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Xiv. OX0 PROCESS,

Introdnotion: '

The (X0 Process consists of the reaction of olefinmwith
water gas in the presence of Fischer Tropsch catalyst to give
eldehydes according to the general equation :

~~eCH, ~CH=CH.CH; === + Ho+00
——— ——-GH,-GH,G-%-OH, ——
The aldehydes are hydrogenated to aloochols in a subsequent atep,

The basiec reaction was discovered by Ruhrchemie but the large-
scale development of a contimicus process resulted fram a
co-operative effort Wy Ruhrchemie and the I,G. The Chemo-Gesellachaft
was 8 development organisation formed by these two companies
on & 50/50 participation basis, The progess was later licensed
to the operating company - the QX0 Gesellschaft,

Extensive research on the process was cerried out at Leuns
where a plant of 100 T/month design capacity operated for -2
years, The actual production was, however, only 40/50 T/month because
of shortage of the preferred raw material - Kogasin, Leuna
processed a certain amount of "GelbBl", an olefinic by-product
of the higher alcchols process, to supplement their Kogasin
supplies tut it was stated that it was an inferior raw material,
The present repart is limited fo information cbtained at Leuna,
Details of Rubrchemie work are given in other reports, notebly
that on the Ruhrbenzim A.G, Target No,30/5.01.

Chemistry of the COXO Processs

The first step in the process appears to consist of
the addition of CO to the olefine sccarding to the equation -

e GGl e 4 0O se—anp e GG e

§
0

This intermediate product cannot be isolated because it 1is
hydrogenated immediately to give aldehydes as follows:

-GGG + B3  ——C-(=Gm—m
& CHO

or e GrG-Cmmm
CHO

dependent on the point at which hydrogen entera the molecule.
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Further hydrogenation, malnly cayried out in & mepirate
reacilon stage, ylelds the carresponding priwary alcchcls. -

It will ke peon that even in the simplest case, the
G0 Prooens glves e mlxture of aldehydss or alechels, Thia
tendoncy towards a mixed product iz further increased by
lsomeriaation of the olefins under the {0 Prooess acpditioms,
tms;

: —— ;
W, e G0
+ Hy+30 o, 1L +00
o \A #__f__...f_.ﬁr-r
R Ry < R
(=G~ CLH, (BT G-C-C-CH, 0L w3~ CH, O]
c

The reaction involwing the least steris hindrarsa
:fﬂam:atau. Timn, wsing lagtutylens as the u-lu‘fi&ﬂ
-GG UH 1o obbedned in greater quantity than o eCH M,

Similerly, wito uning frimethylpentenss ohiz!ned from
Polymerization of igcbulylens, the matn X0 Iredacte ore fhoac
depiTed Prem the “Gul=C lsclér ms Glatinet frem S—Q-Ced-g.

The mixed alcohels obbained from Lhe 0 Prooesg are
madrly umed after milphonation for detergent coumifpcturs, For
thim zarpoae the mixed ajeshols are =ald to bo better raw
materiale than singls eorpounds,

Frooeay Condlitione;

Tae first stege of the prooess is carried out at sbout
20 ste, pressre and 150° = 15090 In the Liquid phaaa, Mnely
dividnd Flecher Tropach cetalyat is sspended ip the Lignid
faal in n comcentration of 3-5% by wedght. Mot of the
Gatalyet 1a remyalsd end the make up requivemsrt io gaid 4o
o very small. Namaily, when using Nogeein se the olefimio
Teed, the resction tioe required ia of the order of 20 mirmtea,
Lower glefing reagted very readily, In tae caze of 1os
Zalecular welght plefines, thay hawve to bw used in acintion
in a Liquid medium,

4 myaber of eide resctions voour in the OXO atave.
Aldahydes polymeriae to give "Liok#l" which sorgrizes wp to
208 of the crude prodnot, About are third of the aldelpdes
itially formed arc alac hydrogennted to the corre sponding
aleahol, It is thue not mrocticable to isslata aldebydes
fran the smude produst obtained in the first stoge of the
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process, If thease produsts sre reguizwd, i1t i3 conaldered
prefarabls to complats the Wwicogenetion in the mascond etep,
separate the alcohola and oxidiss then to the ecrvrasponding
aldebyiaa,

This socond ster of hydrogenation, in addition to
converting tha aldelgndez in the alocholm, Tosaos down sbout
SCE: of the DiokBl to aloobols of the same corposition as mee
derived frum the carrespending aldehyydes. The hydrogenation 1s
tndndered by the pragsapos of 00, . If iz therolfore haGeszary te
iet down to atmospheric prossurs the crufe prcdnot from the
firet' Q0 stage and to oarry out the hydrogenation 4n & separate
otep, This shage ia carried out af about 200 ats, apdl at a
temperatioe of 170-195%C, The same gatalyet as yasd in the flest
#tage oan be employed, or, alterdatively, thia gatalyst qen be
Flltared mut of tha flrst atege orude ard it oan ba reploosd
Wy the more readily awailastle copper ciramite, When I .achew
Tropach setelyst im smployed, sowe oarbon mencodids im formed
in the Wwirogenatlon resction Ae & result of reductisn of aobalt
czrboryl, In ader to kesp dowm the copgentraticn of aarbon
monordde in the circulating Bydrogsn, the ewlt gasm 18 troated
over a0 iron gatalyst to convert osrbon memeide to methope,
The methane content of recycle gas can ba as hign as 10% without
adreran offoat on the reaction, This soncentratlem is
meintainac by bleeding off she reculsite smount of gas from the
cirouleting syatem,

The firet atep of the (X0 Procesz ix not affected by

the presence of mulphur ocompounds in tEe raw mpaterdials hst theee
lgparitier &0 hinder the subasquent hydrogonesion atep it
carried aut with Piseher Tropech or oopper chromite catalyat,
When deeling with mdpier sorteining olefine puy meterial,
trarafere, 1t 18 nesecaney to filbter off the flrat-stage
catalyst and to carry oot the pd@ogenatisy over ficed mioke?
fungeten mulphide catalywts It 18 neceagary to osrry out a

+1lal hydrogenation of the crude Pirat-ptsage motuct wicr to
filtration in crder to conwert ony cobalk carbongyl into cobalt,

Leuns Goeration:

The preooees, 58 ordginelly warked cul by Rubrchentia,
was A hatch process and the pilat plant at Helten consdintsd of
t5 unite ariginally intended for batch opsraticn, Wark at
Lena shimred that conaidersably bigher throughputs ware
eotalhel from contimuous everations,

The following deseription of the latest gethod of
epeatice of the Yeuna plant wazs obtained by A Hone from
De.Comsomner, whe was the chemlastdireotly in charpe of thema
operationg, It should B2 read In copiuncticn with Wig 2O,
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The olefine or olefine-containing charge is mixed
© with 3-5% by weight of catalyst, most of which is recycled
material., This suspension is pumped at the rate of 300 -
700 litres/hour and at a pressure of 220-240 ats. through a
.heater which raises itz temperature to eppraximately 150°C., fThe
rrehsated feed anters the bottam of the, first reactor and passes
upward coourrently with a steam of 60 l[3/hmn' of osrbon monoxide
and hydrogen which hasg been separately preheated to 150-150°C
(miscimum: 200°C), This synthesis gas is partly recycle gas from
the mrocess (40-50 ¥’/hour) and partly make up gas which cansists
of equal molecular propariions of hydrogen and carbon monoxide,
The first reactor, which is constructed of carbon steel, has an
internsl diameter of 200 mm, ard a length of 8 M. It contains
6 vertical 21 mm (D, 17wun ID, steel cooling tubes which are
comnected to a water jacket surrounding  the reactor. Cooling by
these tubes is used only when very reactive olefines are charged
and the heat release is high, A thermocduple well extends the
length of the reactor and the temperature of the exit products
is normally controlled at 150°C, The temperature and feed
rate depend on the concentration and molecular weight of the
olefines in the charge stock, As previously stated, lower
molecular weight olefines are more reactive, Low concentration
of clefines in the feed necessitate the use of lower feed rates
and higher temperatures in arder to ensure that reaction proceeds
to the required extent, Narmally, roughly 70% of the clefines
charged are converted in the first reactor,

The exit products from the top of this first reasctor pasa
to the bottom of the second reagtion vessel where they come into
contact with an additional 60 M’/hour of synthesis gas, The second
reactor has the same dimensions as the first but is fitted with
baffles to increase the efficiency of contact, No cooling tubes
are required, The normal operating temperature is 170°C,
Essentially all the remaining olefines are converted and some 20% of
the aldehydes made are hydrogenated to alcohols,

The exit products from the top of the sescond (Q reactor now
flow through a water cooler to a separatar from which synthesis
gas lis recyocled to the preheater, The liquid product is let down
to atmospheric pressure and the released dissolved gases ere
purged after scrubbing with crude second-stage product to prevent
loss of liquid by entraimment, The crude first-stage product is
now pamped under a pressure of 200-250 ats, to the second-stage
preheater from which it passes tp the bottam of the first reactor
of the hydrogenation stage, 60 ¥//hour of a mixture of preheated
fresh hydrogen and methanised recycle gas is also introduced at
the bottom of this reactor. The reasctor is identical with the
firet reactor of the (MO stage but operates at ap exit temperature
of 180°C, The exit product from the top of this reactar passes
to the top of the second hydrogenation reaction,vessel and passed
downwards counter-ourrent to an odditional 60 MJ/hour of reaction
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gan, Yhe exit tomperaturs of this satond resatar iz roughly
229G, The draw-odf of liguid product from the bottom of
this gopvarter 1a regalated 3o a5 to kmep the resctor M2l
of 1iguld, The top of the second reectoar serves as a high
presmeg evpsratsr vesssl for bydrogen and liguld produots,
The Iydrogen conteining acme carbon monaride i3 water-cooled
apd passes to o acateh-pot f'or separation of condensed 1iquid
which dz retagrped to the bydeogenation reasioe, Pefora bedng
rocyolad to the hndrogenstion reactera, toe gas is reasted
at 250°% gver an dTon catalyst (similer to that used in the
ol P.cme!u] in arder to ecnvert osrbon meneodide o methess,

Tha Liguid product iz let down to & pressas of 10 aba,
to a sopapabor from which diseolved gasmes spe vented, The
liguid from this soparator im charged urnder {tm cam DrAasure
tp the Piller systom jllustrated in FigzXWT, The liguld,
in batches of 70U litres, entere the filter vessal {widch im
pressured with nitrogen theough Yalve 1) snd Lo filbersd
through the popous cerwmic tubea sifuated at the bottom of
the wvesgel, Thia operation reqouires sent 10 mirmtes with
a otw filter but gsn take wp to 30 mlrmates nmhen the filtera
are old, When filtration is cceplets, fresh olefins abasgs
1s introdussd through Velwve 3 and passer in the revarse
direction throughk the filter theraby washing of € the catslyet
materiel. The whole wvesael is  then rotated et 80 reva/mmite
for Z2-7 wimites, [t 1a =topped 4n the lnverted positdon and
tke olefina catalymt suspenmien ia forced mit throogh Yalwe L
by nitrogen pesmere, nitrogen being inteoduesd throagh
Yalwe 3, This suspeosion 1s then transferred to the Fewd
mixer of the () Prooeoss, The oyols tims for o oooplats
aperation of the filter ia one haur per batoh of 700 litres
of mude prodnot,

The iresatment of the filtraisd cpods profuct depends
n tha fype of olafimic rew material vesd, IF thiz row
meterial has Indtinlly e boiling rapge not szseeding 5000,
the alcchole can bea neparated from YWpdrooarbons by single
dintilletion. If, on the pther hand, a raw maleria)l of wder
toiling renge ia emploved, alechole have to be peparated T
the borla acld method as dessribed in Bestion XV dealing with
the Syl Process,

A mimber of Yeriaticns of tha abeove procems hod been
tried cut at Leogpa, The affest of iIntrodouction of 1iguid
feed at the top of ope o both of the KD reactoars wes tried,
as was alse the operation of the (M0 Prodesa with 1iquid and
z85 {lowing oounter—surréntly, Thd proovss was alac operated
with only ome reastar in the (0 and hyphogsnation eisges,
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Accarding to Dr.Gemassmer, however, the method described
in detail ebove was found to be the most satisfactory,

4An essential of any scheme for operating the OXO Process
is that the synthesis gaa rate in both the OX0 and hydrogenation
stage mist be sufficiently high to enmure efficient stirring
and oomplete suspension of the catalyst. A large excess of
synthesis gas 1s not necessary fran the purely chemical
standpoint., Research carried out by the I.G, suggests that
the OXQ stage might be operated at 40 - 50 ats, pressmwre but
under these conditions the throughput would be lower and the
temperature somewhat higher, One of the difficulties sometimes
encountered was tha{ unless the conditions in the X0 stage are
carefully controlied, olefine polymerisation takes place, The
polymers so farmed, efter hydrogenation in the second step,
are difficult to separate fram the higher boiling alecohol !
rroducta,

Catalyst Preparation:

' The Fischer Tropsch catalyst used in the (X0 Process was
obtained fram the catalyst plant of Rublrchenmie at Oberhausen-
Helten, It was reparted to have the following approximate
camposition:

30% Cobalt
27 Therium Oxide
25/ Magnesium Oxide
66% Kieselguhr,

Iue to the soarcity of cobalt, the contemt of this comporent
of the catalyst has latierly been decreased, The last shipment
contained only about 25% of cocbalt, This apparently had little
effect cn the process operation,

The catalyst in powier farm is reduced with Pare sulphur-
free hydrogen, The hydrogen flow is controlled at a rate high
anough to prevent settling of the catalyst powder, i.e, the -
catalyst is fluidised by the hydrogen stream, The ‘period of
reduction is 2-4 hours,

o Processing of Cracked Middle Qil:

. In addition to Kogasin and GelbBl, Leuna had investigated
the treatment of aracked petroleum oil by the CXO Process,
Dr,Gemassmer provided the following data frem a run, the
conditions of which were not considered to be the optimum,

The olefinic feed material hLad the following properties:

Density 0,848
Pour Point -18°C
Av,iolecular Wi, 195

Iodine No,{Hams) L6-48
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Sulphur Content +24% by wt,
Boiling Rangs 230°~350°C
Volume % soluble

Kattwinkel solution. 51.

The charge was mixed with 3% by weight of catelyst and reacted wkth
water gas at 240 ats. Total reaction time in the (O stage was
approximately 1 houwr, The temperature at the inlet to the

firet reactor was 150°C and that at the exit of the second

reactor 190°C, The hydrogenation of the crude product was

cerried out at 220 ats with hydrogen of 97% purity. The

temperature was 195 - 200°C and the total reaction time approximately
1 bour, The product had the following properties:- '

Density 862

Iodine No,(Hamus) 19,6

CH No. 3640 mgm KOH/gm,
CO No, 305 :

Saponification No, 5 mgm KOH/gm.

The (H mumber is determined by acetylation with acetic anhydride
followed by titration with XOH sclution. The GO muber is a
measurs of the sldehyde and ketone content and is determined

by forming the oximes of aldehydes and ketones followed by
titration with KCH sclution,

The crude product contsains 16-17% alcchols which may be
separated from the hydrocarbons by farming boric esters, It ia
not possible to separate the alcchols by simple distillatiomn
because of the wide beiling range of the charge stock.

Only about 60% of the olefines was converted and of
this, approximately 80% was recovered as alcohol.

Fig, XXXI(B, is a photograph of the (X0 converters,

In addition to the authors, Kajor A.V.J.Underwood contributed
notes and these were of very great assistanoce in comglling the
above repcrt.




