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Improvements in or relating to the Catalytic Synthesis of
Hydrocarbons

{A communication from STaxpaRD OTT
DEvrLopMENT CoMmPANY, u corporation
duly orgenised and existing under the
laws of the State of Dclaware, United

5 Gietes of America, having an uffice af

Linden, New Jersey, United States of

Amserica}, o

I, Jouw (Cowmip AmNoLp, o British
subject, of 29 Southampton Buildings,

10 Chancery Tane, Londan, W.C.2, do
hereby declare the mature of {his inven-
tion and in whei menner the same 13 to
be performed, to be pariicularly described
and ascertained in and by ihe following

156 statement:—

This presentt invention relates to the
synthesis of hydrocarbons from earhon
monoxide and hydrogen in the presence of
an iron cutelyst and in particular it re-

20 lates to the handling of a dpcrwdered iron
catalyst employed in o fluid catalyst typs
of precess in sueh a manner as to insure
good fluidization of the catalyst with
minfoenm ecatalyst Insses due %o cxeessive

25 atirition, sll of which will more fully
appear hereinafter.

Ii is kmown, of course, that in chemieal
resetions involving a gas and sclid, one
or more stadionary beds of the latler have

30 heen used, the gus being forced through
the bed or beds under ihe proper eondi-
tions, The use of fAuidizad powdered
catalyst iz also a metter of record and
commiercial practice. In the Iaiter fl‘ﬂ-

86 cess, the gesiform material iz caused lo
flow upwardly through s reaction zone
under controlled velocilics in contact

with a powdered catalyst thus forming o

dense, turbulent, ebullient suspension of

40 the powder in the gasiform maferial.

In many chemical processes employing
the fluid catalyst {echnigue, contaminat-
ing deposits form on the eatelyst during
the procesa. Thesa depusits not cunly im-

48 pair {lie activity of the catalyst but in
the case of certain reaclions such as the

[ Price 2/-]

hydvecarbon aynibesis reaction, interfere
with the fluidization of the catalyet =0
fhat instead of remaining in the reaction
sone as a denge turbulen$ suspensium, b BO
tends to disinteprate, physically, and pass
ont of the reactor st the top. This is
highly undesirable for the following
reascns. The latest finid eatalyst reactor
designs are of the ** betiom draw-off *’ 55
type which signifies that cutalyst removed
for ona reason or another, sueh as to re-
heat or eool, or fo regenerate the same, is
withdrawn from a point at the side ot
bottom and only 2 small porlion iz en-g0
trained in the gasiform material passing
from the top of the reactor. 'This type of
ronctor is of course very much preferred
to the overhead draw-off type rsince it
preatly reduees the number of gas-snlids 65
contadiing devices required cutside the re-
actor to separate catalyst from gases and/

Or Yapors, .

But as stated, in the botlem draw-off
type of reaclor, unless the particle size 70
and distribition of the catalyst is main-
teined within prescribed limits, a proper
separation pof ecatalyst from gasiform
materia] will not eccnr within the reactor
snd eopiong quantities of catalyst will 71

asg out of-the reacltor with the vapors,
‘umes, gases, eic., thus memTing an ex-
pensive and diffieult catalyst separzating
problem.

One aspect of this invention relates, as 80
indieated, to handling powdered catalyat
in a delayed settier, holffom draw-off flmid
vafulyst reactor processing a mixbture con~
faining carbon monoxide and hydrogen o -
form hydroearbons and oxygenafed hydro- 85
carbons. Tn the case where the catalyst
is powdered iron, carbonaceous deposits
form on the caialyst nob ouly lmpairing
ils activity, but womse still cauwsing -
physical dizintesTation therenf. That iz 90
to say, the eatalyst powder comtaminated
with carbenaceous deposits may be pre-

-
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cured in a readily fAuidizable state by
maintaining #t in the following particle
size gnd distribntion : '

0—20 microns less than 20%
B 20—40 o 0%
'10_80 13 ] 11 1 25?’3
80 ]:)]'us ¥ 3y L 35%

{(all material lass thun 100 mcsh).

TWhen, in vperation, there is an increae
10 in the amount of catalyst fines, the same
is evidenced by z luwrge tcmperafure
gradient from the top to the botlom of the
fluid bed. That is to say, suppose the
catalyst bed to be 25 to 30 fect in depth,
15 then under good fiuidization of ihe caia~
Iyst, mo two points in the bed will have
a temperature difference execeding 4° fo
3° F. But when this temperature differ-
cnce frum the top to the hottom of the

bed amounts to say 50° F., poor fluidiza- 20
tion is indicated. Amnocther indicaiion of
poor fAuidization is the drop in the heaf
transfer coafficient and the development
of Lot spots in the bed. These conditions
usually become severe enoungh to neecsei- 25
fafte dizeontinuing the operation o change
catalyst when the fines having o particle
sige of 0 fo 20 microns amount to 40 lo
B0 per cant, nf the bed. To give more de-
tails, it has been found that if the finid- 30
ized bed of irpn epdalyst does not have the
proper particle size digtrilubion the heat
transfer coefficient will bhe poor, which
ramses poor fluidization, large losses of
catalyst fines from the bed, poor heet 35
transier and large temperature graudients.
As o beat tronsfer the following datn
show the effect of Improper puriicle size
distribution and the methed nof curing it:

40 Roller Analysia (C-free basis) A B C _
—20 ‘microns 11.6 as8.2 . 239
W40, 19.8 11,7 7.3
40--80 ,, 21.9 33.2 20.7
80--200 ,, 46.7 16.9 48.1
45 Heat Transfer Coefflcient, '
BTU/(Hr.) (S3q.F8) "T) lU:_{} _. 40 4 11]
Cundition A is tilﬂ-,’ﬁ at the start of a run  will more fully appear herveinafter. 80

hefore eny catalyst disintegration. Condi-
tion B is that after serious disintegration,

50 resulting in greatly lowered heut franster
eaeficien$ to the cooling snrface disposed
within the bed. Conrse catalyst of 80—
2({} micrens is now added to the extent of
6% by weight of the catalysi ulrea‘m_di

55 present.. This gives condition (), in whie
the purticle size distribution, and accord-
ingly the coefficient, are restored neorly to
A

In the example given, 60% of B0—200

60 microp size was added fo correct the

particle size distribulion. QObvicusly an

analysis must be made periodically of the

particle size of the iron powdar in the bed

and tthen Iy caleulation the proper

G5 amonnt of coarse resintered or fresh

powder may be added so as to form a bed

of the proper particle size distribulion

within {he limits herein prescribed., As

stated, the main bulk of the catalyst will

70 have a particle size of from 40 to 200
microns.

Avcording fo this invention, catalyst is
withdrawn from the reactor, the same re-
sintered in the presence of sn oxidizing

B gas and the resintered material returne&
to the reactor after pgrinding to a zize
greater than that of the catalyst with-
drawn from the reactor and preferably of
a size from 40-—200 microns, ell of which

y

In: the saccompanying drawing, an
apporatus ia which a preferred modifica-
tion of this invention may he carried into
eifect has been shown diagrammatically.

" Referring in detail to the drawing, 1 85
represents a fluid catalyst hydroearbon
synfthesis reactor, 1t will not be neccssary
for a proper undersianding of this inven-
tion, thut the method of carrying ont the
sycthesis proper he described in dednil. DO
Tt will suffice to say thet in reactur 1 a
mixture of earbon munoxide and hydrogen
ig fed to the reactor containing a bed of
Huidized powdered irom cotalyst, Condi-
fiens for a typieal rup will be given here- 95
inafter, tu§et]1er with the yield. As
stated, carbonareous deposits form on the
catalyst and in, sey, 100 hours, as much
as 50 pouunds of earbon may he on each
100 pounds of catalyst, -This will ftend to100
destroy the activity of ihe catalyst and
also camse ily physical disintegration so
thut fines in copious qnantities will appear
in pipe 8 with the gosiform produdis in-
stead of remaining In the reactor as a 105
dense suspension between the botlom of
the reactor amd the level It which has
been chosen fo represent the vpper dense
phase level uf the fluidized catalyst bed.

To correct this defect, catalyst is with- 110

drawn  intermittently or conbinuously
through a draw-off pipe 4, and since the
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catalyst is hot (375" F. to 678° T.), it is
first quenched in water, contained in a
roceiver G, to about aimoapheric fempera-
ture. The quenched cafalyst is with-

5 {drgwn from the vesscl 6 by a conveyor 8,
discharged on a drain or reticulated con-
veyor 10 where water is permitted to drain
off, to the extent that the remaining water
is about 21 weight per cent. of the cafa-

10 lyst, thence discharged into a mizer 12
where a fuel (if necesrary) may be added,
suoh s oil, coal, coke, ete,, and thenco
the iren or the iron-~fuel mixture is fed
into a grate bar conveyor. This grate bar

15 conveyor carries a_moving sereen, or oiher
foraminone member, having openings,
say, } ineh in size, In order fo increase
the porusily of the bed and fo further
regulate the fuel conicnt of the mixture,

306 if such regulation i desivable, coarse iran
oxide from a sapply hopper 1b is added to
the mixture. This voarse maferial may bo
previously used and resinfered but un-
ground cotalyst, or it may be fresh, un-

95 used iron oxide. The amount of the coarse
material added to the catalysé tc be re-
sinfered may vary from 10 to 60% de-
pending od  the operation conditions
desired in the resintering operation. A

80 layer of this mixbure, say, 6 inches thick
ig fed on to the moving comveyor gereen.
The mass is thon ignited (ap by a toreh)
and the wsx endfor carbonacecus
material on the iron burus, aided by alr

a5 sucked through the be?d by applying a
voontm ol the undarside of sa:fg $erecn.
Resintering or incipient fusion of
the powdered catalyst occurs, the fem-
perature riging to about 2200° T. or

40 higker. The resintering of the iron
powder causes it to agglomerate to form
particles of greafter size, while at the same
time, of vourse, the catalyst contaminants
are converfed to paserus material or

4p fumes which are emitied from the irem.
A product is obtained in hopper 20 from
the grate 18 which con be re-ground tv
the desired size and recharged fto reactor
1.

Eib A best run was made of an iron catalyst
which had beeome contaminated with car-
bonaececus deposits and wux, which pro-
duct was resintered and it was found that
the resintered catalyst had good activity.

56 The conditions and yield appear below:

Box No. 34,
Hours - - = e - - 82115
Hatie of GO to T, in feed gua - 1.14
Temperatore, "F, - - - « 660
80 Prespure, PSIG - - - - 300
ViViHow* - - - . - 198
ce. (1, 4 per eubic meter H, + CO
aonsttmed - - - - « 198

9, Contraetion - -« - - 61

*V [V {Hr. = volumes of feed per volume 65
of vafelyst per hour.

A yield of around 200 ee. of o lquid
O, + prodact per cubic meter of feed gas
{CO+H,, measured at_ 60° F. and 1
atmosphers) is econsidered good. 7

Modifications of {his invention will
suggest themselves to those familiar with
the art. Obviously, the resintering mey
be accomplished in a retort, a fube, 2
chamber, atc. 'We have shown a practical 75
method for accomplishing the desired
results continucusly. Various wetbting
agents may be added to the quench water
in the guenching zone and zlso the cuba-
Lyst promoters muy be added at this point. 80
Also, alechol or other liguid may ba uaed
in the guenching medivm, Furthermore,
make up iron or iren pxide may be added
to the nsed catalyst fines prior to the
gintering eperation to replace eatalyst un- 85
avoidubly lost from the system. 1% will
be obvious, of course, thut the coarse iron
fed omto the grate 13 must be largerin
size than the vpenings jn the screen 14 to
form a layer which will prevent the fines 90
in an upper layer from passing through
the openings in sereen 14, - Furthermore,
gince, of course, iron oxide is discharged
into hopper 20, it is preferable to reduce
this oxide fo metallie iron in the presence 95
of hydrogen nt a temperature of 700 to
800° F. belore returning it io the reaclor
1. T ie also déﬁrablﬁo adjust the rate
of eatalyst withdrawal from the reaction
zone in propoertion to the tendeney of cata- 100
lyst fines to pass aut of the top of the re-
actor, :

Having now particularly described and
ageertained the nafure of the =aid inven-
tion and in what manner the same is to 106
be performed, as communiceled to me by
my foreign ecorrcspondenis. I declare that
what T claim is:—

1. A methed of synthesizing hydro-
carbons and oxygeonsled hydroearbons 110
which compriges forcing a mixture of
gnses conlaining rarbon monoxide and
hydregen inte 2 reaction zone rontaining
a bed of powdered fluidized irom catalyst,
maintoining elevated temperatures and 115
pressures in the reaction zone, permitting
ths resotents 16 remein resident in the re-
activn zone for a sufficient perdud of fime
to effect the desired conversion, withdraw-
ing iron from the reaction zome, quench- 120
ing the sgme, healing the iron to a fem-
perature of at leasf incipient fusion in the
presence of an cowidizing gas whershy
agglomeration of the catalyst particles
occurs, grinding the said particles fo « 128
sige grezler than the iron removed from
the reaction =mone and retwrning the
ground iron to said reaction wone,
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2. A method according fo elaim 1,
wherein the iron catalyst withdrown, from
the reaction zone is guenched with water
iuv about almoespherie temperature, water
being thersatter removed from the iron
catalyst prior to the Theating and
agglomeration operation,

4. A method according to claims 1 or
2, wherein the iron folluwing guenching

10 Is dried to the extent that it comtains

15

about 21 weight per cent. of moisture.

4. A method according to any one of the
preceding claims, wherain additional fuel
is added to the quenched powdered iron
prior to subjecting it to the heat freat-
ment,

9. A method aceording to eny one of the
preceding olaims, whersin prior ta sub.
jecting ithe iron ta the heai irecdment,
catilyst promoters are added thereto.

6. The method of synthesizing hydro-
carbons and oxygenated hydrocarbons
from a ges mixture confaining carbon
monaxide and hydrogen in a reaction sone
in lhe presence of a Auidized bed of
powdered iren catalyst, the improvement
which comprices mainfaining the iron in

a fluidizable state hy withdrawing
powdered iron, sintering the said iron in
the presence of an oxidizing gas whersh

carbonacecus deposits and wax aTe humeg

a0

and removed and the particle fines are ©

agglomerated, {hereafier prinding the
agglomerated material to form a powder
having a size of from 40 4o 200 microns
and returning fhe same to the reaction
zone, ' .

7. The improvement set forth in claim
6 in which powdered irvn catalyst is re-
moved from the reaction znme at a rate
responsive to the tendency of catalyst
fines to pass aut of the top of the reastar,
sintered and reground and returned o the
resction zone so as to mainfain at - all
ftimes a particle sie uf iron catalyst in the
reaction zone such that it does not con-
tain particles smaller than 20 microns to
a degree greatcy thav 20 per cent. of the
total catn?yat. ’

Duter this 14th day of Febrnary, 19047,

D, YOUNG & CO.,
29 Southampton Buildings,
Chianeery Lane, London, W.C.2,
Agents for the Applicant.

Leamitgion Spa; Printed for His Mujesty's Btationery Office, by the Courier Press—1049,
Pulilisked at The Patent Office, 26, Sonthampton Buildings, T.ondon, W.C.2, from whick
copies, prics B3, 0d. each {ivland} 2s, 1d. (abread) may be cbiained.
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