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RUHRCHEMIE SYNTHESIS PROCESS
| 1
. | » ' ' | ‘ ! - | .
The synthesis process has been carried out 'under:I . ‘Ryhrchemnte
5 -l - Process

~(a) ragagépheric Pressure - Hﬁf
(b) ,under seven atmosbhéres
[ ‘ '

and the subsequent materixzl in this section has been

subdivided accordA“gly; “he atmospheric pressure“'

work represented by far the lerger part of the com-
mercial experlence, and 23 a ccnsequence the dis-
cussion of'the atmospherid pressure work will be found'

) | . ) . o
~to be much more complete than that of the seven at-

mospheres pressure work. _ ' : 1

The synthesis gas was.converted,into hydrocarbén;
by pussdége over a catalyst at 350-400°F. (175-200°C.)*,
aﬁd under preésures—frém one to ten atmospheres . The
_synthesis step h&s been carried out in two-stages, in
order to obtain & 3ufficien£i;‘£iéh conversion that
the tail gases could be discarded without large losses

of carbon monoxide. The catalyst used was cobalt pre-

cipitated upon kieselguhr togethér with a promoter .

At first, thoriazwas ugsed exclusively a3 the promoter, .

J—,

._,-’,__._.-

* All tenmeratures Ziven in thig sectlon reier to temperatures
calculated from the steam preesure on the cooling system..

-

Pyt - . Lo
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but L»,Uer the thorilea, was grad.ua.lly replaced by magnesia
until 1t now & ppears th”t the thnria my be enuirely

o

elimirated . '

S - 1

I
- The contuct chumbers for the synthesis reaction
| b

were equipped with water-cooled pipe svctems for the

purpose cf removing the heat of reactior. The cooling

system was under presswe and connected to G Steam

.

accuz:mlz‘zt,or fitted w;cu tne dux:{lia.ry equipment of the

~—
ordirury steazm boller. The c:a;“c,e.lyst wz3 charged through
the Top of the chumber ard res;ted on hinged screens
which could be lodf;—lz'ed in or&er' Lo remove the spenﬁ
caialyst . Gas wns supplied to the chamber from the

top end flowed dowrwerd through the chamber. Details

of the two types of chax'nbers will be found in the Ap-

}

rerdix.

“The operaticns involved in carrying out the syn- Flow Sheet
Atmospheric

thesis reactiocn at atmospheric presaure &are schemat- Pressure
: . Qperation

icelly presented in the form of a flow sheet in Figure V.
o . Figure V
—The variocus pieces of equipment have been labeled '

and e.ll the aveilable material qua.ntities have been
_given on the fldw sheet, starting with the rav mterials--
coke &nd'water--and ending with the finished materials--

oil and water. The dravwing appears largely self-explanatory,
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)

and consequently only a brief ocutline of the operations will be
given here. ' ’ ‘ . ‘ ‘

¥

Watpr gas was mede from coke in the usual operating set‘s\, was

cooled in & weTts;r' scrubber, passed through a blower and then through

iron oxide (Iluxmrsse) towers to remove hydrogen sulfide.’ The gns
ves then preheated to 59|O‘57O°F- (200-300°C.) and passed. throuéh

towers conteining a contect ~(67% Luxmesse, 33% soda) to remove

organic Sulfur comnounds .- The purii ied gas was spli* into two

streams, one of whi.,h was heated to 900°F. (490°C.) and passed. over
a catalyst,, together with s8team, to convert a ‘part of the carbon
monox;de 1nt.o carbon dioxide and hydrogen. After the pa.ssa.ge .of
cne gps over the car,e.lyst the two streams were reunited. The

hydrogen to ﬁrbon mcnoxide ratio—in-the original gas was 1.25:1.0

and Vth}swwas ch&nged 'te 2:1 by the above conversion.

Ths a3 then passed to the first. stage synthesis reaction
chambers, in which n [:,arbon.moncxide conversion of about 70% and a
gs contraction of about 60% were o‘btained. The products and un- -

—converted synthes—is —ga.s were d.:lscha.rged from the . rea.ction chamber

to & direct contact water cooler and the gaseous material from ‘the

latter was. pagsed t.hrough charcoal adsorbers . The gas from the
charcoal ad.s orbers was sent through the gsecond stage synthOSiS re-

. action chambers where an ad.ditional carbon monoxide convers ion of
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21% and "gas contraction of 38% were obtained. The
mteninls leaving the second stage c\ha.mbers were given
the same treatment as first described f‘e_l' tIo—szifrom
the first stage Chavnbers, with the difference that the
hydrocarbon pdsorp' 1on on the charcoal was much more
rearly complete . Ao e 4

LT . !

The cycles on the charcoal sdscrbers were as follows:

1
Time - Minutes

Operaticn - : First Stage Second Stage
Adsorption - ' 40 '  20-60
Steem purge 20 - 20
Drying (hot tail gas - 1500 w@/m- 20 20-40
Cooling (cold tail zas) - 20 | 20-L40
Totel 100 _ - 120

The exit gas .from the finel charcoé.l adsorption was
burned as fuel, since it cantained only about 6% carbon

 monoxide and about 101: hydrogen. o '
The catalyat depth in the atmospheric pressure o Catalyst’
2T C Depth

Chambers was eight feet (2. 5 meters) This ‘depth was

determined primerily by re estrictions on/t/;he gize of the
chambers imposed by the profile of the Germn railways.
It was thought., from &n opera.tional standpoint, ‘that the

depth could have been a8 nmch as 16 feet (5 meters ) tut

o
not greater, since there thon would have been an insu

ficiency in cooling surface in the top section of the

chamber .
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The normrl pressure drop throdghwf;he &'trdestﬁeric

chamber amounted to 2-6 inches (50-150 mm. ) of, .water -

|

when the chember was, fllled. with catalyst 2-3 mm. in

size ’Ihe pressare drop was independent of the age
Of the catalyst and wzs not affected by solid par-
affins on the ce.taljst- The c;reatest variation in

pressure Arop. was éxuaed b'y variation in the size of
| . i

the caetulyst particles. ‘lhere was' a very small dif-

ference in rressure drop from beglnning to end of the

. |
operation due to the somewhat greater gas volume at

the‘ higher temperature uéed near the end of the

I
operatior.

Ruhrthemie had 52 a.tmospheric pressure contact

chambers at Holtern, 19 of which were in operation on

the everage. The number of ovens not 1n use there-

—_— f

fore r,a.veraged thrce, which represented six per cent

of the total. On the average, 36 ovens were used“ in

. the first-stage and 15 ovens used in the sécond-stage.

149

(109)

Pressure
Drop__
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! ' ‘
. sua l¥comme ¢ ‘ k :
. - .The usualvcommercinl practice will be emphasized - ' Atmospheric
| | )

Pressure-
in this sectlor, &ithouth. Vari’ﬁft’idﬂs}u frc‘>m the normal | 'Procedixe'e
! .

practice will be menti oned .
4

Ezch of the various steps
involved in the procedure will be described individual-
1y, thetz‘Q,}:@q;}- of diacussion being that of a chi'ono-

|

logicel history of a freshly reduced catélyst charge.
. \ § )

A nurﬁ‘ivéf of the individual operations were simi-
1arly per{ ormed regavdless of the pressurc Othérs,
more mrtICqu y the u.ctual ‘technique involved in -
'-carry'ing out thusynthesis reection, were carried
! ‘

cut differently under pressure.

Ordizmrily, four synthesis chambers vere combined
. i“to 2 block f‘it,t,ed. with & Fcommon: s%ea.m—accumulator.

It wes the usual custom at Holten to use t,hree of the
chembers in = blcock es first-stage chambers, tha.t is,
supplied with fresh synthésig gps; and in the fourth
@amber to use gz3 from the three firat-st&ge' chambers .
From an opéra.t,iom;l standpoint there was no preference _
whether t.wp, four or six 'thzmbers were .connected to one

- Bteam accuxmlat,or .

b .

_A.v,,-

Charging

o | we V f an -
A thin metal frame was placed around the top © of Catalyst

—&:tspau&eeé;fnom_t&

°pén synthes is chamber and the air
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frome ‘and- ch&mber by oarbcn dioxide. The reduced cat)aT

1yst was broag,ht, above the cham'ber 1n a transport vessel

\
7npd allowed to flow out of the transport vessel onto the

top cf the ch&m‘ber ins 1de ‘the frame. The c&talyst flowed

Ireely ard readily filled the free space 1n the conta.ct
i
over.. +“hen the chehber was e.]most, filled.,,the final.
‘ . o ' / -
) | 7 .
distribution of the catalyst was made by means Qf small

- -

A

rekes. Care was taken thut rone of the oatalyst was

sbove the coocling surizce o the che.mber.‘ .The--cov.er was |

L

vleced on .the fillcd chumoer and made g&s-tight, by inea.\r}_sg.‘

of bolt.s & r“_md the outer edges. The oven was then
: i

flushed with *‘itrogen nnd was ready for use. Five hdurs '
were required to £111 the chumber wit,h catalyst and re-
olace the covgring Each ..ha.mber ha.d. a c@.pacity of

30 cu.ft. (10 cu.m.).

Starting

Lhe chamber wail heutcd Synthesis
20°F - ' f hot water through Gas Over
3&0 (160 C.)--by the cmculaﬁion © ) ook

the c0f~lir‘g tubes of the chamber. This required from Catelin

2-3 hours. At 32C°F. (160 C.), the synthesis gas was . __
rassed over the ca.talys‘c at a rate of 21, OOO cubic feet

(600 cubic- met,ers) per ‘hour. . If reaction: occurred, t.he "

e

g8s rete was brought to 49,000 cubic feet (1400 cubto

' N ion
Teters) per hour within & short time— If no reactio

PURTUSN—



\

. - : 3 {
. > the hot water zi o .
occurred, 111 h er clrcu lf}t,'ion was continued until —

. i . '\‘
‘a temperature was r .
such FERTEET ‘e&Ched,J‘that the reuaction occurred

1

The en3 used .for starting & fresh catalyst was tail

!

ges from firat-stage chambers. When it wes necessary o
' |

start the rew chamber with fresh synthesis' gas, the in-
1tiél gns rate W3 3till 21,000 cubic feet (600 cubie
reters) per’ hour, bat sabsequent incresses in the gas
,rate | were mrde mach -'nore slowly. Orclinarily the tail
ge3 Irom the first-atage was used over & fresh catalyst
for 2-3 "ciays et :the rate ofl‘ L9, 000 eubic fee;t. per hour.
At the erd of 'this time the tell gas cchld be replaced
by fresh sym thrsis ‘zas & the rate of 42,000 cubic feet
(1200 cubic meters) per hour. Tall gas wus used to
ate.rt, the fresh cetalystc because, being less reactive,
A;;dderN;emnerature increasdes Were minimized. ‘Another
advantage in the u3e of tall ¢gs Wiuh a fresh catalyst ‘
vas that less sulfur was present than in the fresh syn—
thesis gas. Appaurently the fresh catalyst was much

more susceptible to sulfur poisonins than the catalyst

which had been 1in use for a few days.

. A cons t,ent. conversion .o'f,,és% of .the ca.rbon monoxid.e wvas Operation

_Atmospheric
——m—int;a—&ﬁed‘—m—%he'_;:ﬁzet-nfage. ’l‘his corresponded to a ' Pressure
| : | ' Pich b mea.sure- First-Stage
. @8 contraction of 57%, which was . determined y Lrst-Steg

- , A - da
ment of the carbon dioxide concentration entering a.n,.



' |
1ea‘ving the chaumber.

,"

e

|
}

" A throughput of l+2 » 000 cubic feet (1200 cubic meters) per

hCuI‘ was mainteined t'hrOUBh a Chamber for a tota.l of about 1800—

1

12000 hours .

. . 1
slightl'y and to compe

After a Tew days, the catalyst ac‘oivity had decreased

D x,‘,ks,‘a te for this the temperature was raised one

o \ !
+c two degrees in order to meintain constant the 65% conversion

of cerbon moroxide. The temperature was slowly increased with

tire to-mintain the cenversion until e temperature of 392°F.

i

(200°C.) hzd been resched. This phase of the operation usually

lested atout 1000 hours. "vs’}ilen the maintenance of the 65%

corversion of carbvon moooxide weculd have required a temperature

higher t,har; 592°F. (c:OO C. ), the synthesis gas was stopped and -

the ca'ce.l,,st. uree.ved wi*h hydrogen for about ten hours at about

LOO°F. 205 C Yoo The hydrogen treatment partially restored the

activity of the cat,,.ly"t sc that 42, OOO cubic feet (1200 cubic

zeters ) of .sy'“tn(.s;s g8 per hour could be passed over the

e

;c&talyst and .,he b'j}, conversion obtained at a temperature- well

below 392°F. (’200°Ci)~— ' The conversion was agpin held constant

by increasing the temperature from

timé to tin?é until a temperatu;'e

of 392°F. (200°C.) was again reached. This second phase OCGuPied

about 800 houro . The hydrogen treatment was then repeated .

ing t_."he second hydrogen treatment,

Follow-

the conversion could be min-

+_a_gas rate of ’+2 OOO cubic

talned at 65% for about 200 hours—&
feet (1200 cubic meters) per hour at temperat

592°F . (200"0.). When the conversion

ure3 not exceeding

vegan to fall off at
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3¢ F. (2007C °>) wtoa @-?llth’r‘ough“pu»t of 42,000 cubic feet .
(120b cublic meters) pexr; hour, ithe 85.8 i‘ate was gradlulaily

Ve "‘ l : ) .
.decreased at such a rate that the conversion of 65% was

minteined ut 392°F. (z00°C.).
|

fallen £o <3 030 cu cublic feet (800 cubic meters) per hour,

‘When the ga3 rate had

|
in the temperctire :',o h'-.)‘u"r‘. (5‘05 C.).

“id

When the carbon maniide conlversiou fell below 65%
. _at LOO°F. (20 °C.) at = _p;‘.s rz—".._tc of 28,000 cubic feet

(800 zublic mst,ers) per hour, thc, chambcr was t.aken out

of operatlcr urd the (,;.ualyat removed . The average @RS
- rate over ;.he, whole c«;.talyst Iife” Deriod was 35,000 cubic

feet \l,wu cubic reters) per hour of idea.l gas.

!

The liic of the catalyst after the second hydrogen
treatmeqt. averaged a.oout 1000 hours, for & total life of
3000 houra+ The yields of hydrocarbons could have been
i!‘CPG,&SLd by more ‘frequent hydrogen treetments, but the

additional time lost, would have offset the..increase in

yleld.

54
(124)
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A p&ngip 1 revi ification of the cata.lyst could be

‘eucomplishCQ ir sita, by meuns of:

‘ ™ ‘ < !
1. Treztment with hydrogen, or

2. ’l“aeatmenb with oil s'olvent-

|

(115)

 Intermediate

Revivification

Ordimr*l,, , the 1r.terznediz;te revivificétion of the céta-

lyst was done with hydrcgen -t Helten, albhough ex-

— ey

perizr.ents mede there _1-'»diwaued 8 (e advantagcs to the
C A ‘ i

use of the soclvent treatment. It was planred in future
instezllaticn3 to mnke provisions for solvent treating,

the catnlyst. The lack of suituble equipment on the
; .

synthesls shembers =t Holten was the reason given for

not using the. solveat method of revivification.

The chmmber wes heated to LOO-410°F. (205-210°C.)
and hydrogen pasaed over the catalyst at the ;;'ate of
abCﬁt_ 53,000 cubic reet (1500; cubic meters ) per hour. |
The hydrogen was recirculaved at the above rate,
5000-7C00 c.xb‘ir- rees (13 ,(-200 cubic meters ) per hour

of fresh hydrogen beinzg added.

The hydrogc'm used. nt Holte,n was s the e*{it gas fram
the catalyst, reduction nlant., although the hydrogen
" could be 'cake'n‘ -f rom—the—carbﬁn—mmoxideﬂﬂ'ﬁi@_

"plam;,, .In the Lat.ter mstance it would have been

Hydr‘ogen
Treatment



necesszll‘\' Lo redw‘e Uhe enrben D:( noxide conversio;.ﬁ’ Thisgcould be

acycmnlished by possixm ,he as together with steam over nickel
|

cetulysts at n temoe»auxre Jof about 3,.0 F. (175 C. ) !

. |

The hydrogen revivification of the catalyst- required 10-12

hours . About onechall of the weX contalned cn the catulyst was
[ .
converted to methuno Dy the hydrogen treatment. The hydrogen
‘ ‘ i
reviwi‘ jeetion wes considered complete when the methane formation
. :

pad cexsed. The @.3 led oiT fram the recycle stream in the hydro-

gen revivificatlion was cdded to the synthesis tall gas.

It muy be of 1'1tere'3t Lo note in this connection that
- @
Ruhrchemle regnrd the syrtheais c&talvst as e cracking catalyst
in the presence of hydroge'n. Thelr conclusion was.-based on the

fellawing observetions :i

1. The c;rbéh‘ o the catalyst as carbides could
acccurnit for only'a“bout cCr)o :i““;ﬁ\eﬂ‘x—xiethane formed.

‘2. The ylelds ﬁ‘-wax obte ined when the catalyst
was sclvent treated we'x"‘o éboot t;wico_“thoste ‘obtained when
the catalyst was hydrogon treated .

5-_ La-rer molecuLxr weight. oil products were ob-
talned in the hydrogen tre&tmcnt t.ha.n in the, solvent '

treatment .

S -k ture
~In- contmdiction to th?,971?9?9,,,6,®°,],'.u,§?9n’ ,a vemperd



i

inorezse i noticed when hytlroe,en was 1ntrg{x1uced which indicated. o
3

en exovhermic reacuion - The Cm Ckine reaction was end.othermlc d.nd

‘ | ‘
Hcheﬂx;,l, Vnz:om_QL._e X0t hel mi c.reaction was | the_h}

______ ydnogena.‘\;ion of the/

P —

cerbides . :\laO, the formation of the met.hane took Pl;ﬁ-ce at,’ Lhe K

pa

- 3eme t,emvervturo wt whieh—rhe c&.t&lyst, hﬂd previocusly been used for

the producticn of oil. It 13 difficult to understand how. the rela-

tively slight c}jmnge in 'tﬁe‘Mrtial pressure of the hydrogen could

peve hed such o prot nund esfect upon the 1n1t,1ation\oi t,he crack—

ing reactlicn.

T ‘ !

_" The synthesis ch;—;mbcghr.o;t?e rev_i‘vified. was éooléd down
to €50°F. .(1£O°C.!) and lizght m-.'phthé. ‘i:‘roin“the ‘synth.esis
plart (endpoint 230°F. (1kJ°C.)) wes distilled mig'?the
cven The nuvhtha condensed on the catalyst and dissplved
ard, yash;dh off the wax and & part of t.he‘:r-'esinuous mterial.
The overall yielcia of hyd.roal;;bons could be increasgd from

ere to wwo gr&m per cublc meter of _synthesis gas by uvsjing

this solvent treotment in place of the hydrogen treatment.

Thg, gn,g" gﬁr’gushputé to se‘cond -gtage chambers were
scmewhut hiéher than those to the first-stage chambers,
being on the aﬁemge 50 000 cubic feed (1,400 cublc

xneters) per hour of gns from the first-stage cha.mbers.
The second-stage chambers _we_re_n_op_mgiven a hydrogen treat- _

mél;lt during their four months use. The reason given for

Sc 1vent‘
Treatment

Second-Stage
Operation
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1
§

cmitving vhe-hydrogen regeneration was thet the largequantities of

inert grses In che‘ purpiu}ly ,p,sled synthesis(

gns served tc keep the

1 . . /

cetelyst clean..’ an additional reason was. that the passage-of- the:

- g -
i . : .

ges through the first-stage chambers removed all sulfur compounds

I
i

v L= - . ' !
and probatly n. lirge w:irt of the tar-forming compounds from the

synthesis g3
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preffins and'lei"t,“the catalyst é‘bill pyrophoric. ’fhe

deact jvation procedure"depended ‘upon tlhe 'gomﬁosi;tion of

“tpe.catalyst .

\

For synthesls ggs treatment, the steam vaives were Synthesis
. P
closed vhile still passing synthesis gas over the cata- Treatment

1yst and the chamber allowved to heat up unt.il a tempera-

. ture corresponding t.o a sbeam pressure of 19 atmospheres
o the cooling 8ys tem wes reached .. This temperature was
mintained for about cne day. This treatment simuil-
“tanecus 1y d.ee.ctivate@t’.hg catalyst anc..- freed it largely
from wax. Ia.rgér umount.s of methane vere produced. than
in the. hydrogen treatment but the excess methane was |

rroluced from the 3ynohcsis ba.s so that no net. loss of

o1l occurred. The exit gnses from this t.rea.tment were

added to the syntheais tall gas.

Th .thesis gus treétment Hydrogen and
€ comblned hydrogen and 8yr o T ie

vas used for the tharie catalysts, since substantially - Gas Treat.ment

°°mPlete removal of the sol:l.d. pare.ffina could not be
accmplished by either treatment’ alone. . Only enoush
_Asmthesis gas was added with the hydrogen to min-
'tain a thermal balance at’ a.«t.emperaturo correspond ing

to 19 atmphéres. steam pressure 1n the cooling qyst,em'
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The steam treatment had to be made at témperatures of | Steam
' Treatment
_750-930 F (hOO-)OO C ') end wa.s very effective, ‘especial- ~reanment

[

ly in the instance of the thoria catalyst. This trea.t-‘

nt, however, was not ,5enerally used at Hol‘oen due to
|

the fect that, it could not be carried out -in the syn- “

! |

: thesis chambers themselves, which would not‘ withstand
“the high tempere.t,ures. The spent catalyst received from
licensees,' f‘cnta.ining all the solid paraffins that were
mresent on the catalyst at the 'cime it was’ taken out ef
‘operation, was subJected to vthe ateam treatment. The<

. spent, waxy catelyst was pressed into eég-size pieees a'nd.
charged to\‘a tower where 840°F. (450°C.) .steam‘could be
pessed over the catalyst. The steam treatment not only
removed the solid paraffins from the catalyst but elso

deactivated the catalyst sufficiently to render it no

-longer pyrophoric .

mat de- ~  Solvent

The treatment with solvent was the same as that de- Treatment

scribed under the head.ing "Intermediate Revivification”. '
The catalyst was st;ill pyrophoric after the solvent |

treatment and had to be deactivated before digestion.
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‘ . ' - o \ , :
After fhe lre:m;)va./l of the ,é,olid raraffins by any of Catalyst
tpe verious treatments described, the steam pressure on B?‘:g;al
| |

C] |
—uhe;coolins system of the chamber was reduced to' atmos~ Shomber .

uheric pressure and the ch&mber a.llowed. to cool.' The
chambel‘ was then fl.zshed with nitrogen or carbon dioxide,

the 1atter preferably, and the catalyst was removed. A
[ | ' Co
gerew-type—conveyor was attached to the bottom trough

of the chamber, and the chamber flaps lowered, where-

‘upen the catalyst ron, out of the chamber in about 90%

of the ins'oe.ncea . When the éatalyst failed to run out,
the chamber was reclosed and t.reated. with hyd.rogen at
_a higher t.emnemture, d then the dumping operation
again at.t,empted. A streanm of carbon dioxide vas

directed onto the catalys’c on the conveyor and into

the transport veasel into which the catalyst vas being
transferred. When all the catalyst had been trans-

ferred, the transport vessel was closed and sent. lm-

mmely to the catalyst factory.
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"I.‘he life of ‘tho: catnlyst wes 'def;ned &5 tf‘l&t length | f-Life of thet
| of vime over Which an acoumlative yield amomnting toan  —rorr
average of 120 grams of oil per cubic meter of sym-,hesig
gs vas obtained '/\/At atmospheric pressure the .catalyst
_pad & 1life in the comnereial plant of about four months.
N
The life of‘ t.he catal;y_e*g Ea regarded as primrily a
function of time and temperature and not of the liquid
: produced;. Ruhrchemio re@.rded resin formtion as being
probably the chief limiting factor in the life of the
eatalyst. The resin t‘ormtion was “tteelf dependent
upcm the euantities of uar-formi.ng substances in the
synthesis gps. Consequently » the l‘.lfe of the catalyst
vould only be relat.ed. t.o the quant.ity of liquid made
insofar as the qua.ntity of gns that passed over the
ca'oalyst, was reht.e:l to the liquid. formed.
From annlyses of the spunt cztalyst, it was evident’ Sugur"
that under the canditlons used at Holten the sulfur in Spent

Catalyst
the: Bynthesis gas wag not responsible for the mactivab- ,

tion of the’eat,elyat. The sulfur present; on the spent

catelyst depended apon the source of the synthes s gns:

. R ’ . t
Source_of Synthesis Gas ﬁ Sulfur_ in Spent Cata;gg |

Q05—
Cracked Gaa 5
0

0
Coke - ) 3 '
Brown Coal’
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The sulfur on the spent oabalyst also varied with the

1

@wlyst co’nposition- Using synthc,sis gas prepared from

coke, a spent thoria catalyst contained O. h% sulfur, .

vhile & mixed thoria-mmanesia cz»talyst comtained
0.08-0.1% sulfur. The sulfur in the &spént eo.talyst'-
vas lost in the rcgener&t'icn process a3 sodium ‘aul’-

fate, so that no special trcatment was necessary for

jts removal.

It wes thought that tho life of tho present catd-

lyst was too short for the sulfur to have any bearing ’
-upon the life,, but in the cvent that the tar-forming
mterial in the synthesis'gz.s could be entirely elimin-
ated, it was thought tm1; the 11fe of the cate.lyst

- might be suﬁ‘iciently m'olcmged. that the sulfur d.e-

_pmition on the cat,alyab would 'becom the controlling

factor in the catalyat lifce.

A ¢ - ' fo;' each Chamber
A chamber was out of use for 3. 5 dnys e ne

four month veriad, mclusive of solid. paraffin ex- Period

: tmction, cooling, opening, dumping the cat&l}’St:
- l'efilli.ng a.nd. returning t.o production- The_,_a;’:_li_d
Inmffina wcrc removod., on tho everage, 2"1/2 t:lmesv

 ina four month period, 10-12 hours required f°r each.

-extraction. About 5% off-‘bime wae necessury "W
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golten, for one reasan or another, off-

|

i | . . . i ) l

“rate Qs shown on Fi*guj:'-é‘VII.
viI indicate a shorter 1ife for the higher ens rate over
the coba.lt thoria. oatalyst, measuring theTife in' terms
o time. If the catalyst lit‘e vere measured in terms of
oil produced, it would appear from the relative position

of the tvo curves that the life of the catalyst with the

higher gas rate was gz-eater- mﬁpér curve on Figure. ViI
vas - obta:lned by varying the gas rate in accordance with

the activity of the catal‘yst. rapl_xer than the usual pro-
cedure of ‘v_aryi.ng the temperature in accordance with

the activity of+the catalyst. There 's_e_é@d to be some
' advant&ge to decreasing the. gas mte rather- than 1n--' ‘

creasing the temperature as the catalyst becams macti-

vated.

The total conversion of earbm-»mmoiide , regardless
Wf"thé pressure under which the oynthesis vas carried
ﬂ_.,‘m’ vas of the order of 90% fom' the tvo-stage operatian.
'This °°1Wer810n correspanﬂed toa tail gas amounting to
i‘:'abm"' 506 Of the original s;vnthesis gaa mMrged- The

_tau s vas composed of a.bout 6% ear'bon monoxide ’ 10%

;'m!'ogan ami. 18% mothane, and. mﬂ a oalorif:lc value of‘

time averaged 7-8%. .‘4

The lcwer two curves of Figure

(127)

Figure VII

Atmoaspheric

Preasure

——Ylelds
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~iout 250 B.T.U. per cublc foot (2000 WE).

Tixe ovéré.'ll&ield of oil (tvo-staée operat.io'n)rat .
atxﬁospheric préssure averaged aboﬁt 120 gransper cubic.
peter of synthesls z23. 1n addition, 12 grams per .cublc
‘reter of gasol (ng.nd-Cg hydrqcafbons) were obtained.

’fhe yield of liquid hydrocarbons from the first-stage

’ ouerat.* on was about 90 grams per cubic _meter together

with ebout nine groms gzsol per cubic meter. The yield
of 1iguid hydrocarbons from the second.-stage operatiém
“yes ebout 30 grems per cublc meter, together with three
gr;am of gas-ol éer cubic meter, thése ’yie.lds being
sed of the 1dea.l. ynthesis gas entering tﬁé“first'-"“"fl-*

!

stage . The ;,1elds are shown schemtically in Figure

————— e

VIII oppos ite.

i

The il crodJct.icp per ton of cobalt for the life
of the 'c'&t.alyst, wes thercfore the same for the first-
' YStagé c}:g.mbcr 3 for the second-stage- chamber. At aj:-

moapheric prussure, the average ‘gas throughput per

, S
chanber per hour wes 25,000 cubic feet (725 cublc meters).

T
This' throvghvut t,ogoth(,r With the above yleld would—cor-

respond to a prod.u\,t.ion or 43 "b.llons of oil} per pound.

¥

of cobult (255 tons of ‘o1l per ton of cobalt) ver life-

timb of the catalyst.

(128)

Figure VIIL
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— (129)
ydrocarbon v s -
The hydroca . products wvere rqugh]_y separated Products
“into three groups:
l. Methane
2. Gasol (C3 and Cj hydrocarbons)
3. Liquid prcducts conteining all materisl
above pertane.
_Tne ‘J,._iqui_fiiApx;odu_g:paﬂwgaxfc‘ rurther separa.t;e& int;;gas.ol"ine',
rercsere, U iesel oll, =3 o0il and wax.
The hot 3ynthesis products, togethér with the - Separation
. : of Products
residual gases were discharged from the conitact : Atmospheric
o , Pressure
charters to cooling weshers, wherein the products
were contocted directly with &« spray of cooling water.
The ccoling washers were lined with acid- proof brick-
work erd picked with acid-resistant stcneware rings.
The cooling water was recirculated, only enough fresh ~ Water
. : Cooler

wzter beirg ndded to meintein the acidity of the

\ ) ‘
. Stream below the point at which corrosion ovf,pipe

ires weould .3(,:', {1, Tho acidity. of the cooling water

2511d 1155 be regulated by the additlon of allalls

The pumps pipe lines. and oﬁ’é""ééiﬂmg device for the
\

-recirculnted Hcooling water wergad_visedly mde ‘froxrs;‘
4

2cld-reésistunt matericl.
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About 70% of the acidic compounds in the cooling

. yater was acetic acid, the reminder being organic acids

of higher molecular weight.

"The. hot synthesis gases and products were cooled -
to about 75-85°F. (25-30"0.), whereby the heavy synthe-
3is nroducts wvere éond.ensed... The condensed hyd.rocarbons
"h_d an 1n1+1a1 boiling point of about 265°F (13o°c )
erd included a1l the hyd.rocarbons with a boiling point.
higher thin 340°F. (170°C.). This ‘represented _abqut_ |
ore-he1f of the total hydrocarbon product.

The Isepe.ratior; of cboling water from oil‘wa.s

accomplished in aluminum lined tanks or in pits lined

with ecid-resistant brickwork. The separat_ion t ook
blace very quickly and consequexjtly smpll vessels

could be used.

. o
The grses leaving the water coolers at about T5°F.

(25°C..) vere paséed* through-towers of active charcoal

*t'O‘re'covérﬂ:hé;lower—boi:l—ing hydrocarbons . The

recove!‘y of the normlly liqu:ld. hydrocarbons was sub-
§
,St&ntLally complete a,fter passage of the 83395 over

the active charcoal. In additlon, the recovery of

The
‘the gnaol (03 and Cy hydrocarbons) was alvaq_ut 90% ~

(130)

Charcoal
Absorption
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Distillation of Total

Gasol ]

TABLBE I;I

PROPERT I

ES OF vP'ROIXJCTS FROM AmOSPHERIC

PRESSURE SYNTHESIS

I.B.Pe

5% (by weight)

10

Product (except gas ol)s

20

30

40

60

60

70

80

90

%4

40% C3 =~ 60% Cgq

Properties of Individual Fraoctions:

(

Gaaol Gasolene Diesel 011

Specific Gravity
Olefins « Vol. % 50

— Iodine Number
Acid Number
Pour Point.
Boiling Index

Octane Number-CFRR"

Geta.pe Number

{

Cetene Number

95«104°Fe

114
134
176
-218
266
- 320
379
447
526
624

680

7

(35=40°C,)
(46)
(67)
(so)

(108)

(130)
(160)
(198)
(231)
(274)
(329) |

(360)

.
About 12% of total liquid hydrocarbon product

Paraffin
0.693 0,765 Qe
. %6 12 - -
-. I s S - ; zlﬁ__,
0.005 0.02 -
S e 48 -
240 491 | -
44 - .
- - 90 . -
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1131)
opera.tion of the charcecal absorption syasten vill be
described. in connection with the apperstus.
The tabula.t ion opposite 5 Ta.'ble III, shows thé Ta,ble III.
distillat:ion range of the total normally liquid hyd.ro- Atmospheric
carban product from atmospheric Pressure operation._ o -gﬁi‘;ﬁ? L

Characteristics.
as 1s evident from the tabulaticn, about 63% of the R

total ol boiled in the gagolene range, about 256 in

the Diesel oll range aﬁ"d“T;h'eT‘féihﬁidez; above 60855'.
(320°C.). The properties of these fractioms are .

given in the latter part of'Athe tabhlaum éppqsi_te.-,

Due to t.he low octane number of: the 592°F. (2oo°c )
end point @.solene, this’ fmctimms—ﬁﬂher divided_'i -
into & light naphtha--éo octane num'ber (CF’RR) for end. '
Point of 29§°F (ll&)"C )--and a heavy naphtha. with a
Veryllc:d octa.ne numbq;-. The J.ight naphtha had only
to be stabilized &nd blended with cracked @solene-vor'b
ot,her reteriel with a high octane mzmber. - The vhea:vy o
naphtha had to be reformed before 1t could be used as |

gasoclene .
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(132)

The rclation of the octane number to the end point

of rn.phth“ produced &t atmospheric pressure is shown on
Figdl’e IX oppcs ite. ~Asecond curve on Figure IX shows . ﬂFiggé Df

the relntion of e¢nd peint to welght per cent of the
tot=-1 pydroourbon product. It can be seen that about

4 of <he total product could be obtained as a light

4sp ol

rzphthe with un octanc ‘nunber cf 60 CFRR.

The Diesel oll fructicn had a celene number from
50-100 r.r@ wu3 thus superior to nvercge gas oils. This
uscd to blerd with inferlor Diesel oils or

with el tur cills to produce & marketable Diesel oil.

The m:terinl boiling above 608°F. (320°C.) was

ased .3, row materisl 1Oor mnufacture of plate paraffin

with = melting point of 126°F. (52°C.) and of ha.rcl

t of 185-194°F. (85‘:9o°c;)*;4

pirnifdrn with o relting poin

The grsol 1'rr:.lct,ion (Cx and Cu hyd.rocarbons) was - -

COmPUS L 1 »f sbout eqw;l am:»unts of olefins and pe.raffins

P 1

The olerins could be Dﬂ.v' u,rlzed to high anti-knock

1 .
miterte:]l and in the snme opcration be separated from—

ressure

the 'pfirr.;ff irs . The latter weré bottled— under a p

{

e atmos-‘
03 l‘)O to 200 pourds 2 '

per squure inch (10 to 1

: e o )
rheru) and s0ld ©3 11quid motor fuels tor lorries o

for use es household gas supply
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(133)
The following_gasrlané:iyses were given: —Gas
- Analyses
Volume % _
Leaving "~ Leaving
Entering = First-Stage Second -Stage
constituent First-Stage 15% Conversion 20% Conversion
- €O | 28.0 17.0 6.0
By 55 .0 32.5 10.0
CHy, 0.4 8.0 17.8
| . . .
COn 1135 35.5° 55.0
Mo 3.1 6.5 ~10.0

| Olefirs - 0.5 ' | 1.2
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| T(134),
— A-summary of the yields and conversions obtained at— |
ned—a
stmospheric pressure is shown in the following tabula- '.
cin. Succeedlng tabulitions show mterial belances
~.and what {:;;'s termed & héat.-buluncé._ N<; further infor-

. mtion could be obtained regerding the latter ltem

Norm: 1-Pressure.Synthesis

L Summary
Liéu’id Prim:ry Products 120 g./Nm
C3 + Cy Hy@r‘oc'f;rbor'xs 15 g-/Nma
O Converalon 93% On'inimt:
co iiquificgt.ion | _ _571; on co input (no- C3» Cy)
Degree of méuiricuticn 69% (mcludeé cz, CL4) of CO
: input, 1.e., é% of trens-

formed CO was converted into
liquid primry products .

Aver'c.ge,f Hydrogen-Content of Liquid P;_‘inl;ry Products 1512%.
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(Basis: 1 Cubic_ime.t.e'r_oﬁ-id.éal—s-ym}hes—is—ga—s—)—

Input: ' " Gram Mols

: Grams
- €O T1k.9 a7
Products: . )
Liquid (excl. Cz and Cy) = 120 grams (15.2% hydrogen)
cor.version of CO | = 83%
Cerbon Balence: S
Input « Gram Agoms Crams
in GG - . . L .9 . 179
-.-Qutput . . :
In Liquid , 8.ks5 101.7
ir C &f‘;d CL} 1005 ]2 06
I 382 - - 0.46 5.5
In CHy 2.22 26.6
I~ Rest of Gas | 2.66 2.0
‘ T4 .8L 178.k
Hyircgen Balarce: ,
irout ‘ Gram Atoms ' Grams
Ir. He : 59.6 ‘ 59.6
Output \ ' ) .
- In Liguid ' 18.25 k 18.25
Ir. Cx rd Ch | L 2.15 2.15
2 8.30 8.80
I CHL ' . . ! 7.50
Ir. Rest of Gas T7-50 05 .20
Ir. Rezction Water - 22.60 .5.9_—36
' 59 .50 .
Oxyger. Be larce : Grams
’ : Atoms ' LGram3
Irput : Gram 539
II’;‘ CO l’: 09\ .. 5
Qutput 0.01 146
In COQ . ‘ .% ue '7
In Reat of Gas . g 2.67 - 181 .4

" In Reactlon Water . i]T\.Sg | ‘ 535—7{

(135)

—Materisl—
Balance
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| (136)

(Rwsis: 1 cubic meter of ideal synthesis gas) . Heat

Balance

e TLI —J.{g. .Cal. v %

x

Ho. of Combustidn of CO -7 7 1,010 33 .3
E.. of Ccmbuation Ho - ' 2,032 66.7
Total. —- : ' 3,0h2 100.0
t Jutput |
120 ¢ liquid prolucts/10 500 cal. 1308.0 43.0
215 8,C5 + C); Hyd rocarbons ‘ 177.0' 5.8
Tril Gu3: Co:;9.3 1.:151.5 _
‘éihii}% i:iﬁﬁ - 951.6 313
E‘e'-.;t, Cervent in Vaporized Réac‘ci,on Water 120.5 L.o
Heut Cén&,ent irn. Veporized Hydrocarbons 20.0 0.6
jent Content of the Iﬁd-"\.‘&‘a‘y Steam e 556‘.0.hﬁ.,.,,,_,1_‘,l"7
3ersible Hent of Tail Gas 10.9 Ok

. _ 8.0 _2-2
Leases by _Radlat,iom and /Transmissf.on 3’5’2’76 100.0
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(137)

'~ The filling gfftrhe—eh&mber_&nd_%he_mrmwof .
syrthesis gas over nev catalyst was done in the same Prgggazbrimrev
marrer &3 that described for atmbspheric px.'ess’urer. The H Procedure |
syr.thes 13 reaction occurred a.t_, about the same tempera- .
cure urder pressure as at atmospheric pressure. The
ircres3se of the tgmperature with -the age of the catalyst
W&3 VEery m.xch slcower th&n for the corresponding atmos-
theric pressure operaticn.

Ruhrchemie have had synthes 1s:~' chambers oper?,ting ..  Life of

oo ' e o ‘ o Catalyst
srder oressure Ior soxething over six months;- in this
tiie 1t had ::[ot, bee_{x rnecessary to revivify tﬁ}e catalyst,

the Ee!nperat,ure ned not reached 392°F. (200°C.). |
Corzequervly, the lif‘e ci the cat,alyst und.er pressure
¥es3 ot }cr'-.ol\':‘. exceps that it wes in excess of‘ six
morths, nrd 11*:. the 3ix|-month period no intlermedia.tf,e
revivifications had been necessary. The explanation of
the lar.ger life, undey Dressure was tmt; lighter oll
products were liquified on the catal)’st and VaShed‘ Off

|

3o0lid iﬁmffins and some resins. |
’*’I‘he—depth— ofthe ca.ta.lySt bed\in the pressure - Déﬁth of

Catalyst Bed

reactor waga usually about 15 fee{'. (k.5 meters ), the

depth bcing chosen solely on the basis ,Of oapital cost.

The preaaupe »Ch&mber’_filled in the ordirﬁ.rv wav with
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( _13"8)

cetalyst .2-5 mm. particle size, showed at atmospheric

pregsure & mximum variation in resistance to gas flow
of 106 from tube to tube in the cha.mber'.‘ This lo%qva;i_
ation in pressure drop through the 2,000 annular spaces
in the reu"tor was considered indicative of uniform

£i1lirg of the chumber with catalyst.

Ruhrchemie had 16 or these high pressure chambers
in ;;r tion at the firat c:‘»f December, 1938. They had- A
“in the "Dre:ess or co:;strucbion sbout 56 additional high
tressurse chambers for %Yhe Holten plant. A mc:re detall-
- ed descript,icp of theoe chembers t,ogether with d.rawings
will te fourd i the section dealing specifically with

t

eguiprent.

The voverall ‘yleld of oil (two-stage operation) at Yie;.d.s Under
‘ ' ’ Seven |

sever. mtmcapheres pressure was 145 grams per cubic Atmospheres
) ‘ ) Pressure

reter of 3yT.thesis gas. In addition, elght grams of
@30l (Cz and Cy nydrocarbons) per cublc meter were
obteined. The yleld of 1liguid hydrocarbons from the
frst- 3""89 opermtion wds about 112 grams per cubic

|
I£ter together with about six grams of 83301 per Cubic

mnder ‘pres sure

zeter.” "The y'iel(.ls from the second =3tage-
Were 3% greams of oll a.nd. two gr&m of 83501 per cubic

mter of syntheais @ps entering the first—stage
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chember . The yieldﬁ from the Pressure operatim are

shown schematically in Fieure X Opposite T
v , ° Fignre X

. The overall oll production under pressure per ton =
of cobalt may be calculated frem the yield data p}e-
ceding aid’ the ‘avornge inlet gas rate per chamber per
hour of 26,800 cubic feot (760 cubic meters). Thj.a

_calculated oil producticn under pressure corresponded:

brded
f i

Lo

‘{!

llons of oll per pourd of cobalt (484 tons of
oil,ner ton of cobe.it) per 1ifetime of six months. ‘The.
oil producticvu was somfmha.t d.ifferent in the ‘cvo stages,

‘being 57 an ! b,5 gallons per pouno. of cobe.lt, (342 a.nd.

I’\J

271 tors per ton oi cohe.lt) respectively, in the first

and secord steges.

v ‘ . ; .
The product‘s ‘i‘rcm operation at seven atmospheres . Separation-
' B S of Products

i

rressure conta ined e high proportion'of high boilixig

: narnifirs, so that under the influence of the. pressure
about 139% of the tot.al hydrocarbon product. condensed.
in the bBottom of the reaction chamber s and. was with-
drewn therefrom As liQuid. The fractian recovered
from the bottom of the ovnthesis chambers had an

1

initis) boiling pbint of about 390°F. (2°°°,C‘)“’

T

1 -
The hot gases e.nd vapors from the. synt.hesis

1

chamber were passed through Wate_r-

| P

cooled. tubu]ar
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- TABLE IV

PROPERTIES OF PRODUCTS FROM SYNTHESIS

AT SEVEN ATHNOS PHERES PRSSSURE

Distillation of Total Product (except gasol)s

I.B.P. 95-104° F. (35-40°cC.)
6% (by weight) 127 . (63)
10 - 162 (72)
20 232 - (111),
30 305 .- (182)
40 376 (191)
50 - us | (231)'
60 . 520 (271)
70 594 (3'12)
80 617 (326)
81l.5 680 (360)

Gasols About 5% of total liquid l\ydrocarbon produot

|
pa e TEETILL L

40%0 -Go%c

| Propert:.es of Indiv:ldual Fractions ‘
Gasol Gasolene Diesel 011 Paraft‘in

Specific Gravi T

Olefins - vol.t% 50 o‘ggo 0.765 0,90
_TIodine Number ~ " . . -8 -

‘Boiling Index - 240 - 2

‘Pour Point Ve <40 ' 487 -

Octane Number - " oa 48 176
Acid Mumber = U TR 26 -

0.005 0.02 - 1.6
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and.ensers to separate out a middle fract:.m having an

;mitia.l ‘boiling point of about 280°F.: (1uo°c ) am, .
amounting to about hs% of the total production of liquid.
hydrocarbons . The products » 88 well as the ga.ses were , j
acidic and care had to be ta.ken to avoid corroeion. The_
condensing equipment could be made of alloy steel, or,
more cheaply, élkali could be inJected. 1&;0 ‘the bottom'

of the reaction chamber. It wa.s st.ated that 0 h to '
0.5 ‘poﬁnds of 'sod ium hydl.erikde were required. for_ t,_he
reutralizaticn of one pound of reaction ‘w‘a.t'er"

(irclusive of carbon dioxide extraction).

The remainder of the nornally liquid. hydrocarbons,
‘together with subat,a.ntially all the gasol" (03 and Cu

hydrocarbons ), were recovered in an oil absorptj.on
sSystem. |
ble T aistillation range’ ~ Characteristics
. Teble IV opposite shows the 4 , of Products
~ from Preasure

of the totel, nornnlly liquid hyﬂrocarbon product Synthesis

from the synithesis carried out at seven a.tmosphel‘es

pressure It will be observed. th&t a greater pro-

Portion of the hyd.rocarbonB was in the h:lgher boil- |
under' ~  Table. IV

ing r&nges when the synt.hesis was carried cut ‘

Pressure . !ubout. h}% of the total oil boiled in the

Saéolena range, a_‘bout 291, in the Diesel oil range ’



1

154002488

TABLE V . .

SIMMARY OF CONDITIONS, YIELDS AND PRODUCT QUALITIES FOR THE

COBALT-MAGNES IA-THORIA CATALYST

Pressure ~ atmospheres ) 1 ‘ : 7
Hy ” CO Ratio - 2¢ 1 2 1
Operating Temperatufe - °F, 364-388 - 356-392
Operating Period - months 4 At least §
Products in gz'axnsﬁn3 of (Co*ﬂlgl o
CHy | : | 32 26-27
coz .3 1-2
Gaﬁoi 12 7-8
!011 120 145
Inspections on oil prodiocts |
I.B.P. °F, ) : 94‘ é‘ 4
% off at 212°F, " 28.8 17
392 | 61.5 42
o 608 88 .6 72
: ; |
Fraction to 392°F, |
| Speoific‘ Gravity ‘0°693 0,69
\ Olei‘ip Content - % ' 35,0 ‘18' '
4018 Nambor - ng K63 /gram 0005 owos

G - N ' : ‘
~ Gum cont\ent mg/100 grams 1 less than 1

!
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and the reminj.ng 281‘>.ab‘ove the Diésel ffactim;_ 'Thus
o};ly approximately two-thirds as mich @,Solene vas produced
ps was made at étmospheri.c Pressure, slightly more Diesél v
o0il, eand over twlce as much naterial boil:lng above _the
Diesel oll fraction. Some of the properties of the
individuel fractiom are shown In the latter part of

the . tabalatiom .

The actual conversion of r.;,arbon. mouoxide was 1;he

sare rcgard less of che pvressure under which the synthe-

sj.s reaction was carrled cut, the difference in yields

of oil being due to a greater methane px;bdlictim in t;he..,‘.

lcw pressure operat'ion.' A comperison of the cmditims

for, ard the products from, atmoapheric pressure opera.-'ﬁljf"

tion aﬁd seven atmospheres pressure operaticn are given

"in Teble V opposite. In nddition, the catalyst oper- - Table V.

|

ated at, a‘tﬁ'xosp}:.eric pressure contained a.ppreciéblé

| _
quantities of solid pex‘raff.ine. At the end of flour
months use, a cobalt-thoria catalyst would contain
about 3300 pourds (1.5 tons) of vax per chamber, while f‘
& cohalt-mgnesia catalyst would contain abpgt. 2?00

pourds (oné ton) /of wax per chamber. .

i
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The relation between octane number aﬁd theend.

- poirt of vhe naphths is shown on Figure XI opposite. Figure XI
It is readily apparent tht to obtain directly a gaso-

jere having mn octine rumber of €0 CFRR, it wculd be
recegaanry Lo cut to ur end point of 210°F. (99°C.) and

such @ cut would represen\t or.ly about 15% of the total

nydrocarbons produced, which is to be compared Vith ‘

- -~ —

tight saphtnn or 300, , (150°C.) erd point represent-

irg w9t the totel liouid produced et aumospheric

o wns previcusly menticned, the production of
“ieszel -1l wns scmewhat greater from operation under
tress.re thir from the atmospheric synthésis. There

\

i3 . to3sibilivy that even more Diesel oil could be

b ¥ s
cde Trom the netvy products from pressure synthesi

by o miid sracking operntion

. _‘ . - e
The Lreetment ol the products from the pressur

>

| . ven for
.U}'n.‘:.s {3 wng csscz.‘\;i.:ll;: che same as that gl .

the wmos Lh( risc pres3sure SHn thesls . The tabulation

| elds
o the follwing p‘:zgc ives & summary of the yi

' ) . at balance
nrd conversicn, meterial b lance gnd a heas
L
\

. ressure .
for the aynthesfs~undcr seven atmospheres P



sy_x_qthesis Under Pressure .

- Liquid Primery Products

Cs + Ch Hydrocerbons

co Cénvers ion
0 Conversion to Liquid.

Degree of Liquificatian

Lverage Hydrogen Content of Liquid Primary Products 15%.

154002492

145 g./Nm

10 g./Nm

'88% on input

69% on input

78.4% on CO input, i.e.,
78 .4% of the trans-
formed CO was converted

into liquid primary .
products.

i

(143)
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(bas?lgz 1 qubic meter of ideal synthesis gas) -m
' : Balance
co _ 1k .9 k17
e w7
Products : ’ - |
Liquid (excl. Cz und Cy) = 145 grams (15% hydrogen)
Cz and Cu ) = 10 grams
Corversion of CO = 88% - I
r-pror, Balonce: : »
Irput ‘ ' Gram Atams .. Grams
In CO .9 179
gutput - _
In Liquid 10.25 123 .5
~In Cz end Ci 0.70 8.4
Ir COp 0.27 3.3
In CH, 1.8k 22.1
In Reat of Gas - 1.78 21.4
o . ) l c8 178-7
Eyirogen Balance: _ )
' irput , . Grem Atoms Grams
Ir Hp . 60.0 60.0
Sutput ‘ -
In Cx and Cy 1.6 N
In CH, | 74 18
In Rest of Gas - 3.6- _23‘1
In Reaction Water 25.1 : —%—'—5
59 5 29-
%per Balance: ’ ‘
Thput Gram Atoms 9_;%32
In €O Y A— o
' | .
Qutput’
~utput 0.55 8.8
In COp 7 28.5
In Rest of Gas E l,‘7o | . 200.7. .
In Reaction Water ‘i?: z 538.0



(gas is: 1 cubic meter'of’ idéal synthesis gas)
w}_ ' Kg. Cal. R %

Ht . of Combustion of Co
Et. of Combustion of HQ
Total

1,010.0 33 .3
2,0%2.3 66.7
3,042.3 100.0

Heat Output:

—____—-‘-——
145 g liquid products/lO goo cal. 1581.0 52 .0
58 C3 + uu unsa.turated hydro- | ‘
c:..rbons/ll 700 cal. ‘ ' 58 .8 1.9
5 g'CB + Ch saturated hyd.ro- , :
- wrbo“.s/ 11 630 cal. . © - 58.2 1.9

Tail ges: 0.128 x b 977 keal. ~ 637.0 _21.0

He“t f‘ont,ent of Vaporized Reaction

Heat Content of Vapo/. ized Hydrocarbons :
at 150°C. 21.8 0.7
_Eezt Content of che Dry Tail Gaes

et 150°C. . 6.2 |, 0.2

Hedt Conteént of the lLed-Avay Steam -

154002194
(145) N

Heat
Balg;nce

vfr-ter at l‘jO Ce - 150.3 - k.9

0,185 x 5 kg x 593 keul. ~w30.0 141

Lossea by Redlation and Transmission —6?—'3 2‘2 100.0



: plart’ from the semi—plant, scale equipment am,_ from the

- l 1.
cerried out hes been noted .

154002195
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This section contains mteria.l from the commercia.l OiJex-ating.
=~ Variables

jaboratory - An effort has been mde to emphasize the

jeta from the commercial plant, but in numerous

‘mst,orces the latter did not have sufficient flexi-

_4%—\

pility to permit an evaluation of a particula.r variable.

The scale of the equipment in which the operation vas

TrhAé”usuL;.l. operatiné f&hée 6£_ the cobtalt cata’.].yst" ' Temperature
w3 556-5§Q°F; (18'0-193‘,’0.) over a period of— four -
1 . . .
rorths. The temperature used wes ‘dependent upon the
activity of the. catalyst é.é outlined in a pre.vious.
sectior.. If the rea.ct.ion was sit.ar{,ed‘and nainta.ined
&t 3¢3°F. (19 °Cc. ), lighter liquid products, more gasol,
ard more .“e\,hane were obtained. fl‘he ‘catalyst life was
corsiderably shortened ab the higher t,emperature‘

!

The liquid products obtained frofm low temperatures
operuztion conta.ined a higher percentage of higher

molecular weight product,s. As & consequence, the

* Producta from a fresh catalyst were heﬂ‘ier—tmn—th"se

vin znd t}&ken out of operation on su

i
from an old catmlyst, since the latgcjr required &
higher reaction temperature. The champers were Put.

ch & schedule a8
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to-pave the le—&si:. overall variation in 1iqu1d Droduc;.s_
~ trom £he synthesis plant as a whole. The follcming
cabulation gives an indication of the variatio;’ in
prodxicts from old and new catalyst:
‘ Liquid Boiling at | g
Catalyst 300°F. (150°C.) Olefins
New | | 5Tk 30%
0ld. 516 40%
hvernge L7% 35%
‘etherne production a’opa.red. to be entirely a funcﬁion
of temperature and d.id not vary with the age of the _Y '
cztelyst except insofer as different t.empera.t.ures were
used. There wes no appreclable ch'a.‘ngé‘;in the octane
‘rumber of the gésolene. =
: |
_ Ir. the pressure range from 1-5 atmosphé?es, Athe | | gﬁ:gﬁr:ﬁ"
directioral cha.nge in products with alterations of - ‘ g?ﬁlﬁhteﬁs
the corditions was the same as for atmospheric pressure Reaction

.orerat {ons , but the changes were quant itatively differ-

ert. Between Tive and Len atmospheres, tjhe_relative

»Droducticr of olefins and paraffins may be altered--

: t,hc higher the pressure, the higher the pé-raff.in con=

tert ard the lower uhe, oleiin content-_ Fram ’lO-l5|

|
|

’at“‘;mpheres, there was a negliglible increase in
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WMQ@MM&MhM%—&M&eres—
pressure, the total hydrocarbon yleld d.écreased due to
the formetion ‘of - oxygenated orgenic compounds . The
experimenta were made in the semi-plant scale equipment.
The following tabulation gives an-indication of the effe;:t

of ﬁressure upon the solid paraffins:

Pressure ' ‘Solid Paraffin
‘At mos pheres 4, of Total Oil'
R o . 5'10
6 - 15
11 : é§‘§8%’
16 32-35

It IXLJ be of irt,erest o note here that the total gasolene
with =r. octane 'xu'nber of 66 CFRR, which may be produced
frocm the products from the pressure operation, was 120

grams per»cubic meter of synthesis gas and had’ the

following sources:

T
‘ S(;urce Grams /cubic meter
N ‘ . . +hesi 29
Dlrectly from Synthe3ils
|
Cre crix\g o,t ﬁea.vier Products - - - 85
L 1
| 6
Polyme'rization of all Olefins o
L o , 120
Total .. \ :

|
L |

tically the
The oct,a.n‘e number, motor method, _was practic y l

K .
ular stock-
same as the researcl‘nmethod for this partic ‘
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—By us-ing-&—hydrogen-to—carbon monoxide Fatio of i&‘fect of
__"_1.8:; mstead of the usual 2:1,' the octane number of Hydc.:g%znn i
M
the gasolene was increased 2-3 points, accompanied by Ogao:tci%e

an olefin increase of about 5%. Such a smll vari-
atior in the carbon manoxide to hydrogen ratio did not

affect the ratio of light to heavy liquids.

Experiments have been mde using gas directly from

the generators in which ‘che ratio of hyd.rogen to carbon

moncxide wes 1.25:1. At atmospheric pressure, the cata-

lyst life with a gas with this ratio wvas mich shorter
then with the usual ratlo, being about four weefks for
uhe se.me yie1d on t,he b&s:.:s of' ideal gas present. More

olefia were prod_u.ed, the olefin content ‘of the light

g2solene going from 40-6GE. The: ga.sol fra.ction from »
the normal ‘o;;emtionfé‘_c;ntained 50% olefins. With the ~

lover hydrogen to carbon monoxide ratio, the- .per,centag_e_ .

of unsaturates in the g;sol fraction could be increased

upi to 75%- The octane number of gasolene mde from

this ratio of hydrogen to carbon monoxide was not

ifgic,, ‘but .the UFRR of 300°F. (150°C: ) end potnt

mteri;l nade when using a hydrogen to carbon monoxide

Tatio of 1. 5 1, was 67-68.



~ When operat ing under pressure with the rotlo of.
- hydrogen to ca;‘bgn_mmoj;cide of 1.25:1, good results were
obteined over a 'pefio,d-of two months. The ultimte life
v' &F the \,atalyst. with this mixture under pressure was not
mowr. except that it must have been greater than two
zonths . The use ef the lower hydrogen to carbon mon-
oxide retio under_seven atmospheres pressure resulted
'1r increas 1ng the olefin content of' the total liquid
from £0-35% with scarcely any change in the relatlve
quzantit.i_es( gf gzzsolenc, oil and wax. The same total
yleld or hydrocarbons was cobteined from the first-stage
ocperztior. ‘ J.;mse reaul s were of an experimental '
siure, obin ined in the semi-commercial 3cale appar&tus
ard two-stage expcriments had not been mede.

The production of 1ow boiling material was mcreased

with an increaae in the amou.nt of inert gases In the

synthesis gas 15% inert gases were ‘normelly present
!
in the symthes s gn3 used at atmoapheric pressure-

Sirce = large part of the inert- ga.ses consisted of

1

‘carbon dioxide, & lza.rge part of the “inert nater:lal

could be removed by washing the synthes 18’ gas with

[

vater urder pressure.

154002199

(150) -

BEffect of
Inert Gases
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The ordinary commercial practice with the atmos- Effect of

pheric chambers was to pass 1nto the first stage ch&mber _GaerRa.tes

e.bout 42,000 cubic feet (1200 cubic meters).per hour of
sypthesis gas containin&, in the neighborhood of 15%

irert meterial. The in_let, «2s rates to the first-stage -
shembers were measured By.an orifice meter, but the gas
rates in the second-stage ehe.m'bers were notrdirectlj
measured . As stated p‘r'eviousiy, the practice was to
reirtein a gas contrdctdm' of 57% in the 'first-stage
'cham;bcrs‘ and to use such & number of second—stage

chembers as would correspond to-about 10% greater

thrcughpdt to the seccnd-stage cha.mbers than to the

firsy-stage chambers. The gas throughput was dependent
upcr. the amount of irert meterial 1n the gases so that:
vher. the inert :xa.t.eria.l amcunted to 50%,the throughput

of ideal gas would be about 21,000 cubic feet (600.

cubic meters) per hour. The throughpuf was aL;LSO affect
_,6d tc some externt by the particular catalyst used and |
‘ i

-alse by the prcssure under which ‘the synthesis reaction ;

L.was -c&rried cut. Cobtalu-thoria catalysts would opera.te,

efficlern t,ly at ga.s t,hrouchputs of 35-42 cublc feet—

7

(1-1.2 cubic met,ers) ot synthesis gas per kilogram of |

cobalt per hour, while the sotalt-magnesia catalysts

- would accommoda.tc gas throughputs of 53-:60-cubic feet
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(1w 5-1 T cubic meters) per kilogram of coba.]_t, per hour

‘The highest aas throughput tested connnercidlly ”b;/ Rﬁixrche.xdie
wes 60 000 cubic feet (1700 cubic met.'ers) ﬁer ton of cobalt. per
hour . In the laboratory, experimentst.ve-been mde at gas
throughputs as high as 350 OOO cubic feet (10,000 cubic metefs)
per ton of cobelt per hour. ‘The higher rat.es gave 1qwer yields,
more: olefins and more light liquid i)roduc‘tsr.' A chan?e?h space

velocity from l to 1.5 caused an increase of from 2- 5% in the

low boilirg fracticnsg I

A flgure for the liquid production per ‘ton of cobalt for a ‘A

catelyst life of four months was calculated upan the basis of
" the yleld or 120 grams of oil per cublc meter of syntheésis gas,
amely, 760,000 pounds: (31&5 tons) of oil pér ton of cotalt. . .

This figure did not agree with . later date submitted, which in-

dicated n yie]_d of 560, OOO pounds (255 tons) of oil per ton of

cotelt’ per life pe,riod “oi four months.' No data were available
|

tor & flow rete of 55,000 cubic feet (1500 cubic meters ) per

tor' of cobaly per nour i or the 1life per;od of six lmcr:nthso

'

Tt—wes impoasible to ascertain dei mitely if the production
) .
lmits vere sol’ely dependent upon the catalyst or if they were |

heat removal l:lmitat ion

!

of the syhthesis chamber. The same chamber was used at the

i ' ———

“0‘5 to 3ome extent & reflection of the
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same _gaéi rate with the same yj_eld_ of oil per chamber vith
catalysts contain:lng varying a.mounts of cobalt and kieselguhr.
The first catalyst used cantained 3100-5300 pounds (1400-1500
kilcrsrams) of cobtalt per chamber filling. T

."Current use contained about 1900 pounds (850 kilograms) of
cotelt per chamber filling. A new catalyst, which has not
bcen extensively tested commercially, conta.ined about 1,000
pounds (450 ’ki.logr‘ansu) of cobalt per chamber filling. It was
thought poss ible -that_eventually_é.__cat.alyst could be used |
vhich would contain only 220 pcund.s (100 k:llogram) of cobalt
per chamber 1_illing.‘ These results might be considered as
irdicating that ‘thé heat removal capacity of the chamber‘ was
a limitirg factor in the ultin:ate oil‘production. ‘However,
they might z.lso be reéard.ed as indioating greater catalytic

activity with greater dlsnersion of t.he cohalt.

Orie of the ccxnmercial cha.mbers was ha.lf filled with cata-.
1¥St--&nd~operat,ed:at the rate of 42,000 cubic feet (1200 cubic
,n:etersv) per hour. The '11£e of the 'cap_ahly»s’gm in this instance
was only four weeka as compared to the norml life. of flour

mor.ths . This was a cat,a.lyst :Ln current use in the connne;fcial

1z oun 42! kilo—
plant, &nd, ‘therefore, cohta-ined. a.bout 950 pounds (425 |
i

£
srams) cobalt for the half- filled pha.mber. " The c°,n°1u$i‘m of .

Ruhrch’""mie was that this half filled chdmber should have been .

1
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_ _
perated & t-?l—eee—cubtc—*leet“( €00 cubic meters) per hours™
Tpe results, together with The conclgsyions, seem to indicate

that the factor which chieflj limlted the oil production

was the heat removal capacity'of the chamber.

The following data were obtalned from the operatian of

1

comercial chambers at a practically constant temperature of
38C°F. (190°C.) at a gas rate of 35,000 cubic feet (1,000

cubic meters) per hour per cham'ber. The oll yilelds were given

in gr&ms per normal cubic meter of 1dea.1 @.s, while the @.s

rates were given in normarl cubilc met.ers of synthesis gas con-

tairing about 15% inert material. The chambers contained.

'respectively, a whole cha.rge, three-quarter charge, half

charge, and .cne- quarter charge of the sta.ndard coba.lt. na.gnesia

catalyst, .

< i . . . COQ !
Time 850 kg- Co. k)h'o m. Co. heékg. CO. 212 E
Deys Contr. Oil Contr. 011 Contr. Oil Contr. 01l

0 65 - 130 62 1O e 120 60 110
15 s8 120 55 120 48 90 30 50
30 '50 85 - ko 0 gp 28 k2’ 10 10%
*ko—*.uem---éo 4O ... 90%* 25 }0 |

' ‘ hamber .
* After 2% days 1t was necessary to supply heat to c
** Immedlately atter regeneration “
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The result3a given on the prec'éd.ing rage are shown plotted Fi: fé XiI'
. . =sgure A1l
ir. Figure XIL opposite. From the lower set of curves it

is clear thzt the oll production was less, the sm1ller the

amount of cntalyst in the chamber. However, it should be

rertiored that the re3ulis obtained in the Kellogg labora-

Tory waould indlcate that the camparison of ylelds from these

pereture or ench chember rether than at a constant tempera-
! i
[ )

ture:. The higher the gus rate per unit of catalyst the

hicher the orptlimum reccticn temperature should 'be.
. I
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hours operation of a' catelyst which had previously been

at ftmos pheric prossure were. being repeated on

commercial high prossure chs.mbers

15400220
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Figure XII1 is & plot of the ylelds of oil per unit Figure XIIT

time per unit of cutalyst =s a function of the inlet gas
rate. The dute were token from experiments in glass tubes

tn s s luminum block, the gas stream not being preheated .

.The dutn were ¢ lf‘Jlf..t,ed to correspond to the commercial

size chumber ’enarenhe ordinates on Figure XIII were in the .

calzulnted univs. The upper solid curve was obtained from

starting with & new catalyst and using such a catalyst for

1500 heurs. The lower broken curve was obtained from 1,000

used .Yor 50. hours. It was evident that the older catalyst

give somewhat lower results than the new catalyst. These
|

r‘SultS wore obteined at atmospheric pressure. A simil‘ar
.,._I e e b COE

bt higher curve was obtained at seven atmospheres pres-
Surc in 3 w.i—commorcial scale equipment. In every instance

the ©il yield aropped rapidly at. rates beyond that corres -

pond ing to 2.%5 liters of gas per. hour per gram of cobalt.

It '3hould be me-tioned that these experiments vere mede

et —— . { ) '_' P
&t the opuimum temperature for the particular catalyst end

828 rave, mnging from 565-392°F, (185'2007C“_‘?,',,"',,EE*,I_)@@?%SE‘

the semi-,

: the
pl&ﬂt dbU-l/C Oquinm(’nt whoae ' qonstruction W&S Similar to

1

t ' i
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Ruhrchemie thought. that t.here were two poss:lble explana-

tions of the optimum point on the curve:

1. Hef}t removal limitation of the equipxoent

2. Contact. time limitation

They regc.rded the latter as the: chief fa.ctor for two reasons:

1. The optimumn point fell at the same gas rate
in both the atmospheric‘ and the hiéh pressur'é chamberé,
z1lthough the cooling charccteristics of the—two-cham-"

bers were quite different.

2. Experiments made inan apparatus where the
_ ‘ ‘ | v e
cooling surfoce was relatively very mich larger--one

millimoter annul.J.r space between water-cooled. tubes--
show¢ ed no diffprent reaults as regards oll production,

z1lthough the methane’ formation was about 10% lover.

i

. The experiments on this reactor (wPaQitl’ about 175 oc+ of
! : ) .
catulyst ) were being continued &nd the gns rates of 1, 2, 3,
1 B ' .

] : ‘ 14 even-
k, 5 and 10 liters per hour per gram of cobalt wou ,

) i
(tuully be teated.

|

. | T
| The synthesis reaction wad -regarded as being mde up
of three ateps:

1. Ada orpt 1on

2. Red.uction o.nd Polymﬂrization

/
3 L Product Des orption
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The first tWo Stops Were rapid in comparison with (3), and

therefore the lutter determined the speed of the overall

' eaction. Step (3) could be speeded up by the use of higher
_ temperatures, but there was alweys the danger that the course
of (2) would be altered too far in the direction of methane

formation.

Some additfiom.l datc were taken from experiments nnde' in
__glass tubes and ~luminum blocks for one-stage operation. Simi-
lar to the results previocusly mentioned, these data had been,

calculnted to _corfeapond £o the commercial size chamber. -

G3 Rate 011 Yields

" my/Che.mber/hr. T ona /Chomber/Day E_Lm?_ g-[g;Co[hf-
11000 2.33 ok 03
1500 3.20 105 0.19
'3‘5(‘30 R ‘ h.:l'?l 68 - roLel

6000 T B.20 — s1  0.36

|
I

These dnta. differ from the prev:lously deacribed‘ results in that

they rre for onec- atagu operatiorn and were tu.ken over an opera.-

“ting perj_od of only 260 hours.: ’I‘he 1nd1cutions were that for

this rthively shorb time the yield of oil pcr gra.m of— coba.lt

a,at,a wont.‘
per hour "increased with the 5*3 mte, fur as the

ta ta.ken

g
nce from the lonS

do
These latter dete arc more ne«rly compar&.ble to. the

0 the Ke}logg luboratory and their differe

1
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pericd, two-stuge opera.tim would 1ndica.te the necessity of

nnkine life tests on Cuta.lyst,s Opera.tmg at hish &3 rates.

Ruhrchemie hod a comnerc’;al chamber at Ruhland, which had
peen in oper&.tion 100 days on the 22nd of November, 1938, at a- |
go.s rate of 60,000 cubic feet (1700 cubic meters ) per hour per
1900 pounds (850 kg ) of cotelt. 'l‘hia chamber showed a contra.c-‘
ticn of 60% and a carbon monaxide conversion of 70-75% and had

—not- been révivified or regenerated at the end of 100 days opera-
ticn. The exceptiomlly long 11fe was z.ttri.but.ed. to improve- |
ment in the catclysts nlthwgh no specific nor intentional
change hzd been made in the cat&lyst or in its preparaticn.

It ol puwsaible, therefore, that the longer life was due to

the higher gn3 rute used.

"The expinmtiy-n of vhy operations at Holten and elsewhere

were not carried out ot the peak of the curve3 wasg:

1. The limited cuendensing equipment of the

sresent cormercinl chanbers

!

2. Tho necesdity for high ylelds of oil per

unit of aynthe3sls @8-

~ N : ‘ riments
" In this connecticn 1t my be méntiOned,tm,t',the expef':l ,
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to be mde at Holten by Ruhrchemie at the reqﬁest of USAC cean~ -
not be mde at ratea higher than 71,000 cubic feet (2,000 cubdbic |
meters) per hcur per chamber. This limitation was due to”t.heh '
previously mentioned limited condensation aﬁé:mtus and further,

to the fact that 'cqmpreagian facilities were not avallable to-
overccame the greater pressure drop at higher gas rates. It ﬁas
suggested to Ruhrchemie that for the experiments to be made for

USAC:

1. A high pressure chamber be used at atmospheric

pressure.

2. That the chamber be only half-filled with cata-

lyst in order to ralse the gas rate pér.unit.aof cobalt.

Objections to these suggestions were mde as to the mpract_;_i.cf

"ability of either suggestion.
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A conmzercia.l atmospheric pressure clm.mber;ras filled Pelleted
vith catalyst in the form of. pellets (a.bout t.wice t.he nor- w

ml aPPaTent density and therefore vith adbout twice the"%f;fg
normal amount_ (¢ of cobe.lt 1n this chamber) and vas °P°rated_v

_at, heﬁDOO cubic feet (1200 cubdbic metere) of synthesis gms

per hour. The o1l ylelds vere pfeictieally the same aa

vhen operating such a;_vchamber a,t thie gp.e rate over the ;

———

norme 1 cat.e.lyet.. In’/a.n:ot*hé _ﬂnet&m:a, twice the usual

\ ~ e

—amount of kieselguhr wvas. added. 1n t.he eetalyst prepara-
tion and the resulta.nt zatalyst made 1into the form of |
pellets A chamber filled. vith this pelleted catalyst
(the-—noxtg;e.; amount. of cobalt per chamber) likewise gave
the sa.xee yielci of oilua.t the gas rate of 42,000 cubic
feet “'(‘120-0 cﬁbic meters) per hour. Ruhrchemie have al-
vays ~used. 1light catalysts, aince t.hey velieve that the
high pressures nece3sary to fonﬁ-the- pellets destroyed
the structure of the kieeelguhr and. left the surface of

the cata.lyst penet. wit.h & much- 1mpa1red porosit.v .

Thé use of such 8 va.riety of catalys'f's’ 1.e., °a't°"

1ysts containing cobalt and. xieselguhr in varying pro-

‘Portions ; pelleted catalysts; half-filled chamber; ete-,

Vithout any effect upcm the’ nnxinnun oll production per

ion
chamber, was a strong indicaticm that the oi} product ‘
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was limited by the neat-removal facilities of tpe at-
__pospheric chamber. The use of higher gas velocities
| increased the 01l production saomewhat, but probably
wly lnsofar as the heat capacity of the \adq.itional
) _gw\qﬁant.ities anssisted in the removal of the heat of

reaction. In this regard, it is intereéfmg to note

that the oil productlan per unit of cobalt vas steadily )

rising at a gas rate equivalent to seven liters per

hour per gram of cobalt- when the rea.ction vasg earried

=5

out in labore.tmry equipment, whereas in the commercial,

atmospheric pressure chambers the oil productisn per

unit of coba.lt began to fall off at gas rates above two'

liters per hour per gram of’ ‘cobtalt.

The gas throughput per unit of cobtalt was about
20% greater at seven atmospheres than that used under
itmospheric pressure. The mOSt efficient space veloc-
ity for higher pressure. operaticm had not been de-
‘termined, although it was ccrnaidered certain that 1t

wvould be higher than for atmospherio pressure opera-

tion. It vas rega.rdea a8 cortain that 1t~ would not-—
be posaible to 1ncrease the space velocity under -

to
Pressure 1n direct proportion yo the pressure due °

‘t,he fact that while the rate of ads °"PT°1°“. was
. | R AR U el

(162) -

Gas Rates
in Pressure

" _Operation
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jncreased the rate of desorpticn of the products vas de-

creased by the application of prm'gure,l

Using the cobalt-magnesia. catalyat under pressure,
the wsuel custom at Holten was to start a new ‘catalyst
ot the rate of 60,000 cubic feet (1700 cubic meters) of
| synthesis gas per chamber per hour'./ This rate vas de-
creased somewhst as the catalyst lost activity, although
the oldest cat.alyst in use--more than six months old--
had not required even a mrtia.l revivifioation with hy—
drogen. No ‘higher gaa rates had been used. in the high-
pressure chambers .
The heat bf the synthesis reaction was ordinarily | Heat Rémoval

. by Gas
‘removed from t.he synthesia chamber by the evaporetion Recirculation

T ———

of vater to ;_t_‘om steam nnder pressure and subsequently
let.ld.ing- the steam away. It was thought worthwhile to
attempt to remove the heat of reaction by the recircula-

tion of the gzseous products of the reaction. For this

purpose & semi oanmercia.l chamber having a capacity of
1% cublc feet (400 liters) of cetalyst was used. This

Particular chamber ma—a—cms!orucuon similar to that

| °f the commercial high-pressure cba.mber-‘ Fresh synthesis

xtu gsed
@8 was added to the recycle gas: and the mixture ,PG 3sed .
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meres&er—in%e—the—ch&mber%—TW@—éﬁm;_
ing the chamber were cooled and the liquid proau¢t,s
) condensed. A po;'tion of the recycle s was 'bled off,
the amount being such as to hold the system around the

 chamber in thermal balance, that is, no steam genera-
tiocn but some heat loss by canduction and radiation.

The following tabulation glves the-conditions and

f |
results:

Chamber cape.cit.y 7 '14 cu.ft. ce.talyst.(hoo' liters)

Gas Re.t.e

Fresh synthesis ge.s 1400 cu.ft./hr. (hQ,cu. meters)
Recycle aas o 5700., cu.ft /hr (160 cu. meters)
I : .
Tempgratures B ' 1 ) o
Water 'Jacket .. 37hvF. (190 ) on
Inlet gas 122-140°F. “(50-60 Cf)

'Contréct.ion k “ 301'

Convers ion on the fresh
carbon monoxide » 90%

"
t
i D

{
The above recycle ratiio was probably specific "co tl}e
Particular equipment used, and would probadly have beenl

.
larger for & larger chamber and would have been affected

|
‘ :
. directly by the chamber -:l.neulatim- |
| \ o | i

s thesis - . Reversal of
ra'oion of t.he yn B etion

t.he top of the .of Flow

The usual custom in ‘the ope

veaction-fas" beeri to introduce the s at

- : throu
reactlon chamber and alloi-the gas ©° flow ‘1""“"&”‘1 e
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the catalyst: ~Operation in which the gases entered the bo‘etom of

the chamber and flosed upward through the ca.ta.lyst had been made.
2

in the nature of experimem;s, Tvo atmoepheric pressure commercial
cpembers were operated upflow for 16 days. Although the covers of
the chambers were gas-tight, the upflow experiments were stoﬁ?ed

vecause of paraffin leakage through the joints around the cover.

_There was no d.iff;lculty encountered in the operet:lon.in this

mnner and littie if any difference noted in the vreeulte , that

vas attributed to the reversal of the direction of flow. These

experiments will be repeated on chambers in which more care will

be taken to insure'a paraffi};tight cover. | » . ,

Lt |
! e l

Experiments were made in which the ueuel,_fldv of gases were
reversed in the high pressure chambers--about seven atmospheres

pressure . Difficultiee in operat.Ion vere encountered due to the

plugging of the annular spaces near the top of the chamber with

solid parafflns . Not all of the annular spaces vere Plussed but
those that were plugged caused an uneven. d‘lstribution of the

synthesis gns 30 tha.t. the annuler spa.ces which would alidvl froe
|

. No
- Passage of the anse3 were oneratlns at too high ga.s velocity °

|

differe'me in the products was. obeerved with the reversed syn-

thesis gas flowl
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e
inside another cylmioal. t\_lbe"2.5 :lnche; (65 m.)
ina1de diemeter. The inside ‘tube was filled with
ater a.nd the ocutside tube placed in a vater bath.
Catalyst was _:pl‘a.ced. in the annular space.
h. A tube 20 mm. inside diamster and four feet
(1.2 metéfs) long was surrounded by a water ﬁath ‘and
filled with catalsat. |
‘5. A chamber was constructed in a manner exactly
similar to the commercial high pressure reactors except

that. the length was eight feel (2 S meters) The cross

sectional area of each annular space was. about 11 8qQUAre

cent 1meters .
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—am
In reactors of the type descoribed under (5), experiments had

_‘.l',efen”"mde under-a.- pressure .of. seven.atmospheres at various syn-

thesis gas inlet rates. No preheating of the gnses was’ done

except that which occurred in the top part of the chamber 1t gelf .

Such a cha.mber was said to be pra.ctica.lly inoperable a.t a rate of

ten liters of synthesis @s per hour per gram of cobalt., that 18,
practically no oil productiqn. At a ga.s ‘rate of two liters per
‘hour per gram of cobalt, the teﬁberatum had to be raised 18°F.
(10°C.) in order t.o obtain the same yield as that obtained at
the gas rate of one liter per hour per gram of co‘nalt. The life
of the catalyst at the dou'bled ] rate was anly three months as

compared to six months vith the ardinary @.s ra.te. )

I

|
! B

External heat had to be supplied tojthqsve chambers which
contained less than 500 litérs of catalyst. Chambers containing
between 500— 1000 liters of catalyst required no supplementary

heattng a.ft,er. the reaction had been started, and there was also

1

no aLPpl‘twinble generation of steam. Cha.mbers containing more than
1000 11ters of “catalyst had to be cooled by the evapomlfation of1

water under pressure. It was planned to investigate the effect

°f Pressure systemt,ically in a 1000-11ter chamber by opera.tion at—

Ly 2 3, h 5, T and. ‘10 a.tmoepheres. | Likevwise, & aystematic 1n-

d.
‘vestigation of the effects of the increased gas rates was planne



| 1.G: FARBENINDUSTRIE SYNTHESIS PROCESSES -~

The materlal presented in this section !na.s beenr

divigied into two groups:

1. The use of iron catalysts

5. The use of cobalt catalysts

' |

The work upon the iron catalyst has been further sub-
i
divided according to the method employed to remove

the heat of reaction:

1. By circulation of oil

2. By cireulation. of gas

The iron catalyste, which had been employed for the
synthesis of ammonia from nitrogen and - hydrogen, also
vere found to catalyze the reduct:lon of ca.rbcm monoxide
to hydrocarbons . The' catalysis of the 1att.er yeaction
occurred most favorably under pressures from 200-1500

|

pounds per square inch (15-100 atmospheres) and at

-tsempera:t:uresAflrom—500:_7.00°F- (2'70-560 c.). This type

g ~
of iron catalyst was very mactive at atmoepheric pre

sure and differed from mhe precipitatsd
.;,l

In that a much mgher temperat“r

|

e was requiredb

!

catalyste further

Iron.
Catalysts
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With the precipitated. niékei and co'ba.lt ca.t.a.lys‘\;.s- the upper.
2
7temperatu1‘e limit at which oil could be ‘produced was determined

by the point at which the methane Bynthesis ‘oeeame predominant
2

shich was in the neighborhood of 4OO°F. (200°C.). The upper

temperature limit with the iron catalysts ,' hovever, was determined

by the point at which carbon formation began to blanket the cata-

13st, which wis-sround 700°F .- (360°C.).  The_ iron mtaiﬁ%wf'omem

some methane but. the methane formticm never ’became the limiting

factor with these cat.a.l;ysts. B ' e

13

Due to the neéeés ity of high temperavture operationv, Oii the
verge of temperatures that would initiate carbon formtion,
NSpecial care had to be taken to remove the heat of reaction when

\
using iron catalysts. If ane particle of catalyst became over-
heated, carbon was depos jted arocund it and. the carbon acted as
thermal insu]ation which caused. even greater overheating and more
eXtensive oarbon formtion, and 8¢ on until the. catalyst. vas

covered vi‘ch carbon. “In an effort to minimize the danser Of S

overheat 1ng, ca.t,alysts vere d.eveloped which in thenselvea were

good therml conductors and the syntheeis veaction was- carried

inent_ma.teria]s , 1

out over such ca.ta.lysts 11'1 the presehce-qf R et

elther gases or 11qu1da The gasecus or 1iquid. inert. nat.eria.ls

reactiox
vere circuiated through the reactor, a'bsorbed the heat of
{

here it was removed
in the rea.ctor and. carrieﬁ

it to the outside w

the cooled inert *material being recircnla.tedb.’
. : /
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The use of ’""3&1530\18 and liquid heat absofﬁtion 8y

tems has been separately studied and each found to be

readily operable. The one has certain advantages over

the other as will be evident from the subsequent dis-

cusslons .

The process of carrying out the synthesis reaction Heat Removal

by 0il
7 vith ircn catalysts embodying the removal of the heat Circulation

of reaction with the circulation of oil had been de-
veloped on the besis of a sta.t.ionary bed of ca.t.alyst.

This method was chosen beoause certain simplifioatiorns
we;-e poSS . 1b1e in comparison with the a.lternative method

of 'ch'cu&aﬁ:on—e&t.he_ catalyst as a suspenS’ton in the_
oil. The essential technical details for operation at
upressures of 1500 pound.s per square inch (100 atmos-

- pheres) or higher have been worked out on & seml-com-
‘mercial scale, capacity of about two parrels (O. 25

tOnS) of oil per da.y- It appea.red that t.ho process

could be used at. moderate pressures--200'5°° P 9

per square 1nc\h (15-20 at,moepheres )--wit.hout apprecia.ble

changes . -
|
. i

‘ . Apparetus
. The synthesis on. the Bemi’°°m°r°ial scale was : T

'vcarl‘ied out inea vertioally mopht'ed'___r?é_-étor, with an ..

l
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FIGURE XIV

_ cyNTHESIS REACTION WITH OIL CIRCULATION
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inside diameter of 4-3/4 :lnches (120 millimeters) eml a

height of 20 feet“(é mters) The re&ctor H&B an open

tube except for a smll centrally loee.ted tube which
- cont,ained the thermocouples. The fres smce“;;;he

reactor amounted to abcut tvo cub:lc feet (60 liters) |

and this space was completely filled uith oatalyst ’

which has been described. 1n a preced.ing section.

A d.iagrsmmtic slnetch of the appa.ratus essembly is Figure XIV .
shown in Figure XIv opposite. The fresh synthesis gns B
ard oll entered Reactor A, fromthe 'bottom, passed. through
the reactor and was teken overhea& threu@n e.---heat. ex- |
changer B, where t.he cold recii'culated 011 stream vas
reheated. The prod.uct. stream was pssed through an
additional cooler C, where it wvas eooled. to 1ho-2b0°F~
(60-120°C )s and. thence to 11qu1d separator D- The

" gases and vapors were taken from the eepsrator through-

& sesond cooler E, Where»the temperature vas 1owered. to
about TO°F. (20°C.), into a second separator F. The
~gnses and vapors from F were passed through ‘the ehar- "

t

ceal absorber G. A constant oil level was ma.mtained

Mr&tor D, by reeirculatine oll thrcueh pump. P,
; and by drawing off any excess. ~From the pump, t.he 1‘9"

‘°1r°}11&ted o1l.stream. passed through the\preheater B:
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ghrough & suppiementé.ry héater'fn, ‘and 'ha.cl; thr‘ou:gh‘th'e
réagtor- Fresh ss’nthesis gas could be introduced: a.f.-
_point J,-and preheated in the heater I; or could be.
introduced at point K, and preheated in the heater I;
~or could bg introduced at point K, 'and; prelhea;ted.‘ to-
vgether with the recirculated oil in heater H. Heavy
‘ naphtha was withdra.wn frqm separator F. |

i

| The recircu]ated. oil used was t,hat prod.uced. 1n ‘c.he Cif_culat_ing
...... - 011 e e e

synthesis 1tself . The boiling range of the oil could. '
be regulated. as d.esired by control of the cmdens*.ng :
temperature in the separator D. The boili.ng range of

& typical cycle oll was as follows:

‘Volu;ne fer Cent P Teﬁggmtufe
| 5 - 212°F. (100‘6;)
10 240°F. ( 115°c'..)1
20 295°F. (146°C.) |
30 *.350‘5" (177°C )
L0 *.*bB"E,'- (209-’c---)
50 470°F. (213°C.-)
760 —77~555°F- (e80°C. )
65 | 572°F‘7_(‘390 -c_.\)‘

The amount of oil circumtea was "variea}»wu-.n the -

) .
throughput t‘o the reactor, the grea.t.er the th:oughpu ,
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the_ great’epr the quant;lty' of oil circulated; The raf.é of
oil circulation for the ‘experiments reported here was
40-50 volumes per volume of oil produced s l’fﬁféfi"é.ii;ei of
o1l circulation was sufficient to maintain the desired

temperature and conversion.

Thjé reaction temperature was deper;dent upon f.he
composition of the synthesis gas, the degree of canver-
sion desired, and the a.ct_:ivity of the catalyst. The
synth;es is could bde ca.r:riefd.bcut ove;' a wide temperature
range, the upper temperature limit being arcund 750°F.
(‘*00‘;0‘-)- Above_{;p}s temperature the circulated oil
~ began to crack and the‘- yield of 1liquid products was.

temperature range of 520-680°F. (270'360"39)-‘

The life of the catalyst wes not known at the time Life of
the installation was visited, tut the experiment then
‘ | ‘ ’ .

belng made had been in progress for 1500 hgurs .
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Catalyst
Type

“Volume

Weight

Synthesis Gas: SS%CO:45%Ho
Conditions

Temperature

Pressure

Throughput :
Synthesis Gas - per hour

Circulating Oil - per hour

Yields - per hour:
Uncanverted Synthesis Gas .
Methane
Gasol
Gasolene
01l and Wax
Alcchol
Water
Carbon Dioxlide

15400222y
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Operation
LSUmmary

a summary of the operation :

Iron

“"2:1 cubic feet (60 liters)
264 pounds (120 kilograms)

660°F. (350°C.)
1500 pounds per square inch
(100 atmospheres) ”

4600 cu.ft. (130 cu. meters)
150-200 gals. .(550-750 liters)

2340 cu.ft. (66 cu. ‘meters)
"88 cu.ft. (2.5 cu. meters)
0.72 @als. (2.7 liters)

1.42 gals. (5.4 liters)
1.1% gals. (4.3 1liters)
0.19 gals. (0.7 liters)
1.25 gals. (4.7 liters)

470 cu.ft. (13.3 cu. meters )

Yielis per cublc meter B3 + CO ~~  On Inlet Gss - On 2 + CO Converved
Methane \ ‘ 1 . 28 g« "
Gasol 12.g.(21cc) 25 g. (42 cce.)
Gas olene 29 g.(b2cc) 59 g. (84 cc)
01l and Wax 26 g.(33ce) 52 g. (68 cc)
Alcochol L g- g 8-
Water . 22 8- : 1&3)9 g . .
Carbon Dioxide 8- I ACAL ,
Total Liquid Hydrocarbans 67 g.(96cc) 135-_;.8:,-—§,¢}?.E; o)
Yields tased on catalyst: catalyet ’ 0.30
~0il - gnllons per day per pound v g
! gllons ::r day per cublc foot oatalys: ‘ 3372
kilograms per day per kilogram catalys j.hB'
\ kilograms per day per liter catelyst . 2 o0
Gas Contractian 37.5%
Gas Analysis: %—'l’.
2 b
]

.COp



‘.Ccmversion of CO to:

Methane

gasol

Gasolene

01l and Wax
Alcohol

Carbon Dioxide
Unaccounted for

Total S e

Liquid Hydrocarbons

———

Material Ba‘la.nce :

Carbon Monoxide
Hydrogen
Methane

Gasol

Gasolene

011 and Wax
Alcchol -

Water

Carbon Dioxide
Total

% Recovered

'Ligquid Products:
Analysis:
Gasol
Gasolene
- Diesel 01l
- Lubricants
Soft Wax

Oxygenated Prod.ucts

154002228

(176)

ﬁ on Inlet C ﬁ on CO Converted
3 .
3 7
,ng 7
1
: 2
19 38
I b
4o 100
19 39
Inlet Granms OQutlet Grams -
295 -- 393 W9 -- 198
- h0.2 -- == 20.“’ o
- - - 10 3.5 ==
_— - - 10 243 ==
. o - 25 k.7 --
_ . — 22 3.9 --
- . . 2. 0.6 2
- - - k33
- . — 55 - k7
295 40.2 393 273 39.5 380
95 93 98 97
16-18% -
u24
20-27%
7-8%
5-6%
6%

Gasolene: boiling to 392 °F. (200°C )
Paraffins 53%
Olefins 4§$ 2)
Aromatics 4 f(* -4—

Octane Number - C.F.R.R. 68

- Diesel 011
' Cetane Number

boiling range 592 752°F3,(2ogunoofc.)
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<

The iron catalysts were insensitive to temperatur; .
~ changes of 18-36°F. (10-20°C.)4am1 would withstand great-
er temperature lncreases for short periods. .calculatiqna
shoved that the temperature :lncreése resulting from the
reaction of 75% of synthesis gas could be limited to 1.8~°F.
(10 c.) by a hundredfold d.ilution and to 36°F. (20°C ) by
a fiftyfold dilutim. The d.ilutj.on could be mde with
synthesis éas_ (that i3, limiting the conversion to about
‘fraf'e%), but the diluticn was preferably done with the
heavier since they é.plnrently exe&ed a "quieting"ieffect
upon the catalyst. It was found feasible to use ‘the tail

gases from the synthesis reaction, after removal of the

‘heavier s ynthesis products .

A' i)ressure of 300 pounds per square inch (20 atmos~-
pheres) was found optinmm with the particular catalyst —

employed, although 1t wa.s emphas};ed that the optimm

pressure would vary with the activity of the catalyst..

With the iron cat,alyst, preasures in excess of 20 8t~

mospheres caused the productian of larger quantities

ounds at the expense of the

: °f“-Oxygenated—or@.n1 c—Comp:

hydrocarbons, while at: pressures lower than 20 atmos-

Pheres, the conversion was much 1aaer-,-

(177)

" Heat Removal

. by Gas
Circulation

Pressure
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SYNTHESIS REACTION WITH GAS CIRCULATION
F
LIQUID PRODUCT
EXIT GAS
LIGHT NAPHTHA
___AND GASOL



‘The temperatures employed vere. 1n the mn@ | 0f 575 ;' g m&ur @ ‘. )
to 650°F. (300 to 350"0-), the results to. be preeemteﬁ e AT
- here being obtained at 608-626°F. (520-53o°c )

: *hundred.fold. diluted synthesis aBe- ent,ered the reect.or

at 608°F. (320°C.)-and after undergoing react.ion 1eft

the reactor at 626°F (320‘0 )

A schenatic flow aheet of the apparatus is shcun - Apparatus
“in Figure gure XV opposite. Fresh synthes1s gas ‘entered at Flow Sheet
point _A_ » Joined the recycle gas s_tream a.t. B, passed = = Figure XV

’tm-ougn the blbuer C, and into the reactar D, which
was a circular vessel 2.5 feet (77 centimeters) in- :
side diameter R cont.a.ining eatalyst ata depth of 2 8
feet (85 centimeters). From the rea.ctor the gas :
stream was cooled in E, which generated. high pressure o
S'Ceam, and aga.in sent to the blower- A porticn of the
| &8 stream from the blower vwas passed through a vater
cooler F, and into a gas-liquid separator G, from the
AbOttom of which & heavy liquid product ves. drawn fl‘he

s frcm the separa.f.or G was la.rsely returned to the..

_min stream, but a port.:lon was, paased through the =

liquid amnonia cooler E, and into uquid—@s separa-tor _’
1

i, from the bottonm of vhich 118111" naphtha and. @'9°

" Were V1thd.ravn. The gaeee frcnn separator I: ?'ere

v !
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discarded as tai._;'i; aas . o

The summary of results on the following pages has been mrde:

from the information supplied. It should be menticned that these

results, to a large extent, represent calculations from the origin-

el date .
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Type _ 1
Volume- limcu £ S Summary
" Weight 5000 t. (400 1iters) of
pounds (1 ton) Results

synthesis Gas: -

o hLg ‘

Cenditions
Temperature
Pressure o
Throughput : .
. Synthesis grs - per hour 3,800 cu.ft. 107 cu. ‘
‘Recycle gas - per hour 380,000 cu.ft. 210‘701) cu. xt:;‘:;
Total - per hour 383,800 cu.ft. (10807 cu. meters)

608-626°F. (520—35o°é.)
300 1bs./sq.in. (20 atmospheres )

T Yields - per hour:——

Yethone | 164 cu.ft. (.6 cu. meters)
Ethylene 45 cu.ft. (1.3 cu. meters )
Propylere 0.6 gallons (2.3 liters)
Butylere 0.5 gallons (2.0 liters)
Gasolene 2.3 gallons (8.5 liters).
‘Dlesel 013l 0.6 gallans (2.2 liters )
Pareffin 0.1 gallons (0.3 liters)
Alcchol 0.% gallons (1.7 liters)
weter. 3.0 gallons (11.3 liters)
Cerben Dioxide 363 cu.ft. (10.3 cu. meters)
Total Liquid Hydrocarbans L.1 gallons (15.3 liters)
Yields - per cubic meter (Hp + CO): ‘
Methane ‘ 31 grams
Ethylene 15 grams ‘
- Propylerne 1l grams (21 cc.)
.+ Butylene 11 grams (18 cc-)
Gasolene 56 grams (80 o -)
Diesel 01l 16 grams (21 co)
Paruffin 2| grams ‘( ) CG-)‘
Aloohol 12 grams (16 ce-)
Weter , 106 grams (206 cc-)
—CarborDioxtde— ——— _ 189 gran® 5
Total Liquid Hydrocarbons 96 grams (W3-cce)

Yields besed on catalysti
.L1Quid Hydrocarbons 1

catalyst

0.04 gallons per day Pper pound of
6.9 gai.'llons' per day per cubic foot of catalyst
T T ! : | : t
o4 liters per day per git:?;tys
0.9 liters pez; day yer ;

i

kilogram
1iter of



Cas Contraction:
a— i
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Recycle Gas

‘ 2
1

1
-l
18

20

26
100

On CO Converted

608

Gas Analysis - Volume % Exit Gas

“Methane T
Ethylene - 3
Propylene -
Butylene—————- _—
Water Lle -
carbon Dicxide N
carbon Monoxide 27

© Hydrogen 35
- 100

conversion of CO to $: On Inlet
Metharne 10
Ethylene 5
Prorylene In
atylene L
Gasclere, ' 20
Diesel 011l 6
Perafiin- 1
Alcohol S

_Carbon Dioxide .ﬂ-;2§:,1
Totzl . . 7
Liguid Hydrocarbons 35

Wwteriel Balance ‘

Carbor. Mor.oxide:
Hydrogen '
Yethane
Zthylene
Propylene
Butylere
Gesolene.
Diesel O1l
Paraffin
Alcohol
Water .

Carber. Dioxide

Total
% Recovex;g_d

Inlet-grams

c__  _Ep @ %
25130 -- 33500
-- 5330 --

AT

5

46

Outlet-grams
c _Ho O

6240 -- 8320
== 13M0 -
2480 830 -
1560 225  --
1010 180 --
1000 115 - -°
5100 870 --
70 250—- -~
230 Lo --
40 170 410
-- 1260 10080
5500 - 14700 |

25140 5340 33510
100 100 100



Liquid Pr oducts s

Weight Anralyslis:
Ge.aol
Gasolere
Diesel 011l
Paraff{ins
Alcohol

Gasolene:
Uctrne lumber

Qlefirs:
Al i

Gum:

Diesel 0O11:
Cetene Number
Pour Polint
Cxyger Centent
Olefin Content

!

'hlcohols :

Weight Anmlyais:
_hcetaldehyde
Acetone - .
Ethyl Alcohol
Propyl Alcchol

Heavier Alcohols

Cx _,'g;a'* Content:

21%
51%
15%

2%
11%

straight

454002235
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treated method A (50% at 212°F.

treated method

treated method B
blend 10% in 60 O
blend 50% in 60 O.N. Fuel

epproximtely 80%

rav 3.0-3.5%
treated 0.5%

2.5 milligrams Ppe

53 o
_lloF. (-21& Cvl)
1.5-2.06

80% (a.pproximtely)

5%
11%

- 57%

25%
2%

(100°c.) 80 CFRR)
B (50% at 212°F.
(100°C.) gg CFRR)

CFRR

N. Fuel 107 CFER

95 CFRR

r 100 gréms after storage
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FIGURE XV1

_REACTOR . WITH PARALLEL GAS FLOW FCR
IRON CATALYST WITH GAS CIRCULATION

<—2{ Catalyst

R
\
}

“—=— catalyst

—

L)

“——={-Catalyst

ey

3 ' Q [Blcmer

!

1

5

Cooler
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m—réqtrtrﬁr‘for—airculatim of th the gas M@‘
_.gtreeml ! mcreased as _the third power of the. catalyat - —Cir?:l;.at on |
.Tdepfrh &ﬁd it was theref”?,,&ﬁ;?ﬁﬁ@eeous to use shallow | o
peds . The nbove described operation with an 85 centi-
meter depﬁh ‘of ¢éatalyst required an energy consumption |
of ebout 1.25 kwh per gallon (0.5 lg.;h per kilogram) of
liquid product for the ges circulation. It vas thought
thet the bove f tgure could be et least mlved by use ' Fl"oiduéﬁeét
¢t shalloser beds in a parellel flov, as indicated in  Figure VI
Flgure XVI ,op}ﬁoe it.g:?. A proposall had been submitted -
for the ecrection ‘of such a.. reactror ié.rge'ehough to-
produce nbout 120 tnrrels' of liquid prvoducts per day
(5000 tena per year).
The 11fedo{‘ tihe cawly;t wes not accurately ¥nown . Qa;?%gst

Atetch’ of the cur.u.lyst hed been in continuocus use on

s lborutory 3ca le for 2.5 months before an accidental

tezpernture _1ncreé.3e led %o pulverization of the cata-

1337“ The aemi-‘couznurciai plant, the results from vwhich |

- s |
bout
heve been glven earlier, had been in operation only abou

aie '“onth . It was thought that in large-scale opexation

ce relative-
the Cﬁwlyst. would have & very lang life, sin ©

were -
ly large umounts of sulfur in ‘the synth%is @9

!

' The ca.talys‘f'
"’1t-hou'c effect upon the catalys

t a.ctivit)' .
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could be very simply regenerated by roasting and reduc-—

ing; the regenerated ca.talyst frequently showing greater

'activity than the original catalyst. 7

The investigations of the precipitated cobalt cata- Cobalt
Catalysts
1ysts were oarried out in two seyparate laboratories, and -
since the method of attack was different in the two in-

stances the work 1n the two laboratories will be pre-

sented separetely.

" The research at Leuna was directed primerily ~ Leuna -
Investigation -

towards the development of catalysts for the produc-

tion of iliquid hydrocarbons and the work consisted

largely of the manufacture and testing of catalysts.
|
The catalysts were first tested in the conventiona;

laboratory equipment and those catalysts which produced
I |

110 grams or more of primery product per cublc meter
of synthesis gas for a period of two to three weeks in
' |
|
the laboratory were further investigated 1n the pilot

plants .
o L \

V e | | laboratory
At the time the Leuna laboratory was visited, itil | k

was! stated. that 600-800" catalysts were “r/‘der test 1n
|

the labora.t,ory and that an average Of 100 such

catalys ta

r
.‘Were discarded each week a8 ' being . unworthy of furthe



(185)

study- The laboratory reactors were horizot\ltaily mounted
_s_}ﬁee_ii;_ha,d_’been—ﬁe\.mé—‘bhu

t a.pprecia.bly better yields
vere thus obtained as compared to g vertically mounted

reactor. The explanation of the better Yields from the
horizontal tubes was that more uniform temperetures were
cbtained due to convection currents.

The pilot‘ plant experiments were carried out in Pilot Plant

Work

two types of reactors:

1. Cat,z.lysu outside horizontal cooling tubes which

were closely fitted to vertical metal plates

€. Catalyst in tubes \1.nside a water bath
Average ‘Capalysgs gave hyd.rocé.rbon yields per cibic nre'ter
of ideal synthesis gas of 110-115 grams at 'a'tmospheric
pressure and 140 grams at eight atmos pheres pressure, |
‘two-stuge operation in each instance. The character-
iistics of the products were about the same as those

reported by Ruhrchemie, except that a smaller methane

‘Production was obtained. !
! (. . . | i . , C
Catalyst

da
The reactors in which the catalyst was pls.ce Outside Tubes

outs ide cooling tubes, closely resembled the Ruhrchemie

-}

' atmosphcric pressure. reactors in construction- uTh?

;-
}

larger react.er, which hold. 18 cubic feet ()OO lit,ers)
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of catalyst, was used exclusively at atmospherlc pressure

This \,hamber was giving a yield of 70 Srams of liquid hy-
drocarbons per cubic met.er of 8ynthesis gas at the time

of the visit and had been in operation with the same cata-

lyst for over nine months.

|
sl

_A's 1milarly constructed reactor, which held five
" cublc feet (150 1liters) of catalyﬁt, had been used at

higher pressures, but proved inoperable at pressures

above '~60-‘-pounds_ per bsqua:r‘e inch (& atmosp'heres)._v The

ceuse of the failure of this reactor under pressure was

lack cf temperature control. -

me‘ 'o.xbular reactars consiated of various sized Tubular
Reactors

/amoot,h tubes welded into a cyl:!_ndrlcal shell contain-

ing.water under pressure. Twelve reactors were in use

which were 5 feet (1.5 meters) long. Ea.ch of these

reactors cortained three liters of ca.t.alyst when £111-

ed to ~n 3 foot (90 centimeters) d.epth- The remainder

of 2 lir-.e‘ar'feet of breac‘bor wa.s‘utlilized to preheat the

ircoming gas eéi-’-’«.—-»-v-—"lrhe tubular Dreaot'ors contained ‘119/ |

| ' 43 ter
tubes. of € millimeter size or 43 tubes of 10 millimete

— . l s ‘
size or 19 tubes of 17 mlllimeter size. TWOTeactOr ’

each containing 19 t,ubes of the 15 millimeter size,

12 liters of
were 19 feet (4.5 met,ers) high a.nd ‘neld ;

i0
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caﬁglyst Whén filieci to a depth of 12 feet (3.6 Vmeters‘)'
—h—wﬁeume&e%or—w&s—bsmg‘cbﬁgtructed to accommodate

a 33 foot ,( 10 metér) d.epth of'c'ata.lyst,,d ]

Each of the tubular reactors was vpro'vid.ed with
condersing and charcoal adsorption equipment and coulil

be operat,ed at any pressure up to 375 pounds per square

—

inéh (2% mtmospheres). The inlet gas quantities vere
reesured in the usual type d.ry gas meters, those for
reactors operating under pressure being enclosed in

"5 t"e’e*l*s'ph’er’és“pﬁ')fffd*d’d*w ith sight 'glas’s’ésj;;’“’l‘h’e"";"temper- 1
ature” in the rea.cft‘ors.‘ was measured by tﬁé methane for-
mticrn. The lat.tef, in turn, was‘ estimmted from the
specitic gravity of the tall gas, a special meter hela.ving

becr. developed to record the specific gravity-continu-

g

cusly ir terms of methane content.

Thc. r‘eaul"cs fraom the pilot plant‘worlg had indi- Re‘sults

c;;ted sonée ud\"antuges of the cobalt-magnesia catalyst Latalysb

I

2ver tHe coba.lt—tholffia catzlyst. The megnesia catalyst

pr édu;:ed than the

1

wu3 more rugged and more easlily re

thori* catalyst. The. thoria catalysts gaVe slightly

ure
bet,tr«r o1l yieclds and - werc subject to less tgmpgrat

‘ g over a new
fluctuut,ion upon starting s ynthes 1?. & :

c’a telyst .
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‘The apparent density of the catalyst had no effect c’ataly's;ﬂ
—upon the activity when the activity vas expressed as Density”

0il produced per unit of synthesis gas per volume of
telyst. The apparent density was varied from 0.3 for
the r'ilter cake fragments to 1.0 for hard pellets. An
irteresting result, in this connection, was a yield of
130-135 gra.nB ofﬂiz&iﬁ—hydrocarbm per cubic meter
of synthesis gas when operating & reactor with 6 milli-
zeter tubes into “hich 5 millimet.er oat,alyst pellets -
h.ni bee* carefully stacked one on top of the other.
The gas streem flowed downwaerd through the ennular
spice between the catalyst pellets and the walls' of

) !
|

the tube.

The 'pmcpice w;a.s to reduce the catalysts in the | Reduction
rezctors 'them elves and no difference could be 'd.ef |
. , A .
ccted irn the activity of t'a.l catalyst reduced in a
shaliow layer (10 centimeters) at 650-750°F. (350"
koo°c.) fmd that reduced in-a deeper bed (14» 500

©
centimeters) at temperatures of 390-570°F. (200-300°C.).
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i The partially deactivated catalys e en
bt a e
138t' could be Revivification
equally well revivified bys '
- 1. Treatment with hydrogen at 390-750°F.
‘(‘oo-hoo G.), or
‘ 2. Extraction with pylol at 260°F. (125°C.).
The solvent extracted catalyst could be put back into
operetion more quickly than the hydrogen treated
- catzlyst, due to a lowser temperature sensitlvity of
the former. |
The depth of catalyst viz_zs' found to be wilthout Catalyst
- Vo Depth

aprrecintle effect upon the oll yig:ld in the range. of
depths from three to twelve feet (1-4 meters), the
'grez—.tcr deo h appearing to glve slight.ly higher yields.
It was tho«.lght that possibly the catalyst depth could :
e incr,. ed to a3 much as 30 feet (10 metere) without

3eric'usly 2% fect;ing the oil yields. It was thought

urlikcly that grw.t,er depths could be used, 8 :ane at

30 feet (10 me_'cers) the hcad of water in the cooling

ISR Y
|

be
system wuad suf ficient to oause the temperature to

n at the top of

(@AY

OF' (5-5 C.) higher at the bottom tha

the renctor.
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-
The fact that the depth of bed had no effect upon G
5 ; as
the ol yields 1ndicated the dealra.bilit,y of mVesti- ,. veloc‘#_.y

sgtirg t.he 1nfluence ot eas velocity, since in the
jeeper beds the gas velocity over the top section was
mich higher than that over the top sécticm 61‘ a sh'all~owA
bed . When t.he &3 ‘veloc:[t“ms‘ varied ofr‘er a foﬁrfold |
rerge with a-cdonatant depth of catalyst, it ves found

shat £s uhe g‘s vcloc:lty was increased t.he oil yield

per renctor incr_eas,ed. to a maximm and then appedred
wremin stutionary. The oil yleld per unit of gas,

ncve.'er, decrensed as the ges velogity mcreased.. _The

1  results .lci‘ this inveatigetion ere ahovn graghically in
H@re XVII. Fro"- the trend of the curve for oil pro- Figure XVII

fuction per chamber versus gas rate, the desirability ‘

of bigher g:3 velocities was indicated. The effect

‘ﬂzéﬂa @MEmm:h

feunan

of the higher velocities upon the 1life of the catalyst

¥:3 r.ot ¥newn, nlthough, from the fact that 1ighter
' | o .-

bpdrcearbon pfoducts were obtained at the higher

Tetes, 1t might be 2oHcluded that less heavy hydro-

—arbers would be retalned on the catalyst *‘“}d that
thls vould increuse the life.
| ' ' Recirculation’
The c’fﬁ;cts of rocircu]ntion of the prOduCt N M
re beine

&8s frdm the synt.hesis re&c"'i‘m we
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determined at the time the laboratory was visited.

Preliminary indioations were that higher oil yieldé

wou-ld be obtained per unit of synthes 1s gas and per

unit of catalyst volume. In additicn, the hydrocarbon

product was of lower molecular welght--65-70% ’boiJ;.’mé

up to 356°F (180°C ) in prod.uct from recirculation

experiments as compa.red. with hO-BO% :ln the same range

,for the normal product.

A tubular reactor was constructed in five serial ~ Sectional

_sections, with provision for sampling from each
'section. Analysis of sa.mples from each section in-.

dicated that one-fifth of the total reaction was a

oceurring in each section of the' ca.ta.lyst. “Samples

of catalyst were taken from each ‘ls'ection of thre‘

reactor a.ft'erAsix weeks use, testéd. in the labora-:

tory and found to m.ve‘ identical activities. These

results tended to ;11aprovc the theory that thé uppei'

portions of the catu.lySt were responsible for the

| production of the greater part of the oil. It 1s

—a1ff 4cult to'reconcile the identical a ctivities of B
.

" the catalyst from the, ‘tOP and ‘bottom- sectlons of the

reactor dit,h the well esta.blished fact that the. tempera-

ture is much higher 1in the top section of & cata.lyst bed .



The exPegiﬁe;}iﬁ;.&tfion at Oppeu was originally

" directed towards development of a ca.t.a.l'yfstv) ‘that would
‘ convcrt cé.rbdn monoxid.e"a.ﬁd”ﬁyai"o’gen' hrgely to solid
paraff-“in: As a firat step in the investigation, an
attempt was mmde to d.etermine the contribution of
each of the main components in an active cat.alyst =

t.aking the cobalt-thoria-kieselguhr catalyst*"*" -

(Co:0. 18Th02.l 0S10,) as a standard. The life and

‘act 1v ity of each cata lyst preparation was compa.red

to that of the cobalt-thoria standard catalyst, the

experiments béing conducted on & lab?rat_ory scale,

single-stage in gla3s reactors at atmospheric pressure.,

-

'I‘he cat.a.lyst‘ of cobalt .a.lcne. (no support a.ndw\gc
promoter) was mvestiga.ted, since coba.it was thought :
—;;_;;iihe main catalytical material in the standard

catalyst.. This catalyst was prepared by the slow
addition (over a period of 8 hours) of a cold dilute

- cobalt solution (12 grams cobalt per 8 cc. of vater)
-toa ccld solution of sodium -carbonate. This cata.lyst

save an oil yield of a.bout 110 grams per cubic meter

for a period of about 218- hours at a.t.mospheric pressure
and a gas rate of oneé 11ter per hour per gram of )

cobalt. The short 1ife was attributed to the sinter-

he ‘ ry small amount
ing of the cobalt lq.ttice, si/nce a very

154002248

(292)

4

Oppeu

Investign tion
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of paraffin was produced.
:The catalyst vas then prepared in which magnesia Cobalt-
I - ‘Magnesilsa
a§’incorporated with the cobalt, since magnesia and Catalyst
cobalt oxide were kncwn to form mixed crystals. It B
was thought that the magnesia wculd prevent the de-
struction of the cobalt lattice and thus prolong the
.life of the catalyst. At a gas rate ofhohe liter per‘
" hour per gram of cobalt, the oil yields were 80b85
grams per cublc meter when magnesiaAhad been added to
the extent of 2-15% an the cobalt. This‘catalyst had
a very high apparent density (1.2) and occupied &
volume only 1/h that of the normal ccntent. An oil
yield of 100 grams per cubic meter was obtained for
a period of two months when a normal rate of gas per
unit volume of catalyst (1/k ‘the normal weight) was
- used .
ted Cobalt-
When the cobalt- -megnesia catalyst was suppor Magnes a-
upon kieaelguhr the oil yield was about 103 grams ‘ - ) gé:::igug?

per cubic meter at a ges rate of one liter per hog?

I
per graq'of cobtalt .
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‘ talyst of cobalt supported ) ' sh__CQb_e_‘_li-__

prepared in j:hp same manner as the prewfiousl_y ﬁention- | : Kiézzziguhrw
ed purer co:balt. catalyst. This éatalyslt‘ gave an »0111 .
yield of about 105 gram per cubic meter at a @as rate

of one liter per héur per gram of cobalt over a.period.

of about four months. The oil g}_éld_qgs somewhat

1ow}r than that from the normal conta..ct. (105 grams

versus. li‘jc grams per cubic meter) but the catalyst

showed & remarkable 1ife in that it could be used for

four months without regeneration. The exceptional

1ife was attributed to the fact that solid paraffin
vas formed only during the first ‘14 days.

S

When {;his ci;ta.lyst was tes'ted under 12 atmospheres
| : ’ :
‘pressure, more paraffin was ,produced than with the ;

» |
standard cobalt-thoria caté-lyst , although the revef-se
had been true at atmospheric pressure. The gas
‘velocity was increased over this catalys[t , glving

the following results:

a8 R 011 Yield
Gas Rate ‘
Liters/hr./g.of Co Grams[cu.met.er
R — | 140-150
) 120

|

| o
4 90
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The temperature was increased 18°F. (10°C.) wheh the
gas rate was doubled, and was increased another ,,-2‘1.8,°E.,v

(10°C.) when the ga3 rate was quadrupléd.

From the above investigaticns of the role of the
three compoqqnts ’ }tha:t of thorium oz;id,e‘ appeai'ed to be two-
£old. .On the ane band it stabilized the cotalt lattice
and on the other hand it directed the reaction tdvaz'ds
the production of higher ﬁoiling pr;duct;s.‘.;.»Fraih the
latter canclusion, it appeé.rgd that the greater amotznts
' of dolid paraffins would be obtained with catalysts
; conté.i[ning a higher percentage of t.horia_a.nti tes_t.é of

such catalysts confirmed the conclusion.
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The first experimentation in the Kellogg labora- ‘Scope

‘ of Work
tory upon the synthesis of hydrocarbons from carbon

monoxide and hydrogen involved. the use. of nickel cata.-

lysts; mare particularly, the nickel-mnganese-a.lumim-

kieselguhr ca.ta.lyst.-- This catalyst vas mvesjigated. on

e smell sca.le in gla.ss reactors and on a larger scale

in a steel reactor. Cot:a.lt catalysts, cmta.ining

varioua materials a3 promoters, have been studled on

& smll sca.le in glass rea.ctian tubes. The thorr:la-'

promoted coba.lt. catalyat ha.s been tested on a smll

scale in bothl_glass and ,832981 reactqz:g:

. Thg 'app;fé.tus a.nd. ‘technique emp;qyed for the - | ‘Sﬁ;ai.:: 1;021111.:

. small-scale expe‘fimntls‘we.;e, in general, similar to . N r;tus
| those reported in the literature upon the‘synthesis |
: reactim‘ ‘The glass reactors were 16 mm. inshie
diameter and vere mounted. vertically in an a.luminum
block furnace. Tne steel reactors for the small-scale
!experiments were of various 1nsiqe-d1ameters from

‘11*-51 mm. Temperatures were measured. in the furna.ce“i

and 1n the top half-:l.nch of the oatalyst bed , the
!

latter temperature being tha.t referred to in the

¢
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following descriptlio_n_. of results. Thé eas quarﬂtities‘
in and out of the reactor and the volumes of oil a.nd. '
ff_w_a.x_.er anod_-u_c.edﬁwerewmeasured.— hcsurly. ~The exit gases
vere analyzed periodically.

The experiments upon the nickel ca.talyst;: Nickel
N1:0.20 Mn0:0.03 A1505:1.2 3102 covered the effect of | fatalmie
variables in the catalyst preparaticn, such as extent | A!:{;-EMI-I(S)EOQ |
of washing, addition of- potassium carbanate, catalyst 7.
density, additicn of graphite and variation in mnga-
nese cont;eritf:“ -

. The use of 150 cc. of wa-éh water per gr.'a.m‘ of . | Ext_e_nt of
, - . o Washing
nickel gave the most active catalyst and the indica- :
ticms were that the use of larger qua.ntities of wash
water would not increase the oil-producing properties
| of the catalyst. It appeared., however, that the use
of 'iarger quantities of wash wvater would decrease the
_extent of the undeéirablg side reactions.
', The’ a.,ddition‘ of‘ potassium ca.rbona.te.\ to the cata- ’ A%dot:::?.u;f:
lyst, in amounts up to 1% of the metallic nickel = = '_Carbonate

content, ‘had no Jsigxificant effect upon either the
direction or the exbent of the aynthesis rea.ction.

Rewetting a.nd/ or-,redrying the catalyst ‘caused the
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‘production of slightly 1‘e53."0n por unit of synthesis
“gas-and a decrease in the yleld of oil e untt amont
of ce.rbor} monoxide consumed., This' ﬁas true whether the
rewetting was done with pure water or with potassium
carbonate solutions. o )
At a given temperature, the oil production' was  Density of
' 1 Catalyst
greater, t.he lower the apparent density of the cata- ‘ IR
lyst. . This was proba.bly due to t.he fa.ct that the
facility with which the temperature 1n t.he 'ea.talyst
bed could be cmtrolleflirTcreased vitha decrease—m
the appa.rent. dens:lty of the ca.talyst. The fra.ction of
the total rea.cted car’bon monoxide recovered as oil was
higher When filt.er-oa.ke fragmente vere used than when
pellets were used..
. The addition of griaphite to the catalyst, up to ‘Acéi:tiirtleof.
'about 9% of the metallic nickel ‘content, was apparent- -
ly without ;ffect upan the activity of the catalyst-
‘ ! ' L \ ! .
‘The use of more than '20% mRnganous oxlid.e (based Nb.crég:x;i:e.
Ron the nickei content)lbd.id.' not 1norlease tlee act‘ivity "
" of the catalyst: | l‘
\ T . i . |
| Tests gade upan tWo :‘?1'.‘613&1'8-tionB of mickel ‘Mlgicg;:te
——L—-—"‘ .

mOl&bdate showed them to be completely "“""”é’t‘ive ag
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regarded oil production.
Cobtelt-base catalysts have been prepa.red and S Cobalt
~ t.ested which contained thoria., mnganese, alumina., Setelmim
nnnga_nese-alumins. , ceria or mgnesia as promoter. In
comparison with the nickel catalysts, cobalt catalysts
were—found to have a higher initria’;l‘-‘“oileip‘roducing
aotivity, longer active life , a.nd less tendency to
‘-*sinter at higher temperatures .. In ad.dition,ﬁ—it appear-
ed that reproducible catalytic activity vas more easily
..,_;.Q‘bta ined with the cobalt catalysts th};x:{vﬁh'
atalyte. oz
N 4 \ )
The cobe.lt-thoria -kieselguhr cata.lyst has been Cobalt-
o Thoria

fou.nd to be about the best synthesis catalyst tested. B (?ata.lxgts
The experimenta.l work upon this ca.talys\t has been '; . i
more extenslive thsn upon any other individual cata-
lyst and has included determination of: conditions
“for optimum oil y‘.'celds ) —eptinmm amount of support,
—effect of d.ilution of the cata.lyst, effect of electro-

vwaShing the precipitated catalyst, effect of rea.ctor

sizes and materials, effect of inlet ga.s veloclity,
i

and the effect .of presgure.
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The optimum oil productiori per norml cubic meter céf;aipim
of synthesis gas--160-170 cc.--was obtailned at aBdutJI o
| 420°F. (215°C.) at an inlet gas rete of cne liter per
hour per grem of cotalt, when_ thé »oé.talyst was ﬁsed in
the form of filter-cake screenings with é.n apparent |

density of about 0.2. :The use of the catalyst in the

—_

form of pellets,—shigher apparent density and therefore

a smeller reactio:n volume per unit weight of cobalt

given cooling surface--gave lower oll yield.s than vere

f

obtained from-the fllter-ca.k!a screenings. .

' The optimun ‘01l production per unit welght of
cobelt in unit time, wi‘chin the renge of the experi-
ments, was 270 cce. per pound of cobalt per hour, a’c
h58°F. (225°C.), an inlet gas rate of four liters per
hour per gfam of cobalt, through a oa.ta.lyst bed d.ep‘bh
- of 3 feet (90 cent.imeters), in a rea.ct.or with an inside
diameter of 0. 5 mches (1u millimeters'). frpe life of the .
catalyst under these cmd.itions( has Vnot;l‘ibeen determined,
put if the life be a.ssumed to-be four months , the
abovg:a yield, vould. correSpoml to a prod.uction of five‘
barrels of oil per pdu.nd-’ of cpbalt (1200 tcns of oll |

per ton of cotalt) per 11fe period of the catq.lyst.
/ o
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A ‘fe_\' prellminary experiments under a pressure of Pressure'
100 ‘pounds per square inch (8 atmospheres) indicated 9:&12‘.".1_03.
t,ha? somewhat higher oll yields were o’Bta;ined at the
—~higher px;essure than at atmospheric pressure. The
products from the pressure operetlon contained la.rger.
~ amourts of high-boiling\ hyd.rocar'bons. » with) oniy'tm‘ces:
of oxygen-cont.a.ini;xg organic compounds o .
The quantity of support (kieselguhr) has been Amount of
_Support_

'varied from zero 4o seven times the- veight of ‘the me- !
tallic cobalt. The unsupport.ed.' catalyst was not very
active towards oil production ailg tended to pro@uce

| chiefly solid hydrocarbons An amount of suppart .
equivalent to the welght of metall;.c cohalt gave the
most a.ctive catalyst -of those tested . An increase in
the amount of support above that eg};:‘.*{alenﬁ to the
weighﬁ of cobalt decreased the eafalytic actijrity
towards oil"production, although the decrease was not
apprecia.ble unt,il the amount of support'was about four
timee the weight of the. cobalt._ There was no signifir
cant effect of additional support upon the temperature

- - \

A1fr e;'ence existing between the furnace-and- the cata- .

1yst bed and no observable increase in the efficlency

|

e was - converted. into o:ll.‘ .
[

with which theicarbon monoxid



f
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Within the range of experimentat.ion, there was but -
little d.ifference whether the support wasg 1ncorpora.ted
before precipitation or added after precipita.tion as a -
dry powder.
The distribution of cata.lyst pellets among inert "Dilution”
- of Catalyst
porceJain be_ad.s, to obtain a .Larger reaction volume »
did not affect the oil yielnriéw
" A catalyst prepared in the usual manner, except Electrowashed
‘ : ’ '__Catalyst
that 1t was electrodialyzed forla short time after — - '
washing the precipitatse, showed,,,extraordimry activi-
- ty--193 cc. of oil per hormal cublc meter of pure.
PSS —j-"*e:' ' : o . .
synthesis Aga;__i_»_gver the temperature. range uoo-h299F. ,
(204-216°C.) - ~ ” D | -
; ,
| i : . ’ .
| t .
c rative ex riments with reactors of glass, Reactor
. ompa pe Materials
brass and steel of the same. dimensions indicated. ‘
‘that t.he optimum oil yields were not affected by the
|
mteria.l of’ which the reactor was mde. The tempera-
ture difference between the catalyst and furnace was
about 4O°F. (22°C.) less in the meta.l rea.ctors than
\n the gla.ss react.or.
i | ' - . X ‘ C
: o : 1 mes ctor! -~ Reactor-
. Experiments were mde with a gteel reactor with | Dismetors
-——-—-_'——P'

an inside dlameter of two inches (51 millimeters).
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When the same amount of heat of reaction was liberated
in unit time, the oil yields ,wxer,e'a.bdut the samé for _
the same depth of catalyst bed regardless of the di-

mnsions of the reactor. At the same gas rate per unif

of catalyst, the two inch (51 inilliméter) reactor was
mich ‘inferior to the three- fourths inch (16 millimet.er)
_reactor for the same depth of cata.lyst. At the same
gas rate and with the same amount of catalyst (d.iffer- :
- 1n~ferior to.the smller reactor. At very ;ow s rates
per unit weight of catalyst--as low as 100 cc . of- gas
pér hour per gram of cobalt--the excess catalyst did-

" not affect the oil yield.

t

.

The above comparison of the usual slze reactor“

with the Qmer reactor'indicated that any investigation
Of the optimum reactor d.iameter would be intimately
connected with the gas rate through the reactor, proa- v
' bly dl;é to cha.nges in the amount of hea.t of reaction.
to be diss 1pated. per unit of reactor wall surface.

““Therefore, the continuation of the study of the effect -

of reactor dlameter vas nad.e at various 1nlet. gas

rates.



i

o T FA4-444
=a  ARRASARASARLS ARUARRAEEE DNGRDERWE R | T4
S g -1 1 ISR OPREQUADRE RERRE B .*- __——_._‘_-‘——_M—‘g_—____— ~ - wTy
IaceENs 0 3133 1 8 n 4 4 4 3 T YIT L TR LT
PR : R R
. ayne "
H I O 4 » [ ney 159 01 I e as besasaaaassassannans Bu
TTITHT T Anape Rudagngul naling 1 ISEREINENE MDA S S0 1P EBANNSES
NN aSESNERAS I 1. 1 T 1T L IPEREROERal ’
TR L L L . 1 L1 ok IE SEPNEOEASE
bonesn: TITL -§-4-4 - T 113 T3 S REWY 19 881 i
] " 1 as {14414 " 1 1 18 4 i
s 3 T IS RERD 0SS D
3 19BE HERNT
ALl b

(434

-

TI

RLsBJC 1-M

.
L
g
3
1
:
it
=
=
e
o
=
4
:
:
Ll
-i
-
e
i3
.
=
!
Chart No. C

+-
-
3
+
Y
+-

.

-

1

3
-4+

8O

0

E

-
s>

A

«

15400

3! R A R S5 tesTbeEal essyiitass I2s : oh
; 13143 ! j deunne lsnssunsed Sonsgupsspiennagacas e
ange ® ! ® 34114 H ’
agss HEE1 111 4 T L 11 : $
HHIH 1 - :
444 4 1] « ‘.‘H g > 444 .A:.. - .‘
H aiidat Av ,v ag4e 2l L koao..ou o , paRes : N. -
_ i R i T e >
P R e Hhk PR
" ik NI Hztatt Hatissetacten tARIERREE 12 K«
] t t o ¢ . SR EEERA F5ad -4
: ; HI T - HIHTH R :
18 ERERE] I,r 1T 8 Bubi m
H = 5 L ho
w 2iiatdsdiadint: $5iiceaiddis g et
! S PP e HHHTTRTNY : :
H ‘ﬂm 11t1 ssehitisstinin, = g
1 MF .M.m .m Runt saandfpanide I
¢ HIHTH .
. o o o ° b4+ 3 IS ARaSE 8 i RI
B 0000 : e s : X-3
@ | 9899 [ mi HES i &3
238 %0 80 080 || 11 SR fat Hoe 5 Sames satd o4
- NN\ : T eeapErEs P s Q
A © | o o o o [ttt hERae in ; T - et
| U.M b | PR SRENY bB : :
i (o] a ﬂ ﬁ 1 tift : « :
2 e m o e oo HE 1 i
iy A B8 ml AAaA~ O : e
i N < 51 ; navEn: 1 agar |
g nwm A =01 ! S 2ENES Sus
m M%D ..w.m.w.m LH % 7 wawss is .HUJ
ouv MRhR HAbr 8 we ! BEGE BRSEEEEES = w
: 2 i i T e '
25 | 8933 HEEEELEING fae e
. O GO B Hhin 1 T .
Tm i 4N Mh A_s» : T : =
o DAV Ny i m : 18 e —t : ps B
,_N T w 8 Saea; :
Sl T . . I SR SEw: kae: ,
H ] { T \m%p i 1 . _ A . H
EESE T TR e e i : S i e s
oy Seaet bae H NRSS ESAYBNENY SRRES eusae ceswSans tunaz rnns o 8 tatws AR 00 Eaans a2 == O
T : ] : IRESN EROES AENEY K =t =
s : ' 478q00 Wed3/°ay/*00 = NOIIONAONd TIO FifimriFtEHh i e
. B N 1 M T T+ 344 I8 BRSNS SRS -
B : o - z I8uE B ~

0.66.
0050

T SR

0 - 0 . e Q
[ S [ i

of - - o o 3




154002261

(2ov)

The rosults of the study of inlet gas rates ; Inlet
_ | ' : : A . ‘ ' Gas Rates
reactorsjof various diameters probably can be present- : =
ed most clearly in the form of graphs. Figure XVIII . Figure XVIII

opposite 1s a plot of oill production versus the amount |

of reactor wall surface a.vailable for dissipation of

the heat of reaction. A series of experiments were

nnde at gas rates of from cne to four liters rer hour
gram of co‘balt ‘and ea.ch curve oh%f.he graph repre—
sents the. resulte from a given gas ra.t.e y a.ll the

~ curves having been . obtained at a oatalyst depth of

one - foot (31 centimeters)

| It ;do.s :ew;id‘ent that at "one liter per hour per

gram of cotalt the oil prod.uction was not affected. by
i change in the reactor dia.meter from one-half inch to

two inches (ll& mm. to 51 mm. ) e At two liters of s -
_per hour per gram of coba.lt, the oil prod.uction vas

much less 1n the two-inch (51 millimeter) reactor and.
v.‘was slight,ly ‘less 1n the one end cne-half inch

(38 millimeter) rea.ctor than in the reactors with a

Bmaller d“iome‘ter. At three! liters of @as yer hour

per gram of comlt, the oil production from the two-
|
- hrger d:la.meter reactors (two—inch {51 millimeter)

and one and one-half :lnch (38 millimeter)) was much
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lower than from t_'.he smlle_r reactors. The oll pro-
duction from the one-inch (2% millimeter) feact;ar wvas

slightly lower than that from ,t.he,{s'mller,,,rea.ctors,. .
At four liters of gas pér hour per gram of cotalt,
only the two reactors with the smller diameters gave
 similar yields. Thus, at a catalyst depth of cne foot,
the allowable die.méﬁer of the reactor decreased with an
-increaewed. eas 'rate,‘until at four liters of gas per
hour 'p’er gra.m” of cobalt, the largest diameter reactor
thay would give opt.ixm.'m‘oil production-was three-fourths

inch (19 millimete'r) .
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The results obtained at a catalyst depth of two
feet (61 centimeters) are shown in Figure XIX. The
curves on this chart are similar to those previocusly
shown, except tl.:xat their position has been moved towards Figure XIX

the right on the bottom axis. The experimentation was
not ‘sufficiently extens ive to accurately 10@;9%;@93:

break in the two upper curves.
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Figure XX opposite shows the results obtained
with a catalyst depth of three feet (92 centimeters).
It 1s é'w'rident that the break in the curves has moved Figure XX

st111 further to the right along the bottom axis,
although the data were insufficilent to.lccate the
break rin the curve for four literé “of s:mthes'is agas

'per hour per gram of cobalt.
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The data have been replotted in Figure XXI, which Figure XXI

“relates the oil-production to the depth of ‘catalyst -

bed. Within the precision of the data ,'iﬁfarpp‘e_ared

that there was but little effect of catalyst depth
upon the oll prod.uct!.lon in the range of de‘pths' from
dﬁe to three feet at an inlet gas rate :of cne :1liter
per hour *per. gré.m 6f’ copalt. -Lil.lsewise", the dia.mgter
of the r_egctoi"—-fromohé-half to one and 6ne-ﬁéif

'"";inches (1k to 38 ‘millimeters )_-had no ‘effect upon the

oil yield.s At a gis rate oi two liters oi synthesis

. g@as per hour per gram of cobalt, the results varied

H with the diameter of the reactar. The one and one-

- hali —1nch (38 millimeter) reactaor. gave & d.ecreased
oil prod.uction with increased catalyst depth. The
- one- 1nch ‘and the three-iourths inch reactors showed a.
smalll mximm oil yleld at a depth- of' about two feet.

The one-halt inch (14 millimeter) reactor was not

used at a catalyst depth of two treet a.nd. consequent-

lylit‘ is not definicely knmm if-a maximum existed..

As the' ga.s rate was increased the’ mxina became

s o
Sharper but renained. at a catalyst depth of abcut. T ‘ 

1a.tter naxinn vere

feet. Higher yield.s of oll and f

‘ ter
obtained wit.h the three- quarter inch: (19 millime er)

or reactor.
reactor than with the one-inch (24 millimeter)



—ﬁs—beilere—%he—eﬁe-h&%r——inch—(—lh—nﬁntmm
tor—

was not. tested a.t a catalyst depth of two ieet, but the

results frcnn a three~foot ce.talyst depth at an inlet
e

gas rate of Iﬁur liters per hour per gram of cobalt
mdioa.ted that the oil production had not been as mich
affected by THe depth of catalyst bed in the smller

tube as it had been in th_e lé.rger tubes.” !

Cobalt mnganese eat.alysts were found to produce

‘e.lmost as mch oil as co'bal’c-thoria ca.t.a.lysts but at
} f‘f-L,,J—v

a somevhat highér opt.ixmm temperat;ure--hh‘j’F’- (230°C ).
The hydrooe.rbon product from the cohalt-nanganese
catalysts ha.d a _h:lgher average molecula.r weight and
it ccnta.ined a greater propoa:tion of solid pe.raifins

than ‘that from the cobalt- thoriz:. <:a.ta,13,,"at,s.~

The oil-producing properties of cobalt- nnnganese

' catalysts were not affected by:

1. Substitution:of sodium carbonate for

Al

potassium oarbonate as the precipita.nt. R K

" 5. Precipitation from & cold. rather: than

& hot solutian. S

| T 3'.v Washing the precipitated catalyst with

more than 150 cc:- of wash water per gra.

m of cobalt.

154002269
(é09).

Cobalt-
Manganese

" Catalysts

" Catalyst
Preparation
Variables

T —————————— t
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_l&_._&laahing—the~eupport—(;kieseiguhr-)—sﬁc:‘—
cessively with hydrochloric and nitric acid.

~ The-best-oil yields‘ ‘were obtained with”’catalyst.;s .

containing 35- ‘)‘0% mngancus oxide. The curve of ofl

yleld versus per cent mangancus oxide appeared to
flatten out a.bove 35% manganous oxide at about 150 cc.

of oil per cubic meter of syhthesis €As .

T i

. The cobtalt-mangenesé catalysts were about as"

i

sctive after 90 hours use as at the atart.

Decreas ing the amount of support below tha.t
equivalert to twice the weight of co‘balt did not
decreese the efficiency of catalysts containing 15 or

i

20% menganous oxide.

Alumina and alumins plus manganese were _fopnd. ,

‘TJ'O promote the oil-producing properties “of the cobalt-

‘kieselguhr catalysb, the combinatlon of promoters

hﬂving a grea.ter ffect than either used alone-.

The average molecular weight of the. hydroca:ﬁ:on

h
Pl‘oduct. from the cobalt-alumina catalyst was mic

lower than that from any other catalyst stud.ied.

i

| , olw
The products from the cotalt-manganese-a

v

—(210)

- Quantity of
Promoter

Experiments
" of Longer
Duration

Amount of
Support

. Cobalt-
Alumina and
Cobalt-Manga-
' nese Alumina

- Catalysts
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‘ R - _
cat,alyst resembled v
% hose from the cobalt-manganese oa.ta-
lyst, in that solid hydroca.rbons vere precipitated at
roomn temperature. -
. o . : ff' ;. . .
Smell amounts of &lumina ,_around 2%, increased the Coprecf‘i’fpi‘/t'fét’ed‘ }

Cobalt-Alumina

sctivity of the cobalt-kieselguhr catalyst about 40%, Catalysts

but emounts above 4% decreased the activity. The
pellets of the cobalt-alumina catalyst had a remark-

ably lower activity than the filter-cake screenings.

/
a

The optimm amount of alumina was a.ppa.rently ¢ _ Cobalt
: i " Precipitated
grester, a.round. 8%, when the cobalt was precipit,ated in Aluminpm
' ' Hydroxide

upcr. the aluminum hyd.roxide kieselguhr mixt.ure than
when co‘oe. it ar.d elumina. vere coprecipita.ted upon the
xieselguhr. The cobait-alumna catalysts vere charac-
gerized Aby e high sensitivity of very sma.ll changes in

the elumina c-cntent .

’ ‘ -8 : Co‘balt -Manga -
The conrc,cinitated cobalt-mnsanese alumina = nese-Alumina
' ‘ : .- ta
catelyst gave oh 0il yleld about. 18% greater-than - - __Catalysts
the t from the cobalt mnganese catalyst a.nd over - ' Catalyst

100% groe.t,er than tha.t from the co‘oalt-e.lumina

1 ield. of
mtelyst,-.l The best preparation Sho'_"ed &3 |

over 150 cc. of oll per cubic meter of eynthesislgas,

1t~
‘E)".l'i“ich\ vas _a._bout,'the same as. the yield. from the co‘ne-

|

thoria ‘catalyst .
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The oll ylelds from catalysts_mde‘_bynmixingn as_ — Dry Mixed-

dried ,powdel_yvcohalt-‘alumina catalyst with cobalt- Catalymt
nzmganese oo.talyst,, were intermed.iate between those

from cobalt-alumina catalyst and. those from cohalt-

_ nfmganese ‘catalyst.

Cobalt-ceria catalyst, prepared.vin the same way - Cobalt-Ceria..

, Catalyst
es the previocusly described cotnlt-thbria-kieaelguhr »
Tre pemt ions, could not be uade to give reproducible
résu;;s and therefore could not be compared with
“Fertainty with other cotalt catalysts. In some
instances, the activity of the ceri.a. promoted ca.ta-
lysts approached that of the t“horiai-'promoted catalysts,
tut in generel the activity vas som[ewha.t loﬂwer- |

”‘”‘?F_‘?}_é}??r“_’_ were madc to prerere cobalt catalysts g;;l-:-ia
by the. 'coorecipir,auo'n of cotalt and magnesla, the ~ Catalyst

rRgne es la serving as the sopport in place of the
A 2 22

ordinarily used kieselguh!‘ It waé thought that a
greater dispers 1on of the cobalt might. be obte.ined

in this method of preparation and that the activity -

l
would ¢ onsequent ly be enlmnced. .

'fhe coprecipitation of cobalt and nagne'si:a-‘ daiad

‘ the
not result in very active cata.lysts due l00
| '
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1ff1cu1ty encountered i.n reducing such ea.talysts. The

experimuts were not of sufficient extent to 1ndicate

results that could be expected from a greater dispers.’um
of the cobalt.

Thc n 1 cke l-manganes e-alumina cata lyst wa.s used Nickel-Manga-
- nese-Alumina
Catalyst In &
20-Liter
- Rea ctor

in & reactor three inches (75 millimeters) in di-

_ameter, fitted with a corrugated sheet which made

close cdﬁtc'c with the walls of the reactor. Ebtl;eﬁ-A
TEnLS Were rede on this reactor at ca.ta.lyst bed depths

of 16-23 feet (5-T metera) At a catalyst depth of

ié feet (5 me'ters), it was fcund 1mpoeeib1e to obta.in -
the erticipe.ted o1l ylelds, a part of the failure

beirg ettribut,a.ble ‘o the high density of the cata-

lyst. pe-llets . At a catalyst 'depth of 23 rfeet (7 meters),
,!mcn lower ylelds of oil were. obtained than at the :

lower depth, vhich 1ndicated that the depth of the

O‘J-tt»lyst bed mRY have peen too great 1n either instance.
ta-.
HC‘Vever, 1t was subeequently determined tha.t this ca

lyst was very. difficult to \lae even on & sma.ll scale,

: 1.
due to the impossibility/OI close temperature cantro





