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RUERCHEMIE SYNTHESIS PROCESS

1
The syntheais process has been carried out under: , Ruhrchemie
S . - . _Process

(a) atmospheric pressure .

(b) “ under seven atmospheres.
over _

1 . l‘ j

and the subsequent mterial in this section ha.s been
-subdivided accordingly. The atmoepheric pressure
work represented. by far the Jareer pert of the com-
mercia.l experience s and as a consequence the d?e

cuseion of the atmospheric pressure work will be found—
. r—-" {
_to ’be much more eomplete than that of the seven at-

A T

J PSP e -

mospheres pressure work.
. T* |

The synthes is ga.s was converted into hydrocarbons

by '.pa.ssa.ge over a ca.talyet:_ -at 350—&90°F. (175-200°c. )*,

and under pressures from one to ten atmospheres' « The

e
synthesis step has been \carri d out in two stages, in
N e /Lw*,‘

order to.obtain a suff‘icien lfhigh conversion fthat

. the tail,gasee qoua.d. be discarded without large losses

/o
/ .

of carbon monoxide o ‘The ca.ta.lyet used vas: "oo‘balt pre- "

cipita.ted upon kieselguhr together with a promoter. .
e

_ At. firat. y ‘thoria. was used exclusively as the promoter, .

L J
@ e e @ e e W w w 4 e e w = P

* A1l temperaturee given in this section refer to temperatures |
ca.lculated from the steam pressure on- the cooling system.
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_ but later the thoria vas gradually repla.ced by mgnesia.

. until it now appea.rs tha.t the t.honia. my be entirely

‘eliminated. .

- The coixtact chambers for‘ the‘syxithesié“ reaction
_vere equipped with water-cooled. pripe systems far the
purnose of removing the heat of rea.ct:ion. Tpe cooling
systom was under. pressure‘and connected. to ar steam .
~ atcumlator fitted with the auxiliary equipment of the
A 'ordinary steam boiler. The oatalyst was ”'cha.rged through"
the t top of t.he chamber and rcsted an hinged screens -
»H.hich could “be lowered in order to remove the spent
eatalyst.. Gas was supplied to the chamber from the
top and flowed downward through the chamber. Details
| of the two types of chambers will be found in ‘the Ap-

pendixgg

!

i —carrying-out-the- ayn-  Flow Sheet
The operations 1n olved in ca y 8- - Atmospheric

. Pressure

;-;\-t«hesis reaction at atmoepheric pressure are schenat- ' Operation

| III.
1ca11y presented. in the form of a flow sheet in- Figure »J

The varioua pieces :of equipment have been labeled and | Fi = II1
| .

| all the available nﬁterial quantit.ies ha.ve been given on-

the flow sheet, starting with t.he rav nateria.ls—-colge and

--0il
vater--and ond.ing with the finished nater:lals o

and water. 'I"ho drawing appears largely self-explana.tory, .
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and consequently only a brief outline of the operations will be

-

given here.

Water gas was made from coke in the usua.l operating sets , was

cooled in a water scrubber » rassed through a blower and then through

£

iron oxidé (Luxmsse) towers to remove hydrogen’ sulfiﬂ.e., The gas

wes then preheated to 590-570°F. (200-300"0.) and passed t.hrough

towers containing a contact (67% Lu.xnnsse, 53% soda) to remove
organic sulfur compounds The purified. ga.s was split into two
strea.ns, one of vhich was heated to 900°F. (kgo°C. ) and passed over

a cata.lyst together with steaxn, to convert a part of the carban.
nonoxide into cardbon dioxid.e and hydrogen. "After the passage of -
one gas over the ca.talyst ’ the two streams were reunited. The s

hydrogen to ce.rbon monoxide ratio 1n the originalegds was . 1.29 1 o

and this ‘was changed to 2.1 by the above conversion.

The ga.s then passed to the first stage synthesis rea.ction

chambers ’ :Ln which a carbon mancxide conversion— of - a.bout 70% and-a

gs contraction’ of about 60% were obtained.' The products and un-

converted synthesis @s were discharged from the. reactiofi chamber '

toa d.irect. contact wat.er cooler and the 89-360‘*3 mteri&l from the.

latt.er was pa.saed. through charcoal adsorbers .. The gas from the

cha*rcoal e.dsorbers ~Was sent through the second. stage. synthesis re-..

1

&Ctiommmbers where an additional carbon monoxide conversion of
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21% and gas contractian of 38% were obtained. The

mterials leaving the secand stage chambers were given

the same. treatment as first described for those from
. the first stage cha.mbers, with the difference that the

hyd.roca.rbon a.dsorption on the charcoal was much more

nearly complete. . L

The cycles on the charcoal adsorbers were as folldws:

- Time - Minutes
Operation - First Stage Second Stage
Adsorption o 20-60
Steam purge 20 20
Drying (hot tail-gas - 1500 w’/hr.. 20 20-40
Cooling (cold tail: gas) 20 20-40
Total \ L » - 100 -7 120

) . » » ' ' . ".
The exit gas from the fine.l charcoal adsorption was
burned as fuel, since it contained only about 6% carbon
|
monoxide and a.bout 10% hydrogen .
—%Th; catalyst depth in t;e atmospheric pressure Catalyst

Depth
chambers was eight geet (2.5 meters) This depth was -

determined Pprimrily by restrictions on the size of the

Chambers 1mposed. by the profile of the Gernnn ra.ilwa.ys.

It vas thought from an, opera.tional stand.point ’ that the 1

depth could have been as- much as 16 feet (5 meters) but

uf-
“not—greater s since there -then. would have been an ins

the ...
ficiency in cooling surface in the top section of

clmmber .
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. e,

Tl_xe normal pressure drop through the a.tmozspheric , Pre:sbs‘.u.x’“ie

Drop
chamber amounted to 2-6 inchee (50-150 mm. ) of vator '

. when the cha.mber was filled with catalyst 2-3 mm. 1n
"size. The pressure drop was independent of the age .
of the oat.alyst and wag ‘not affected. by solid. -par-

: a.ffins on the eetalyst.. The gnéatest variation in

preesure d.rop was caused by va.riation in the size of

the ”cat;alyst pa’rticles . There was a very small dif-

ference in preSsure d.rop .from beginning to.end of the
-t
operation due to the some‘what greater gas volume at

the higher temperature uSed near the end of the
P ) i .
operation.

-~ )

) Ruhrchemie had 52 atmos pheric pressure ‘contact

‘che.mbers at Holten, L9 of which were in operation on

~ s W

the average. The number of ovens not in use there-—

fore averaged three , which represented silx per cent

of ‘the tot,a.l. “on the a.verage, 36 ovens were used in

, the first-stage and 13 ovens ueed 1n the second-stage.
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' The usual commé¥cial practice will be ‘emphasized"  Atmoapheric

Pressure:
.:Ln this section, although variat.ions from the, nc>rnla.;|1 . Procedure

g

_pract.ice will be mentioned Each of the various steps
“involved in the procedure will be described indﬁridué.l
ly, the order of discussion being that of a chrono-

logical hlstory of a.‘fzj._v_esﬁly reduced catalyst c_ha.rge.
- N ‘ )

A number of the indivfldua.l operations wefe simif ‘

larly performed re@.rdless of the pressure. otnefs;

more. particu]a.rly the a.ct.ual technique 1nvolved in '

carrying out the synthesis rea.ction,_ were carried

| oA

out .differently under .pressui‘e . ' .\-

- Ord‘ins.r 11y, four s 'ynﬁhes 18 chambers were combined

into a block fitted with a. common stea.m accumula.tor.

"

It was the usua.l custom at Holten to use three. of the

‘chambers in a block as first-stage chambers, ‘that is,

wsupplied with fresh synthesis @.8, and _in the fourth

13
Chamber to use gas from the three firs‘t-stagé chambers.

{ I

From an opera[.t:lona.l standpoint t.here was no, P}‘efe

remnce

hambers were connected to one
. N .

whether two,l four or six c
| , .

steam accumlator. ' O ! :
. | N . ) ' . ; ‘] E \ ' | '
“ , v € ; the top.of an. . Charging
A thin metal frame wes placed around the “OP ' of Caalgst
open synbhes 18 chamber and the alr displaced from the o
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frame and chamber by carbon dioxide. The reduced cata-

‘1yst was brought above the chamber in a transport vessel

‘a‘r{d‘e‘]:loyedfto—frw—outmﬂtraneﬁcrt vessel ontc the
top of the chamber inside the frame. The catalyst flowed

"freely and. readily filled the free space in the conta.ct

oven. When the chamber was almost. filleqd, the final

distribut.icn of the catalyat was made by means of small
rakes. Ca.re vas ta.ken that nane of the catalyst was

P
above: the cooling surfaC(, of the che.mber. The cover was

-placed on the filled. chamber and mde gas-tight by means

of bolts around the outer edges. The oven was then

L

flushed with nit.rogen and was ready for use. Five ‘hcurs

vere required to f£111 the chamber with catalyst and. re-

rplace the covering. Ea.ch -chamber had &a cap&.city' of

3/0 cu. f't (10 cu . m.).

|

> it | to the reaction temperature-- . Starting

. The chamber was heated ..o ' reac Sontrenss

- e — g — - __"_._.Vi e e rmm g T -— e - 1 R Gas Over
320°F, (160°C.)--by the circulation of hot water through e

the cooling tubes of the chamber- This required,;.F;fi‘Qm - Satelyst

' 2-3 hours. At 520°F. (160°C ), the synthesis gs vas

[R5
0

. passed over the catalyst at a. rate of 21, OOO cubic feet

(600 cubic met.ers) per hour. If rea.ction occurred, the

gas xrat.e was brought to 49,000 cublc feet (1l+00 cubte

]
i 1

thers) per hOur within a ehort time. If no reaction
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6ccur'1_-ed:, the hot water Vcirculation"ﬁas continued until

'such a temperature was reached’ that the reaction occurred.

The gas used for starting a fresh ca.ta.lyst was tail
gns from first-stage chambers. - When 1t was necessary to
st.ar-t “the new chamber with fresh synthes 1s gas, the in-
itial gas rate ”“vés still 21, 000 cubic feet (600 cubic
‘meters) per hour, but subgequent 1ncresaes in the gas
rate were xmde mnch more slowly. Ordinarily the taill

gas from the first -3tage was used over a fresh oa.ta.lyst
for 2-3 days at the rate of h9,000 cublic feet per hour.
At the end. of this.time the téil gas c_:ould. be replaced -
. bjr fresh synﬁhes 1s gas at the rate ‘_o'f_ 42, 060 cub;c» féet.

(1200 _cubic meters) per hour. Tall gas was used to

sudden "temperature increases were minimized.. Another

advant&ge in the use of tail g,as with a fresh catalyst

was tha.t less sulfur wus presen’c t.han in the fresh syn-
thes is gaa . Apparently the fresh- catalyst was mich

t
more susgeptible to sulfur P013°n1n8 than the catalys

i

vhich had been in use for a few days.

. EENEREEE 658 of the carbon monoxide was  Operation

A constant conversion of - , Atmospheric
Uaint.a.ined in \the firbt-stage. This corresponded to & - Eressure

‘ mjned. b mea.sure- First Sta.ge

‘@s contraction of 5T%, which was det‘er d . Opera.tion

/ il

and '
ent of the carbon dioxide concentra.tion entering
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lee.ving the chamber.

A throughput of 42,000 cubic fe,ejz;(ROD_cubic_metersJ—per
hour wvas meintalned through a chamber for & total of about 1800-
2000 hours . After a few days, the catalyst activity had decreased
. slightly and to compensate for this the temperature was ra.ised one
tc twvo degrees 1n order to maintain constant the 65% conversion
"of carbon monoxide. The temperature was slowly increased with
“time to mintaix; the conversion until a t_emperature of 392°F
(200°C ) had been reached. 'I‘his pha.se o“fv_the opera.tion usua.lly
lasted about lOOO houra. When the maintenance of the 65%

. convers ion of carbon monoxide would have required a témperai%ure
higher than 392°F. (2.00°C..) , the synthesis gae vas stcpped and
the catalyst treated with hydrogen for about ten hoursratxeb‘cmt
Loo°F. (éQ5°C. )e The ‘hydrogen treatment partially restored the
,activity of -the.catalyst so ti)é;t 42,000 cubic feet (1200‘cubic‘

‘msters) of Synthesis gas per hour could be ressed over the

Ca‘b&lyst, and the 65% conversion obteined at a temperature well

be low 592 F. (200"0 ). The conversion was again held _consta.nt

E

by increae 1ng the temperature ‘from time to time until a temperature

of 592 F. (200°C ) wa.s again reached. This second phase ‘occupied

&bout, 800 hours .  The hyd.rogen treatment vbas then repeated.. Fol;w-

the conversion could be min-
nbg’a}“m\,.d N

"tained a.t 65% for about 200 hours at a ‘es f’te of

Ing the second hydrogen. trea.tment,
ll-2 000 cubic

! ed.in
feet‘ (1200 cubic metera) per hour at tempere.tures not exce 8

fall off a.t
392 F. (200°C. ) When the convere 1on\began to
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592°F. (200°C.) at a gas throughput of 42,000 cubic feet

(1200 cubic meters) per hour, the gas rate was gra.dually

decreased at such a ra.te that the conversion of 65% was
mintained at 392°F. (200°C.). When the gas rate had
fallen to 28 000 cubic feet (800 cubic meters) per hour,

' the conversion was mintained at 65% by gradual 1ncrease‘

in the temperature to 4O0°F. (205°C.).

e

’ When the carbon monoxide conversion fell below 65%
a.t hOO°F (205 c.) at a gas rate of 28 000 cubic feet

l

(800 cubic meters) per hour ;-the -chamber— was—taken out

of operation and the‘,catalyst removed. The AVerage gas
rate over the _ﬁnelé" catalyst life period wag 35,000 cubic
feet ‘(_;l‘,"'OOI'G cudbic meters) per hour of ideal gms.

The life of the vcat’alys+ after the secomd hydrogen
treatment averaged about lOOO hours, for aitotal life of
| 3000 houra . The yilelds of hydrocarbons could have been
increased by niore frequent hydrogen treatments, but the
&ddit.ional time 1ost would have offset ‘the 1ncrease in

yiela.
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A partial revivification ;of the catalyst could be Intermediate
accomplished in situ, by means of: ‘ .B_ev_ivii_o_q._gi_;_on’
1. Treatment with hydrogen, or
2. Tregtment with oil sol’vent:
Ordinarily, the intermed.:late revivification of the cata-
‘1yst was d.one with hydrogen at Holten, although ex-
periments mde there indicated. .8 ame a.d.vantages to the
use of the solve,nt__tx:eatment « It was planned in future
mstél'latiqns to makeé provisions for solvent treating" )
the catalyst. The lack of suitable eq_j.pment on the
g e e
synthes is chambers at Bolten was the reason given for
not usdng the solvent method of revivification.
- . ‘ ) ) ) - |
The chamber was heated to LOO-B10°F. (205-210°C.) Hydrogen .
) : . Treatment

and hydrogen pa.s'sed over the catalyst at the rate jof
about 53 000 cubic feet (1500 cubic meters) per hourl

‘The hydrogen was recircu]ated. at the a.‘bove rate,

5000-.7000 cubic feet (150-200 cublc meters)‘ per hour

of fres,h hydrogen being added.

Tha hyd.rogen used at Holten was the exit gas fram
the catalyst reductlon plant, although the hyd.rogen
could be ta.ken from the oa.rbon monoxide conversion

Plant. In the ].atter 1nstance it’ would have been
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necessa.ry to reduce the carbon monoxide conversion “ This could b:
. could be

accomplished by pa.ssing the gas tosether vith steam over nickel

talysts at a-
catalys a tempexfature of akbout. 350°F. (175 C.).

The hydrogen revivificaticm of the catalyet required 10-12
hours . Abcut one-half of the wax- contained an the catalyst was
jcogve_z-t.ed to._met._hane by the hgﬂ;jogen treatment. - The hyd.rogen
'reviv'ifieation vas cdnsidered; ccnnpiete ‘Qhen the methane -forsxa.ﬁion

-

had ceased. The gas led off fram' the recycle stream 1n the hyd.ro-

gen revivifieat:lorx was added to the synthesis tail gas .

.’ ’

+- It Iay be of interest to note in thia-edxmectien that

Ruhrchemie regé.rd the synthesis catalyst as a cracking catalyst

1n ’t_'ﬁ,efpresence of hydrogen. Their conclusion was based on the -

. follow mg.:observatidms : ' | ”
S \ ‘ : ‘ R

1. The cari:on on the oatalyst‘ as carbides could
. accwnt. for only abcmt. 20% of the methane formed. '

2- ' The yield.s of wax obtained when the catalyst
was solvent treated vers a.bout tw:l.ce those obtained when
l .

'bhe cat.alyst. was hydrogen trea.ted.~ | "

]

- : 3;- Lcmer molecul.a.r welght ‘o1l prod.ucts were ob-

tained 4in, the hydrogen treat.ment than in th

: _1'.x_~ea};nvuant;-‘f.w

e 8 olvent _

| ", \ '
s
v o . ’ . . /
. LS ) - ¥
[ ! . (

In contradlotion to the above canclusion, a temperaturs
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mcrease vas noticed when hyd.rogen vas 1ntroduced, which indicated
“ail exothermic reactian. The cracking reaction was endothermic =nd

“the only probable exothermic reaction*wa.s*the hy‘drogena‘biorr of the -

carbides . Also, the formtion ‘of the methane 'ook place at t.he

same temperature at which :he. eatalyat. had previously been used for
the production of oil. It. is difficult %o understand. how the rela-

tively slight change in the partial -pressure of the ydrogen cou_ld

i

‘have had such. a. profound effeqp,dpqn the initiation of the cra.ck-
Ing reaction.

The synthes is cha.mber to be revivified was- LUOle dcm; Soclvent
TR , . Treatment

'00 2)0°F (120°C ) a.nd ligh"‘ m.phtha from the synthesis

*

Plant (endpoint :280°F. (1lw V.)) wus distilled in'o the

oven . 'I‘he na.phtha condenSed on the cat&lyst u:nd dissolved
and washed off the wa‘.x and a part of the resinuoug mterizls
The overall yields of hydrouirbons could be increased trom
one to two grams per cublc meter of synthesis gas by using

“this solvent treatment in placeAof——the4hyd!‘°8€’mf“neat‘m@n§"’~-'~

cond-gtage chambez"s were : '\Seconnd-Stagev

The gas throughputs to se ' - _Cperation

somewhat higher than those to the first. -stuge chambers,

being on the average 50,000 cubic feet (l Loo cubic

meters) per hour of gas from the first—st.ase chambers -

t-
The second-stage chambers were not given a hydrogen trea

ment, during their four months use. The reason given for
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omitting the hyd.rogen regenerat lon was that the. Large quantities of
inert gases in ‘the p&rtially used Synthesm ga.s sérved. to keep the
cata.lyst clean.. “An’ add.itional rea.son was that the passage of the

@s through the first-stage chambers removed. all sulfur _compounds._

e

and probadbly a large pa.rt of the tar-forming compeunds from the

-vsynthesis &as .
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B _ The curlrg_ opposite. shows a plot of temperature, gas_ Figure IV -
t,hroughput and. contract:lon versus time for the life Life ﬁiséery
of Catalyst
period of the catalyst. At the start, theé chamber was Chza.rgeys

. used in the seccnd-stage for a period. of a.bout_7§_heurs—
and was then placed. in the first.-stage and used unin-

+ terruptedly for 975 hours. It was ,Lhen regenerated. by
treatment with hydrogen for nine hours and used a.gain
1n the first-sta.ge for an additional 500 hours . It

| ,was regenerated again vith hydrogen for 12 hours e.nd
again used. 1n the first-stage for an ad.ditiona.l 800

“hours. It was treated vith hydrogen a third time for

13’hc'>urs, used first-stage 300 hours, regenerated with
hydrogen for r;j;ne hours, and used 300 hours first-stage.
- It was then- transferred to the secand-stage for 200

hours at the end of which time the catalyst was re-
moved . :

- This ‘pa.rticu]a.r exa.mple was switched to the secand-

Bt&se much—lateret.ha.nyusualh_'rhe times that ‘the chamber

vas used. in thel firast or. second. stages, and- the points

at which the hydrogen treatments were mede, "91‘9 dependent

upon the' opera.tional program of the pla.nt as & whole rather |

th&n upon the requirpments of a parbicu]a.r ctmmber.. The

|

£ ]
object was to prevent mterruptions “in the quantity of g
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ed and 1in ‘the amcunt of 01l produced in the-entire plunt.” As ¢
_used and ‘amount ¢ ‘ .

vk
je, four ovens were removed fromvoperat:lon_ 4t one time and four
rule, v 7

nev ovens put in operatian.
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‘The spent ‘catalyst contained large quantities of ‘Paraffin
8011d Iaraffins’ up to a@?}lnts equiva.lem-, to the Weight - Rg’:g;al
of t,he catalyst. It. was no{'.. ﬁmly economical to recoverm c:f:’it .

 the solid pareffins for their own value, but the subse-. -
- —quent extracticm of the oa.talytic metals from the
kieselgu.hr was greé.tly faciliteted by the remowal of
the solid pa.raffins The weight o% solid para.ffins on
. the spent catalyst. wa.s :.lways decreused. from about 100%
o at lea.st 25% before the diges*icn of the catalyt.ic
Emteria.ls  was attempted.. The. solid paraffins could be
iemo%ied from the cat&lysf by treatment 1rx any*of the
fpllw ing ways‘: . T Al
1., Hytrogen treatment at 410°F. (210°04)
2 .l Treatment :lith synthesis gas at &« temperature
of h15°F (213°C. ) o
3. Trea.tmeﬂ~ -ith a mixture of synthes is zas and
hydrog;x at a temperature of W15°F. (213°C ) ‘
L. Treaiment with steam ak 840° F. (450°C. )
5. Treatment with light naphtha ot 2‘5°°F . (120%C.)
~ The hyd-rogen treatment has a.lready bee‘n described | | grygﬁi?ﬁi

‘ 1“ 8 ome deta.il under the hea.ding mtermedia.te re-

. ny-
V1v1f1cation a.nd will not be repeated here. This -

: e ’ . ; e aolid
drogen treatment, of coursg, only removed th
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Cpareffing and left the catalyet still pyrophoric. The
deactivation procedure depended upcon the compoeit:l.on of'
th? ?talyst -
o _
For Synthesis gns treatment the stea.m valves were S;;nt.hee is
closed while still paesing synthesis gae over the cata- Tregiilent‘

1yt and the _ehember allowed to heat up unt.il a tempera-
-ture cofreeponding to a steam pressure ef 19 etmosnhefes :
on the cooling system was reached. -This tempe:;;tﬁ're' was
mintained for about one day. Thie trea.tment eimul—
tanecusly dea.ctivated the eataly’s‘t‘and freed 1t. 1argely
_ vfrom wax. larger amount_e of methane ‘_vere pr.odu_ged than
in the hydrogen treatment Bizt the exeese methane was
produced from the aynchesis gas so that no net loes of -

oll ocqg‘rred.' The exit gﬂses from this treatment werev

added to the synt.hee is ,tail‘ .g;as-.

JY

The combined hydrogen and synthes is @as treatment Hydrogen and -

‘ Syntheeie S
eince subet.antially* ' Ga;.s Treatment -

was uged for the thoria catalysts,

b

'°°mPlete removal of the eolid paraffins could not be
accomplished by either. t.reatment alone. Only enou@

Synthes 18 @s was added w:lth the hydrogen to min— :

(

tain g thernal balance at a a%mperature °°rr°BP°nd'1né
he coolins system

V-

to 19 dt.mospheree steam p&esef%re in t
, €
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The steam treatment. md to ’be mde at- temperatures of Steam
750.930‘13‘ (k00-500°§ ) and was very effective ’ especia,l— , ZTreatment
1y 1n ‘the 1nstance of the thoria catalyst. This trea.t- |

Amnt, however, was not general]y—used—errﬂ—lten due to

the fact. that 1t could not be earried cut in the syn-

thesis cmmbers tl;en:s_elvesz vhich would not withstand

the high temperatuies ... The spent catai&s{l_fr_eceived from

licensees, conta:lning all the solid pa.raffins that were

.-present on the cata]yst at the tifne it was ta.ken -out of

operation, vas subJected to/the steam treatment. The

' spent, waxy catalyet was preased :lnto egg~aize pleces and.

~

AN —

,charged to a t;cuer whgre él&p’F (h50°c ) etea.m could. be
passed over the catalyst. The s't*eﬁam treatment not only
"i'emoiredﬂ the solid. praffins ‘from the catalyst but ‘also
de&cf—,ivat‘.ed the catalyst sufficiently to ;-ender it no
longer ,ﬁyr*ophoric .

Solvent

t was the same as that de- :
The treétment with solven | Do oot

‘ scribed und.er the heading, "Intermediate Revivification

The catalyst was still pyrophoric after the solvent

‘treatment and ha.d. to be deactivated before digestion.
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After the removal of the solid reraffing by any of ca.talyst
the various tree.tmente descri'bed ‘the steam pressure on Rg:oo;rlel
the cooling system of the cha.m’oer wag reduced to atmos - __Chémber

pheric pressure and the chamber e.llowed to-cool-—The—

cha:nber vas then flushed with nitrogen or carbon dioxide E
the la.tter prefera.‘oly, and the catalyst was removed. A
screw t.ype conveyor was attached to the oottom troufgh
of the chamber,. and the cham'ber flaps lowered, where-
upan the catalyst ran. out of the chamber in a.bout 90%
‘of the 1nstances'§u When the Q@lm fa.:lled to run out,
the chamber was reclosed a.nd treated with hydrogen at
8 higher temperature ,» and then-v-'the"-dumpix.;g operation _'
again attempted . A stream of ce.rbon dioxide eae"
directed ento the catalyst On‘theh conveyor and .'ixtto

the tmmport“veaael into which the catalyst "’53‘ being
traneferrcd. When all the catalyst had beeri trans-

ferred ‘the transport vessel was closed and sent 1m— '

Amedietely to the catalyst’ factory-
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The. ”fﬁ’ of the ,“&tt-lyst vesS defined as that lengbh Liie of the
of time over which an accunm]a.tive yield. amounting to an Catalyst
— average Of 120 srams of oil Per cubic meter of synthesis)‘
gas vas obta.ined. At atmospheric pressure the > catalyst
‘ha.d & life in the comnero_T planr. of ‘aboit iour mon*‘hs .
The lifé of tlie"eaﬁal;mt vas regarded as primr:!zly a
function of time and temperature and not of the liquid
' yrod.uced. | Ruh.rchemie‘:regarded resin formtion a's'r- ‘being
_probably the chief 11miting Iactor ‘in the life of the -
catalyst. ‘I'he resin formtion vas 1tse1f depcnd.ent
’ upon the quant.ities of tar-forming substances in the .
synthesis a8 . Consequently, the life of the ce.talyst
would only be rela.t;ed. to. t.he quantity of liquid mde
-insofar 28 the: que.nt.ity of &8 thut passed over "the
cat&lyet was related ’co_. thc liguid formed.-
From arﬁxlys‘es csf'the.-spent eat&lySt: it Wﬂs-féi"ﬁgﬁgww | Suger
tha.t un\aer the conditions used 6t Holten the sulfur in Spent

- Catalyst .
the Synthes is @.s was not responsible for t.he 1nactivi- — -

tion of the oatalyat. Thé sulfur present on the spent,

catalyst depended upon thc source of the synthes 1s gas.

Source of- Synthes is Gas $ Sulfur in Spent:._ CatelySt‘

o 0.05 .
Cracked Gn.a OO 0.5

Brown Coe.l‘
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The sulfur on the spent catalyst also varied with the
_ cat,alyst compoaition. —.Us 1ng synthes 1s -Sa’s’?re‘pa'red.—ff‘aﬁ'
“coke, a 3pent. thorm ca.talyst contained O.h% sulfur,
uhile a mixed thoria-mgnesia eatalyst com;a.ined.
“TJB_O_I%—siﬂ‘ur—.Th—/suifur in the spent catalyst

vas lost in the regeneraticn process as sodium sul-

fate » 8O0 that no special treatment vas necessary for
¥ o

its removal.

. . )

e

It. v:.s thought. t.h..t the 1life of‘ the present ce.ta;
lyst was too short for ‘the. sulfur t.o mawe any bearing
upon the life » but. in the cvent that the tar-forming
naterial 1n the aynthesis gas could be entirely elimin-'
rated, it was thought tlnt the life of the catalyst
might be sufficiently prolongcd that the sulfur de-
position on the cut.a.ly:st wculd. become thu cont.t.‘olling

- factor in the ce.taly.-:t lifc.

A che.mber wos out of usc for; 5 5 days Of f-Tim

inclus:.vc or solid. pr.rf.lfin ex- Period

_four month nerired ,_='

,tl‘&ction, cooling, opening, dumping the cutulyst,

- refilling dnd retuming to production. The, solid
Mraffins were removcd. , on ‘the average, 2- -1/2 times

) 1“ a four mont.h period. ’ 10-12 hours required for—each

/-
: t
: °xtmction. 'About 3% off-time was neceeaar:/_ but a
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_about-250 B.T.U..per cubic foot (2000 WE).

’ :!"‘ . ‘
The overall yield. of oil (two-stage operation) aﬁ-

atmospheric’ preasux:e averaged. about 120 grams: per cubic

meter oi‘ synthesis gas . In addition, 12 gra\ns per cubic
meter of 38'301 (C3 end Ch hydrocarbons) were obtained. -

_‘The yleld otv liquid hydrocarbons from tha first-stage

B

“operstion was about 90 gram per 'cubic meter togéiliéi’:“i

with about nine grams gasol per cubdbic meter. The yield
of liquid hydrocarboné from the second-stage operation,
vas about, 30 grams per cubic meter, to‘gether with three

grams of gasol per cublc meter, these yield.s being

hased on t.he ideal syntheais gas entev-ing the first--

f"-‘St-aee... The yields are shoun schembioally in Figure VI“

{(, e

oppoeit.e R S e N

‘."‘.Jk&'he oil production per tan oit"wc«:oialteﬂformthe 1ife
of the cat;alyst was therefore the same for the first-

_stage_chamber as for the second- -stage chamber- At at-

) ‘ S

~mospheric -pressure , the average gas t,hroughplit per

|

chamber per hour was 25,600 cubic‘,f

This throughput together with the above yield would. cor=

cor

respcrnd to a production of 4> gall
per ton of cobalt) per»life-_

ons of oil per pound

of cobult (25) t;ons of oil

,time of the o&talyst,.

eet (725 cubio,mei;ers).

(98)

Figure VI
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hydrocarb : L
Tho ydr on prédgcta vwere roughly separated Products
into three groups:
~ 1. Methane
2. Gasol (05 and Ch hyd.rocarbons)
3. Liquid producte containing all material
above pentane.
The liquid. prod.ucta were further. separat.ed 1nto gasoline,
kerosene, Diesel oll, &s oil and vax.
-The hot synthesis products, together with the - Separation.-
of Products
residual gases were discharged from the conta.ct . Atmospheric.
' Pressure
chambers to cooling washers, wherein the products e
vere contacted directly with a ‘spray of cooling water.
The oooling washers(were lined with acid- proof brick-
work e.nd paéked with acid-resiatant stonevare- riogs .
" The cooling vater was recinqp.]ated , only "énoulgh fresh Véac;zizr

vater ‘being added to mintain the acid.ity of the

st,ream below the ,point at which corrosion of pipe
'l

olinesﬁwopld set in. Tho acldity of the cooling water-‘

SRR _
°°“I¢“*&lso be regulated by the addition of alkali.
The pumpa, pipe lines and the cooling device for the

; m
recircula.ted cooling water were ad.visedly nade fro .

acid:res istant ‘mte!‘,ia-l .
,y | .



H

_.sis products were condensed. .The condc.nsed hydrocarbona:

the /@301 (05 and Ci, hydrocarb

155002447,

About 70%-of—the fa'c—idic compms in the o coling

1

veter was a.cetic acid, the reminder being Organic acid.s”

—of higher molecular weight- ‘

.r

~ The hot synthesis gases and prod.uct.s vere cooled

to about 75‘85°F (25-30°C.), wheredy the hea.vy synthe-

lm.d an init.ial boiling point. of about 265°F. (l§O°C )
and - 1nc1ud.ed. all the hyﬂ.rooarbona with a 'boiling point
,higher than 5hO°F (170°C ) This-represerited. about

or.e-ha.lf of the tota.l hydrocarbon product.

— R ; A

’ 34

Tkye separa.tion of cooling water from oil was
accomplished in a.luminum lined tanks or in pits 11ned.
with acid- resistant briokwor&. The separution took
placo very quick_ly and consequently smll jressels v

could be, 'used. .

~ Co

The gases lea.ving the water coolers at about 75 E.

!

(25° C ) were pas3ed through tCMers of active charcoal’

i

to recover the lower boili.ng hydroca.rbons Thg ,
sub-
recovery of the normlly 11‘11115- hydroca.rbons was

ver
St&n‘diallyhcomplete after passa.ge of the gases o

£
the active cha.rc-oal- In eddition, the recoveryv,.,o S

ns ). was a.bout 96‘70

~

" (200)

" Charcoal

 Abs orption
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LB II

_ PROPERTIES OF PRODUCTS FROM

PRESSURE SYNTHESIS

ATMOSPHERIC

1y

Di.ati.nation omoduot (exoapt gasol)s
95-104’? °

I.B.P. |
-.§%i(b¥~wuisht)
10
20
w
o

- 80
60
70
80
w0
94

Gasols. Abont 12% of total liquid hydrocarbon product

40% Cg - 60% Ca

114
154
176
218
266
820
379
447

526

624

680

(35-40°C,)
(46)
(67)
(80)

~108)

(230)
D
(160)

“am

(231)
(274)
(s29)
(360)

: Pro rtloa .of Individual Fraotionas P ’
o Gasol Gasolene Di.eaol 01l Paraffin

‘Specific Gravity = — 0.69%

- Olefins - Vol, % 50 .. 8B
Iodine Fumber - 3 -«
Acid Number - 0,006
Pour Point - -

>>> “Boiling ‘Index = . 240..
' ,06tane NumborCFRR . ‘

ﬁTcotm Number " w- -
. Cetens N’um’ber - -

0,76

0,02
48
491

50
108 -
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operation of the charcecal absorpticm systen will be
"described 1n connection vith the apraratus .
The tabuhtim ‘opposite, Table II, shows the - ' Table IT
distil]a.tion range of the total nclrnally liquid hyd.ro- Atmosphe’ric
Pressure
carbon product from atmesphe‘ﬁc Preasure opera.ticn. - Product

Characteristics

ha 15 evident from the tabulation, about 63% of thé
iot.al oil bolled .in the gasolene ra}xge, about 256 in
he Diesel oil range and. the remminder above 608 F.
.(320°c"' - - The properties ofvthese fractions are
given in the- latter part of‘ the t.a’mla.tim oppoeite.
Due to the low octane number of the 392°F . (200°C.)
end point gasolene, this fractlion was further divided
‘into a. light naphtm—-éo octane number (CFRR) for end
Point of-. 293°F (1u5 C.)s-and & heavy raphtba with &
very‘nldf octa.ne number. The light. naphtha had only |
- to be stabilized and blended vfth ‘cracked gaeolene or
~other mt,erial vit.h a high octane number « Thﬁ haa.vy
‘raphthe hed to be reformed bet‘ore 1t could be used as

‘gns olene .
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pet

The relntion of the octane number to the end point.~
of naphtha™ produced. a‘o atmospheric Pressure 15 shown on
_Figure. VII oppoa ite.

A secand curve on Figure VII s_hows

‘1550@2421

_Figure VII

the relation of end point to ueight. per cent of the

total hydrooarbon prod.uct. It can be seen tlat about

raphtha vit,h an octane number of 60 CFRR.

r ”‘I‘he Diesel: o:ll fraction hé.d. a cetene number from
90-100 and. was thus superior to average s oils. This
fraction was used to blend. vit.h mferior Diesel oils or

uithxcal tar 0115 to produce a nnrketable Dieael oil.

| 4§ .
_ The n'aterhi b'oiling‘abdiie 608°F- (520°C'-)“‘VB~S
',used as a rav mterial for manufacture of plate paraffin_

Vith a melting po:lnt of 126 F (52°C ) and of hard

T e s ammeee o

- mraffin vith a melting point of 185-19h°F (85-90 c. )

B

~The- ésol ira.ction (C3 and C) hydrocarbons) vas
composed of' about, equal amounts of olefins and paraffins
Tl;e olefins could. be polymerized to hi@ anti-knockv ’
mterial and. in the same opera.ticn be separated from |
the P&raffins The latter: vere bottled under a preesure
v°f 150 to 200 porunds per square mch (10 to 15‘ atmos-
Pheres) and sold. as liguid motor fuels for 1?”” tes or

for use as hcmselwlslr ens Bupply off )



-f_fgge;g;;t_cg@' @as analyses were given:

o1

Volume %

155002422
0R42%

Entering

ﬁ:onstfituent'_lﬂirszﬁm

leaving
First-Stage
ge 75% Conversion -

‘Leaving -
Second -Stage
% _Conversion

co 28.0"
5

Hy . .55.0
Cﬁg | 0‘*
CO, 15-2
No . ’A _ "5'5~_l’:':

, Olefins ' -

" ¢ ? (;_““17.0 )

.« “y

32.5
8.0

6.5

0.5

6.0 o
oo b
1.8
55.0
100 v

1.2 .
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A sumnary of t.he yields and conversions o‘btainea_ a.t
atmcsphpric pressure is shcmn in the follcwing tadbula-
rucn.- Succqedinsn tabulzz‘cions shw material balances
= d. .,,m\, was,,fteme;La._heL.h_ba.Lunce. No. further infor-
mtion could. be obtained regarding the latter 1tem.
NormlzloPres.sure Smphes}s e Summary
- Liqizid "Prinnry 'Product,’s .~~~ ~;": 120 g /NP
Gy o+ ch Hydroc,n-bonc .15 8- /Nm3
co’ Convers fon™ 93% on input.
- l . r
co Liquificatim 571» on co input (n° C3, Ch)

Detzree of Liquification : 69% (1ncludes Cz, CL) of CO.

- input

y 1teo,~ 9% Of tran.:l-

formed CO was convert.cd into
liquid primry prod.ucbs .

Averzge Hydrogen Content of Liquid P

1

rimery Prodxicts 15.2%.
b B .
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(105)
G . A C . ,
is: 1- ~.’:’ f ¥ . e M T
(Bas i cubic meter -of id.ea.l .,§W¥l§h§_81s gas) -.Mm‘?\eria,lﬂ,
. , o ) Balance:
w‘: : Gram Mols B ' Grems .,
Products. R
figuid (excl. Gy and 0y) = 120 gram (15:2% nyazogen)
C3 and Cy = 15 grams
Conversion of CO = 83%
" Cerbon Balance: S 2 A _
Outmt.
In Liquid. 8.45 101.7
In Cz and C) 1.05 12.6.
In COp : 0.k6 5.5
‘In CHy : 2.22 26.6
In Rest of Geas - 2.66 2.0
T 1% .8 178 k% -
- “*“1 .
Hydrogen Balance. N . -
Input : Grem Atoms Grams
: In Ho ° 59-() 59.0
output = L , .
In Liquid iB8.25 . lg'i‘)'
~ In C3 and Ci 2.15 .15
.8.80 8.80
. In CH“ | . - » 7.50
In Rest of Ges - 7.50 A
22 .60 22.60
In Reactilon Water . 2e.0Y =35
Lo L5930 59.30
L 2 ._M’- 7 . -
4 | ) V'ﬂr
Oxygen Belance: _ [
. Input ' Grem Atoms _.21'.%.;-’5— _
.~ InCO L |
OQutput * o1 : e g
In COp 2 .67 Yo
In Rest of Ges o 1-1. 0 181.4
In Reactlon water | 7 .8 '}""‘E'_ea T
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(106) -
_(._.Basis: 1 cubic meter. of ideal synthesis gas, . Heat
- ' Y ‘Balance
Heat Input: Kg. Cal, __ %
Et. of Combustion of CO 1,010 33.3
Ht. of Ccm‘bustion Hp 12,032 66.7
Total - _ ‘ 3,042  100.0 -~
Heat Out,g_z_t. o L ' %rw S g
120 g liquid. 'ororlucts/lo 300 cal._‘ 1308.0 S 3.0
15 g C3 + Ci, Hydrocarbons ° " 177.0 5.8 "
'Tan Ga;.- c0:59.3 1.:181.6 e
Ho:84.7 1.:298.0° S
cm,hg 5 1.:472.0 , 951 6 31.5.
Heat Content in Vaporized. Reactign Wa.ter 120 5 4.0
Beat Content in Vaporized Hydrocarbons 20-0." N 0.6
Il . l. .
Heat Content of the Led-Away Steam 356 0 _ 11.7
. - ‘ . . O-l"
Sensible Heat of Ta.il Gas w S - 109 ,
" .0 L 3 '2‘
 Losses by Radlation and Transmission 98

| 3042 .0 100.0
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The f 1lling of the chamber and the starting of Operation
synthesis g8 over new cat.a.lyst. was done in the same pfggng.e
nnnner as that described Lor a:t.moepheric preasure. Th: o Proc edui'e
gynthesis reactian occurred. at about t.he same tempera.— |
ture under pressure as at a.tmospheric preesure. The ‘;
increase of the temperature with the age of the atalyet
vas very nmcﬁ ﬁglw.ex\_xmn i“or the correspanding atmos-
pheric in‘essufe opera._f.ion. ‘ |
i ‘1_-“;{“,,*-- L e
Ruhrchenﬂ.e have had synt.hesie chambers opera.ting Life of
S Catalyst
under pressure for eomth;ng over six momt-hs, in this
time it had not been. neceseary to revivify the catalyst,
and’ the temperat.ure had not reached 3g2°F. (200°C.).
Consequem;ly, the 1ife of the cat.alyst umier p;'eesure
vas het lmoun except that 1t was 1n excess of six
4"months, e.nd. 1n the si.x-month period no :lntermad:late .
revivifications had been necessary- The explanation of
: the longer life under pressure was that lighter oll
mroducts were liguified an the eat.alyst 3“‘1 vashed off
olia mraffins and some resins .
! _ v
.The depth of the eat.alyst bed in the pressure ' ca‘éi’fﬁhﬁea

the
,,re&,ctor vas usually about 15 feet (4.5 meters);

1 1tal th- S
' depth being choeen solely,_cn the basie of oaP ‘.

8 with
The Pl‘eseure chamber f:llled m tho ordinary vay
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catalyst, 2-3 mm. particle size, showed at atmospherdc.

pressure a mxi 7-‘..vo,tn1g;t~i;on.in_ﬂreslistance to gas flow

of 10% from tu'be to tube in the chamber. This 10% vari-

ation in pressure drop through the 2,000 annular spaces
in the reactor was considered indtcative of uniform

filling of the chamber with catalyst.

Ruhrchemie had 16 of these high pressure chambers
in operation at the first .cf December, 1938. {They had

in t}ne process -of consr,rucoicn ebout 56 additional high

pressure cha.mbers for the: ﬁolten plantn -A _more detail—- v

2d descriotion of these chambers together ‘with drawings,

will be f ound in t.he section dealing specifica_lly with
equipment . )
: Thé‘ overally;.eldof oil (two-st;a;ge.froperati‘on) at
sever. atmospheres pressure -was 1146 grams l;er cublc
lxreter of ayrthesis gas- In addition, eight grams Of
gasol (03 and ch hydrocarbons) per cubic meter were
obtained . The yield of liquid hydrocarbons from the

firse- stage operation was &bout 112 -grams per Cubic

bic. -
meter t.oget.her with about six’ gra.ms of gaaol per ot .

!

meter. The yields from ’che second—stage “under pressure

. 'bi
vere 33 grans of oil and two grems of gasol per’ cublo

- e
.meter of synthesis aas ‘entering t.he first stag R

(108) .

Yields Under
Seven
Atmospheres
Pressure
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(109)

chamber.. ‘The: yields from the Pressure {opera.ti'm are

N,
hown schenatiee.lly :Ln Figure VIII opposit,e.

. A
____ ... Figure VIII
va ton under—'pressure_wr—ton—
of cbbalr.-may' be ozlculated from the yield data pre-
ceding and the avemge inlet &8s, rate per chamber per

hour of 26 800 cubiu feet (760 cublc meters) This '
1.

calculated oil productlcn under pressure correspcmd.ed.

to 77 @-llons of oil per pound of cotalt (k81& ‘tons of
) e

o1liper ton of" c'obalt) per lifetime of six months . The
oil producticn was somewhe.t different in the two stages,
being 57 and s g&llons per. pound of cobalt (342 and

‘1271 tons per ton of cobalt) respectively, 1n the first

1

and second sta.ges. SH
{’ [

| ~at seven atmospheres Separation .
The products from operatian i Preducte

pressure ccnta.‘ined. a high propor'ciOn of high boiling

P&mff 111@%, so that under ‘the influence .of: the pressure

about }5‘?}‘01‘ the total hydrooa.rbon prod.uct»cendensed. _
in the bottom of‘ the reaction chamber, and was with-

dra\m therefrom as Qliqaid The fraction recovered -

¢ "r -

from the bot.tom of ‘the synthesis chamh.e.rs had.'an

.\in'itie.l bolling point of about 590 F- (200 c-)- ;

[

: Tlhe hot gases and. vapors from the 8
V cooled. tu'bu]ar

ynt_.hes is

Chamber were ras ged throush vater-
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TABLE TI1

PROPERTIES OF PRODUCTS FROM SYNTHESIS

AT SEVEN ATMOSPHERES PRESSURE

Disti.llation of Total Product (except gasol)s | '

I.B.P. 95-104° Fe (35=-40°C.)

6% (vy weight) . 127 - (83)
10 162 L (72)

'éb. 2327" _ ’(111)..
56» . 305 o (152)»
40 3716 (191)

g0 " 448 (231) -
6 520  (2m)
59¢ . (31g)
80 a7 (s26)
.8l . f .. 680 (sso)

Gasols About 5% of total liquid hydrooe.rbon produot

Propert:.es of Individual Rraotiona:

Specific Gravity

Olefins = Vols % 50 .18 8 -
Iodine Number - .?:3‘9‘- ‘ 2
" Boiling Index - 240 '487 -
_.Pour Point - - 48 176"
: Ootane Number _CFRR = 26 . o
Aol Numbor e 06006 0,02 1.6

[ ’ , .

i

|

~Gasol Gasolene' Dieael on parafﬁn
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-(120)"

condenaers to separate cut a gliddle fract.ion having an

mi_ial ho&ling point of ebout 2800F (140°C.) and

amounting to a.bout 5% of the total prOductim o liquid.

hydrocarbons The products .as vell as the’ gases vere
acid.ic and care had. to be t,aken to avold corrosion._ The
condens ing equipment.could be made of a.lloy steel, or:h
. more cheanly, alkall could be ingected. into the bottom
__of-the reaction clmmber.’ It vas etated that O L to-
0.5 pounds of sodium hydroxide vere required. for the
neutralization of ane. pcu.nd:of* reaction wa.ter

(mclusive of carbon dioxide extmcpion)

i

The renaind.er of the nornnlly liquid hydroaarbcms,

tdget.her witbsbbstaritia‘.‘l;y all the gasol (C5 and Cly
r‘;i R LI
hyd.rooarbms ) , were recovered 1n an oil e.bs_orptim :

system.
' e Characteristilcs
Ta'ble III OQDOSltb ehods the d.ist.illation rang S Products

cm_product - from Pressure
. Synthesis

nLee 1o

, Of the total nornallj liquid hyd.rooa.rb

" frem the s;)nt,hes 13 earried out at seven a.tmospheres

PreSSﬁre It will be obsérved tlﬁ-t a. Brea.ter PI‘O“

il-
POrtion of t,he hydrooarbms wag -in:the higher bO

Table IIT
ing ranges Vhen the synthesis we.s carried. out und.er | e I

in- the
' PreSSurq About 43% of the total oil boiled |

e
835 016ne mnge about, 29% in the Diesél oil rang s
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- TABLE IV

_————‘"

SUMMARY OF CONDITIONSKQYIELDS-AND PRODUCT QUALITIES“FOR THE

COBALE-IAGHESIAFTHORIA CATALYST

" Pressure = ﬁtmospheres - S
Hz s CO Ratio C ‘f - 23 1
Operating Temperéture -.;E; Mss4;3geh
Operating Period - months T ‘ﬂ- 4

i

;?rdducts 1n,grgnm/&é,§g,(00¢2ﬂz)

omy o s2
coz. 3
Ghao}j( hizj
011 120

~_Inspections on oil prodg§té

I.B.P. °Fa . e

% off at 212°F. | ' 28.5.
392 - 61.% l
608 - pg.s_f

i

Fraction to 392°F.'

’Speoifio Gravity

0,693
Olefin Content = % JrA35'O 
aa . .
Aoid Number - mg KOH/gram 0,006
| . Lo . T
Gum Content - mg/100 grams | 1

A
2s 1
356-392

At least 6

145

0,69

- 18

|

0.006

' less than 1



" end the remaining 28% above*the'niééél"’fracuon. Thus .

«155002433

= (111)

: wly approximately two-thirds as much ga.solene was produces

es bas nnde at e.tmospheric presgure, Slightly more Diesel

‘Diesel oil fractiocn.

the tabulation.

oll, ﬂand over ,twice.r.e,?s nn_xch, naterial bolling above the

Some of the propertiesr of the

4ndividual fractions are lown in the latter part of

The actual conversion of carbon mon’bki‘de"‘*‘w&s the

se.me rega*'dleas of. :the pressure under which the synthe- :
: re

ais reactior was carried out, the difference in__&ld.s

of oil bcing due "tc a greater methane production in the A
low pres,eure om,re.oion. A comparison of the cornd.itions '_

for, and the orodu~ts from, a.tmospheric pressure opera-

tion and seven atmospheres pressure operation are given .

!m Tab;.. v opposite. _In'addition, the oatalyst oper- : Table IV

Bted at atmospheric ‘prossure containcd aPPreciable

quantit 1(,5 of solid paraffins . At the end of four

-~ months use, a cobalt -thoria catalyst meld canta.in

about 5300 pounds (1.5 tans) of sax per cha.mber, ,iwhile

&, cobo.lt. mgnesia catalyst would contain about 2200

'Pounds (one t,on) of ’wax por chamber.



Tl

zos: ThC vaz . 99, o e N.ﬂN

=
I T ~ ~ 7T B ' - T
] .“E i INIOd ONITIOH ﬁ il TS zEmE I
88-2-2 um.qm 0 il T w:w &m
1! T v ER3RH + nrm\. + 13 u 1233334 a
i I AR 5 TR
H i HE H e zm?u w&uﬁmm
i J3H um” ”u"mxnwuun T
i B3833 £33 53313 boboe Soads n.ynbmi.o)
“ N"MN N““O'A LR X dd nﬁﬂ n)na oot
THTR R e r s ey 10T
e esiaseitee JSsseseons
b
. 2o WM< w s + 0396
- ——tt tesspecsschs . +
= oo } 994
“ 18 DO *
) r229¢ oo S3304 200081 v
o494+ ..uuuu POOP POOR? 244 e
“ ¢ oo 3ot seab Xw,o snasieese Sos iy

19222 22202 SORRL 222
1222222223
PORRS PR 2R B

1222 22223 2850
pee svgoees
webeor .
- . cooo

vesspecsetoonnis e 0004

. I2222 $22 P2RSS
P o 0g g 206 3t crvefocas b
Do -
>
3
voord

8
s st M o

Pog pooes sated poses 10000 20002 52400 00002 20024 SS93
P34 99049 30934 e o pe pood

iSe 0gege POSSS 22008 pog et 228

POS S0P0S Sp0as ” PPOOSSOSEE SRS ISP0S S004

pos pepte 200 b j9990 50200 92006 23000 SOSGEE

P T R PR EEERY .. 2 .o bt

Ceespesen

e
cvee

peY

o
e

7:
ey tote:

e I: —eerl
..I J9908 begte
0890004 S000¢ poaed
jase —oe e

1 T < ¥ + M . -
jou sooeat 1 1 Iy § . oS30 FRE 2 Feset SESRE PEoes bos
ot ous: ‘anuuqq IR08 06 15004 : : 350000 5655000008 $ 544 $is poos

<vdeiofesastioes e . ey

o
m

PEPPS PP OLOBPPS SROS
SP20¢ PROH0 ISP PR

j9002 08200902 20224

PPOUS SO0ES 80000 PRSDSPIRSS P

e ] P e e 4 : i B :

3
®
' -3
: mwwﬂs
nn.
o)
3 i
2
3

‘ 1 1 ) naadd . $ g D oot sasd .
T Seues Eeesl 3ol RS St : : ; pos B e ooy oezes
roTvTTflL«vvxTz;:..?..”. . : [ Sostesasas podurtiose
| Srmen peen s s e reeet seces bors IRERR B3 : - : o 19 0000¢ Suses swng poses
s e e : v : : = B e bt cees s
: [oo0 stand HVOL:
oS soee? :
bt Y0803 et 3 o _1
i - 3
2gse: : : .
1y ke ded = Ie® m_ r.r. 1 : - -
: SoRe IeRwe SuD! i so:
i *D°y UIweqIyNy Hib : : : H = S
& : ! _ ﬁ S e 1Ed] sus e : an: boas soa e sas:
3 ) . Pedd 441+ + = T b 1t T »M : 181
S Toldodd WL 400 | N e
EE INZOYEd IHEOTEM O QNV INIOJ-QNE 0L QEIVIY SV R B : HEE
et JYNSSTUL STYIRISORIV zmpmm v Qmupnbﬁrmzmqog 40 YIARON mz«aoo e fe e Eeass Egasdatind : e .
 pore00ser — G G =
__ XTomerd : « : :
HHHTE _ ’ o, 5, : O . : ; £ : :
i et R R O T : = : 8%
i i m : i e ‘ W 09




The r ela.tion bet"een octa.ne “number and the end’
posa of the naphtia is Sshown on Figure IX oPpos ite
It 1s readily apparent that to obtain directly a gaso-

—‘l?ne having an octane number of 66 CFRR, it would be -

_pecessary £o cut to an end point of 210°F. (99°C.) and

“guch a cut would repr'esént. only about 15% of the total

hydr ocarbons produced., which is to be compared with
© light naphtha of 300°F. (150°C ) end “point represent;
mg. 15% of. bhe_‘._._‘t.otal liquid produced at atmosgheric
préseuré; | ' B

) As was previously mentioned ’ the-prod.uction of .
Diesel oil was. somewhat greater from operation under
pressure than frcm the a.tmospheric synthesis. There
is a poss 1b111t.y that eveﬂ more Diesel oil cculd be

i

,F”'@Q'.,f_;'gm the he&vy products from pressure synthesis

by & mild cracking pperatioh. -
.L'n‘ 34 ":(“ e e
The treatment Of the products ;‘rom ﬂ’x)em
’t”’ﬁ‘i«? ,\L& l"H / — J‘\

Bynthes 13 Vag&qess,enﬁiallx the»—same ‘as that g(veny;' or
R A ,

\— N ‘, ’}/‘“

the atmospheric presaure‘e‘ynthesie 'I‘he tamlanim.

-
on the. f‘o.Llowmg page gives e sqnmgry of the yield.s

b

and ‘convers ion, nateria.l ba]ﬁnce and a heat ‘na]ance_

for the s ynt,hes 13 undcr seven a.tmospherea preseure .

155002435
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synt.hé's'is Under Pressurg '

| ﬁfgﬁié??fim}y\'?ro:l’uct‘sf 45 g./Nod

C3 + Cy g&qrocarbons © 10 8/Nm5
0 Conversilon g_:";’ ‘ “8:8% ‘on inpu

00 Conversion to Liquid © 69% on input
Degree .of Liquificatian . 78.4% on CC input, i.e.,
‘ ' 78.4% of-the, trans-.
formed CO was converted
mto.i:-fiqijiid_ primry ©
Products . R

L. !
s W

kverage ‘Hyd.rogen Content _jo_‘;i‘,”Liquid. Primry Products-15%.
: T e e I . .
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. js: 1 bi . e
(vasis: cubic mete;- of ideanl sfyn;—,nesfis gns) Material
s o L w Balance
Input: Gram Mols* Grams
EIO 142 LT
Ho 2%.8‘; 60
S g o YA 77
Products -
' Liquid {excl. Cx und Ci ) = 1b P .
’) = L) = 145 grams (.15%. hydrogen)
Convers ion of CO = 88%
Cerbon Belance: | l
Inuut Sre.m Atams Grams
In CO k.9 - 179
output ' |
Ir Liquid 110,25 - 123.5.
In €3 a.nd Cy eTT70 e 8l
Ir COg . .27 - . . 3
In cnu L 1.88 r22.1
In Rest of Guas -~ — —  -1.78 - -. 7~ 21.k
| p e L .8 - 18.T
,iﬁvdroge'\ Ba lance:
Irnput Gre.m Atoms Grams
In Hp T %00 600
‘Qutput o et -
" In Liquid S 21.8 21.8
In C3 and Cl 16 l'h
" In CHy, BN AL »g*é
In Reat of Gas . 36 051
In Reaction Water 25.1 B2
. 59 .5 29
: OJ‘(:{aex.-. Bulance: | - :
. Grams
ms Gram3
In El;lt Gral A‘;O " e - 259
In CO :
~ Output ‘ 0.55 , 8.8
In COp '1.$7'; 28.5
In Rest of Gus o 12 o 200.7
‘In Reaction chter ng 238.0
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(‘vB&S 15:, 1 cublc ,m,it\e‘lj"gif%iggal Synthea 1s . gas) Hea;tx,h_
‘ ' ST - _ Balance:
Heat .Input ; Kg. Cal. %
pe ) SIS _ _,?:f 1‘»,7.;
—Ht. of iCp,mbua-t—tertaf—ge#&— —31;010.0  33.3 —
Ht. of C’ombust.icn) of 1 2,032.3 - _66.7
* Total . Uy ’ .?.i;\f-}',-ohz .3 © 100.0
Heat Outuei~ |
15 g liquid’ producta/10 900'*ca1. 015810 0 52.0
58C3 + Cy ungk tur&ted hydro- » _ _
curbons/ll 700 cal. n o 8.8 1.9
5 g C3+Ch ‘saturated hyd.ro- ' o Lo |
cerbons/11 630 cal. = 58.2 1.9
Tail ’g‘;o.a:‘ ©.128 x b4 977 keal.. . 6370 21.0
 Heat - f‘cntev“t of Vaporized React,ion _, e 1+
Weter at 150°C. . . i . o150 -9
- N o - A R
Eeat Content of Vaporized Hydrocarbons - 1.8 O 7‘
&t 150000 o i ﬂ < ’ ‘ !
Heat Cdrxt,éﬁﬁ of che ADr.;y'_"f“c"‘-il 9?-9 ‘ 6.2 0.2 ‘
at 150°C. . Fa "
Heat Content 5T the Led-Away Steam =.. . rll&}O O T
v 0.145 x 5 kg x /93 kol . _ AT
i | O .3
Losses by Ra:af‘ia.tion R TI’r.-l’iBmiSSIOn 990 3D

S0h2.5 100.0°
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This section contains ma.terial from the commercial Operating

plant, from the Semi-p]ant scale eq\Iipment. and from the' . Nariables

boratory. An effort has been mde to e/phasize the

data from the commerc in1 plant, but in numerous

instences.. the. latter did not have sufficient flexi-
bility to 'oermit an evaluation of a particular var:.able.

' The, scale of the equipment “in which the operation vas
— - ’(
cerried out ‘hes be_en,r.oted.r.- : '

b

"h;e usual.- o,.era.ting re.nge oi the cobalt catalyst | Temperature

‘was 356- 390"“‘ (lo()-lyo C.) over. & period./of four o

mor.ths .+« The tempem.turc used wES d.ependent upon the .

-

activity of \the" c's.tr-..ly3t asg outlined in a previous
section. l.f the, reactlon was started and naintained
at138 °F '~(l9o C.), libhter llquid producta, more gasol,

and more_,mcthane_-myer 5 obj;,abg,ncdv. kThe catalyst life was

cans iderably 3hortened. at 'tho hig‘htr temperature .
| | ’ |
ow - temperatures’
|

“operat 1on contam‘d—a—hngher - pencentage of higher

The llquid producta obtained from-1

mOlecul&.r weight products . As 2 consequence the

those
producta from & fresh catalyst were hea.vier than

: ed &
_,,from en olds cutelyst, since the latter‘requir

|
‘ bers were put
higher rcaction tempera.ture. The cham 3

edule as B
'1“ &nd te.ken out of operation on such a sch
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ve the least ovemll

ok variation in liquid products

from the synthes is plﬂ.nt -as" a whole. The follwing

r,abulaf,ion gives an 1ndication of the variation: in

.products,fr,om old and‘new,ca,talyst:
- Liquid Bon.llngd at
Catalyst - 300" (150%°C.) Olefins
New - 1:,57# 30%
Il
01d ,7;% Lo%
- x '
hAveriage 4? v 35%
| | —_
"'.etha.re productiorn 2p p&.red to be entirely a function '
of temoernture and d.ld no» vary vith the ege of the
W
catc.lyst ewccept insofar as dizfenem; t.emper"t,urea were
." used '?‘herc wes no z.porf*"i&bs.e ch&nge 1n th" octane
- "umcnr of the gé.solta**e-

. | P | ' )
o g L es . the Effect of
cIn the nressum rar‘ge from 1-5 at,mosphe_reS; the Pressure

. Upon the
directiorsl cha'xge in or cducts with alt,erations of Synthesis
= et ... Reaction

the cono.it, ion3 was the same 28, foF‘ at;moapheric pressure

£ -
“operat tons, bUt th@—chapges-werhquant jtatively aiff er

N

pheres ’ the re]at, ive

ert. Betwee'\ 11ve and. ten atmos

. d__
rroduction of olcfirs and mraffins ﬁay be altere

i con-
th" higher t,hc, pressure, the highor the Pﬂr&ff' n

content.r. From 10- 15

{

. tent ard the lcwe.r ‘the 0101117

; L
é in
atmoaphcres, there wa3 & ncgligible increas n_
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praffins. with increu sed yressure. Above 15 af.moépheres"

;mss.xre, the total by&rcuirbon yleld decreased due to

the forna.,ion of oxygen&tqa ore&nic compounds . The

erperimenta were nede in t','he semi-plant. Scale equipment:

_lte_gG‘Mg_mmm‘gixes_a n-"ind: Leaxrien—ef—bhe—ef—f ect-

pwesaure uncr the solid parafi ins:

' "‘"Pressﬁu‘e Solid Paraffin
Avmospheres " % of Total 0il
1 ii 5-10

5 15
i 25-28
16 32435 -

ot my te of intérest vo note here that the total gasolens
vith en octane "umber »f 66 CFRR, which my be produced

- 20
frem the products from tvhe p):essure operation, wes 1 |
T ’ ! e

ﬂrspcr cubic mever of synuhesis gas and had th
follawing scurces: ‘
»

S ource

' Grams /cublc meter

29

Direc\.ly from SymThcsis
s 85
Cracking - of Hoa.vier Products \
, 6
\Polymerize.t,ion of all Olefins o
- _ 120

Totgz.'l y - | .
’ | LR ally the
5 ) ra.ctically

The oc;tarxe.- r.umber:‘m‘:’tor met,hodr e p k |

e BT tock.
_ . o r{;icul&r 3
same asi the rlésearch r‘r»etth___f?? this P
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By using a hydrogen to carbon monoxide ratio of Effect._of
1.8:1 instead of the usual 2:1, the octane number-of—-—— Hﬁc:;%iiﬁ“’
the 5asol.ene was increased 2-3 points, accompanied by‘ Mogg:;i%e

er. olefin increz3e of about 5%. Such a smll vari- .

~etor in.the carbon monoxide to hydrogen ratic did niot —

sifect the ratio of 1light to heavy liquids.

Experiments h&vé be'én ‘made using gas directly from.

i which the retio of hydrogen to carbon

¥ “’j f “At .tmosnheric presaure, the cata-

,.;lyst lhe w'itYm g3 'with this retio weas mich shorter

© than ui’h the usuel ratlio, bei.nr' about four weeks for

-the -same yleld on the ®.31s o1 1deal gas present. More B

- U,
! 1

olefins .:ere;‘nroa.zc :1, ha lelip \,ontent of the 1light
@501“‘-& 801-":8 from 40-C0:. The gasol fraction from
"he ”Omf-l Op(.raviv.. con .,J.inc-d 50% ole_f_ins . .With NG
10"’51' hydrogern to c,"_:.rbo* nonotidt, ratio,, 'the percentage

of unsaturates ﬂﬁ r,hc, 250l II\..CtiOn could ‘ge mcreased
i ) '
up t‘O T»%. The oc‘o,*‘e " number ot gasolene mde from

) =T

this rot 10 of h yd.r oger. O c*r’oon monox 1de~w&s~not___

availadble, but the CFRR of 500 °F. (150 o ) end .point

noxide
Eterial, »nadgfwhen using = hydrogen to carbon mon ox ¢

retio of 1.5:1, was 67-68«
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Lt
5

s

When opemting under pressure with the ratio of
Wogenﬁumc‘.rbon Joonoxide--of. 1-25 1, good results vere
obtaiped over & period of two months ~The ult‘imte 11fe

of the catelyst with this mixture Gnder pressure was not,

oW, except that 1T st Mave beergreater‘ﬁﬁn—fwo
~onths . The use of the lower hydrogen to carbon. mon- -

oxide ratlio under 3even atmospheres pressure resulted

s -

'11- mcrt:us ing uht oletin content oi t.hc tota.l liquid

= {
from 20-35% with ﬁc.LL’CL’l,_ rj cht."ge 4n the relﬁtive

u}\xam ities . OI g:,sole.-z., oll und wax. The scme ‘total
jleld of hy'd.rooarbons w3 obteined from the flrst,—stage “

operztion. These results were of an experimenta.l

]

rature, obiunined Iin ‘the somi-comme.rcial acule a,pparatus,

ard two-stege expc}r’iments _h&d not. been mede. -
: I

) I
T ction b ilin xmterial was - increased . Effect of
The production of lcw o g e ages

vith ar. ircrecse in the antundt of . inert ga:%és in the

'syrthesis g8 . . 15 "lrcrt 'g.3€8... were@_‘mlly present
Tt o/

h f‘fy*'fohesj)is G:Lu;ed ot etmospheric pre
e )

S
| smcé 4 lorge. pert of the incrt ‘gases consistedof —

ssures '

rt of 'ohe inert mteri&l

".“f BT e

he synt,hesis g&s w.ith

o:’.rbon dicxide, & large D=
could be removed by weshing b

vater under pressure.
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The-. 'OPd"ﬁ‘-BP)y commercial practice with the atmos- Eff t of
: ect o
Héheric chambers V&S to pass j_nto the first- St&ge chamber' Gas Rates

~ax

about 42,000 cubic feet. (1200 cubic meters) Per hour of

. synthes is @s cont,aﬁinin in the neighborhood of" l‘j%
_—m‘ert--mneri_a,lg _The inlet gas Araj;es, to the first-stage -
~ chambers vere masursd by an orifice ﬁzeter, but the gas’
'rates ir the second- st&-ge ch..m'bers Were not directly
-:,easured As S%m,ed Dreviously, t,he pra.ctice was %o
. mirtein a g=3 contrectidn of :“7% in the first.—s'cage
ckﬂbers a:*d to use such & number of ‘second-stage
“ch.mbers 23 '-'o.Ald co**res'oond to about 10% greater
.’uhrc«sghnut to t,hr— 3esu.d st,e.ge che.mbers than to the
"lirst st,age chavnbers . The gas throughput was dependen‘b |
- upen .,he—t.mo,mu)o»f_iz ert n;j:erial in the. gases so that
vher the irer\,ur‘-ﬁt,eri:?l.%&mcunted to 50%,th¢, throughput
I Cf ldenl g2s VOuld be t.bout 21, 000 cubic feet (600 _

cutic, !nctev's) pe,x' hour. The, thrcughput was also affect-

el tc some extcrt, b,{, ‘the mrticulé{r',catalyst used'and

}also by the prcssurc urder wh* ch the synthesis reaction “

was carried out - Comlu-tnorm oatalysts would operate
LS |
exficie'cly g‘t a3 thnroushouis of 35- -42 cublc feet

of '
(11.2 cubic meters) of synthcsis gas @er kilogram,

1 ts
: cob&lt per hour, Jﬂhilc the uobalt-magneSia ca.ta ys

feet
veq]_d aclcommod,atc g:.s t,hrcu:,hbuts of 53~ -60 cubic



1

for & flow rete o1 DD
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(1517 cublc meters) ver kilogy ‘
. - _ gram of cobalt
: : _ per hour.

The highest. g3 throuzhou
t tested comme
rcially by Ruhrchemi
e [

ves 60, OOO cubic Teet (l?Ou cubic meters) per tom of X =
cobalt per

hour In the m.bora.tcry,~oxner1mentsfhave been mde at
gas

. thrcughput.s as high &S )50 000 cubic feet (10 OOO cubic metefs)

pcr ton oi‘ cobe.lt/ !:er hour. The higher rates gave lower ylelds
b

“more_ olefir:. end mcrc light liquid products. A change in space

a3ty from s reuse .
sity from 1 to 1.5 czused an {ncrease of from 2-3% in the

i boiling frecticns. o

— e e e

..

X ligure for che liquid ;Sroducvtion'per tmon/ of. coiﬁéit *for.xé‘."

carﬁlysn lize of four months was calcu]ated upon the basis of

the yield of 120 grams of oil per cubic meter Of syntheais g&s,

_marely, 76Q,OOO pcunds (5&) tons) of oil per ton of cobalt.
’Ih_is figure did not egree with lnter data submitted, which in-

dicaved '?:‘yic&d or 560,000 pounds (255 tons) of oil per ton of

No da.ta were &vails.ble

cotelt per 111‘-., 'm.rioa ot icur months-

, 2u0 cubic feoet (1500 cubich meters) per

oy

£ life period of +8ix months

ton of ccbult. wr haur -Eiuf;;{

It wes imposs ible to uacert.ain ‘definitely ii‘ the production

11!111ts were solely dependent. upon the ca.t.a.lyst or :Li they were

rot t‘o some extent & reflection of the ‘heat removal limitation
The same chambexj wa.s used a.p_ the

)

of the s ynthes 1s, ch.amber.
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same gas rate with the same yield of oi1l Per ckﬁmber wjjth

ot
e e

catalys ts cont.a in ing vurying amount.s ot cota 1t and‘ kiese lguhrb

The first catalyst. used contained 3100—3300 pmmds (11;00_1500

kilogra.ns) of»cobalt, per chamber fillipg. _The . c&ta.lyst in -
= W dn

ciitrent use contained about. 1900 pounds (850 kilograns) of

B

cobelt per cham'ber filling. A new catalyst, which ha.s xmct .

By X o w

‘been - ext.ensively tés d commercially, contained. a.bout, 1 OOO

pounds (h‘jO kilograms) of cobalt per chamber filling It w@é‘s
thought Dossible that eventually a catalyst could be used

vhich would contein. only 220 pounds . (100 kilograms) of. cobalt
per chamber filling. Th@sé results might be considered as

irdicat.ir.g that 'che_heat_removal capacity of the" chambér was L
.'\- ’7 oL .z/

RS T

b vlimitir.g factor in the alt.inate oil production. However;

they might. also be reéaracd ‘as irdicating greater cataiytic

activity wi:th greace: dispersion of the cobalt,.

e

One ot the ,ccmmercial ch..moers was half-filled with cata-
i

. c T
’?v—i‘»eratedqgﬁ the-rate of 42,000 cublc feet (1200 cubic

de 1*'.L
fi 'a’nd

mters)'pgr hour. The 1life of the catalyst in this instance

vas. or.ly four week;a as. compared to the normal life },..:Of.four

-itfnths This was. a catalyst in current use in the cormercial

:-P’iﬁ;l% ard, t,herefére, cantained about 950 pounds (h25 kilo-

— Nﬂ,‘

—sr“emB) cobalt for theéhalf-filled chamber.

s Rl}.hr,chemg’afwas' that this palf-filled chamber should have been

The conclus ion of
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perated at 21,000 cubic feet (600 cubic . meters) per hour

The results s together with the concluaions » Seem to- 1ndicate
' tmt the factor which chiefly limited t.he oil production

uas ‘the heat removal capacii;y of the chamber.

The following data were 6btg1ned: frm; the -éperaticm'%?'

comercial chambers at a practically constant 'c.emperiait.ure'of~
380°F. (190°C.) at a @as rate of 35,000 cubic feet (1 ooo

cubic meters) ‘per hour ver chamber.

1n grams’ per norzml cubic meter of ideal gas, while the s

The oil yields were given

rates were given in norml cublc mcters of synthesis gas con-

T Lot -

taining Pbout. 15% inert mterial The chembers contained

: respectively, a whole cha.rge, three-qua.rter charge, ha 1t

-

ch.,rge, a.nd cne- que.rter charge of the standard cobalt- nagw.esia
--catalyst . "

_Time® 850 kg. Co.. 040 kv, Co. 1425 kg. Co. 213 kg. Co.
Duys Contr. OLl  Contr. Uil Contr. 0il Contr. Oil

0 65 | 1501 62 136 62 120 60 uon
15 | .58 120 55 120 . WS 4 990 130 _?O
30 ‘50 85 fué‘f | 7’0.“:"' 08 e 10 .’ 10‘*'
o e 8o ko 9O 25 710 "

‘ ‘ heat to chamber.
* After 25 days 1t was necessary to Sup?ly N ‘

** Imediately arter regenerayion
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“The results g'iven o the lii’é‘cedins Page are shown plotted

in Fi@“‘e X °PP°51t°' From the 1cwer gset of curves it

13 clear t!'ﬁt. the oil productlon vas less,‘ 'the snnller :f.he

gmam!;_of cat,a.lyst 1n the chamber.—~Bmey§r, 1t, shwlLbe
RS e
mntioned. t.ha.t. the r\g\sulte obtained in the Kellogg 1abora-

)

tory would mdics;te that thg comparlson of‘ yield.s from these

eat,a].yst qua.ntities would. better be made at the optinnmr tem-

perat‘ f'cr each r'ham’ber rather than at a constantl tempera-
ture. « The higher the gns rate per unit of catalyst the

'fhig‘hér‘ the optimum reactiocn tempei:é‘ture should ‘pé}_’
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» of 01 rer unit Figu
igure XI
time per unit of eatalyat as a funct‘.lon of the inlet gas

te' . The dabai Y?E‘e taken from experiments, in glass ,tu'bes ;;;;;

1n an a.luminum block, the @as stream not beinelpreheaté&;

The data were calcu]ated. to correspond to the connnercia.l

_gize_chamhen_and_the_ondina,tesm M@mﬂ—vermhe—

‘09:113“15‘59‘1 units - The upper solid curve was obtained from

‘starting with a new catalyst and using such a catalyst for

1500 hours . The l'cxvef broken curve was obtained frozﬁ 1060 ‘

hours operation of a ca.talyst uhich had: previously been*

used for 500 hours . It vae evident tha.t the old.er ca.t.alyst

-

@,ve somevhat lover reeults than the new catalyst. These

tesults vere obt.ained. at atmoepheric pressure. A similar .

<y '?’,,.?%_ - :s S
Se

but higher curve was obtained a.t seven atmospheree pres-

sure in eemi-connnercie.l scale. equipment. In every 1nste,nce
the oil yield. d.ropped. ra.pmly at rates beycnd that corres-
Pond.ing to 2 5 1iters of @s per hour per gram of cobalt. -

It. should be mentianed that these experiments were mde

~ at ‘the optimum t.empcrature for the PM"":“""IB'r ca.ta.lyst and

te
_@s rate, ranging from 365-39%2°F . (135'200 c. ) Expertnen

mi_
at etmos pheric preesure were being repeated on the se

|

to the
th: scale equi;gment whese" cOnStructicm was similar .

conmer‘cialﬂhigh preeeure chambers -
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Ruhrchemie thcught that there were two poasible ‘exPpla

na-

‘ms of the opti'm.un point on the curve. .

1. Heat removnl limitation of, the equipment

2. Contu.ct. time limitat.ion

fe y regarde d—the_}%&ter—as—the—chie f%‘&ét or-for tvo reasons T

C - i

-

1. The optimuu point fell at thewéambgas rate
" in both the ttmazpheric ::.nd thelhigh pressure chumbers,
. : R S - T Coh
although the coolin: chirccteristics of the two cham-7'

bers were.qulte different.

W

2. Exvcrizents ade in ari_appc-.i"dt,us where . the
cooling surfuce Wad rel:xt’ively ir'ery ‘mich M;ééf;é“dn'xe

mil.;im.t.er “r.rqu opacc between water- coole%/ tubes--
.’_’shcr-red o differcrt results £3 regrd.s oll production, ‘
\

z1though the methane fornntion was. ebout 10% lower.

’th experiments on this rcactor (capeclty about 175 cc. ‘Of

| L.,
talyst) were being continued cnd the &3 rates of '1l, 2, 3,

s 5uard 10 11% vers per hcur er S""‘m Qf'.'comlt vould even

tuzlly be tousted. .
RN !

D

; : de u
’ The 3 ylntheg {3 reaction was regarded a3 ‘being m P

(Of ﬁ_hree step3:’
1. Adsorptiﬁn
2‘- Reductioq hmd. 1"olynwrization

S Prod.ucb Des Orption
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o first two steps were rapia in comparison with (3) ‘and
,

refore t.he L&tter detcrmj_ned the speed of the overnll

scvion. “Step (3) could be speedea up by the use of higher

smper=tures, but t.here wus alwuys the danger that the course

¢ (2) would ‘be a.lt.erc.d t.or\ fer in the direction of methune )

foy e
y + 2 . —
MIC LVl T

Some &dditi r.“l d‘..".m were taken from exper:[ments xmde in
L.ss tubes "md ,luminum bloclcs for one-stage operction. Simi-
PR

':1 r to “t.he resulta previcusly rentloned, these dnt.a h::.d been

lcuL.ted to corrcspond. to the. commerciul size cha.mber. o

0il Yieus .
Tons/Clnmber/Dz.y  gofmd . g./g.Cofbr.
- 11k 0.13
105 0.19"
68 2h
£.20 | .f 51 0.6

————y

! !

hese d; t~ differ from the pmvioualy deacribed reanlts in that
! |

: “ o opera-
{they rre, for one-3tTigu . Opers otion 'md. were trken over P

‘the 1ndioutions were t.hat for

s

ftir.g P“riud.—ofifor}ly 2ou hours._'
wm of co,bo.lt--
his .rel:.t,iv,ely 3hor‘t. “ipe ohe yleld of oll per gram o -

, a3 far &3 the &t wont.

hour increx sed wich the 3 .9 rt.te
' t.he data takon

: t.o
Th%e Litter d(.\;‘ arc mmru qe,rly compurable .

omr he 101'18
kh\ the KLllOB@ l‘ bOI"’-torb wnd_ their dif1 ercnce fl‘ ’Q
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periOd: a8 | sberation would. 1ndicate the neceasity of

midng 1ife teats . ¢-%u1y3ts cperating at high g3 rates

- Ruhrchemie had u commercial chamber at Ruhlind, which had

peen in cperuticn’ 100 d2ys on the 22nd of chember, 1938 at a

@3 rote of 60,000 cubic feet (1700 aibic metcra)

Per hour per

1900 prurds - (850 kt, ) of cobalt. Thia chember showed o contrac-
tirn of 60% ~nd « cz'.rbon mmoxide conversion of 70-75%=qnd. had

nct been revivifiled -r regenertied at the end of 100 days opera-

- P

‘tien. The' excert i}.n"-.‘lly long lifc was cttriduted ¢ improve-
~zent Inthe catv.lysts wlthaugh no specific n.r intentional "

change hr.d been m:de in tr;e é:;t,r.;lyst o 1in itsi preprration.

. /
¢ thorcforc, that the longer life was due to

R

It vo3 p.33 1Y
the ﬁighc-’fit‘ Z:3 rite used.. ' ' -

. The prlr nhti e f why_ pcr“ti,ns at Helten: r:.nd elsewhcre

vere n.t curricd hxt, .t the pe.k of the carves was:
B

. ) -
1. The lluoiced c . undensing equipment of the
prusent comaercl.l chu sbers

2 ] The necessity “#.r high ylelds o odl pe.r

unit of aynthc.s'is' T-3 .

e t the experiments
. . “ be mgntiuned tha ‘
In this\:.d,?v“_\,gac%ctiAn 1t my i | |
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to be mde at Hultt.n by ‘Ruhr chunie at the request <,'f USA(]J ca
n—

not be mde &t rates higher than 71,000 cublc feet (2, 000 cubic

meters) per h:ur per cha.mlber. This limita.t.ion was d.ue tmthe

p?evidus 1y mentioned limit.ed. cond.ensati

t
|

on’ appara.tus and further 5

_,.,.to the fact that compression facilities -were- not. a.vailable to-
overcame 'che grea.ter Pressure d.rop at higher ga,s ra.tes - It. was

suggested to Ruhrchemie that i‘or et experimenté to be mde for
» USAC: ;.

1. A high pressure chamber be used at atmospheric

pressure.

2 s n

" 2. That the chamber be only balf-filled with cata-

lyst in order to raise the gis rate per upit of cobalt.
I : == PR - E ]

e Lt '._f_" ) i . ¥, 4“".1 3

RO . T

ObJections t.o th,ese sug*qesr.ions were made as to the impractic—'

' abilit:, of ei her saguesuoz;.

’2:' » }a‘_.
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1
A commerc:lal at‘mPherfC Pressure chamber was filled o Pelleted
vith catalyst in the form of Pellets (about twice the nor- | Cata_lE!ts

ml a.pparent. dens ity and therefore with about _twice the.

normal amount of cobalt .in this chamber) and was opera.ted.

*atJ&a,‘OO‘Ofcubic*fzeetm(1200 —cubic- meters) of synthesis gas
per hOur. The oil yields vere practically the same as . |
____‘_vhen operatfﬁg such a chamber at this ga.s rate over the
norml ca.ta.lyst. In another 1nsbance, twice t.he usual
amcupt ‘of kieselguhr was added“:[n the cata.lyst;‘ ;):émm- M
tion a.nd. -thé' resultant cat.alyst made into the ferm of |
. pellets . A chamber filled. with this pelleted catalyst
“fthe normal _amount of cooal" per chamber) likewise gave

e,

_the sa.me Ayi‘.eld of oil a.+ ‘the ga‘s'raté"o’fwhz", 000 cubic

feet (1200 cubic meters) per hour.‘ Ru.hrchemie ‘have al- -

Vays used light cata.lysts s since they.believe that the

, !

‘high pressures necessa.ry to form the pellets destroyed

-

the structure of the kieselguhr and left the surface of

the catalyst pellet with a much mpaired.pprosi‘?y-'

—The—use*of*such—a-—v&rietﬂ'—of—catalysha , 1 .g_u cata- -
1ysts. containing cobalt and kieselguhr in varying pro-

t .
‘Portions ; pelleted ca.talyste, half-filled chamber, stc.,

n per
Vithout any effect upon “the maximm oll PrOd-ucf'io P

tion
-chamber, was a at,rong‘indicat‘i‘m that- the oil produc
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yas 11mited by the heat-removal facilities of the at- :
mospheric chamber- The use of higher @s velocities
mcreased the oil prod.uct.ion somewhat. » but probably
only 1nsofar a3 the heat capacity iof the add.itionali

gas quantities ass iat.ed. in ‘the removal of the heat of

react.ion.} “In this® regarcl, 11: is interest.ing t.o not &

-
|

‘that the oil produCCiorm per unit of cobalt was steadily

rising at'a gas rate equivalent to seven‘liters ‘per -
g,} '~A:4

hour per 'gra of cobalt When the reaction was- carried

“out in lab«oratory equipment , whereas  in the commercial,
atmospheric pressure cham'bers the oil prod.uction per

unit of cobalt ‘began to fall off at gaa’ rates above two

liters per hour per gram of cotalt. L E

S U >

e T ‘ - A .
The gas" throughput per,?“ unit. of cobalt was about L iga;r 1:::3:;
20% greater at seven atmosﬁeres than that used under Operation
atmospheric pressure. The mOSt ei“ficient ‘apace veloc-
ity for higher pressure operatiori had not been de-
termined, although 1t was con3idered cert,am that 1t

vould be higher than for atmosphoric pressure opera-

tion. Ig was regarded as certain tnat—it—vouid—ﬁet—

-

"be poss ible to increase the space velocity unde!‘

7
t
Pl‘eSsure in direct prOPOrtion to the pre,s sure due .

. HJ S}f -"’“¥
~the fact that while the rate of adSOrP“‘m va
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_ mcreased the 'rate of desorption of - the products was 4
S -

' creased by the application of pressu;-e. "‘-'.i::-‘,',\

1
\ :

v Using the coba.lt-ma.gnesia oate.lyst under pressure’,
the ﬁ;sual custom at Holten was to start & new oa.talyst
at thefrate oLéO OOO_c\Ibie feet (1700~ cu'b:lc met.ers) of

synt.hes 1s gas per cha.mber per hour. This ra.t.e wa.s de-

=l

creased. somewhat. as the ca.talyst loat. - activity, a]jhoglgh

he old.est ca'calyst. 1n use--more than. six months old—-

r

had not. required even a partial revivifioation with hy-

drogen. 'No higher wgas ra:se_s had\vg,been used in the high

pressure chambérs. PR

{ i - N r l
‘The heat of the synthesis reaction vas ordina.rily - Heat Removal
- . by Gas
removed. from t.he synthesis cha.ml‘)er by the evaporation " 'Recirculation
e, v

of vater t,cr fom stea.m ixhder pressure a.nd. subsequently
: lee.ding t.he st.eam away. It was thought. wort.hwhile to
attempt, to remove. the heat of reaction by the recircula-

’cion.of the grseous products of the: reaction. For this

purpose a semi-commercial chamber having a. oaﬁ‘city o

—lh—cubic—feeﬂheo—nters )womtelyst was .used . This

particular ,?pmnher had & construction similar to that

.- Of the comercia.l high-pressm'e chamber- Fresh Smthesis

gsed
- @88 vas ‘added to the recycle” gas: and the. mj.xbure.pa Co
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through a compressor into ¢ " ;
| f he chamber. - The gases leav-

ing the cha.mber were cooled anﬂ. the liquid products

condensed- A portion of the recyc]_e gas vas bled off,

the amount being such as to hold ~ the system arocand the

X chamber in therml balance > that Is, no steam genera-

t.:lon but some heat loss by cobduction and raddaglor:

' \

The following \.abula.tic". gives the conditions and

f.resu_lvs :

E Chamber capac it;y

Gas Rate o - ,‘ ,: DR :
Fresh synthesis gas o 1400 cu.ft /hr (4O cu.
v, Becycle gas . 5700 cu.ft. /hr (160 cu.

" Temggratures
. Water Jacket.. ) 571;“}" (190°C" J
Inlet gas . h '192- lhO"F. (50-60 C )

Cimtraction ©U0 . 306
Conversion on the fresh _
carbon monoxide 90% o
The above recycle ra.t.‘io was probably specAifio to the
rerticular equipment ‘used., and wculd probably have been

larger for a larger cha.mber and would have been affécted.__

directly by the chamber insulation.

'The usual custom in the operation of the synthesis .

‘reaction has been to i{ntroduce the gas at the top of _tfh?

reactiOn chamber and allow the gas to f1low ‘downward througb

(134)

i

. 1h cu.ft.. %atalyst (400 1liters )

met.ers )

nig.\ters )

) Reversal of

- Direction
of Flow
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the catalyst. - Operation in Which the" Eases entered. the bottom of

the chamber and flowed upard. through the- cata.lyst had been made,
'"m t,he nature of experiments.

-

WO atmospheric pressure commercial
cha.mbers were operated upflow for 16 da.ys.

Although the covers of
the che.mbers were ‘gas

/

-tight ‘the upflow experiments vere stopped
because ‘of parei‘fin lealmge through the ,joints around the cover..

‘There was no A1ff 1culty encountered in the operation in thie

‘L . [

mnner and little if any difference noted in the results,

RS

was a.ttributed to the reverse.l of the direction of- flow_ These
— J— RIS ”p

experiments will be repeated on cha.mbers in which mo " care will

.1o_y

F’be. talgen to insure a pva‘reffin-tight»e@yer.‘ : -

13

l?a

Experiments were made in which the usual flow of gases vere
reversed in the high pressure chambers—-about seven atmospheres
'Pressure. Difficulties in operatiOn wgre encountered due to the'

Plussing of the e.xmular .8Paces near ;""the “top of the cha.mber with

.-~sfvot all of the annular s;aces were ?;glugged but

et

golid pe.ra.ff ins

those that were pluggcd oauSed an- uneven distribution of the
\- ' }J;‘d er, W

8Ym‘.hesis s so th.ab the’ ‘annular spaces which wou]d allow free
| No

CR— ——

Pasaag&*of the- gases werc ouera.ting at too high gas velocity.

~.n

difference in the products Was observed with the reversed 8-

thesis gas flow.'
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nts then o> Pilot,P]ant

| being carried out on the semj_- -Ia‘poratery

commercia.]: scale in the

pilot plant Jaboratory was not gi.ven The fOllOWing para-

o graphs summrize the 1nformtion that wag obtained The

types of equipment in use in the Pilot plant’ Jaborat.ory

were .

- 1. Two flat sheezts oi‘ 'fron, 8 1eet (9 )/meters)

wide, were welded together along the: edges so that

g
__t.he distance between the sheets was one centimeter

ins 1de mea.surement. 'I'he wel /ed aheets were then .
' . { s )
to the form of a skPiral 30 that there- was ‘
s ’-' Vo ‘A .

about. one centimet.er clearance bet.ween lapa The

spiral was in a cylindrical t.ube 'orovid.ed with a -

/

wa.t.er Jacket and the inside space of the spiral was

T l’1\ ; s

cox*.nected to the wa’cer s,}ystem., There were 17 an—
nular spaces in the completed reactor.-
.w:t'_ o J
2. ‘A fluted. starﬁ‘shamd uube wa.s placed 1nsidc

e cylimirical tube 34 mm. ~1nside diameter ard about

eight feet (2. 5 meters) long The fluted. tube vas

Wspet welded téﬁth‘_ylindriml*/tube at ea.ch point
l

1% P
..-ofx conta.ct. The entire free space mside Of the '

Cylind.rica.j!. tube was filled with ca.talyst.

3 A cylind.rioa.l tube two ‘inches (54 mf. ) out-

N

laced
side diameter, four . feet (1..: meters) long vas plac

-3
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/

inside another cylindrice.l tube 2
‘inside diameter.’

) lnchee (65 mm. )
The inside tube wae filled with .
vater and the outside tu'be placed 1n a water ba.th. '
catalyst vas placed in the annula.r space.

‘ h. <A tube 20 mn. inside diameter and four feet.

(1.2 meters) long vasg surrounded by a water bath and

- .“L PO S

- filled with oate.lyst. i

5. A cha.mber was constructed 1n a manner exactly ‘

'similar to the commercial high preesure rea.ctors except

- -

that the length was eight feet (2.5 meters)
~ sectlonal area of each_ annular space was about 11 square

centimeters.
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practically no- oil production. At & gas.rate of two liters per‘
hour per gram of *cobalt the temperature ha.d to be raised. 18°F.
(1o°c ) in order t‘o1 ?bta.in the same yield as. that obtained at

the gas rate of one -iiter “per hour per gram of cobé.lt. *rhe ;,'L:Lfe
of the catalyst at the doubled ga.s rate was anly three months as

compared to six months w:lth the ordinary gas rate.

ST

‘i
-

External heat had. to be supplied to those chambers which.
:cgm;ainédr less than 500 lit.ers of - catalyst. Chambcrs containing
between 50@»1000 llters of oatalyst required no supplementary
heatigg ﬁnfter the reaction had been started, and ‘bhere was also
no appreciable gfzncrabion of steam. “ Chambers conta.ining more than
lOOO liters. of catalysL, had uO be cooled by the evaporation of
water under press-ure. It was planned to mvestigate the effect

of' pressure systémtically in'a lOOO—lit.er chamber by operation at

_i 2, >, 1+ 5, 7 and 10 atmospheres . Likewise, a SyStemtic ;in-

Veatigation of the effects of the increa.sed gas rates was p]anned.





