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Improvements in the manafacture and proﬁuctiun-oi Nou-knocking
Motor Fuosis.

7, Jamums Yare JOUNSOY, 2 Britigh Sub-
ject, of 47, Lincoln’s Iun. Tields, in the
County of London, Qentleman, do hereby
declaxe the natuze of this invention (which
has been communisated to me from
abrosd by 1. G. Farbenindustrie Albien-
gesellsehaft, of Fraplforton-Main, Gerr
many, a Joint Stock Compuny organized
inder the Laws of Germany) to be as
follows -—

My foreign carrespondents bave Found
that moter fuels having quite rosual
non-knoeking properties are obtained by
subjecting oxygen-containing
genation products of oxides of carbon,
which contain, besides methyl aleohol,
saainly isobutyl alcohol and other higher
alcohols, either directly or after provious
separation by distillation %o a splibting
off of hw{aiter, the resxﬂ];a;ng iso-olefines
heing whelly or putly pol inerised to give
the di-iso- yer tri-isc?ro‘ ofines which miy
then be mixed again, or which may e
eombingd with the monomeric higher iso-
oleBnes if the correspomding highey
aloohols have becn separated from the iso-
butyl alochol und the olefines  formed
thetefrom have not been subjedted to poly-
mevisation, Thug for wxample the ise-
butylene obtained by splitting off water

_ from the hydrogenation prodiiet ox from
. {he feactions thereof costafaing “isobufyl

aloohol” may be polymerised to give 4l
jsobutylene or tri-isobutylene, “then mixed
with mopo- or *di-isoamylenes “and tha
niigher homologues, mch ss ischexylene to
izudceylene, and employed as yonkor fuels.

The non. Jmocking properiies of the motor
fusls thus obtained are of & quality ither-
o unknown. The octane value of snch a

motor fuel is ahove 100,

eparation of
ing initial material consisting of Iso-
butyl aleohol and higher aleohols is
effected by the ecatalytic hydrogenation, of
oxides of carbon in stch meuner thab i,
addiion to methanol, mainly isobutyl
ajechol and higher eliphabic alechels ave

The

.. formed. The process is carried out under

80

pressure in the presence of catalysts, as for
exnmple catalysts of zirc oxide and chro-
[f'rice 1s.]

hydro-.

the oxygen-contain- -

nium oxide, £or sxample according o the
specification Ne. 238,319. The comstitu-
“enfs of the hydrogenation produsts thus
obtained which boil at a higher tempera-
ure then meghanol sye then together or,
-preferably, after having been separated
by fractionsl distillation subjected to the
splitting of
for example catalytically by leading over
cabalysts, such as aluminium oxide, Bt
300° Centigrade.  In. this stage of the
process Isobukylene is. miainly obtained,
and also iscamylenc {2-methylbutene (1))
-and bigher iso-olefines. = The following
potymerisation of the iso-clefines to dimers
Snd teimers is advantageously carried oub
while employing sulphuric acid of suii-
whle congentration 'at elevated tempery.
tures, For example didscbutylense may
be obbtamed by  means of sulphurfc
acid of from 50 to 60 per cemt. sirength
according to the specifieation No. 822,102,
while tridsobutyleng may be obtained by
means of more congentrated sulphutio
acid, a8 for exaple of about 70 per cens.
strength, If ib is
homologues of isubutylene ghonld also be
present in the foel in the form.of their
Himers, They may be polymerised Sogether
tith the isobutylene. A content I the
fued of such low polymers of higher homo-
wes of isobutylene is desirable vwhen
the product is o be employed 25 2 “ gafely
fupl,” thati i when i iz to have a high
Huaghpoint. . :
Tt has also been foumd that thre new
fuels have quite sn wnaszal non-mocking
property when they are whelly or anly
pertly subjected to o moxe or less com-
plete hydrogenation te form saturated
hydrnearbons, - Even .in the driving of
aeroplane engines, the hydeogenated fuecls
havé sorprisingly high non-knocking  pro-
perties in spite. of: the high tcmgerahn-ea
prevsiling. in .such . engines. he iso-
amylene and .isol_lexglme preferably
added in o non-hydrogenated econdition
hecatise in this. case, the starting of the
crgine is premmoted. . o
" Ae new fucls may also be employed n
adipixture with other fuels. = When Ty~
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ing methanol with the fuels it is prefer- ~ 55 per cont. sulphuric acid and the solu- 55
able to add » dissolving agent, as for ex- fion heated to 100° Centigrade. An upper
ample izsobutyi aleohol. = . : Clayer is formed which eonsists mainly of

The Inown anti-knoek agents, such as  di-isohutylene. The higher members

3 iron carbonyl, lead tetraethyl or momo. simultuneously formed may he reconveried
methylaniline, or the seo-ealled “uppor by catalytie splitting into isobutylene and 60
lubrieating ofls ¥ may also be added to polymerised afresh.
the fuels if desired. The lattcr muy be The iscamylene may be converted inte
advantageously obteined Ly polymerising the dimer in a similar manmer, or it may

10 the olelines obtained in the course of the be added s such to he di-isobutylenc.
process, if desired together with aromatic The higher oleflnes formed may, up to 65
hydrocarbons. A certain Imbricating effcet about deeylens, he added to tho fwel in
iz also obtained by the addition of the the amounts in which they are obtsined.
aleohols of high wmoleculor weight con- Heaving regard to the reguirements of

15 fained.in the. initial material, but by the motor,-a complete or .partial hydro-
rezson. of the changing 'composition of genation of the mixture or of its simele 70
these higher fravtions of the initial mate- cm;lﬁponenta may be carried out when de-

- ral it Is ngcessary to subject these addi- sived. The fuel is an excellent motor

7 tional matezials o a tésb of their snit- Fucl, especially for seroplane engines.

20 ability sod, in soine cases, to purify thom, TreaMers 2. )
Dyestuffs and substances inporting odour The aleohols and then the clefines are 75
may also be incorporsted with the-fuels. . prepared in the mamner described in

The process according to” this invention Example 1. The isobutylene is then
offers the posuibility of starting from . frested et room temperature with a 70 ner .-

25 watergas and obtwining a motor fusl of a_ “eént. sulphuric aeid. Two Inyers are thus -~
high quality hitherto unattainable in any. formed, the u]ljlper of which consists 80
fuel used in practice. The mew fuels arc mainly. of tridsobutylene. By heating the .

=+ alw far superior to all fuels hitherto pre-- Jower layer to about 100° Centigrade,

_ Dored from oxygen-containing hydrogensr more tridsobutylene and also  didso.

30 tion prdducts of oxides of carbon as re- ‘butylene are formed; the latfer is sepa.
gards non-knocking properties. - ratedTand may be catalyiically split np 85

The following Examples will furbher with the aid of an almminium oxide
illustrate the nature of this invention but oatelysh at from 200° to 300° Centigrade
the invenbion is not restricted to these into isobutylene which may be pulymeriged

35 Examples. The parts are by volume, afresh, The ijsoamylene, isohexylene and -

- ixawer® 1 isoheptylene are converted by means of & 90
A purified gas mixture comsisting of 2 from 60 to 70 per cemt. snlphtrie acid
parts of hydrogen and 1 pert of carbon into the dimeria hydrocarbong and then

© monoxide is lodg slowly at 200 atmospheres  mixed with the tri-isobutylene. ’

40 and at e femperaturs of from 480° {o A fuel having very good non-lkmocking -
500° Centigrade in an apparatus Iined yproperties is obfained which hug & high 85
with cupper aver a catalyst whieh has flashpoint and which is therefore suitable

- been preparad by introducing zinc oxide as sc-cslled “gsafety fmel”® If a speci-

T into fgsed potassium bichromate and sub-  ally hl%h flashpoint is desfred, the addi.

45 seguently reducing with hydrogen. The tion o di-isvumylene may be omilied. -
reaction praduet 1 freed from methyl The fuel may be partially or cowmpletely 100
aleohol and waler aad then split up info hydrogenated, depending on the require-
single aloohol fractions by distitlation; ments of the mnbor, The said Tuel also

_ the main fraction consists of isobutyl has.an oetane value of about 100,

50 aloohol The single fractions ave led at - iv. T
about 300° .Centigrade over ymecipitated .- Dated this 8th day.of October, 1034, .
aluminium ‘oxfde, the ocorresponding ole- o VY, & G-W. JOENSON, )

- fines thus bainf ohtained. 47, Lincoln’s Ton Fields, Tondon, W.0.2,

: The isobutylene is ebsorbed in an about R Agents.

. _ COMPLETE BPECIFICATION,
Improvements in the manufacture and production of Non-knocking
: Motor Fuels.
We, Covrrs & Coweawy, a Company JomwsoN, » Brisish Bubject, of 218,
105 with  unlimited Tiability, incorporated Victoria Dreive, Easthourne, in the

under the Companies Ast, of 440, Strand,
in the County of London, and FREDERRE

Uounty of Sussez, legal representalives of
Jawes Varr Jumwsow, decessed, labe of 47,

116
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Lircoln’s Tan Fields, in the County of
Tondon, do hereby declare the nature of
this invention (which has heen communi-
cated from shroad by I. & Tarben-
industric  Aktiengesellechaft, of Frank-
fort-op-Muin, Germany, @ Joint Stock
Company orgarized mnder the Lows of
Germany) and in what manner the same
is to be performed, to be particulasly de
seribed and asecrtained M and by the foi-
lowing statement \——

Qur foreign, correspondents have found
thut motor fusls haviug quite unusual
non-knovking properties arc obtained by
subjecting gus taixtures contuining hydro-
gen and carbon movoxide to a honrt-treat-
ment mder saperatmogpheric pressure in
such a manner that besides methyl alcoliol,
mainly isobuty) alcobol and other higher
alcohols are formed, then subjecting these
aleohols, after separation of the methyl
aloohol, o a tronbment effecting the splif-
ting off of wator, and polymerising the
resulting iso-clefines as a whale or in part
to give the di-iso- or tri-so-olefines w 1ich
may then be mixed ugain, or which may
be cortbined with monomeric higher iso-
olefines.  Thus, for example, the iso-
butylene present in the product obtained
by splitting off water from the produet
formed by the iuteraction of hydrogen with
carhon monoxide may be polymerised o
give didscbutylene or tri-isobutylenc,
wherengon,  such .polymerisation. product
may ke mized with mono- or di-ispamylene
and Jor higher homologmes, such as iso-
hexylens to isodecylenc,

Tl has also been found that the new fucls
have quite an unusual non-knocking pre-
perly when they are subjected to a more
or less complete hydrogenation te. form
saturated hydrocarbons. Even._ in the
driving of acroplane engines, the hydro-
penated fucls have surprisingly high non-
knocking properties in spite of the high
temperatures prevailing T such eugines
The said raotor fuels are considerably
superior as vegards non-knoeking proper-
ties to the mobor fuels higherto generally

- used for the driving of .geroplane engines.

. The -preparation of the oxygep-contain-
fng initis]l weterial containing, in addi-
tion to methunol, mainly isobutyl alechal
and higher alcohols, by .the intersciion, of
hydrogerr with ecarbon monoxide, is
carried out under pressure, usnally above
B0 atmospherss, as for example 200 atmo-
spheres or preferably still higher pres-
sures, in the presence of cubalyats, as for
example cabolyste of zine oxide enmd chro-
mium oxide, for example according to the
spebification No. 238,318, The congtitn-
onts of the prodiets fhus obtained which
boil &t a higher {emperature than
methanol are then together subjected to

the sphitting off of water: this may be
effected for example catalylically hy lead-
tng over catalysts, such as alumirium
oxide, at 300° Centigrade. In this stage
of the process isobutylene is mainly ob-
tained us dehvdration preduet of isobutyl
alooho! und isoamylene (Z-methylbutene
{13 and higher iso-olefines as dehydration
products of the corresponding higher
aloohols. The following polymerisation
of the iso-olelines to dimers and trimers is
advantageously cexried out while emplay-

fog sulphuric acid of suitable concentra-’

tiou al olevated temperatures. For ex-
ample di-isohutylene may be obtained by
means of sulphurie acid of from 50 to 60
er cent. strength according to the speci-
sation No. 322,102, while tri-isobutylene
may he obtained by means of mora con-
_centrated sulphuric aeid, as for example
of about 70 per cent. sirength. In a simi-
lar manner the dimers apd frimers of iso-
amyléne wnd higher iso-olefines may be
‘prepared, If it is desired thet the highor
homologues of iscbufyleue should also ke
resent in.the fnel in the form of their
tmers, they - may be polymerised alone
and Lhen added to the polymerised iso-
butylene or fhey muy also be polymerised
together with the isobutylene. A content
in the fuel of such low polymers of higher
homologues of isobutylene js desizable
when the product 1s to be cmployed as a
“ snfoty fuel,” that is when it is Yo have
a high flashpoint. -

The new fuels may also be employed in
admixture withk other fuels, When mix-
ing methanol with the fucls it is prefer-
able to add e dissolving agent, as for ex-
ample isobutyl aleohol.

Other anti-kuook agents, such as jron
carbonyl, lead tetrasthyl or monoethyl-
aniline, or the so-called ** upper lubricat-
ing oils® may also be added to tho Faels
if dosired, A certwin Inbricating cffect is
also obteined hy  tho addition of the
alcoholg of high melecular weight con-

‘aotion of Bydrogen and carbon monoxide,
bui by reason -of the.changing composition
of these higher fractions of the said pro-
duct it is necessary to subject these addi-
‘tional materials to- o test of their suit-
ability wud, in some. vases, to purify them.
Dyestufls and substunces tmparting odour
may also be ineorporsted with the fuels.

Trosla which may be propered aceording
to the prowess of the present favention are
the following: Diisobuiylere or tridsc-
butylens (obtained by separating iso-
buiylens from the. mixture of imo.olefines
resulbing from the dehiydration of the mix-
are of aloobols fromn which methanel has
previoudy been sepazated and then poly-
merising the said isobutylene}; a miziure

‘tained in the produgt formed by the inter-
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of dimers or irimers of isobutyleve and

higher hoiling iso-olefines (obtained - for
example by separating methanel from the

duct Tesulting from the interaction of
ydrogen and carbon monoxide and then
either dehydrating and snbsequently poly-
merising as a whole the safd produet freed
from methanol, or dehydrating the pro-
duct freed from methancl as & whols,
separating into fractions the resulting iso-
olefines, polymerising the latter geparately
and mixipg the resultitg polymerisation
products) ; compositions ef di-Ischutylens
with amylene or hexylene or heptylens or
mixtures thereof {the said iso-olcfiney
befng obtained by separotion from the
mixture of the ise-olefines resulting fiom
the dehydration of the mixture of
aleohols); ‘of compositions of di-iso-
bibylene with pentane or hexane or hep-
tang or mixtures thereof {the sdfd. pen-
tane or hexans or heptanc or mbktnres
thereof being preparcd by hydrogenation
of .the  bLelorementioned

or compogitions of didsohutylene with at

feast one of the iso-olefines nmyleno,.
hexylome and heptﬁ;ne and ab ieast ome’

of the ssturated hydrocarbons pentane,
hexene and heptane preparsd by hydro-
gepation of the sald Tso-olefines, or iso.
octane (obtained by hydrogenation of di
ischntylene); or compositions of tho saifl

. iso-ootane  with ainylene, hexylere. or

heptylene or with mixtires of these iso-
olefines of with pentane, he%ane, or.hep-
tene or mivtures of thess satnrated
hydrocarbons or with at least one ©oF the

. %aid iso-olefines and =at least one of the

said saturated hydrocarbone; of composi-
tions of tri-sobutylone with di-isoamylene
or di-isohesylene of di-ischeptylene of
'mi.’x.tfl.ll'ms \Elereglf (the sald dimers resili-
i om ‘the erisation of iso-dlefines
boding higher than isobrtylans which i
turn are obtaimed by separation of the
mixture of jso-olefiney formed in the de-

"hydeation of the alechols freed from.
ydr& oon : E tﬁ.—iﬂpwl

insthonol); or compositions o

butylene with -decarie or dodecane or teira-
‘decre or miftured of these saturated
hydtocarbuns - {the tald ssturated hydro-

‘cathons - or miktures thereof regiltin

Yrom the. hydrogenation of the ¢orrespond-
ing didso-olefines obtained as described
above) or- dudecant [cbtained by hydre-
genation of tri-iscbutylene) ; or  composi-
tions of the zaid dodecane with the.above-

- mentioned di-isoamylens ov di-isohexmylens

80

or di-isoheptylene or mixlures thercof of
with the decune or dedecane or letradecans
resdlting fivmm the hydrogenations of theose
di-Isg-olpfines, It is, however, 1o be
undersfood that the present invention i

65 nbdl restzicted to the preparation of these

amylene, .
hexylene, heptylene or miztures thereot);..

{0 such a long time

gacrtmular compounds and  compositions

ut. that muuy other valuable fuels may
be obtained in the above deseribed
Tanner.

The process according to this invention
offers the possibility of starting from
watergas and obtaining a motor fuel of a
high quality hitherto unaktainable in any
fuel used in praciice. The new fucls are
also far sugerior to all fuels hitherto pre-
pared from oxygen-containing prodmets

. obitained by the said interaction of hydrn-

with earben monoxide as regards non-
Iknocking properties, )

The following Eszample will further
illustrate how the wid inveotion mey be
carried out iu praciice bat the invention
is not restricted to tlis Ezample. The
parts are by welume.

Exasrerr 1.

A purified gas midture consisting of 2

parte of hiydrogen and 1 part of carbon

_inonoxide §s led slowly at 200 atmospheres
~and at a temperature of from 450° to

B500° Centigrade fn a0 apparatus lined

- with. copper over a oatalyst which hag

“Feen prepaved by Dntredvcing zine oxide
into. fused potussium bichromate and smb-
sgquently reducing with hydrogen. 'fhe
reaction produet is freed from mwethyl
alonhol and water. The remainder mainly
oomsists of isobuty? alcoho! ; amyl., hexyl.,
heptyl-aloohs]l as” well as Ligher alcohols
are present in sinatler wmonnts ;. also sinall

=1

b=l

s

90

amounts &of aidehydes and ketones of aif 100

ferent molecular weight are present o the
sald remainder.

This rafxtue is then dehydmied at &
teinpersture of 300° Centigrade in the

piescue of a calalyst comprisiog alu- 305

mimum oxide fn the forn of precipitated
aluminiom hydroxide o the oxide formed
by b alomitiom hydroxide or of
burnt hauxite).
The resuting .
‘reated with o sulphurie adid having a
suiteble concentration and at » suitable
“tempersture {as for ezample with a 65 per
. pent. sglphuric acid ab 160° Centferade)

Taolertar, tlefines, in partiear the fsa.

" Bubylers, ave polymerised to thefr dimers
- and. Grimers. When working with a

siroger sulphuric acid (as for example a

mizture of olefines i3-130

that, only the low 113

705 per - tent;  sulphuric scid) also  the 120

higher molecular weight clefines, such as
‘hexylene. and heptylene. may he pobly-
Terised 0 their dimers. - :

The. Tesuiting polymerisation produls

which are also olefines may Dbe. converted 125

by tweatment with bydrogen in the pres-
ence of a hydrogenating catalyst fas for
exsmple mickel deposited.on siliea pel or
pumice) and at a temperature of abomi

150° Centigrade into completely or pars 130
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Hally satupated produets depending on the
duraiion of trestmont and hydrogen pres-
sure eraployed.

The said mixture of clefines may also be
divided into its single cunstituenis or
gronps of conatituents which may then be
pu}&meﬂsed separately.

aving mow particulorly deseribed and
ascerbained the. nature of onr said inven.
tion wnd in what manner the same iz o
he performed, we deelare Lhat what we
olaimis =’

1. A process for the manufacture and
procuction, of non-kmocking motor Inels
which oeomprises treabing a mixture of
hydrogen and carbon, monoxide ab on
elevated temperature and at superatmo-
spheric prossure in such a manner that &
product gonGaining besides mothyl aleohol,
mainly isobufyl sloohol and other higher
sleohols is formed, separating methyl
aloohol from the said product, then de-
hydrating the mixbure of aleohols con-
$ained in this product freed from methyl
aleohol, iso-ole;ﬁ?teﬂ thos being formed and
thereupon polymerising at leass pars of
ihe said isc-olefings with the formation of
polymers selected from the group consist-
ing uf dimers and trimers of the said iso-
olefines.

2. In the process as claimed in Claim
1, dehydrveting the product fread fror
methyl elechol, separsting the dehydrated

product into a lower boiling and a higher
hoiling portion, polymerising the lower
boiling portion and adding to the poly-
merised substance ab lesst part of the said
higher boiling pertion.

3. In the prosess as claimed in Claim
1, dehydrating the product freed from
meéthancl, dividing the delhydrated pro-
dust into a lower beiling and a higher
boiling portion, polymevising the said
lower boiling portion, polymerising at least
part of the said higher boiling portion,
and then eombining the resulting poly-

“merisation produsts. -

4. In the process as claimed in Claim
1, hydrogenating: =t least part of the poly-
merisation products with the formation of
b leapt parfily satmrated products.

. In the process uy cleimad in Clam
1, adding %o the polymerisation produets
a suhstance obtained by the lhydrogema-
tion, of part of the mon-polymurised pro-
duct resulting {from the dehydration of
the aloohols formed from the initlal gas
mixture. -

8. The process for the manufacture
and produstion of nom-knocking motor
foels substantially as described in the fore-
poing Example.

Dated this bth day of September, 1935.

I Y. & & W, JOHNSON,
47, Lincoln’s Inn Fields, Londen, W.C.2,
. Agents.

Ahingdon : Irinted for Hiy Majesty's Stationoey Offiés, by Borgoss & o

T La
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