion occurred with

‘Again 1t was found that bet



atalysts of L
Y lower density. Lover density:/c t
e,lloved better temperature °°ntr01 a alysts

: A1l these experiments were .car e

s abons ried out in 16

va‘rymg amounlz:rigg Kixper:l.ments with catalysts containing’

B e o eselguhr (10- 88%) 1t was found-that
timum pare catalysts at the same, but at their

opt tempereture, which will be different for differe -

catalysts. In this connection optimum temperatur erent

temperature at which the maximum yield 1is obtain:dmeﬁ t%l‘e

rocedure has been folloved since (also by Ruhrchex;ie) -

[ﬁ'fxiéé 1 A ”‘talyst consisting of 1. Co and 0,17 Th- without“f -

e guhr gave-a yield of about 75 cc o

e of whi ch

O"nTSiSteu of—wax e ’ , i °Ver 90%

o - Additicns of Kieselguhr varying from 1 to 7 parts

per} part Co were then investigeted. It-was found that the ’

optimum te smperaturc varied from 410-440°F. (measured in. -
atalyst 2t spot of maximum temperature)' : e i

o A cats containing 50% Kieselguhr showed “the.

| sniallest variations of" yield with temperature. Highest
yield was obtained vith & catalyst containing 30—33% Co

'(143 cc one stase) S T e
were_ found between gy

dding 1t after

No differences in results
Precipitsting 2 in presence of* Kieselguhr or. &

.}T_:s:precipitation. —— R : SRR
'Pelleting end mixi,hé;' of -,Pé}lﬁﬁsf ws porcelain
beds “had no effect. |

| Difference between tempera

cat&lYBt and temperature at tube surf
. ~»4°op lerger in case of glass tubes than when using me

ture in centre of _
ace "was found to be
tal

much inferior results than 20 mm

. e

50 mm tubes ga‘_ve
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3 was found thﬂ-t better results were ‘obtain a
A short than in. long tubes, PrObably because e the fz TR
e end layers of the °8-t8-lysts vere better codled. In e
der to eliminate this. effect, 1n a1l experiments:*the gas

.s"preheated, TR ,.1.‘ N i ‘

| . Decrease in- throughput from 1 1/ gr ce‘ino‘ilo 1
,5:- Co has no effect on yield. .i': : o o

: At T atm. yield was. higher - more wax was |
roduced-- but not yet oxygen compounds. '

.. By electrolytically washing (osmosis) the
recipitate 1n several cases, the yield increased to
80-185 cc in 1 stage. : - ~ s

ote. All experiments only lasted about one week. No life-
ime tests have been made. Further experiments rewrded

ere .mo stly mad

No difference was found between hot and cold

recipitation. L /s SR ; T
o 45 % Mn on Co, wh:l:ch gave yields

7

Best cat..

of"150-160 ce/m3. oo

give catalysts producing more wan_

L : Mn additions
:; t‘vhzm ‘those containing Th. _.7;_;‘_ ’ .
| uld

. For precipitation both Na2003 and K2003 cz v
.
i;.,,be used. Influence of varia.tions in wash proceduz; .
anall and no effect was nOticed when using more

150 ce wash water/ gr C°' o L

7) America.n K.ieselguhr :I.s very pure.
1,0 and no Ca and only small amounts 0

t.
,ment with HC1 or HNO; gave no 1’“"”"‘3?‘”,

-

It conta.ins no
of: Fe. Pretreat-
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8) s, far wot M, (passing & wet Sasmeter) vas used for
reduction. It vas f ound. that dry H is much: better for

9):-:'.1“ order to~ 1°Wer the alkali;content of catalysts,
precipitation Vith °Xalic eacid was tried. No sood catalys;t

,,,,,,, g ght be possible whexr‘carefully
reducing according to Ruhrchemie s pra.ctice, with a very

8’-’-"8 e yield of 115 ce/m3. The product contained no wax. . .
: € ;.end‘"boiIIng"podmt*cf"‘t’ota*l"prodnct*waSWQGO_ﬁrfThem
permisgible A1203 range is very sma.ll. 2 -4 %5 eg. a
cate.lyst with 6% A1203 on Co only gave 60 ce yield.\ -

11) co ( 100) MnO (20) A120 (2) Results were very good
d—jequal to CoTh &nd CoMg«catalysts, .e. 150 cc' yield..

12) Co ( 100) Ce 0 (5 20%) . These catalysts were not so |
ctive as. thc ,“_Co‘rh ones._Max yield 140 cc. When preparing
thesc catalysts by precipitation with EOH the: yield dropped

13)’ Co (100) Mr-o (280- 20%5 without Kieselguhr Kellogg

| eem to have used too much Mg0 ‘in all cases,-seen in the
;light of Ruhrchemie's experience. Kellogg, however, Vantid
.'to use MgO as & carrier. These. catalysts wers unsatisfa:h or;;;
‘catalyst. containing 20% MgO_geve only 75-80 cc Yield;ul e
"8t111 less. A1l these catalysts—were. prepared by C;I:ions._

. 810v precipitation (about one dey) from diluted so

Mgo “Josses during weshing
when. uging 5005 Mg0 the.
Mgo ‘the catalyst '

They experienced large

m precipitates; £or 4ngtanées . <
at&lyst contained 280%; when using 20

8 ' egults as Co plus
13) Co. N (1:1) + promotors save ‘same results. &8 EELLS

I ——

E Pl'omotors .
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'a), Dr Pier enquired ~whether the Co used 1n the various’
_eriments all ‘originated from the same source, recalllﬁg

 this respect that aceording to Ruhrchemie there 1s’ G
difference between Co and Co.

Mr Keith answered that Co from different sources had

been aaeds but-that e differcnces in activi+ y f’h'ad been observec

) ;Influence of apparatus and space velocity on- results.‘,, i

_ During ‘these experiments (which Have ot,_yet been
laid down in La‘ooratoryL reports) . they changed tomsteel
bes surrounded by a _steam. bat -—Inlet ga.s was preheated. .

‘ . Investigations were carried out relative to the
"infiuencewof~—tube-di~ameter--0ata1—yst«depth~and~spacem
velocit'*. e

Basis of ‘the e:;periments' As natural gas (and
therefore synthesis gas)- 1s cheap in the U.S.A., the o
1a per m3 is not of much 1mportance, the more so as the ‘
, tailwgas may be. recycled ‘to the synthesis gas plant a.nd
vorked np ‘again. ain. They_are, therefore, aiming at the ;_agg_e_sg
: Lleld per ‘gram of COBALT - (— the smallest synthesis pla.nt)

% T In order to glve an*.tdea of the yields obtained
3;_1t was stated that these amounted to about 90-150 cc/m3 |

. Space velocities from 1 to 50 1/gr Co/hr were -
investigated. . . o v

~ The results are always '-re'ported from nowp on as
,;::,,:Mquid/gr Co/hr. IR '

| Tubes: 2" to. 9/16"

Catalyst depth constant J. ft._

t
“The following table. (see 18- 34) :how:ft:f;be |
: PI‘Oduction (per gram of Co) depends on diame er

Wgnd on space velocity.
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-

s aoe velocity " tube ¢ ‘ 2,,;:. o 5"

1itre/gr Co - 1.0 3/4n -;",

a production 00/81' Co /hr\ e ‘.:‘T
,--.o L .14._ e S
: ’18 " ,{';-?.;o 2l+
./ 0. 12‘” } '70 16 :

16) 'I'hese experiments led to the conclusion that “
here must be ‘an optimum catal;vst depth for every
diameter, at which the -production per gr co/hr 13
a. maximum 'I'he longer the tube, the’ higher the T
S.V. taken over the top section only of' the tube

in questmn- el e

R _ By increasing tube length (at consta.nt
_sjpecef"velociti‘for-the vhole‘\ tube) at 'last such -
;:space velocity, ca.lculated on the ._top section,
8- reached tha.t the production of this section 1s
n the right hand side of the optimum (863

, On the otner ha.nd with very short
'tubes one vorks mostly on the left hand side.;_
""eoretically one ought, therefore, to vork
{th conically. shaped tubes, in order to stay
t'the optimum However, this is no practical

roposit:l.on. S e T j_y ;
' a of

e

The experiments with variation

:tu’De 1ength at constant space velocity have
‘not yet been completed. Some pesults for &
“‘space velocity C of 2 1/gr Co/pr are given
‘f’;\-bﬁlow for two tu‘be’ dlamgters. - :
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'vf"»’oa,tfl’dépth L 9/16" tube __
Tsom \»30 : n_ S Ll i

D? Pler: In addition the density and 'formvof the catalyst,
e pressure e.nd perha.ps e.lso other fs.ctors pla.y a role)

:A_»-Kellogg feel that optimum results ms.y ‘oe obtained in an
n of the. followi’ng construction (see fig. o ).‘ ELE IR

o ‘The flow passes the catalyst 1n a direction ra.dial‘
the centre, the res.ction products 1eavin,g through the

central tu’be. e A ' S
' I*“Wa:S"fe:tt“that—wewhi—ghwvelocitywwouldnresu:Lt,,in.

This oven is under construction. ‘ SRE
Dr Michaei interrupted at this moment and stated

tﬂhe had used this type of oven with his Fe catalyst. e
t does not work properly for ‘the followins reason' Assuniing»--- ‘

ntraction of,- say, 50%, _the density of the vaporous i
tion product in the ral tube is*twice -a8- la.rge as..

Now the pressure drop through the catalyst bed is/

"el'Yl shlall (das Gas. schleicht. durch) The result is that
-in the 1ower half of the oven, the reaction products pa.rtly .‘
M into ‘the catalyst and eveii to- the outer gas gpaces
At last an’ equilibrd.um is attained and . 1t was found the.t
°1'11Y the upper part’of the oven was workins prOperly-

of course s “¢hink of some tricks in
but Dr. Micheel was convinced that

= One could,
order to improve matters,
~the. design 1s wrong 4in princiPle‘}_
18) Another 1dea of Kenoss's 1s the upﬂow oren as
c ° In downflow tubes “the 11(1111d arops dow:::znsl.leat
“Bach section of & tube has to 89% wid-of- thec:i:n s
; * through the ‘tube surface surrounding this 99
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'_',j'in different sections different amounts 0

f heat are
olved, temPeretures must

be uneven in the different

e

In upflow tubes things are different. Liq_uid
is stirred up-and- in a bottom section (large heat . v
o-1ution - fresh gas) ‘part. of the ‘heat w111 bo taken. up
ktbyf.vaporize.tion of liquid reaction products. The ‘vapours

‘ape carried“upwards ‘and condense again in a. section having_: :
sme.ller heat production.. T T e

‘ In this . wa.y heat a.bsorption by the walls is more
_enlv distributed over the whole tube length.

Upflow gives much 115hter,p,r,pduc.ts ,_..e_.g._a.,w
zf"CoTh, catalyst gs.ve on downflow 5% pa“Ti”ﬁ‘ On. upflow a
”"product with 550°F end point only vas obtained. After 10

.US‘ISt 1938) outlining the economies of the Fischer process,
““'based on-the’ following assumptions'
. ¥ield: = 100 cc/m3 ideal gas’ |
Throughput- b l/ngo/hr e

(,quid production rate 0.4 ce/grCo/hr -

H tCo before complete
Cat. life: 6oo t product/tC Pockcdieryty
N

i cub £
' Ca.talyst volume required for 5000 B/ D 11quid products:55000

Mr Keith expressed as his opinion th:t a Fischer
" ‘la.nt on this basis would bé a paying PPOpOSit on.






