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COMPLETE, SPECIFICATION

Method of Controlling AE};di:hérmic Catélﬁi&:r(la.s Reactions

" We, UNIVERSAL OIL PRODUCTS COMPANY,

a Corporation organised under the Laws of

-the State of. Delawars, United States of

America, of 310, South Michigan Avenue,
Chicago 4, Illimois, United States of
America, do hereby déclare the invention, for
which we pray that a Patent may be granted
to us, and the method by which ir is to be
performed, to be particidarly described in-and
by the following statement:—

This invention provides a method of con-
trolling exothermic catalytic gas reactions by

‘maintaning the temperatures of such reactions

substantially constant thronghout the reaction
zone. It is more particnlarly concerned with
a method of controlling, within desired narrow

limits, the reaction temperature in' the -

catalytic conversion of carbon monoxide and
hiydrogen to hydrocarbons.: T

‘In many catalytic processes involving the
reaction of gases, the temperatnre maintained
determines the nature of the reaction products
and, in order to produce the desired products,
the temperature mmst be maintained within
close limits. In many such- reactions -the

liberation of heat by the reaction itself makes -

it difficult to maintain the required tempetu-
ture. Accordihgly, many successful Iaboratory
reactions ate not commercially fedsible because
of design problems in furnishing the large
amount of heat: transfer surface necessary to
remove the exothermic. heat -of reaction.
Furthermore, in many commercial processes
involving the reaction of ‘gases the rate of
reaction is limited by the amount of heat that
can be removed from the reaction zone.

* For example, liquid® hydrocarhons beiling

" within the motor fuel range can be produced

40

by passing carbon rmonoxide and-hydrogen in
the ratic of about ‘ore part of - carbon
miorioxide to about two parts of hydrogen by
volume over a suitable hydrogenating and
polymerizing catalyst -provided- the' tempera-
ture is maintainéd between about 190° and
210" C. However, if the temperature is main~
tdined substantially above this range, carhon
is deposited om the "catalyst and - excessive

T [ Price e

quantities of gaseous hydrocarbons such as

-methane are produced. At temperatures below
-this range very litle if any reaction is brought 50

abeur.. London catalyst life and more unfform
product quality are obtained if the tempera--
ture 15 maintained within + 3° C. of the

-optimuin temperature, This reacton liberates

about 4050 kilogram-caloties for each kilogram 55
of hydrocarbon produced. It will be readily
‘apparent therefore that an exceedingly difficnlt
heat dissipation problem is involvéd to remove

-such 3 large ainount of heat from the reaction

zone and at the same time maintain the re- g0
action temmperature withift such close Hmits. -
" Ezamples of other gascous reactions con-
“ducted in"the presence of solid catalysts to .
‘which this invention is - applicable are the
“hydrogenation of iso-octene to iso-octane, the 65
‘oxidation " of carbon monoxide to  zarbon
dioxide,” the * conversion of hydrogen and
nitrogen’ to ammonia, and the oxidation of °.
naphthalene-to phthalic anhydride. In all of
-these processes there is & net decréase in' the 70
volume of the gases ds the reaction proceeds.
While' this inventon-is applicable to re-
actions Of this type, it-has particalar advant-
-age in the synthesis. of hydrocarbons from a

mixture of carbon faonoxide snd hydrogen. 75

" - Accordingly, the present invention provides

a method for maintaining a substantially con-
‘stant temperature throughout a reaction zone
during the exothermic catalytic - reaction
thereinn &f gastous reactants and in which 80
Teaction there is a net decrease in the volume
of gases-as the -reaction proceeds, which

- method combprises heatinig to approximately -

reaction -temperstnre and. then  passing
through the reaction zone coumntercurrently to
the flow of reactants and in direct contact
therewith, ‘a liquid mixture inert under the

‘reaction conditions existing in the reaction -

zone ‘and comsisting essentially of a volatile
component and a relatively non-volatile com-
ponent, the volatile component being vaporis-
dble at the aforesaid reaction condftions and
the non-volatile component having a negligible
vapour pressure at the reaction temnperature,
. e T ————
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gbsorbing cxothermic heat of said reaction by

" vaperizadon of said volatile component and .

‘regulating the amounts of said components
charged fo the reaction zone in said mixture

9 so that said volatilfe component is substan- -

tially completely vaporized during its passage
through the reaction zone and so that a sub-
stantially constant ratio is maintained through-
out the reaction zone between the molal con-
centrations of said volatile component in the

)
" vapor and in the liquid therchy preventing

. any appreciable temperature gradient in the |

reaction zone.
T 3 more specific embodiment the inven-
15tion consists in conducting highly exothermic
gas reactions - within  closely
temperarure limits by a method which com-
prises hearing to  approzimately-- reaction
temperamure and ihen passing into-the re-
20 action zone countercurrently. {o the flow of
gaseous reactants. and in_ direct contact. there-
with, a liquid mixture inert under the reaction
conditions and gonsisting essentially of about
- R{MN;-Ny) mols per. hour of a velatile com~
25 _ponent having a vapoi pressure at thic{igjeaction

temperature and when pure of ——, and
- RN-]_ . ’ _ R—~1
-about ——— mols per. hour .of the relatively

N e T
mon-volatile liquid component having a
-negligible vapor pressure at reaction tempera~
30 ture, where R is equal to the number of mols
~ of liquid vaporized per mol of decrease in gas
... -volume, N is the mols per hour of gaseous
reactants charged to the reactor, N is the
- -mols per hour of product and ~unconverted
~ 8b. reactant gases leaving the reactor, and P is the
_ . -absolute pressure within the reactor. )
I . A . major problem in Fischer-Tropsch
_ -synthesi§ reactions, which are typical of the
‘reactions to which this invention is directed,
40 s to remove the large heat of reaction while
‘maintaining a very precise temperatute con-
trol. A method of control has been proposed
which, comprises passing a stream of vaporiz-
gble oi down through the ‘catalyst bed
45 counteferrent to the process gas stream. If
the oil i at or mear its boiling point at’ the
plant pressure when it is admitted fo the
- catalyst bed, it will be able to absorb heat
through ™ vaporization during its passage
50 ‘throngh the bed and therefore will gbsorb the
heat, liberated by the réactiof. The tempera-
ture, however, will not ‘be uniform “at afl
points* within the catalyst bed, For czample,
. * ‘when the gas stream is negligible in comparl-
55 son with ‘the oil stream and heat is supplied
 extrancoiis]§ to the reactor, fractional distilla-
. tion will occiir and the teinperature of the oit
will increase toward the bottom of ihe. bed.
‘The magnitude of this effect, of course, wﬂl
60 depend npon the boiling range of: the oil
. ¢hatgéd:’ O fhe other hand, if & pére tom-
pound or very narrow boiling rauge fraction

controlled -

-of the light component in the liquid phase

were charged  fn an actual operaton, the
temperature of thic oil would decrease toward
the bottom of the bed becanse of the decreas- 65
ing partigl pressure of the oil.vapors, said -
decreasé being caused by the relative’ increase

in the number of mols of the reactants. While
these effects tend to compensete ong another,
it is not sufficient to have an approzimate 70
compensation. The reaction temperaitire must
‘be kept within 2 parrow range of mot more
than 6° C. throughout the bed. Purthermore,

- although-it is possible to maintain the tem-

perature at the bottom and at the top of the 75
catalyst bed at the same value in exothermic
gas reactions when using a single vaporizable
liguid as the heat absorption medium, exper-
ience has indicated that the temperature at any
point within the bed will be higher than the
end temperatures. . -

- However, the method-of the present inven-
tion, utilizing a mixture of a volatile and a
relatively non-volatile liguid, avoids the -
former difficulties by having the non-volatile 86
Hquid act as a regulator of the molal concen-
tration of the volatile component in the liquid
phase. In such d system, for the temperature

to be the same at all points, the mol fraction - °
90

80

must bear & constant relationship to the mol
fraction of the lght component in the vapor

-phase, that is, at all points in the reaction

zone the ratio of the mol fraction of the light
component in the lignid phase to the mol 956
fraction of the light component in the vapor
phase must be substantially the same. Owing
to the, continuous vaporization of the lighter
‘component, as required to absorb the heat -
evolved by the reaction, the mol fraction of the 100
light component in the vapor phase increases
from the reactant gas inlet to the product gas
outlet. Accordingly an appropriate gnantity of
“heayier component must be employed to assure -
a, corresponding increase, from reactant inlet 10
to product outlet, in the mol fraction of the
light component in the liqujd phase. The
- RN
——  defines  the -
- . R-1 :
quantity of non-volatile component that will
accomplish this resmlt. o 110
Briefly stated, the invedtion as applied fo
the comversion of carbon monoxide and
hydrogen to hydrocarbons comprises passing
2 gaseous mixture of carbon monexide and
hydrogen upwardly through a bed of suitable 115
solid catalyst, for example cobalt on kieselguhr
under’ conditions of time, temperature, and -
pressure, to conyert at least a portion of the
carbon monoxjde and hydrogen to hydro-
carbons. To gbsorb the heat liberated during 120
the reaction, a mixture of liguids i charged
1o the top of the cafalyst bed. The light -
éomponent of this mixfure is & puré liguid
compound of # lrelktively ndrrow boiling
range lquid which has a vapof préssure atthe 125

aforesaid  expression
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Ieaction temperature of —— where R is the
o R-1
number of mols of liguid vaporized per mol of
shrinkage in total synthesis vapor and P is
the absolute pressure within the reactor. The
3 term total synthesis vapor is meant to include
" hydrogen, carbon monoxide, carbon dioxide,
.watet, inerts, and all -of the hydrocarbon and
oxygenated products of the reacton and to
-xclude the vaporized heat absorption mediwm,
It The heavy component of the mixture is a
. liquid with a substantially negligible vapor
pressute relative to that of the light com-
ponent, The mixture is charged to the reactar
.at. the rate of approximately . o

. N : e N_[
B 0 RIMNi= N ——]
R-1

mols p;zr hour of which RN - Ny) mols per
honr 15 the light component and the remainder

that iy —— mols per howr, is the heavy
) R-x :
component. N; is the jnlet gas rate to the re-
actor expressed as mols per hour. Ny is the
mols per hour of outlet gas Including watér
and hydrocarbon reaction products but not
vaporized heat absorption medium. As this
mixture of the light and heavy components
flows down throngh the catalyst bed, the light
-component is vaporized at a rate such that
the theat .of resction {s absorbed as it is
liberated. The liquid mixture should be pre-
heated 0 approximately the reaction tempera-
80 ture before being charged to the caralyst bed.
‘Fhe’ vaporized light component leaves 'the
reactor with the ‘reaction “products and - the
unconverted carbon ‘monoxide and hydrogen
and is separated therefromi and may be

20

- 8B retursied for further use. The heavy com-

ponent, flows down throngh the bed and is
withdrawn from the bottorn of the reactor; it
too may be recovered for further use An
additional advantage derived” from  this

"40 method of controlling the redction” tempera-
ture is that the heavy component tends to
dissolve dnd remove from the catalyst “any
wazlike reaction products that tend to form
thereon, = - o _

t-45 The light and heavy comporients may bé sub-
stantially pure compoands which substantially
rémain chemically inert during the reaction of
the gaseous reactants and preferably boil at
temperatures at least §5° G, apart. "The light

50 and heavy components, howevér, do "not
have to exactly miect the specifications set
forth above in order to obtain a satisfactory
unifétinity of : temperature - throughout the
reabtion’ Zote. -Tnstead dfidsing a pure. cond-

56
ing lquid fraction may be used. The heavy
component shonld have an initial boiling

pound ag the light component, a nariow beil-

point of atleast §5° C. and "preferably
gbout 85° C. above the end bpiling point
-of the light'fraction, Thus if it is desired 60
to carry .out a Fischer-Tropsch syuthesis re-
action at a temperature of 204" C. and a
superatmospheric pressure of 6,8 atmospheres
with a- value of R=3, the light compoment
should have a vapor pressure of approximately 66
9.7 atmospheres at 204° C. or & normal boil-
ing point of ‘about 99° C. A saturated hydro- .
carbon fraction beiling from 93° to 105° C.
would be suitable. The heavy component
could then: be the gas ofl fraction of the 70
reaction product,

.- Although the vapor pressures -and rates of £

-'the components. are most convéniently and

acaurately  determined from -the - fornwilas
-given above, they can also be determiried in 76
another manner. To flustrate, based npom a
-consideration of the reactor temperature and « -
‘pressute, the reactant charge rate, and -the
.degree of conversion, a vaporizable component
of appropriste volatility may be selected, ‘The
rate at which the light compdnent is charged
to-the reactor will then be such that the amount
of this light component i just sufficient to
absorb the heat of reaction through vaporiza-
tion. The volatility will be such that the actual
temperature in- the catalyst bed will be
approximately equal to the previously selected . 5
or predetermined reaction temperature, The
actual . temperatyre however will. mot be
uniform throughout the bed, but can be'made 90
uniform By charging along with the light corn-
ponent, the correct amount of a nen-volatle -
component. The latter rate can be found by
charging ‘increasing amounts of the. nom-
volatile component to the top of the bed and g5
noting the temperature difference - Between
two different points in the bed. When' this
difference equals zero, the correct Tate has
been reached. - - co T

“The liquids: preferred as temperanire contral 100
means are Nydrocarbons of switable boiling
range, However, other organic materials such
as_oxygenated compounds dnd the like thay
also be used. The lquids employed should
be substantially inert under the conditions pre- 105
vailing in the coriversion zoné; they ‘should
substantially . remain chemically - unchinged :
during the . conversion of the gaseous” re-
actants. It has frequently been Ffound thut
appropriate. fractions of the reaction products 110
meet"the necessary requirements. - c

The invention is applicable not only to pro- *°
cesses involving exothermic- gas ‘reactions in
the presence of ‘a stationary bed of “solid
catalyst, but it is also applicable to' processes 115
of this nature employing moving beds of solid:

80

85

_-~catalyst. In moving bed processes the catalyst

is transported by physical or mechanical

“meané through a’reaction Zone as -x- single

‘cofitintiods bed o as a series of smaller beds, 120
For the processes of this invention the direc-
tion of travel of the catalyst within the reactor
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~ “may be either upward.or downward.
- - -What we claim isi—- --. -
- 1. A ‘method for mainwining a substan-
tially constant temperature throughout a re-
b action zonme during the exothermic catalytic
". - reactipn. therein-of. gascous reactants and. in
- xwhich, reaction there-is .2 -net decrease in the
yolume. of gases. as the " reaction proceeds,
which method -comprises heating to approgi-
10 ‘mately reaction temperature and then passing
- throughi the reaction zone countercurréntly to
“the flow of reactants and in direct contact

therewith, z lquid mixture imert under the

. conditions existing in the reaction zone and

. 1B consisting essentially of a volatile coruponent

and a relatively non-volatile component said

“yolatile component being vaporisable at said

" reaction conditions and said non-volatile com-
ponent having a negligible.vapour pressure at
20 ‘the reaction temperature, absorbing exother-
:mic heat of said reaction by vaporization  of
sald volatile .component: and - regulating the
amounts- of said components charged to the
 _regction zone in said . mixtpre so that said
25 wyolatile component is substantially completely
" wyaporized during its passage through the re-
action zone and so that a_ substantially con-
stant ratio is  maintained throughout the
reaction, zone between the molal concentra-
30 tions of said volatile component in the vapor
and in the liquid thercby preventing amy
appreciable temperamure gradient in the
reaction zome.: T o
- . .z. A method for mainmining a substantially
85 .constant temperature throughout a reactich
zone -during the catalytic conversion therein
of carbon monozide and hydrogen into hydro-
carbons, - which method comprises heating to
- approximately reaction temperatare and then

. 40 -passing through said reaction zone counter-

_ currently to.and in direct. contact with said
reactaits flowing upwardly in gaseous state a
Ygnid mizture inert under the conditions

- existing in the reaction zone and consisting
45 essentially of a +volatile component and a
relatively non-volatile component said volatile
comporient being vaporisable at said reaction

- conditions -and said non-volatile component
having & neghgible vapour pressure at the

50 reaction tempetdture, absorbing exothermc
heat of said reaction by vaporization of said
wolatile component  and regulating the
-+ pmounts of “said components charged to the
. | reaction zome in szid mixture so that said
55 wolatile component is substantially completely
" yaporized during fts passage- through the re-
action ‘zone-and so thatr a substantally con-
£:7 gtant ratio i§ inpiniained throughout = the

.reactitny - zode Between “thé-moalal concentra-

tions of said volatile component in the vapor 60
and in-the lignid thereby preventing any
appreciable temperature gradient in the re-
-action zome, - . .- S e

- 3. Method as claimed in claim -1 or 2,
further -characterized in that there is-charged 66
to the reaction. zone abput R(N; - Ny) mols per
hour of a volatile Hquid component having

-a vapor -pressure at the reaction. temperature

. .. - RP RNz
and when pure of ——, and about —
' - R-x R-1

where R equals the mols of lquid vaporized 70
per mol of decrease in gas volume, N; equals
the mols per hour of gaseous reactants
charged to the reaction zone, N; equals - the
mols per hour of product and uvmconverted
reactant gases leaving the reaction zone and 75
P cquals -the_absolute pressure within the
reaction zome.. - .-

4. Method us claimed in any of the claims
I to 3, wherein paseous reaction products
containing the vaporized volatile component 80
of the liquid mixzture are withdrawn from the
reaction zome and the _said wolatile com-
ponent is separated from the . reaction
products, the relatively non-volatle com-
ponent of the liquid mixture is withdrawn 8
from- the reaction zone, and the. recovered
components are returned io the process for
further use. : T

- 5. Method 28 claimed in-any of the claims
110 4, wherein the volatile component of the 90
liguid mixture is a substantially pure com-~
pound - boiling at least 55° C. lower than the
temperature 2t which the relatively non-
volatle component of the liquid mixture
begins to boil : 95
".;6. Method as claimed in any of the claims
I fo. 4, wherein the volatile component of
the liguid mizture is a narrow-boiling liquid
fraction which has an end boiling point at
least 55° C. lower than the temperature at 100
which the reletively non-volatile heavy com-
ponent of the Hguid mizture begins fo bedl.

‘7. Method as claimed in claim 2, wherein
the volatile component of the lquid mixture
consists essentially of a marrow-boiling range 105
paraffin hydro-carbon fraction asd thé rela-
tively non-volatile component of the liguid
mixture consists essentially of a hydrocarbon
fraction remaining substantially liquid at the
reaction conditions. - : 110

8. The method of controlling exothermic,
catalytic gas reactions substantially zs herein .
described. -
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