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Gusg Circilation PPOOGgﬁ
(For Gasoline Production)

The gas circulation process was developed to overcoms
the peculler dirriculties of- the CO-H; gsynthesis with lrdn  '
catalysts which requires a‘vory careful heat regulatloh; Tem~
peratures of 300° and above, ‘which zust be uaod ror tne pro- '
ductlion of hlgh anti-knocs gagolineg, can no-longer be obtained
in tubulur or plate reactors,

In ths 5as circulatlon the heat or the reaction 1s
not leé away through the wall bul by the reactlon gas 1:se1r
and led to a waete heat boller outside the reaotor where 1.
is cooled to 50° below the reactlon temper ature, the waste
heat boiler can be talntalned relatively samall in slbe,becausé
of the larye dlfference 1n temperature. No éomplicated lneets
have to be bullt insglde the reasctor. Ths texperature interval
inslde the reaction epace 18 linited to 10° by the absorptlén
bty the gases- of the‘heat of the reéc:ion, and the nakeup gas
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- must be clrculated about 100 times between ths reaction space
;and the waste hoat boller in arder To 1eave the clrculu wr%h
'a 75~80ﬂ converslon. In addltlon to the above hot oxrcult
there 18 a cold clrcult wlth 8 ol rculutlon 1nslde ths cold
circult of about three tlmea. Its purnose is ths reaoval of
water by cooltng~to the temperature or the coollng water- and 
the depoaltlon of the high. moleculn. welgnt “eactlon productn_
whlcn wa@ia otharwlan clog tho catalybts The gas whlch .
finally leaves the gystom 1l cooled to agbout +40°C and the
. 11ght gaaolino and tho greater part of the gnsol gare alao
condensed. '
-~ Thoe carbon dioxlde ls now removed and tne cas led

through a second stage which is obout four timee amaller,

anéd th3 total comvaraien is increased to over t07.

’ Catalysts .

A catzlyst of ver: bign mechanical s:rensth 13 réquired
because of tho great gas velooity (the tizme of residence of the
cas lﬁ the catalyst bed 1s less than cne eccond)- Operntlons

up to 5CO° with sintered ca;bonjl iron and a small azount of
Vborax have been fcund sa:iéfac;o;'. Th{a catalyst showa no
tendency for *roing through®, Its hea?t cénduotivity is &0

good that no local temperature rises develop dus to overheat-
ing. The life of .nls catalyst has been found to be around

4 1/2 zontha in emall gscale $ests.
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The preaalng of ths catalyet porders muat ba done
wlth very vigorous uhaklng, slnce only 1n tnat way can a
,homogeneous catalyst grain pe- obtained and ths oatalyst

would otharwlse show a tendenoy to pcals durlng oneration,

E  gpég§t1ng-Cond1tiong 7.1
High-tost'géséilne‘lénobtalnéd by operdtlng at &'tem—»

‘perature of 300°C or over. Tbe breaking down of CO to: carbon o
is prevented by not parmittlng the uemporatura To axceed 330°C
A pressure of 20 atm has bqu selected. Tho erriclency qt
s~alle. preasurea is 10he., while at higher preaaures the C
content 1s° hlbher. The space/tlma velociuy in thc first cta&c
is 0 8 and 0.6 in thgugggond etase. The gas aixXture has. thc
game pro ortion of CO:E; as ln water gas, nazely 4.5 and even
closer to 1:1. A high content in inerts slows down the pro-'
duction. The gaa produotlon ®1th oxybon 1a therefore recomacnded.

"he sulfur content _uat be bolow 23 S per cubic meter. °
Finighed Productg
(othylenc 8%) 15 polymema 7% eihylens

(propylene 9%) gasoline or ‘1lubricans
Gages (except 30% (propano 3% 38 alk. benz. 8% pro y‘en
methane and (butylenec £7 (5F Lo atang) lubricant
ethane) - (tutane 2% 74 18> octane
Gazoline, -200°C 474, rerlnedbéiﬁ, o.n. 84  44% =o%or gamo-
' line

uidale oil, _ o
20C-350°C - 15%, catane nuaber about 50 = 15X Diegel oil
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. ] -Flh;ehéd Products
Paraffin, +350° -au S 700 1% pavatfin
Alcohols in water. {583 etbanol o e _'fv o
- of reaction - - 7% (203 propanmol , - 2% aloobola
L .o ‘ (Balanoe. butanol, ace- : S
. taldehyae, acg- o
tono and aclds: Cezh
2008 R

ls-zoﬁ gauiflcation (methana + othane) to- 80-82 parts oI
tha above prcductn :

Refining of Gagoline . .

_ ‘The orude gaéollné contalng 3-4% 0 and cust be rof;hed;
Thig 1s'doho by passing ab atzospheric prcéaqre 6ver"alpnina'b
at’380°'and finally_over blonohlng oarth &% 200°C. Tne‘lbaa‘
of zaterial azounts to 5-6%. Tho ootane nuqbe:wgr'tbé brd@é;
gasoline iz tnarabj increased Iroa -7¢ to 64 (roasarch
method), with 50-553 boiling below 100°C after refining. The
refined gasoline i3 stabllized with alpha napntnol,;and:nas
chown a sterage stabllity of 2 1/2 years in a séeclal aiorage

test.

Zhe Unggtupn+ved Gagesg

The olefines can be ueed in a variety of waFs; the
tutylene fractlon consaina 62% lgo-compounds and can be used

for ths productlon of sechnical grade 1so-ootane; propylens
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and ethylens can be used ror the productlon or alkylbenzolﬂ iy
aa vell as tor the nroduotlon or aviatlon 1ubricants.;s
.‘Diesél oug, B
 The m..c‘.dle 011 200 :sao"c, contnirm 1-1 1/2;4 oxy{,en
and can be used as a Dleael 01l without any pretreatment.,,;ne

cgtans number is 50 the pour point -28 c.

T I,ubrlcggtg ‘rrom ®iddle 03)

The niddle oll produces with SOa 66% of rerined pro-~
ducta nnlch wll; fora 603% motor oll obtalnsd by polymer at101 '
with ACLs. o

AkYgggdn
Two stage Opératlcné with a to%al oonverslon”cr 91-92%
of llquld *ouuctu {after yolymeriuatlon of the gasol) ‘will pro-
duco 133 g wlthquu eiylens recavery, and 142 g with e;haleno
recovery, (whaich requires a Linde plant), per nctm of pure cas.

About 8075 of tha production ie gasoline and 20% Diesel oil.

arge Sc Tests S
A circulation reactor which was origlinally planned for
800-1000 te/ann of crude producte and had a layer of catalyaté
€60 cm deep has been used at 325°C for a long tlze with an inert-
rich off-gas of She butyl plant, with an adjusted U0 contenst.



| 0041 .. T-a64

- 6 '
vThs“reéctéf‘operated.dé’é?peoted It 1ndlcated the deslrablllty
-of 1mprovem°nt8 1n ‘one’ “espect only. The eross. aectlon of tha
;gas clrcult oh“nged up to 1 10 and the velocltlaa or the gas
»stream could change corrospondlnbly.. Thsy crlginated 1n the
turns 1n the gas path Gas eddles were looally produoed which
1nnerrered wit n the passlng tnrough the catalyst bad.- 'Dlviding
the patglyg;.bedllnto several lntarmeq1ate spnces on dlfrereﬁf
levels and ﬁith'sm@ll_1ntermed;aﬁe‘s§aéee.was an 1mprqvement.

Tho new Qonaﬁ?uctlona ere made with this in mind. - -
‘:'.gggﬁ Process

>TT/\\~>~15 is a procesa in the llquld phaae %1th the fineot
dlnperelon of a flonting cutalyut and tho gas oust 1nf£h15
‘prosesa b eszToituted throughout the ligquid in the forzm of -
ths nminuteat bubblcs.. Such a fino suddivisicn is obtained by
either Antensive B.erlnb or by uzling fine-pored ‘Oam platna.
Thle metnod of operation offers the advantages of avoidlng_v
any local o%crmatlng of the catalyst 'PMOHVW lead %o a high
mdthane production and to a deposition of carbon, and “he gasi-
ficatlion 1ig lowered %o an ‘insignificant anmount. In additicn,
the oatal&at 1s used in 1%s simplest fora and can bde Tanewed
wlthout'Lntarruption of operatlions. High boliling “odacts of
the reaction are used as the auapeasicn zedixa, and prineipally
the pararrins.

;he foan proceas wae develcped for the prodnctlon cf an

olefinic middle oll, The amount of higher boillng constituenss
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1n ohe liquid phase ls lncreased in tbis prooeas, and whsn
Operating for ths production of gasollne ‘at. 300°C and ove‘, the
high boillnb products are dlatllled over and must be returned.’
The preferreu oreneure 1s 20 atm like in the gas olroulation '
prooess._: : ' :

The roam is produoed by aeana of stlrring wlfﬁ a ver-
'tical shart mixer a shért distance above the: bottom of the '
vessel. This arranbement hzs been found satlaractory 1n small“

larse scale operﬂtiona. '_g : -

Tne uss or a fcaa plate in place o¢ a mler—I;\-achnl—
caily alupler and mar be readily anorppratea into lerge aqale
oberat;onc. ' ' . : o o ,z.
The catalyst slaks in the liquid phase in the Gourse
of tl e, and the Co-al liquld zuet be slowly moved upwards.

Tke gas and the liquid are separated above in a catchpot and
Fhe -11quid again re.urned froa below to tne‘reac.or.,-The cool-

ing can be done durlng the return of the llﬁuld to remove the

heat of the reacsion.

Catplyst ond Regcticn Conditicna

A finely divided highly active iron éa:alyéc 18 well
adopted for the procees, €.g. a finely ground reduced precipl-
tation oxide catalystv. Oxygen 1s excluded by grinding the
catalyat in oil.
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The suaco/tme efﬁc:l.enoy mcreaaes wlth the pressure,

' bet ter er.sioienoy reaulta in a. eavins of reactlon sua.ce, a.nd

tho "equipment coats are kept low by operatlng at 20 a‘cm preasure
; "ib.en Operatlns ror the produotzon of middle 011 and. '

na.rarrm the aynthesia iz dona in the temperature range or

‘200-250 C xnla in the. proceaces ror gaeollne the temperaturo

range ie around 300°C h order to obtaln high ootane numbera. :

Xore CO than Hy 19 consumed in the reaction gaa.. A.

prcporticn of CO:5g botween 55 45 and eo 40 18 roedmmendod

~

~ liLad1e 011 Process L o

The purpose of thb giddle 0il process was ﬁhb»product-
ion of a maxlmud amouﬁt of,oiefi@ed. Iron obtained_froa fgd

1ron ozlde,>flnciy ground with a'abcll'ésount of pataésluﬁv
| cerbonaie ar potasslum borato was uged as o catalyst..

;ne operating terpernture was 240-250°C. The spacs/tlﬂa'
y10ld of the stirred reactors was 0.4, in the foad plate roactors
0.2, calculatod ‘the volume of the liquid phase. A certaln
qp,ice 15 left in the product digtribution Ly the propcr celect~

icn of catalysia. 2'210 preferred proportion of products was:

Gagoline, -200°C . ~ 3o
. Middle oil, 200-350°C 305
Paraffin, +350°C 395
- 100%

In sddition:
Gasol - - 2-4%

Ca, Co alcobola in the
~ water of rgaction : 4%
Gasuioa.um\ — less than. &%
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wnen Operations are run an more atabes, e,g. 1n three
etages, 1t 18 recommended to convert 50-604 . of the CO—Ha mix-»
ture’ preaent in every stage,. with an 1ntermedia€5'remeval of .
COa. whsn tne contantn or the 1norts 1n the makeup gna ‘are
‘1ow,.ooeratlons can also be conducted in one atabe by return;_

'1ng the gag to ths olrcuit arter washlng out the carbon dioxida.

'uugllt\-; of thg Emdu_ﬁta’ RN

Tha gascllne obtalned 1n the process ror middle olls
has an octane number (R.M.) of 72 after refinlng. ' '
The olefine oonteﬁt ol tns mlddle oil has been obtained

by hydrovenaulon ceasuredents o ba:

Fragtion: - Qlefine Content
- 200-250°C . , 70%
250-350°C ‘ ’ - 663
300-5507C S 443

Tho olefins content of a 250-350°C trac»101 or one run
«a8 found to be 60% averaye in splte of the lox oleelns content
- of the higher fractlons as found by the detornlnatlon ot tae
hydrogenation nuzber, ) N
The straight chaln coapcuhdn of the Lndlvieual frac-

tions have been found to be:

206-250°C 69%
250-300°C 70%
300-~350°C 73%

, Ths ‘amount of products 1s &latributed approxizately
sizilarly to shat in the tndividual =iddle o1l fractions.
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A oarerul oracklng of the paraffin at 400—420°0 5ave

Olerlna Uontenc'?;

il

' Gasoline, -200%6-—  15% .

Middle oil, 200-250°C 15,:: ‘ 6 35 -
Madle oil, 250-350°C 655 = B3%
. Regldus, :550°G - 8% - - -
Coks - 8% -
S Gas - 1-BF - -

'Only about ona-third-or'tnélparafrin 18 of burficl—
- ently low uolecular welght: to permit lta dlrcot use for para—
fr n Otidaulcn.

Usen for Middle 011

De:er'ge.nt'ew T ' , 7 _

A direct addition of HaS0a to ine olefines.of the middls .
0ll of tho 210-35“°C rraculon produces sulfonates uccordlnu to
ths 1 ZoTk done at the zain laboratory of Ludwigaharen, and hsy
zay be consldsred very n;gb-grado detergents. The balance of
the neutral oil, unless used as Diegel oil, can be contcrted
1nto “Kergol, an excellent detergent, by s&lxocnloridgigon, or
into aryl sulfonates by condensation with beazol and sulfo-
naslon, » _ | A

Turkey red olla; or leather olls, can be produced by
sulfonaticn of the unsaturated constituents (230-350°C) with
euu;alrlcatioﬂ of the saturated’ constxtuenta., -

Leather oils can elso be mades by oxilation of She cicdle
‘011 fractlon 270-350°, and leather fats can be obtained by oxi-
daticn of paraffins (Dr. Pfirrmann).
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' Fatty acids and soapa can te produeed by tha additlon
or carbon monoxlde and water to olefinen (330-350°G anpo
prccess) I TR L = .
_ Aldehydes and alcohols can be obtained by tne addition
~o$ carbon monohide and hydrobenatlon to the olerlnen (oxo pro—

- cess of thc Rurhonomle)
Lubr;cgntg and Fugla

Th.. nore strongly b*‘anoh.ad z:u.dcn.e o1l or cne gnsoline -
procesu can p“Cduce lubricants with viscogity number.nr 105 -
whioh will mﬂet all the specifications by poly“crzalng with
" aluninus ~hlor1de aftar purlrlcatlon with gulfurous aoid
The oiddle o1l froa the middlc ol prccﬂas 13 atill betterv~—
_suxtcd for the productlon of lubrlcantn because of the larger

oPOrtlon or utralgbt <hain compounds. -The beavy n&“htba

+100°¢C, can be polymeriocd together with the middle oil. A
lubrlcant with the vlnconity nuzber of 114, and a vlacosily
" of 2.0°E at 100° can be obtained with a 47;» yield It oets
all the rcquirexzents. Ths middle oil fraction 200-320°C has
a cetane ﬁumber of 60 when ueed as Diesel oll. Its péur point
1o -10° and 1s :hererore‘not entirely satlefacsery. It can,
however, be made to zZeet ths slandards by lower cut and by a

1ight cracking of the hipher constitusnts.

Gasoldane Progega

Inoreasing the texmperature to 310‘.’0 and returning the
d1stillate %o the llguid phase, §roduceg the following products:
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" casqline, -oo%c T eef
‘oo M1ddle odil; 400-350°c oeeg
Parai‘rin . s 208

o - 100%

. Gasol ‘ 8%
Alcobols . .-~ - . - g%
G_uelrlcation. TS 'u.bout- js_ﬁ;

”he enrlched Qaaollne no obtc.med hau an cctane nu::-
‘ber (P..N } of- ?8 aftsr rer.nmg - 80,

The @rmolino procesa hes not yet bnsn tostnd e,xpo*’l-
. con ..all" ovyer a lonsrer pcv'lcd or ..lms

) ”’.be lleld in quum and Sol:.d Producta in H:.gt;er
’ Becnuno of the Loror Gasificntion

‘ 160-170 sramo or liquid products can be madin obtamodv
per norzal c:.xbic ceter of the FuTe gas, W0 *r:x*.ch gasol’ Wil haveo
:to be added. It iz expnc.ed that ylclds of over 170 s =5 'be

aimd in the fulure.

‘i‘es; for ths Appi.'.ca_ucn of the Gas Circulation and ‘tha
: Tonn Procesg fop the Produsntion of S:mol Producta

" Toats wi h tho aynol ca-a.]yats of Qifferons size Of par- .
ticles have been run in the ’:—11 ter gaa oirculanon reacter
Cperations were conducted for five weeks at 195°C with
a :5—5 ma particle size and the space/tine wield of 0.4-0.5.
Ser flve weeks the space/time yleld <_lecreasea suddenly'.r Ths
catalyst was plugged up with the products, socme of the catalysts
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7became soft and could be' grouna un betwoen tho ringera.“ﬁecir—
fculatlon or the produots witn a 50» oonveraion oroduoed only
fone-halr -the alcohol yields againat the Leuna synol proceas.
‘Olerinea replaced the mixed alcohola. Converelon was then rg£-7
:ther feduced in order to reduce 1o ono-third the. raaldencb
”tlme w1th the catalyst. The . produots nave noc yet bean studled‘”
any cloee¢. . = oo -

COa“aer partlcle of cat.lyet (12-16 mm) had n longer
11re but the apace/tlme yield obtalned with thsa wago only 0.2,

_ onratlona oould nos yeu be conducted by thn roam pro-
ceea_aﬁ;;95°c with tho finest s;«e of catalyqt because tha
obada/tlms'yield was t00 low. At 210°:the space/tine yleld of
0.12-0.15 bas been reached. " - Investlzations showed the producto’
to conuain 75~ 80= of the alconol contents of the Leuna producta..

The experiments are beinlg contlnuyd

/8/ Michael





