1.C. 7370

0X0 Procassing ‘of Cracked Middle Oil:

Iin addition to Kogasin and Calbgl, Leuna hed invesiigated the t
of cracked petroleum oil by the 0X0 Process, Dr. (Gemassmer provided ‘ty
following data from = run, the conditions of which were not considere
optimum. - : '

The olefinic feed material had the following properties:

Density . : 0,848

Pour Point S -18%¢

Av, Molecular Wi, ' 185

Todine Nov .{Hanus) , LE-EE

Sulphur Content .24 by wt.

Boiling Range 230955000

Volume % soluble : :
Kattwinkel solution , Bl

The charge was mixed with 3% by weight of catalyst and reacted with.wa%q

at-2L0 ats. Total reaction time in the OXO stage was approximately 1 ho

'The temperature et the inlet to the First reactor was 150 G and that at’t)
exit of the second reactor 19¢ C. The hydrogenation of the crude product
was carried out at 220 ats with hydrogen of: 97% purity. Tie temperature
195 - 200 € and the totel reaction time a proximately -1 hour, The produ
had the following properties:- - - ’

Dengity : . . 862

Todine Fo. (Hanusg) , 19,6 .

O No. oL 56-L40 -mem KO¥/gn.
CO No., - . - 3.5 .
Saponification No. © 5 mgn KOH/gn.

The OH number is determined by acetylation with acetic anhydride follqy@}hl
by titration with KOH solution. The CC number is a measure of the aldshyde
-and ketone content and is determined by forming the oximes of aldehydes

detones followed by titration with KOH solution.

The crude product contains 16-17% alcohols which may be separated fr
the hydrocarbons by forming boric esters. It is not possible to separate

the alcohols by simple distillation because of the wide boiling range of the
charge stock,

Only about 60% of the olefines was comverted and of this, approximate
-80% was recovered as alcohol, '

Fig. XXXI (B) is & photogreph of the 0XO converters.

In addition to the authors, Major A,er-J.-Undefwcod contributed notes and
these were of very great assistance in compiling the above report.
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I.C. 7370
XV. SYNOL PROCESS

§ held thke view th &t Tropsch Synthesis ig
liquig products for use ag
Mainly from this stand-
Process ang modificaticns
it sinece 1925, The Particular-n i Lenated "The Synol Process™
development madc by Dr, zel in which the I.ga, 3
since 1940, Tho process consists essentially of the
: ide hydrogen mixture (ratio of 1 ¢o :
and a tomporaturc of 120 - 200 C over
i5ed for ammonia synthesis,"
Tconols and Lydrocarbons, the former
giraight chain Primary alcohcls, - .

ynthesis Gas:
_-_"-:-_"—'-_"'.'

che addi-
crvliqupr.carbqn
he main amuenia
urce of carbon'monoxide,
Fequired composition by
Xygen, o .

Some 25 gmall lab
2~ 36 litreg catalyst ca

norits of milti-stage vor

gh oporating conditions, 5
~Ar reactors and with g capseity of 3-5 tons fmonty of liguid product

0 orcctod and. operatod for 9 months in orgop to give pilot Dlant-gcale
- Of various possiblo multi-stage brocessos, 4 Second pile

: Glo plate-tyvo reasto : F 1

wid vroduct had

lenditions:

1g. XEXTT 18 a 1ine diagram of the procegs which it wag Propoged to
800 In the larze plate-type reactor, Fecgd 688, completely free from
¢Q‘00ntaining only 1-3 mg, Oorganic sulphyr per Cu.nctre, togsther with
times its volumo of recyele £48, 15 passed down-flow-through the

at a gpace veloeity equivalent o 110-120 volg, meke up gasfvol, of
‘Per hour ang at g Prossure of 18 - 20 atg, _When the catalyst is
Simaintatined at a roaction temperature of 185°C ang the inlet ang
?mPeraturcs he recactor ape controlled to witps
: lating diphenyt,
difficulty of obtaining stoe 2580 T ion. As the
Yactivity fall » tomporature is gr od 80 et at the end of
Oths it 1g cxpoctod to be 195 g, > estimated total life of a
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catalyst is 9 months and =2t the end ‘of thls period the reaction tempers
will ‘probably have to be 210- EchC The exit product from the reactor
Tirst. . to a wax separator in order-ta. prevent plugging of the cboler’
of tne vlant with soft vax and thence to a heat exchanger where it gljé
heat to the recycle gas, The neat exchanger exit. temperature is’ carefu
controlled so that no water i& condensed or separated at thi = stage,
wise, excessive acid corrosion results., From the heat exchanger it Ea
to an 1ntermmd1a+e sena rator 1here hlgher bo_ 1ng llquld oducts are

guard agaldst aC¢d corros;on. The ex 1t gas from the separa tor, apart_f
a smell purgé equivaient to §O of the fresh make up gas, 1s rscycled
the heat exchenger and a gas heater 40 the réactor., The veni gas, whid
vides a purge for CO; from the system, is passmd through an cmmonia COolLe
and an =zctivated carbon absorber in order to recover light throcarbons

o An‘altérné ive method of ope“atzop whlch accorulrg to Dr. Gemassmey
wag latterly considered to be the most likely scbeme to be adopted for lavs
scale operation, is shown in Fig. XXXITI. This is a two-stage process v
gas recycle abd like the 81ngle stage. process described ebove, does not
involve COp removal between the stages, In this method of oﬂeratloq ve
high ges velocities arc empleyed. Frosh gas is introduced at the rate o
100-150 vols. /vol .of catalyst and-the recycle rate is )O 1 in both first
and second stages. Approximately 65% of the fresh gas is converted inﬁf_

;flrst stage and 25% in the second, giving an overall conversion of 90p.

_When working under-stralght througb gas condltlons and with multi- stag
,‘conver51on it appears necesssry 1o remove COg'betwecn the stages. This
“introduces the diffionity that alcohols are lost bv water solution in the
€05 removal step. It was stated that a two-stage nrocess a3 descrlbed
o above, gives appr onlmately the same. yields as a fou?-stage process onerat_

Wlthouu recycle but with COx removal - : ; : :

Yields.-

The optlmun y*eld iz estimated to be 155~769 gn. of prlmary llquld bro
dvct per M2 of hydrogen + C0. Very variable deta was produced on the com-

position of this liguid produci but it would appear %o be of the following
order:

Alechols 35 - 50% L

Olefines - . - 25 - Lo%
Pa“afilps o ee - 35%

O - 40% of‘the crude DrOdﬁCu boils in ihe range 50 - lOOOC 35 - L0% in the
rango 100O - EOOOC and 25 - 30% in the’ range 200 - 3509C. fThe alcohol E
content appears to be greatest in the range 150 - 200°C as shown by the fol-
lowing. Jlelas supplled by memory by Dv Gema:smmr -
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Tenp, Range Alecohol Sat, Hes, . Qlefing Hes.
oC, :
to 150 20 ko _ 40
150-200 - - 70 15 15
200-300 50 20 30
over 3200 30 - Lo - 28

The main essential for maintenance of a goad rield appears to be high
W conversion per pass and a low reaction ten-
Low space velocitics lead tc the reaction of carbon menoxide and
jater formed in the reaction, and high temperasturesg produce iron carmonyl and
1so aprear to lsad to carbton dsposition. due to .reaction of hyirogen and car-
o monoxide, : - ~ : : :

‘Design of Reactors,

Neither tubular not plate reactors used in the latest Leuna pilot. plants
were considered to be entirely satisfactory. The principal disadvantage of
oth was that during operation the cataiyst caked badly and was very 4iffi-
ult to remove. In the case of the tubular reactor which wasg made up of 1h
1. T.D. tubes spaced 26 mm. centre to centre, it was Tound necessary to use
slectric drill to renove the catalyst. Similarly, the plats reactor,
yﬁich was essontlally similar in design to the Fischer_Tropsch atmoapheric
gssurc converter, had to be dismantled and the catalyst drilled and .
eaiselled from betwecn the rlates.. It had been decided: to construct a Te-
gactor of the type shown in Flg., TXIV. The catalyst was to be pacxed between
e cooling tubes which were 1o contaln water under pressure. It was con-
idered that when' it was necessary to remove spent catalyst, the flange
ould be unbolted, the inlet and outlot conncetions dismantled, and the whole
S¢ removed, therchby exposing the catalyst which could be relatively casily
locked from betwoen the cooling tubcs. :

The catalyst is proparcd by placing 19 kgs. of iron from a. wood charcoal
roparation in a shallow water-cooled iron paﬁ"50'cmifin“diaﬁétér“and‘l5 cm,
5, Oxygen, supplicd by two nozzles, is direcctcd toward the mass

in 10 minutes, 16 kgs. of aluminium nitrate, 4 kps.of potassivm
2 litres 66° Be nitric acid is added along witk 2-4 litres of
mixture is boiled until solid, snd melting is eontinued from
SCre on for 30 mimtes, The melt is pourcd out on an iron pan and allowed
¥ cool slovly., Tt is then broken up into granules (1-3 mm) while the dust
remeltcd electrically, ‘ ‘

. The following is the final analysis of the catalyst:

2.5% Algo3

0.2-0.6% i
0.18% - 87
0.03% ¢
97% Fox0y

2

“pparent catalyst demsity is 2.0.
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I.C. 7370

The catalyst is reduced batchwisc with pure hydrogen {lcss than'ip]
of sulphur per M>) as shown in the sﬂmblizled diagran, Fig. XXXV, "o
suro is substantlzlly atmospheric and the reduction tomperature usyaq
450°C,  The reduction temperaturc does not appear {o be critical; o
380° - 6509C was stated to be satisfectory. The esscntial Teatures o
catalyst roduction werc said to be (&) a maintenance of a high hydrOg
corrcsponding to a minimum linear velogity of 20 cms/second and a mi
space velocity of 2 000 - l/hou” per litre of catalyst, and {(») efficie
ing of thc rccyclo and make up h"drogen )

The' recycle hyﬁrOgen lcav1ng'the reduction oven contains 1-2. gmg
M2, Tt passes through o water coolér at 2000 , an ammonia uCOlCT at ho
after mixing with fresh hjdrogeq goes through a silica gel

The time requlred for reduction of a batch of catalyst is about 5
Absence of water in the oxlt gas is used a¢ a criterion of compls tlon o
reduction.

After reduction and cooling to 50¥C the catalvst wag blanketed wi
and trensferred to smaller stecl containers, " From these the catalyst~
a 002 atmospherv, was measurcd into glass tubes which wore used to charg
the reaction rubes individually, so that exactly the same amount of -ca
was prcocnt in cach tube, éepeclally sincc the tubes were often only:pa
filled. This wzs to onsu“e egual pressure drop through each fube and
Torc provide cquivalent grns flow in cach.

' The used catalyst could be regenerated only -by fomnl*ing and rored
after which it oporatod at a higher reaction temperature (225 %o 250°¢
the product contained o stITOr percentage of alﬁohols.

Except for the reduction »art of the catalyst proparation, the cat 1
employed for the Synol proccss is oxactly the some as thu useé for the
ammonia SJntheels at Leuna. '

Work up of Crude Synbl Product:

B The method proposcd for the scparation of alechole from the crudc Synd
product depended on the formation of boric acid csters. A Flow diagram
this process is shown in Fig, XXXVI. Tho crude product is Iractionated.
_50 600 b0111ng rungn cuts whlch are woricd up scparately.

The csterifidation is carried out with solia borlo acid Dresont in e
excess of the theoretical reguircment. The mixturce is hoated to §5-120 ocH
atmospheric pressure., The water formed, togethor with somc of the lover
ing hydrocarbons has to he contlnuously removed as overhcad. The sccrot
the esterification process was stated to be the complote romoval of waber
formed. The residual mixturc of esters and hydrocerbons is thon distillod
at atmospheric pressure or under vocuum if this is necesshry, in order to
avold ester decomposition, This scparation of hydrocarbons and csters by
dilstlllation is & simplec mattor as will be scen from the following beill
range figures for charge and cstors:
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FIG: XXX~
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FIGURE XXXVF
SYNOL. PROCESS - BORIC ACID PLANT
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Boiling Range of Chargs . Boiling Range of Hsters
160 - 220°¢ - 280" < 3L0°¢
270 - 27%°%¢c . koo - kohog

The esters ars ztadle up to about 3000 at atmospheric pressure,

The separated esters are mixed w1th recycle d*late beric acid solution
“and hydrolysed by heutlng to ¢5 - 12090, The hot mixture of alccohols and
“boric acid (16 - {p H;boﬁ) separate into iwo lavers and the uwprer alcohol
‘layer is water washed and re-distilled. The boric acid solution is cooled
‘to 3°C and the boric acld erysitals Tiltered off for recirculation io the
esterification stage. The flltrate is recycled to the hjdro ysis stage.

add1+1op to the authors Magor A, J. V. Underwood contributed notes
Se .Were of very great. 3581stunce in complling the above report.




