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Improvements in or relating to a Process of Synthesizing
Hydrocarbons

We, Brannarp O CoMPaNy, a corpora-
tion organized under the laws of tha State
of Indjana, United States of America, off
910, South Michigam Avenue, Chicago,
Illineis, United Stafes of America,
(Assignees of Bopmrr C. Gunmess), do
tereby declare the nature of thid inven-
tion and in whal manner the same is to
be performed, to be particularly deseribed
and ascartained in oud by the following
statement ; —

This invention relates fo an improved
method and mesns for effecting the syn-
thesis of hydrocarbons from earbon mon-
oxide and hydrugen in aceordance with
tha following eguations:

nfl0 + (204 D300 o + 11,0
100 + 20— O .. + nH 0 '

The present inventivn provides a -pro-
cess of obtaining synthesie produets by
reacton of carbdn monoxide and
Lydrogen wherein o gos mixture compris-
ing carhon monaxide and hydrogen is con-
teeted with synthesis vutalyst under syn-
thesis conditions, which comprises em-
ploying synthesizs  calolyst in finely
divided form, maintaining said synthasia
catalyst in suspended dense phase liquid-
like condition in the synthesis zone by
introducing the catbon  monexide
hydrogen mizbare at the base of said zone
and passing gases upwardly fherein at o

. low velacify, sepuraling unreacled gases

]

40

and reaction produets from said sus-
peuded catalyst apd removing unvencled
gases gnd light nermully- gaseous pro-
ducts from the heavier reaction products.

Heretofore 2 major problem in this
synthesiz has been that of heat removal
and temperature contrel. The synthesis 13
catalytic and it has been nescessary to.

... [Price2f] _ '

huve each catalyst parficle immediately
adjacent a heal exchangs surface, ie.,
within a few millimeters thereof. Prior
synthesis reactors have, therafore, heen
extremely complicated and ex{:enaive and
it has been most difficult to obtain acsess
to the inmer part of o synthesis resctor
for the purpose of repair or for replascing
catalyst material. Am object of our inven-
tion is to provide o sysiem wherein heat
exchange surfaces may be entiraly elimi-
nated from the synthests zone and where-
in the heat developed by the symthesis
may bs removed in n separate zome. A 55
further objcet is fo provide a system

whersin the synthesis femperature muy

be controlled snd mainteined within very

ol

-close limits. A further object it to pro-

vide a gimple and relatively inexpensive g0
synthesis rewctor which is mora efficiems
in operation, than tha expensive snd com-
plicated reactors heretofore employed.

The catelyst employed for effecting the
gynthesis is expensive nnd it is essential 65
that caialyst losses be mainfained at am
alsolute minimum, An object of our in~
vention is fo provide imyproved methods
and means for prevenfing catalyst 1osses
from synthesis reactors.

The synthesis has herstofore been
effected in fized catalyst beds so that the
catalyst in one portion of the hed becama
spent sooner than the catalyst in snother
portion of the bed, The earbon monoxide
hydrogen mixture was ra]iidly converted TH
in the initial portion of the catalyst bed
but thereafter the reaction was materially
slowed down becanse of the presence of
reaction products, some of which pro-
ducts diluted the carhom monoxide and
hydrogen mixfure and some of which pro-
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" duets coated the catalyst and made i} less

effective. An chjeet of our invention is o

e

"'-.ﬂ
H

00

75



2 . B  gdr,185

provide a aystem wherein the incoming

earhon monoxide sud bydrogen mixture

always contacts a ratalyst which has been

stripped from reaction products, wherein
8 the eatalyst activify is substantially uni-
form throughout the reaction zome and
wherein the extent and naturc of the con-
version may be more closely conérolled
than in any prioe process, A further
object is to provide 2 system which is fex-
ible n operation so that it may be em-
ployed under atmospheric or superatrao-
spheric conditions and so that it may
solectively produce a large preponder-
ance of hydroearbons of the motor fucl
hoiling range, ar the lubricating ofl hoil-
ing range or any ether desired boiling
range,

A further objec{ of the invention is to
provide an improved system for converi-
ing hydrocarbon gases such as mnatural
gas_ info mormally lignid or nermally
. . solid hydroearbons and to uiilize in (his
system the methaue and ethane which is
prodneed In the system itself. A further
ohject is o improve the cficieney and to
deercase the expense of the system for
vbtaining a iwe to dne hydrogen-varbon
meanoside mixture from normally gaseous
30 hydrocarbons, particularly methane and
ethane. A further object 35 1o provide an
improved method and means for purging
the systerm of nitrogen, i

A further ohject of the invention is {o
weoid or minimize the separation of waxy
nil drips #roni the reaciion’ zone and {o
provide an improved method and means
for gtripping rexcilon products from the
nptalyst at very short infervals thersby
decreasing or eliminaiing the tendency of
reaction products to acvcumulate in the
catalyst mass. Othey objects will he
. appavent us the defailed descripiion of
the invention procesds.

In practicing ocur invention we may
smploy normally gaseous hydrocarbins
{rom any somree whatsoever but we prefer
to employ natural gms which consisis
chiefly of methane sinee it is extremely
difficult to convert this pardicalar gus inte
high miolecular weight hydeocerbons by
any other process. The natural gas is first
freed from hydrogen sulfide and organie
-- sulfur compounds by serubbing with 2
§5 suitahle solvent such as momeethanol-

amine, friethaneolamine, or the like

followed, if necessary. by scrubbing with.
o strong caustie selution. The desulfur-
. ized g3 15 then mixed with such propor-
tions af rarhon diexide and sfeam as to-
give u gus mixture having an atomie
hrdrogen : earhon: oxygen ratio of abouk
4:1:1. This mixture iz then contacted
with a reforming colalyst, preforably an
65 VIITth group metal oxide which is exther
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unsupported or supported on clay, Kiesel-
guir, silica gel, alumina, ete. Such a
catalyst, for instance, may be a mixture
of the oxides of nickel, iron und magenese
with the proportions [z 1:0.5 by weight.
The wickel or other VIIIth group metal
oxide eatalyst may be promoted by ozides
of oluminum, wmaegnesivm, ealeium,
uranium, chromiwmp, molybdenum, vana-
dinm, efe.

The space velocity through the gas re-
forming eatalyst should be sufficicnt te
oive a coniaet time of about 2 to 60, pre-
ferally about 10 to 30 seconds, The tem-
perature of this operation ix preferably 80
1,404} to 1,890° F. and the pressure may
be aboud atmospherie fo 140 pounda per
square inch or higher. This reforming
operation converls the methane-carbon
dioxide-steamn mixture into & gas consist- 85
ing chiefly of hydrogen and carbon mon-
oxide in the proportzons 2:1. This gas
mixture will be hereinafter referred fo as
" make *? gas or © synthesis 7t gaa.

. A considerable amount of heat must be
supplied for the gas reforming operation.
Tkis heat is preferably produced by bura-
ing a part of the desuifurized gas admixed
with a part of recvcled gas from the
Syatam. E considerable amount of the heat
coptained in the flue gas from the gas re-
formeér burner may be used for preheat-
ing air which is fo be churged to the
burner, Water is then separated from the
cooled flue ras and the flue gas is serubbed 100
with suitable solvent such a8 mono-
ethannlamine for absorbing cerbon di-
oxide  therefrem.  The wndissolved
nitrogen is expelied fromn the system, The
carhon dioxide is recovered and employed 105
along with desulfurized gas and steam

for the production of make or synthesia

oas as hereinabore deseribed.

Qur synthesis rerctor is preferably a __ -
vertical tower which contains mo heat 110
exchange surfaces therein. Catalyst is
suspended in this tower by the up-flowing
wake gus. DBy properly controlling the
upward velacity of the make gas in the
tower and the amount of powdered eata-
lyat introduced into the tewerwemay con-
frol ike gmount of catalyst in the tower
and the synthesis gos residence time in
the fower, thus ohtaiming the sontact of
e given quantity of synthesis gas with any
desired quantity of eafalyst for any de-
sired time,

- With a eatalyst bulk densily of about
10 o 40 pounds per cubic foot and with
o . uniformly small particle size the 125
vertical gas velocity of the make gay will
nsually be within the range of about .1 fo
10 feat per sprond---in most rases about 3
to 1.5 feel per serond but it will depend,
of rourse, on the densitv. purticle size 130
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ond churacter of the perficular catalysh.

which is employed as well as upon desired
eonversion and reaction conditions, sneh
as temperature and pressure. The bulk
8 demeity of estalyst in the reactor is usu-
ally at least about 2 to 10 pounds per
cubic foaf lower than the bulk density of
settled catalyet bui the bulk demsity of
“catalyst in the reacter should be goffi-
10 ciently great so thot the suspended cata-
Iyst mixture will behave as a liquid and
exhilit such furhulence that there will be
. intimate and uniform mixing of the cata-
Iyst throughout the reaction zome. The
16 gas velocity should be low enomgh to
-obigin and maintain~ a dense opmque
phase of suspended valalyst. Tt should be
.. bigh enough to prevent the catalyst from
- actually setéling oul of the gases and cak-
20 iug and to continuously carry a substan-
tial amonnt of the catalyst to an uppor
‘settling zone so that it may be cooled and
reeyeled for temperature contrel.
The temperature of the synthesis step
25 is u&ual]% within the range of about 225
to 435° ¥., the lower temperatures tend-
ing ‘toward the production of heavier
Iydrocarbons snch as wazes end the
higher temperatures tending toward the
36 production of lighter bydrecarbons such
s gnses. With ordingry catalysts the syn-
thesiz should he effected within a rela-
. tively close femperature range of aboub
826 to 395° . Maximum liquid yields
80 are obtained ut these temnperatures with a

minimum  produetion of lighter and’

heavier hydroearbons, -
Temperature control is effectad by cool-
ing either eatalyst material or incoming
40 gases or both in a zone or zomes outside
“of the synthesis zone, Heretofore it has
always been deemed essential that the
enlering gases should be af synthesls tom-
peratnre and that heat exchange surfaces
40 he provided within a few millimeters of
each catalyst particle in the synthesis re-
actor. By maintaining the tirbulent gas
puspension of patalyst pariicles in the re-
oebor @z hereinbefore deseribed we bave
50 dizcovered that the temperaiure is sub-
stantinlly the seme in gil parts of the re-
actor, Thus instead of employing the heat
- of synthesis for boiling water in the syn-
{hesiz zone, as in previons processes, we
66 employ the heat of synthesis for bringing
make gascs and introduced catulyst to re-
action temperature. .
Since reaction temperafure is reached
substantially instantaneously we main-
60 feim. the reaclon {emperature within
closer limits than was possible in the
cumbersome hent reachors heretofore em-

-ployed. In other svords, tha relatively.

- aopl. eedalyst whish is comstantly being
€3 Injoctéd imte fhe wroocior is- instantane-

oisly dispersed throughout the redctor
and each particle of such eatelysi ig.im.
intimate contact with ecalalyst particles
ob the surface of which - heat-.is beftig
liberated. Since each parviicle of catalyst 70
18 surrounded by a gas envelops and.ig in
intimgts contast with other -catalyst
Saﬁicles there is no . possibility of: -Ehe
evelopment of hot spets or:tverheating:
An importent feature of our-invention is 78
this remurkably efficient and cffeciive
means of obtaining temperalure control
in the gyuthesis reactor. A
Another feature of our invention is'a
méthod and means for obtaining somplete 80
separation of cotalyst from gases and
vapors and the rvecycling of this’ eatelyst
through suitable coolers to the synthesis
reactor, We provide en enlarged settling
zone above the remctor and within this 85
seitling zone we may provids & plurnlity:
of centrifugal separators. . “The~setled
catalyst, is inlimately mized with.cenfrit
fugally separated catalyst and this sk |
ture of eatalysi is stripped with het gas g0
before it is conled for reintroduction it
the synthesis zone in order to pravent the
accurnulation on the ocatalyst particles of
heavy reaction producls such as oils o
waxes,  Thus while in prior processes 95
the initial make gas originally contacted:
o calulyst which was wet with reaction
produciz, we have provided a process
wherein the inilial make gas contacts o
eatalyst which has been freed from re< 100
action produets. - SRR U
The reaction produets sre cpoled for
the separation of water and ‘an'$-traces of
catalyst nol removed by-cyilone: separa-
tors (or by electrosialic prectfitators if 106
such are employedf may he radovered with €-
ihe condensed water .and reworked for
the prepa¥ation of new ratalyst. Alfer-
netively ihe steam for stripping may be
obfained by flashing the aquecuns catalysti 110
slurry so that the stripping steam witk
reintroduce this- catulyst inie the body
of cetalyst which is befng  reciveulated
through tha cooler to the rescior. Carbon
dioxide may likewive be used as the 115
stripping gas and then carried with ye-
cycled methane, ete., fo the gas,reform:
ing step for the preparation of “synitliesis
ges. S L TR e
The reaction products may hedraitiog: 120
ated in any conventional iimbner but wé |
prefer bo employ on absorption distér Loy =
separating C; and O, hydrocdrbvns front
unreacted make gases; methavs, sthame
and cthylene.  The 0, and C,.%ydro- 195
carbons are rich inl olefins and may he
converted by polymerization, alkylation, °~
or ofher kmovn processés into hich quakity
motor fnels or heavier oils,  The stream.
ot separated make pas; ~whith dontsing 130
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comsiderahle amonnts of methane, ethane

and. ethylens, is wsually split, a part of

it being sent to the gas reformer and

nart to the hurner of the gas reformer,
5 the sisc of the latter stream heing suffi-
ciently large fo keep the system subsian-
tially purged from nitrogen.

The inventive will be more clearly
understood from tha folowing detailed
deseripiion read in conjunction with the
accompanying deawings which form o
part of the specification and in which:

Figure 1 is a schemalic flow diagram
of our entire system;

10

13  Figure 2 is u detuiled section illus-
irating the elements in the lower part of

the reactor in Figure 1:

. PFipure § is a vertical sertion of the
lower part of a reactor similar tn the re-
actor shown in Figure 1 but offering
certnin addifiona] advantages, and

Pigure 4 is a vertical section of modi-
fied reactor and catalyet cooling and re-
eyeling means,

_ As g specifie embodiment of our Inven-
tion we will deseribe a system for hand-
ling about 46,000.000 cubie fest per day
of & naturpl gas which consists essenti-
ally of methane. The application of the
‘invention. to cther charging stock and to
plants of vurious slzes will be apparent
to these skilled in the art from the follow.
ing deseription.

Thea charging stock from line 10 is first:
desulfurized In any conventionasl system

11. When the gas eonfains no orgsnic

Methane (from line 14)
Carbon dioxide - -~ -« -~ =«
Steam - =~ - = = =« - =
Bacyele gas - - - - - =

a

36

LI I |

76

This gas mixture is passed through =a
ecatalyst chamber or coil 14 af o pressure

of ahout atmospherie to 150 pounds per
square inch or more, for example, at about

A0 15 pounds per square inch and né a tem-
perature of abont 1400 fn 16507 E., for
exumple about 1560 e 1550° F. at such

- apace veloefty as to give a contact Hme
of rbout 2 1o 60 scconds, for example
85 ahont 10 tn 3{t seconds. As alove stated,
the catalyst for this conversion step mey
be  ona nr more VIITth group metal

- oxides, sueli a8 nickel or iron or p mixture
of nirkel oxide and iren oxide. - The
80 catalyst may be prometed by other metal
oxides, such as aluminum, magnesinm,
manganese, ealeinm, nramium, chrom-

.- ium, molybhdenam, vanadivn, ete,, and
* 1t may be supported on any suitable sup-
85 port such as clay, Eieselpuhr, silica gel,
alwmina, efe. A catalyst, for exawmple,
may he a2 mizfure of the oxides of nickel,
_uiron.and manganese with the metals in

sulfur compounds, {his desnlfurization
may he effected in a eonventional Givdler
process whereln the gns is serubbed with
monoethanalamine or friethannlamine. 40
Hydrogen sulfide miay likewise he re-

.moved by the Koppers process or by the

so-called phosphafe proeess wherein fhe
gas is eountercurrently scrubbed in o
packed tower with a +wo mal solution of 45
potaszinm phosphate. If organic sulfar
is present it may he necessary fo supple-
ment the exiraction proress with a con-
rentrated eanstie wash, The hydrogen
sulfide content should be reduneed to at 50
least about AHH- grains per eubic foot and
this desulfurization may he eoffacted in
any knpwn manner. The desulfneization
step par se forms no part of the present
invention and it will not he deseribed in
{urther detail. .
The stream of desulfurized pas frowm,
{regting swystem 11 iz split, aboub
11,000,000 eubie feet per day heing intro-
duced through lines 12 and 18 1o the
burner for heniing gas refmmer eoils or
chambers 14, and fhe rTemaining
29,000,000 cubic feer per day being passed
through lines 15 und 16 for passage
through said reformer coils or chambers
14 t{ogether with sieam infroduced
thrangh line I7, carhon dioxide intre-
duced through line 18 and reeyeled gas
introdticed through line 1. The daily
charge to the yeformer roils may he sub- 70
stapHally as tollows:

55
80

6o

26,000,000 cubie feet per day
9000000 eubie feep per day
23,0000 eybie feet per day
HLOBGN0 cubie fest per day

the proportion 1:1:0.5 hy weight. No
invention is elaimed in the catalyst per se 100
and sinee such caralypars are well Tuown

in the art fnrther demailed deseription i
UNDCECSSAEY.

The heat reanived for the gas reform-
ing step in this particular example is105
abont 835,000,001 B.tw. per henr. A
considershle amount of hent {rom the
flue gazez leaving the gas reformer
furnace through line 20 may be utilized
for prehesting sir in heat exchanger 21, 110
the air heing infroduced hy line 22 o
suppokt eombustion in the gas reformer
turnace, - Tlue gases which have been
partiglly eooled in heat exchanger 21
may ‘be further cooled in heat exchangerllh
23 46 a temperature sulliciently low
permit.condensation of water which may
be separated from the covled flue yases in
trap 24 and sifhdzawn through Iine 25,
The remaining gas mixture may he intro-

120
duced through line 2/ into the bugse of.
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absorption tower 27 wherein it is. serubbed
with cpol mongethamolamine or
stitable .. serubbing. liquid introduped
, Vhreugh ling 28, . The nitrogen is:nat
2 shsorbed in-the scrubbine lignid and.is
removed -from the tap of the. tower
thrpugh line 29. ) o
The rich scrubbing liquid containing
carben “diewide is pumped through line
10 39 und heat exchanger 81 4a-the top of
stripping tower 82 which is provided-with
heating means 33 at its base. ‘Thig
serubbing: liquid ‘is withdrawn. from the
base of the tower through: line 84 and
13 pamped thruugh- heat sxehonger 31 and
ecotar 35 back to the top of alisorben
tower 27,
The carbon dioxide removed from. the
top of tower 82 may be ocooled. in. head
20 exchanger 86 and passed through. trap
37 from which any condensed water may
be withdrawn through line:38. The gos
from the top of trap 87 passes through
compressor 89 o line 18 for the prepara-
2y tion of make gas charge to the gas
reformer.
" The basic equations for the gus reform-
ing aperation may be somewhat ug
follows :
a0 CH, + UH ~—>2C0+.2H,
2CH, + 2H,——900 + 61,

CH, + 3GH, .| 28,0400 4 8H,

Tha eycle” gas, of course, conbains

ethane and ethylene as well as methane

35 and unteacted make gas Trut the reaction

of these hydrocerbons is similar to that

Lereinsbove indieatad. - The proporticns

of carbon dioxide and steam should -in

any case be so adjusted as to give a make

0 gas or synthesis gas of about 2 paris
hydrogen to 1 part carbon -moneside.

The hot make gas is cocled. in cooler

40 to gbout room temperature or lower

and passed thromgh trap 41 from which

45 «gondsnsed  water may Dbe withdrawn

through line 42, The pases are them

passed by compressor 48 through line 44

th the bage of synthesiy reactor 46. - TIn

the exumple herein set- forth ghout

80 180,000,000 cubie feel per day or about

5,400,000 cubic feet per hour or about

90,000 cubic fest per minuie of make gas

ie thus charged to the synthesis vesctor.

The catalyst for the symthesis step may

55 De metallic cobalt or nickel on a suitabls

carrier such as Kieselguhr, silica gel,

alumina, etr. with one or more promoting

oxides such as oxides of magnesiom,

thorinm, manganese, aluminum, ete.

60 For instance, ubout one part by weight

of eobalt way be supported on about fwo

* parts by weight of Kieselguhr and pro-

motad: with a small amount of 1-:110_1';‘;1;331-
-oxide-om magnesium oxide or with a mix~

tare of fthorium and magnesinm oxides, 65
A.mizfure. of nickel and copper. oxidas

‘suitably caleinad gives o good synthesis -

eatalyst. Ruthenimn has alse heen Lpund

‘0 be:an excellent synthesia catalysf. The
getalyst per se for effecting
Teastion are well kuown in

the synthesis 70
the lart and
arg desarihed- in numerous patents and -
mublications.. Since mno invention i
claimed. in the catalyst per se o further
daseriptioncof catalyst compesition is un- 75
nmmu B ) N .
Tt-should: he pointed-out. that in aceord-
ance with the present invenlion the cylu-
Iyst: should. preferably he rather finely
divided. and’ of fairly uniform particle
size.  For-exawple, we may employ cata-
lysis haying 2 particlo size of from ahout
100 o400 mesh or smaller but it should
be understoad ‘that lerger - catalyst
particle size- may bea used if gas velocitias
and! resctor designs are currespondingly
madified. The bulk density of the cata-
Iyst in settled state may be whout-10 to 40
pounds per cubio feol, . .
Our synihesis reactor may consist of one B
or more vertical towers which may reuge
from abent 8-to 40 fest or more in dia- -
meter and from about 20 to 50 feet or
more. in-height. The base of the.rsactor
may-be provided with an imclined eoniegl
hopper or funnel-shuped bottom 46 with
¢ stope of about 60 degress or more so
that there will be.no tendeney for the
catalyst: to settle out when $he make gases

80

85 -

are infraduced at the base of thiy Funnel.
shaped renctor buttam. Alternativcly
dmtrihuting-meahs.may be provided- at
the buge of the reactor for insuring wni-
form distribution of make guses through- .
out the reactor ohamber and for pravent. 105
ing the catal‘Xat;.lj}frnm dropping oul of
suspension. A srreen 47 may be-provided
below the make gus inlet and o sUmMp may
be provided below this sereen so that-any
accumulated waxy oils may be withdraws
through line 48." ben vur process is
oparated for the production of relatively
]J.ghl;-hqﬁid hydrocarhons snd the eatg-
Iyst is effeclively stripped, this -screen,
sump and draw-of will usually be wn- 135
Decessaty and the make gases may be
ntrodueed directly ot the bpse of .the -
Yeaslor. . : oL .
The top of the reactor may likewisa he
funnel-shaped as ghown in, the drawings 120
and- it may terminate in pipe-49 which
extends upwardly in an enlarped settling
chamber 50, A bafle 51 may ii\ mountad
above the pipe 49 o defleet suspended
cotulyst particles and uniformly diktri- 125
bute the products. and -vatalyet- in  the
setﬁlmg space ’ Coa .

100

110°
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A pluralify of centrifugal separaters
may be mounted in the upper part of the
gettling chamhber, For example, -one-oz
more primary cyclone separatora B2 muay
§ pick up, through inlet 53, gases and

vapors from which the bnlk of the catelyst

has been seitled out, Additional -edtalyst

removed from the gases and vapors in %e

prim centrifugal separator may be
10 retnrt;gi +o o point well below the su_r_f:ece
of gettled catalyst by means of dip leg 54,
the head of scttled eatalyst in the dip leg
balancing the difference hetween the
pressure in the settling chember and the
pressure in the primary eyélome separa-
tor. . .
(iases apd vapors from the primary
sepurator may be introdueed by line 33
into one or more secondary ryclome
separators 36 which are provided with
dip legs 67. Here ugain the head of
eatalyst i the dip leg will belenee the
difference between the pressure in the
gettler snd the presswrs in the cycloms
separator, Bach dip leg may be pro-
vided with an cxternally operated valve
and with steam comneetions @ and
below the valve so that if any dip leg
becomes clogged, it may be freed of
clogging material by closing the “valve
and Dlowing both ways with steam, Any
number of stages of eyelone separation.
may be employed and, if necessary or
desived, an electrostatie precipifator,
guch zg a Cottrell precipiiafor, may be
smployed for the recovery of catalyst
fines, -

The recovered cutalyst settles im fhe
annular space between pipe 4% and the
40 walls of chamber 50, this space serving
as @ hopper for recovered catalyst and a
storage tank inte which fresh eatalyst
may be charged at the beginming of an
vperation or introduced from tims fo
time during the operation for the purpose
of making up any catalyst losses, The
gettled cotalyst in this upper hopper is
maintained in en aerated and fuent con-
ditien. by the infroduction of 2 hot sirip-
50 ping gas such gs steam, hydrocarbon

ases, or earhon divxide threngh line 58.
aumber of such pipes may be employed

at spaced points arouvmd the base of the
hopper or a perforated annular pipe 59

55 may be placed at the base of the bopper
and supplied with stripping gus through
line 58. The siripping gas not only
serves to majntain the catalyst in fluent

or Yiquid-like form but it serves the very

60 important functios of removing reaction
products from fhe seiled cabulyst and
thus prevents an accumulation of hydro-
catbon liquids on fthe codalysh which
might impair catalyst activity or inter-

- 8B fere with proper cotalyst suspension im

15

&)

the reactor.

The catalyst flows from the base of the
up;ljer. hopper through = plurality of
cooling tnbes 60 which are surrounded by
jackets 68 containizg a heat exchange 70
fluid such as water, These tubes dis.
charge the catalyst into the lower part
of the reactor.

The cooling system may be of varfous
modifications. We may withdraw eate-
1yst from the hopper in one or more lavpe
conduits, pass the catalyet through ihe
titbes of a fubular heat cxchanger and
then retarsn the catalyst to the reaclor
chamber. ‘We may simply surround the
tubes with water jacket coolers. 'We may
surround the synthesiz veactor with am
annmlar chowber containing a | large
number of verfical tubes and we may pass
the catalyst from the hopper through 85
thése tmbes o the Iower part of the re-
actor while eirenlading o cooling fluid
around the tubes in the annular chamber
as illustrated in Figure 8. With regard
to the catalyst cooler wer se, il is pre- 80
ferred that if a tubular heat exchanger
is employed that-the catalyst be passed
through the inside of the tubes and that
the ends of jhe tubes be suitably designad
and stream-lined o provide upiforin cata- 85
lyst distribution and to aveid dead spots.

The systems diagramnigtieally illusirated
in Tigures 1, 2 and 3 offer the advantage
of » gravity syphon effect since the cata-
lyst in the synthesis reactor has a density 100
about 2 to I pounds per enbie foot lighter
thin the density of aerated catalyst in
fubes 60, This denser catalyst will fow
downwardly without the neeessity of
emplaying injection gasea or mechanical 105
jection devices. :
n the catalyst refurn system illns-
frated .in Figures 1 and 2, it may be
desirable to disperse the returned eatalysi
in the up-flowing gas stream and it may 110
also be desirable {o mainfain o slight
zeration of the catalyst n the vooling leg
in. order to insure its fluent properties.
To aveoplish this purpese we may pro-
vide a.closure member 1 which is pre- 115
ferably conically-shaped and which is
carried by 2 hollow shaft or stem 62 ex-
tending through the reactor wall %0
external operating means 63, Hydrogen,
methane, stenm or other inert gas may 120
be introduced through line 64 thruugh
the hollow stem and discharged through
laterally inclined poris ®5 in closure -
membar B  Alernatively, some or all
of this gas way be vented from the ceuter 125
of ‘the closure member through port 68
for.supplying deration gas in pipe 60,
Closure 61 1s preferably conically shaped

(]

40 that it acts fo deflect und distribute the

returned “eatalyst into the up-flowing 130 .
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gase¥ introduced - throngh Hie 44.¢ Pha
distaibution of the catalyst in the wases
iy dugmented by the  gases” discharged
o from lateral pords 656.. . 7.
b :-Tu Figure 8 we have, illastrated the
middification whepein the synthesis veagtor
1 surrpunded by an-annular-eheinhox ¢ons
taiiing a lirge number of vertical tulbes.
-« In this modifieation the outer wall of the
10 unwalar chamber may be extended-te en-

tirely surround the hottom of the reactor.

For ‘example, conical botbom 46a may ach

as o ressrvely for Jntrodecing nerated

.. vatalyst into the reaclor throuvgh the open
15 end' of the. oonieally shaped reactor
Tottom 46. Tn this case seTeen 47 inay
bs mownted in the base of conical bottom
463 and wn aersting gas may be intro-

_ duced through line 642 to meintzin the
20 cotalyst im aevated dnd fuent form not
vnly in fhe bottom chamber 46a but in
the copling tnbes 60. "Aerating fluid may

be introdueed at spaced Points ercund

. the Gioitom 46z and alse at spaced vertieal
2B points so ae to prevent any setfling of the

catalyst on 482 gmd to provide the desired -

seration within the tubes G0, - Since the
catalyst in the reservoir in 462 is in fluent
.. or liguid.like form, it will flow vpwazdly
40 into the base of the reactor and will.be
picked up and suspended as a dense phase
in the reactor by syntliesis gas introduced
throngh line 44, The rate of flow info
. the .eynthesis reactor may be conirolled
"85 by an iris diephrugm valvs Bla operated
by rod 6% extonding througn wall 46a
for extermal operating means 68a. Tt will
be understood of course that instead of
c . employing an ivis Jisphragm valve we
40 may employ = simple slide valve with
apposed V.shuped openings or eny other
valye meang for covntroiling the flow of
the fuent cafulyst inte the reactor,

.., - Outr invention iz mot limifed to a
46 gravity return of cooled ecatalyst and in
Fignire 4 we have illusiraled » system
wherein, the catalyst is externally cooled
and flien reburued to the reactor by means

.. . of a snspending pas.
B0 In this ease catalyst may be. discharged
fiom. the hopper of enlarged seitling zone
50 through a suitable cooler disgramatic-
ally represented by standpipe. 87 sur-
rounded by cooling jacket 68... The
065 standpipe may be provided at ite basa
" with suiteble slide valve or atar feeder
69. The watalyst in this pipe may be
asrafed by an ifiert gas introduced
through line 70. . Cooled catalyst dis-
60 sharged through- valve 89 from the bage
.. 0f this standpipe ia picked up by make
- gases from line 44 and-dispersed theve-
Eﬁh directly into the base 48 of renctor

85 Tistead of injeeting the cooled vatalysh

- emoe there isu

e —

with intoming make gaseswe may recyols
the eatalyst from - the 'up};e:y hﬁupyl?er
{hrough pipe 71 to heat exohanger 72 and
thence to a standpipe 78 which may be
aerated by-gas introdmead through line
’Fé Catalyst frow the-base ofthis stand-
pipe may be picked up. by an. jnert gas
from line 75 and -carried “thereby thromgh
Yine 76 for introduction at spaced points
slong the reactor through pny one or mare 75
of the lines 77. These zre ooly o few
examples of the many modifications of
systems for cooling. the ‘cnbalyst in an
external zome and returning the cooled
catalyst for femperature confrol in the 80
synthesis raactor, )

With ordinery catalyst of abuut 10 o
40 pounds per cubic foot bulk density
{in settlad condition) snd of sbout 100
@ 400 mesh particle size the vertical 85
vapor velocity in the reactor may be from
about O.1 fo 10 feet per second, usually
U.5 o L.b feet per second. Aeration gag
in standpipe should have a mn&idera%ly
lower vertieal velocily, for exemple 005 90
to .1 or more foet per second,

The aclual amouni of catalyst in.the
repctor at eny given time will depend
nyon the activity of the partioular cata-
lyst and the particular conversion which §5
iz desired, With the cobalt or Kiegilguhr
catalyst promoted by thorinm oxide and
with the size of plant hercin deseribed we
may reguire 2¢ much as 30,000 cnbic feet
of catalyst in {he reactor, i.c., ahout 150
to 200 tons of catalyst, If s single re
aotor is employed it may be as much 49
G0 feef higlh and about 25 to 80 feeb in
diameter,  We ‘may, however, usé 4
rumber of smaller reactors in’ parallel 105
suee it way be-udvantageous to use re-
actors about 15 t0.20 feet in diameter and,
about 30t to 50 fdef high., The settling
“one may be approximstely the ssme
diameter ag the renotor or even gmallar 110
merked eonfraction ig
the synthesis reaction ¥as  volume.
Reactors, seitling chambers, ebe., may
he made of variows shapes and sizes with-
out departing from the jnvention.

Tn starling np the syetem” we first
echarge the upper koppers with catelyst
material and. charge o heating fuid sueh
08 steam to the jackets avound pipe 80
mo thaf this catalyst is heated to o tem- 120
perature of, for example, 830° F. The
make gag stream is infroduced at the Pase
of the reactor so that it will have o verts. .
cal velocity of about 1 foot per ‘second
and the powdered catnlyst is dispersed 195
and suspended in  fhis up-flowing gas
until the resctor is filled with 5 depse
phase of suspended entalyst, After »
preliminary soaking period the synthesis
reaction is initiated and as soon as thére 13p

™0

00

115
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iS » temperajure. rise in the reactor the
steam around standpipe 60 is replaced by
water. The temperajure of this water is
controlled by maintaining a regulated
B pressure on the stewu which is produred
by its vaporization, Temperature in the
reackor may be held within very cloze
Timits by reguiating the amount of cool-
ing in the tubes or the amonnt of recycled
10 cafalyst, or both, When equilibriom
Thas heen established the system fumctions
smoothly and continnously at the chosen.
temperature which, in this case, may be
380° F. - i
15 Tiquid reaction products azre stripped
ont of setfied entalyst in the npper hopper
by stripping gases introduced by lines 53
through distxibutor 39. The stripped
products together with reaction praducts
20 gre taken overhrad through line 78,
fhreagh rooler 79 to separater 80 wherein
seater separates as o lower layer, ofl as
an intermediate Jayer, and gases as
_ upper layer. The water Is withdrawn
25 throngh line 81 to = catalyst recovery
gystem 82, Catalyst may be sedimented
or fliered from the wafer and “:or]:ed up
fnto fresh catalyst. Alternatively the
patalyst-laden water mey bhe flashed tu
40 form stesm containing suspended eatalyst
particles and this steam may be intro-
duced throngk lice 58 so that the ceto-
iyst is retwrned to the upper hopper
sinultaneously with the simpping of
35 hydrovarbons frem catalyst n said
T's .
ho.?le fyom the intermediate layer in
settlar 80 js withdrawn through line 83
ip fractionation system 84 which I3 dia-
40 gpammatically shown as A single eolumn
ot whieh, in sctual practice, would con-
sist of two or more columms, the gasoline
and lighter fractivns being taken over-
fenad from the fist eolumn, the gasoline
45 Teing stabilized in the serond  colums,
’ ete.  Sinee no invenitlon 1s .claqnetl in
this fractionation sysfem if Is diagram-
matieally illusirated as a colemn {rom
which gases are taken averhvad through
Line 85, gasoline is withdrawn as a side
sirexm through line 886, and heavy oils
are withdrawn from fhe hoettom through
line 87.
Clases from the top of separator SO are
55 introduced ihrough line 88 fo absorber
tower 89 through which an absorber oil,
such as naphtha, is introduced titrough’
line 90. Tusbsorbed hydrogen, earbun
-monoxide, methane, ethene and ethylene
60 are taken overhead fram tower 83 through
line ¥1. A part of this stresm, for es-
ample shout 75%, is pussed by lize 19
to the sas reformer 14 for-the production
of turther quantities-of make gns. The
-85 piher part of the stream from lime D1 iy

passed hy lime 52 {o line 13 aud burned
in the gas reformer furnace for anpply-
ing Heat and carbon dioxide for the gos
reforming step.

Rick oil from the base of tower 89 is 70
pumped through line 93 {0 the top of
stripper tower 94 and the light gasoline
fractivas together with C, and C, hydro-
carhons are taken overhead from this
tower through line 95 fo the Iraclivnation 75
system 84. The denuded serubber oil is
then pumped back through Jine 95, heat
axchanger 97, and cooler 98 to the top
of absorber fower 89,

The gas from line 85 may be wiihdrawn 80
from the system through line 99 and
charged to zny snifable conversion pro-
cess siteh as polymerization, alkylation,
or by other known processces for the pre-
paration of valuable mator fuels, lubri- 85
cating oils, ete. Aliernatively some of
these wases muy he passed through line
100, heater 101 and thence through line
88 to be used as a sivipping medium in
the upper hopper. The femperature of 90

. these gases in line 58 should be suifici-

ently high {o effert the vaporization and
strinping of any liquid hydrocarbons
deposited on the cataiyst. Tnstead of
employing hydrovarbon gases for this @5
stripping we may, of course, simply use
gleam from Hpe 102, 1f steam is to be
employed it may be desiruble lo flash the
eatalyst containing water from recovery
systemm 82 and fo return the steam so pro- 100
duced fometber with suspended cululyst
solids through line 103. Carbon dioxide
from [ine 104 may be used us the sirvip-
ping gas, since this gas is eventually re-
c}_rcle'(lf tu the gaz reforming step for the 106
productinn of further amounts of ayn-
thesls gas,

Tisually a single symihesis stage with
{he recyeling hereinabove. deseribed is
sufficient ta obtain exvellent yields. We 119
may; bowever, charge the gases from
separator 80 to a second synthesis stage
which may he similar in design but
smailer in size than the stage herein-
whove described. With the singla stage 115
gnd reeveling as hereinabove deseribed,
the following yields of the following pro-
duets may be obtained: -

R ;i}ight naphtha 1,500 harrels

... Heavy naphiha : 1,500 barrels 120
(Fas oil - - 1,100 barrels
Wex -~ - - 508 harrels

The exaet yicld of vorious produets will,
of course, Jdepend upon the partieular
temperature selected, the mature of the 195
eatelysl employed, the time wf contact
belween cuotalyst and muke gas, the
amount of ecatalyst contacted hy make
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gus, ete. Generally speaking, tlie (ime

of contact may be about § to 60 seconds

or more, usually at leust about 10 to 20

segonds., )

§  The gasoline ue. uaphilia produced by
this process is twwmally chavasterized by
a fairly Tow knock rating wnd we may
subjech it to » catalytic reforming pro-
cess of the fype In whieh iis vapors are
eontacted with a clay type catalyst of the
silica-alumina type at u temperature of
ahout 850 10 1000” F., a presaure of about
sliospherie to 30 pounds per square inch
and a space velocliy of about 4 te 40
15 volumes of liquid feed per volume of
catalyst space per hour. Alternatively
the vaporized naphtha may be contasted

at @ tempearature of about 830 to L060° B,
wsually about 925 to 950° 1., ub o pres-

20 wure of about 50 to 600 pounds per squars
inch, preferably about 200 to 300 pounds
por square inch, at a space veloeily of
ahout 0.2 to 2.0 volumes of liquid feed pex
volume of catalyst space per hour, yrefer-

ably sbout 4.5 e 1.0 v/v/he. with m
on-streym. e of ahout L to 12 hous,
" preferably about 6 huwur and with 2 cata-
lyst comprising melybdenwm oxide o

chrominm  ovide supported on  active
alumina or the like. TIn this eatalytic
reforming pruesss we prefer to employ
abont LU to 5,000, prefeccbly aboub
2,500, oubic feet of recyele gas (contein-
ing zbout 40% to 75% hydrogen) per
B barrel nt »tock charged. This catalytio
reforming of the synthesis gesoline- pro-

“duces large yields of Isomeriged and
aromatized hydrecarbows of very high
knock rating.

The napltha way he freed from ole-
fins and its parafiinic compuuents may be
iromerized with almninum chloride or
up wluminum ehiovide eomples,

The heavy fractions may he subjected
45 to catalytic eracking for whieh it voushi-,
futes an sxcelleni charging stock. -

The waxes produced by ovur process ave
vulusble by-praducts per se and by em-
ploying relatively low syuthesis tempera-

60 tures andfor hig{l synthesis pressuzes we
may matkedly inereese the heavy oil and
wax yields. By employing relatively
high temperatures, such as ubout 400 to
4RB° T, we may produce large quantities
60 of Hght Yguid hydrocarbous and norm.
ally gaseous kydrocarbons which muy be
particularly veluable as charging stoeks

19

a0

40

for polymerizaition, allylation or obhen.

refining ar synthesis jrccesses, All of
60 the produets’ nre valuable for chemioal
synthesis becsnse of their styietly ol
phatic character and their fresdom from
-naphthenic and arewmatie hydvocerbons
;}}.vfich normally aecur o petroléum pro-
05 dudts aud which sre so dificght ta sBpar-

——

ate  frim  uliphatic  harlrecarboys  of
slmilar hoiling points), .

In the Specifieation of Letters Patens
No. 558,579 which aithough ot pub-
lished of the date clabwed zn the present 70
Applicatiou claims an earlier date theve
is described und claimed a process for
vontinuously treating solids and gases,
whick comprises meintaining a vertical
colnmn of suid fnely divided solids,
keeping a finidizing gas in jufimate mix-
ture with said solids throughout the Tyil
length of said column, regulating .the
amount of finidizing pus maintained in-
admixture with said solids in seid volwmn
to wintain said solids in 2 fluid state
vapable of generating a fuid pressnre at
the “base thereof, dischavging finely
divided rolids frow the base of said
coltme by the fluid pressure goner
ated by seid colwnn inte o stremmn
of  gases . upwardly thvough o treat-
jng zome wt n  velovity - eontrolled:
t permlt impurdal sepaation uf the
duely divided solids from waid gases and
thezeby formn a relatively dense mixtwre
of guscs and zolids within said tresting
zome which it maintained in a turbulent
vondition Ly the upward pagsuge of the
gages through said tresting zcne, the
linely divided solids being continuously
separgied from  the gases undergoing
treatment and subsequently returncd o
the top of said volumn.

Having now partieularly described and
uscerlained the nature of our said inven-
tiom, and in what manner the sawme is o
be performed, we declare thai what we
claim is;-—

1. A process of oltmining syiuthesis 105
produets consisting clhivly of hydro.
carhqns and oxygenated compounds by
reavtion of carbow monoxide und hydro-
gen wherein a1 gas mixtbure compaising
carbon monoxide and hydrvogen, is con-110
tucled  with  synihesis catalyst  under
synthesis ‘couditions, which COMprives
employing wynthesiy eatalyst in  final
divided form, maintaining gaig syntlesis
catalyst in suapended dense phase liguid- 115
like condifion in fhe synthesis zone by
introducing the varhou monaside-hiydro-
gen mixture al {he base of naid zone and
passing Rases upwardly therein i a low
velocity, sepurating wunreaeted gases and 190
veaction produets Fpom said suspended
vatalyst and removing " unreacted pases
apd light ‘nommally gaseous products
from the heavier reaction products.

<. A process according to claim 1, 135
wherein the onlulyst particle size 18
chiefly withiv the range of ahout 100 to
400 mesh and the verifeal gus veldeity in
the synthesis ztne is approximately A to
1.5 feet pay¥ second. i - 130

7h
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3. A process aecording to claim
wherein the synthesis entalyst is cooled
ufter 1t has been separated frvam guses und
reaction producks and the covled catalyst
iy Ghereatter reintroduced for absorhing
heot of reaclion in the syulhesis step.

4. A process according to elaim 1,
wherein the relatively cold feed gus is
intreduoeed in the syuthesis enlalvst nix-
ture wherehy the heat of the synthesis
rezeiion brings the inireduced gus o re-
action tempernture.

. A process uecording io claim 3,
which ineludes stripping rewclion pro-
ducts from the sepurnted eatalyst hefore
it 1s returned to the syufhesis zone.

G0 A process accerding fo any of the
preceding clulms, which includes intro-
during' eatalyst from the synthesis zone
into g separate confaciing zone, stripping
{he catolvst in e separate zome anc

reborning the stripped catalyst io the
synthesis zone. .
7. A provess necording fu any of the

preceding claims, which includes centri- 25

fugully separating catalyst in the upper
purt of the svnthesis zone aud refurning
centrifugally separwted calalyst to said
zoe,

3. A process of obtuining hydrocarbon 30

synthesis preduets by reuctivn of carbon
monoxide ynd hydrogen substantially as
herein deseribed,

Dated the 3th doy oi dugust, 1847,
Tor: STANDARD OIL ("OMPANY.
Stevens, Lungner. Purry sad RHollinson,
Clisrtered Patent Agents,
c5—49, Quality Court. Chancery Lane,
Topdon, W.CG.2., aud af

120, Past' d1st Btreet, New York, iv,

¥Y. T84

Yeaminglon Spa: Printed for His Majesty’; Stationery Office, by the Courier Press.—1950.
Published at The Patemd Office, 25, Soothampton Buildings, London, W.C.2, from which
capigs, prica 26, 0d. exch {inland) 2. 1d. (ebroad) may he ohtained.
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