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COMPLETE SPECIFICATION.

Improvements in or relating fo a Hydrocarbon Synthesis Process.

We, Sranparp O Deverormst Cox-
PANY, a corporation duly organised and
existing under the laws of the State of
{lelaware, United States of America, Bliza-
beth, New Jersey, United States of America.
do herehy declare the nature of this invension
and in what manner the same is to be per-
formed, to be particularly deserfbed gud
ascertained in and by the follvwing state.
ment -

The present invenlion iy concerned with
a hydrocarbon synthesis provess employing
improved catalysts.

It g well known in the art to conduet
hydroearbon synthesis reactions by cun-
tawting hydrogen and axides of carbon with
catalysts wnder verivus temperature and
pressure conditions, The eatalyst employed
Is osnally selected from the iron group
metals, as for example, lron, cobalt anud
nickel. The catulyst arve utilized either
along or are employed in econjunction with
carriers, such ax Kieselguhe, diatomaceous
earth, synthetic gels, silica, and almming.
Promolem, sach as oxides of sodiwg,
potassinm, chromium, zine, aluminiu, mag-
nesinim and the rare earth metals are used
with the iron group metals. Thess catalysis
arc empluyed In either fixed bed ur floid
catalyst operations.

The temperatures vmployed in the syn-
thesis reaction vary widely, as for cxunple,
in the range from ahout 300° F. to abuni
800° F, and are gencruily in the range from
about 330° F. 1o ahout 750° F. Tle pressures,
likewise, vary considerably and ure a fanetion
of other operating conditions, such as
catalyst employed, uctivity of the eatalyst,
cherncter of the feed gases and the tem-
perature utilized, Pressures in the range
irom about 1 o 100, and higher, atmospheres
bave been suggested. The character of the
foed guses introducerd ioto the synshesis
reaction Zone depends somewhat on the
partieniar temperatures and pressures, and
upon the catalyst employed. For exnmple
when employing eobalt type ecatalyst, it is

preferred to use abont 1 mol of carbon
monoxide to about 2 mols of hydregen
while when an iron eatalyst is uiilized, a mol
rubio of 1/1 to 41 of hydrogen to carbon,
monoxide in the feed synthesis gases is
desirahle,

The synthesiy gases comprising hydrogen
and carbun monoxide are produeed hy
various procedures. Methane or natursl gas
may be oxidized with & reducibls metal oxide,
with pure vxygen or with gases containing
oxygen. Other foed stocks may comprise
coal, shale and other hydroearhons, “The
reaction may be conducted in & single or in a
vlurality of stapes. When employing
methane as foed gas und oxidizing the same
with & reducible metal oxide, the reactions
are generally eondneted at temperatures in
the range from about 1400° ¥. 4o abous
2000° T When the synthesis gases ave pro-
duced, by utiliziog oxygen and natural gas,
the temperafures in the reaction zone arc
usually o the range from abouk 2000 to abont
3000.“}.[".

It is aiso known in the web to contact
gases and solids by passing the gases up-
wardly through an enlarged #reating wome,
containing a body of fnely-divided solids
to be econtacted, at a controlied velooity
to maintain the solids in the treating sone
in & quasi-liquid liks stete. Under properly
controlled conditions, the subdivided selid
partieles are not ‘only maintained in a highly
turbulont, yuasi-lignid and ebullient state,
but there sxists a ropid wnd overall ciroulu-
tion of the fluidized solids throughout the
fluid bed.

Processss  of this oharacter, whersin
fluidized sofids are contactud with rases, have
& nomber of inherent and important advan-
tages. For example, intimate contach be-
tween the gases and the [Muidized sub-
divided solids is sceured. It is alse possible
fo maintain e substantially uniform tem-
perature throughout the bed as & result of
She extremely rapid transfer of heat froih one
saction of the bed to the other beonuse of the

630,794

(2) and (4} of the Patents and Desigas. Aels,
Complete Hpecifieation 1wus left in vespect of
22651127 and woe luid

&b

80

il

-
iy

50

i)



-]

630,704

10

20

&

30

53

60

6G

* comrse parficles.

rapid cireulation of the fimidized subedivided
solids. Furthermare, due to the rupid trans
for of hest between the solids under these
conditions, it is possible to readily add or
axtract heyt from the mass ab an cutremely
rapid rate. Lo fluidized pperations, the selid
subdivided paxlicles generally have particle
sizes in the range from abot 0 to 200 microns
and higher. These particles ate maintained
in o flufd ebullient state in the reaction zone
by means of upflowing sugpending gases,
the velooity of which is in the range {rom
ahout 0.1 o & Feet and higher per sceond.
This invention fnds speeifie application in
a hydroeerhon synthesis veaction wherein the
synthesis geses are rencted hv mesns of 2
saitable catulyst to form hydrocarben con-

stituents contuining more than ene garbon
atom in the molecule, For emmple, in this

grocess one of the important pronlems eon-
ronting the development of the gvnthesiz
process is that carbon builds up on the
catalyst to an extent that it is lost imless it s
regenerated. Although & certain aount of
corbon may be desirable on the vatalyst
gurfaee, this factor must he conirelled.
the carbon scenmudates on the catalyst it
disintegrates into finer particles,
ample, catalyss containing no 0—21 miceok
nterial and 75¢%, of 80— mitvon fraction
will e altered in 200 hows to 504, of 0---20
ynicron material and 107, of 8-~ material,
The finer material contained the wast
carhon, 50%, as compared to 200, fop the
One main detrimental
effect of carhon formation on the eatalvst is
the lower heat transfer property which
resulis. This produces an attendant difli-
culty in maintainin gatisfactory fempera-
tnve comirol throughout the reactor hed,

Thus, hot spots develop in the eatalyst hed .
due to the pour

heat iramsfer conditions.
In accordanes with this pracess, the charac.
ter of the product gases and vapurs is,
thercfore, ahle to be effectively eontrolled b
controlling the carhon contert of the eatalyst
in the treating zone.

Tn socordance with this inventian, catalysts
ave employed which ave less subject to atiri-
tion due fo carbomization. By employing
these catalysts, a move unform produet is
soowrerd for o longer period of time. These
catalysts comprive hollow metal o metal oxide
microspheres, the metal used heiug selected
from the gromp consisting of irom, cobalt or
nickel. These hollow mierosphera catalysts
may contain suitable promoters of the elass
enuimerated heretofore.  Particulerly desir-
ahle promoters comprisc potassium fluoride,
sodium earbonate and for potassium cai-
banaie.

The hollewy microsplerieal catalysts used
in nesordance with the present invention
may conveniently he prepared by impinging
& wiream of molten metal of the group con-

Ag

For ex--

sisting of irnn, eobalt and pickel no o the
surfaee of w vunled, preferably eurs cil, baltle
whereby the sbrewn of metul ix Iroken ingn
amall jarticles which ate then defected
downwardly away frem the haffle into a
couling medizn. The metal may e con-
veniently sprayed ontn the surfaee of the
pafile from a metal wire rod oy equivalent
hy means of & metallizing gun. One: con-
venicnt wethod of preparmy the hollow
metal spheres Iv illustrated in and by the
single figuve of the aceompanying draw-
ing,

Roferring now to the drawing, iron wire (1)
s« mtrodueed into metaliizing mum 21, Fuel,
us faor example acet¥lenc ond osygeu, i
supplied to the metaliizing ywn {2} by means
of lines (9} and 4. respectivedy. The iron
wrire is projeeted through zone (A and
impinged against a curved hatfle (1. For
{Lic purpose of deseription. the curved baffle
is positioned approximately six feet from
the nozzie of metallizing 2 {25, Cuoled
water or ai eguivalent esuling nedium is
introdured into the interior of hafffe (10) by
means of Line {3} and withdrawn from it by
means of e (8). The temperature of the
Luffie (107 is maintained at suhatantiully
a® F. ‘Fhe mietal impinging upon the
surface of batile (10} is broken up it smali
particles, which particles fall dovwnwardly
through zone {Bj and are colleeied in enllect-
ing means (20

Any type vf metallizing gun or equivalent
peans may ke uatilized. The particalar
metallizing gun nsed in conjimetion with this
work is 2 metallizing won. desiznated by the
trade paras = Meteo Moetallizing Gun. {the
word Metew beine a Registered Teade Maark)
jaennufactured by the dMetaliizing Engiueer-
ing Company, Ine. of Loug island City,
New Vork. The paticrnlar gype of metal
wire or ol emploved should preferably he
pare metal tiowgh carhan steels ave very
satishetory.

The temperature in the zoue hetwesn
halfie and the metailizing gun is generally
in the range trom 2000 F. to J0i° I I
general, the haffic is positioned awayx from
'the gum % as ta place the Lafite m an oxiliz.
ing atmosphere. The melien metal shonld
be impinged upon the hafile while hat
wherehy the metal is broken intu particles
heving @ micron size in the approximate
range from 3 to 1060 wmicrons. The tempera-
ture un the surfave of the badtle should pre-
ferably be in the range from 140 to 8007 F..
peferakbly ab a femperalure of sulstantinliy
ann® T, 0t ix helleved that the temperatore
of the molten metal as it impinges upnn the
surface of the hatfle is about 000" E.

The process of this invention aml the
preparation of ihe catalvst mmuy be readity
understood by the foliowis example illus-
“trating the same.
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cobalt or nickel.
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650,794 3
Examrie 1. be of & substantiaily erystailine structure of
Tron wire was passed through a metallizing  Fe,Op  The bulk denstty was 2.48,
vun as deseribed and impinged upon = From the above data it is apparent that
curved baffle elerment. The baffle element -a large recovery (90°;) was made of the iron
5 was cooled and ab a temperatare of substan.  wire and that the resulting hollow miera. 28
tially 200° F. the resulting iron oxide spheres  spheres have a substantially uniform particle
were collected ancl analyzed. The partiele size distribution in the range from szhstan-
size distribution was as follows : tinlly BO to 120 mierons. This is extremely
. Hieron Bize Per Clend desirable when it is necessary tv manufae-
10 0-—20 1.2 ture eatolyst partioles for wntilization n 30
20—40 2.2 fluidized uperations,
40—80 10.6
80—129 87 ExawrLe 2.
Prior to the analysis, slag was remaved and Hollow iron oxide mierosphere eatalysts
15 ihe sbove partiele size distribution of spheres  prepared as ahove and imprognated with
represenbs  approximately 90°; recovery 59 potassium fluoride, prepated in accor- 35
based npon the amount of iron wire used. dance with this process, were employed in
The spheres were subjected Lo microseopic variows operations for the synthesis of hydro-
examination and to X.oray analysis which carbons. The results of these operations are
90 disclosed them to be hollow spheres amd to  summarized as follows :
4n Opearation Operation Oncration
i 2 3
Temperature, °F. 600 600 595
Feed, Hydrogen to 0O ratic 1.08 S| 1.18
Yields® 123 CIR0 121
4 * ¢c. of hydrocarbons having four earbon stoms in the moleenle and higher boiling
constituent por cubio meter of hydrogen and earbon monoxide éonsnmed.
fixameLe 3. 2, Aprocess aceording to Claim 1, wherein
A catalyst comprising iron microspheres said microspheres have particle sizea in the
(oxidized 73%,) and impregnated with 23%, range from substantially 0 to 200 microns
50 of w potassium earbonate promoter was and wherein said spheres are maintained i o 80
prepared as previously deseribed, This cata- fluid ebullient state in said reaction zone by
Iyst was employed in a synthesis operation  means of an upflowing suspending gas.
with the results as follows : 3. A process according to Claim 1 or 2,
Temperature, “T. 00 wherein said motel comprises fron promated
iy} Yeed, H, /CO Ratio 1.17 with potassium flucride. 86
Gas Contraction, °, 57 4. " A process according te Clsim 1 or 2,
Yields, Colleated : wherein said metal somprises iron promoted
Hydroearbons, ce.im, 3 with potassium carbonatc.
H.+C0 Fed . 131 5. A proeess according to aay one of
60 H,0, ecc. fm. 3 H+-CO Fed ) Clsims 1--4, wherein the hollow metal miexo- 90
Having now particularly feseribed and  spherical catalysts are produced hy imping-
axoertained the nature of vur said Invention ing o stream of molten metal, eg. from 2
and iz what monner the same is to be per- spray gun or metallizing gun, on to a cooled
formed, we deelare that what we claim is—  preferably cueved, bafile whershy the stream
65 1. An improved hydrocarbon synthesis of metal is broken into small partieles which 5]
process which comprises introducing feed are deflected downwardly away from  said
guses comprising carbon monoxide and  baffle lnto a cooling medinm.
hydrogen imly & hydroearban synthesis re. :
action zone, mainteining temperature and o
i pregsure conditions in said reaction wone to Dated this 14¢h day of Aungust, 1047,
secnre the desired hydrocarbon synthiesis
reaction and contacting said foed gasin said D, YOUNG & €O,
veaetion wone with hollow metal or metal 30 Rethatnt . T,
oxide microsphere catalysts, the metal being 29, Sot?t_hamp ton Buildings, N
73 selected from the group consisting of iron, Chaneery Tane, London, W.C.2,
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