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_ The present invention relates to improvements
In the production of polymerization products from
1sobutylene either alone or in mixture with di-
olefines.

It iIs already known that high molecular weight
polymerization products are obtained when iso-
butylene is polymerized with the aid of catalysts
of the Friedel-Crafts’ reaction, as for eéxample
aluminum chloride or bromide, iron chloride, tin
chloride, titanium chloride or preferably boron
fluoride, at temperatures below 10° below zero C.
The molecular weight of the polymerization prod-
ucts is greater the lower the temperature during
the polymerization and the purer the initial ma-
terial. For example, If pure liquid isobutylene be
polymerized in the presence of a liquid diluent,
such as for instance propane, with the aid of
boron fluoride at 80° below zero C, polymerization
products are obtained having an average mo-
lecular weight of about 70000. On the other
hand, by working at 103° below zero C, the prod-
ucts obtained have molecular weights of 150000
to 200000 or more. If, however, the isobutylene
is not guite pure but contains for example un-
saturated hydrocarbons, such as for instance pro-
pylene, normal-butylene, amylene, hexylene or
octylene, or also ketones, aldehydes, ethefrs or
esters, there are formed at the same temperatures
polymerization products of considerably lower
molecular weight, as for example at 103° below
zero C a product of which the molecular welght
amounts to only from about 10000 to 15000.

I have now found that the course of the poly-
merization of isobutylene 1s favourably influenced
by working in the presence of small amounts of
substances which are soluble In the reaction mix-
ture under the working conditions and which
further have the property of belng capable of dis-
solving boron fluoride and which with horon
fluoride either form double compounds or hy-
drolizes the same with the intermediate formation
of hydrogen fluoride. The favourable actlon of
these substances is evident, however, not only
when working with boron fluoride as the catalyst
but also when employing other catalysts of the
Friedel-Crafts’ reaction, as for example aluminum
chloride or bromide, iron chloride, tin chloride or
titanlum chloride. The aforesaid substances,
which are added in small amounts, may be called
accelerators., Sultable accelerators are for ex-
ample sulphuric acid, nitric acid, caproic acid, tri-
chloracetic acld, formaldehyde, phenol, cresol, and
monohydrie aliphatie, cycloaliphatic or aromatic
alcohols, Suitable alcohols are for example
methanol, ethyl aleohol, isobutyl alcohol, octyl
alcohol, cyclohexanol and benzyl alcohol.

The favourable action of these accelerators re-
sults elther in products having a higher molecular
welght belng formed, or in the reaction proceeding
more rapidly than without the said additions, or
in the possibility of carrying through the poly-
merization by means of considerably smsaller
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amounts of the catalysts of the Friedel-Crafts’ re-
action. In many cases several of these advan-
tages are attained at the same time. Generally
speaking, 1t is observed that the course of the
polymerization can be controlled in a much better
manner than hitherto in that the resulting poly-
merizgtion products do not contain any sub-
stantial amounts of unaltered initial materials
whereby the advantage is obtained when carrying
through the polymerization, for example, on an
endless conveyer belt as desceribed in U, 8. appli-
cation Ser. No. 194,608 that the reaction mass is
not converted into the form of a spray of liguid
droplets or small solid pieces which are thrown
away from the conveyer belt,

When polymerizing lsobutylene alone, the ac-
celerators are added to the isobutylene to be poly-
merized in small amounts, as a rule of not more
than 0.5 per cent. The most favourable amount
depends on the reaction conditions and on the
additional substance selected. Amounts of 0.01
per cent or slightly more are often sufficlent.
Also in the production of interpolymerization
products of isobutylene and diolefines amounts of
less than 0.5 per cent are often sufficient, but it
may be of advantage, as for example when using
cyclohexanol as the accelerstor, to use some-
what larger amounts, as for example up to 1 per
cent.

When producing interpolymerization products
of i1sobutylene and diolefines such dioleflnes are
preferably used as have conjugated double link-
ages, as for example butadiene, isoprene, di-
methylbutadiene or chlorbutadiene. The rela-
tive proportions of isobufylene and diolefine may
be selected according to the desired propertles of
the flnished product. As a rule it i1s preferable
not to employ too large gn amount of dioleflnes.
It is advantageous to work with from 5 to 40
parts by weight of diolefine to from 95 to 60 parts
of isobutylene.

The interpolymerization products obtained
may, like rubber, be vulcanized. After vulcaniza-
tlon they have extraordinarily high strength and
are equal in this respect to the high molecular
polymerization products of isobutylene alone,
even when thelr molecular weight is conslder-
ably lower, or they are even superior to the iso-
butylene polymerization products.

The following examples will further illustrate
how the present invention may be carried out in
practice, but the invention Is not restricted to
these examples, The parts are by volume un-
less otherwise stated.

Example 1

From industrial 1sobuty! alcohol there is ob-
tained by careful distillatlon a fraction bolling
between 106.8° and 108.6°C. This Is converted
by splitiing off water into isobutylene which is
again distilled very slowly and cautlously. 20
parts of the liquld isobutylene thus obtained are
mixed with from 40 to 60 parts of liguid ethylene
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and treated at 103° below zero C with the amounts
of isobutyl alcohol and boron fluoride specified
in the following table. There are thus obtained
within the times specified polymerization prod-
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Example 3

Pure isobulylene is prepared as described in
Example 1 and polymerized as therein described,
benzyl or octyl alcohol being used as the addi-

;lﬂcetcsl having the average molecular weights spec- 5 tiona] substance. The results are given below:
P ] Parts of gasepus beron fluetide . __.____. X 40 80
arts of gaseous
boron fiuorlde =% 40 6 100 180 0 ¢ of b 1 aloohol.
r cent o en:y LY (7). 1) J N R SO
10 IVPoelecu.‘lar weight . __._._-. - 245000

0 per cent of 130« Reaction (lme (seconds)........ s R 110 50

butylaleohol. | _______.| . .. ..o ... - U :

Molecular weight 95000 | __. 235000 238000 (240000 0.1 par cent of benzy! aleohol

Reaction timein Molectilar welght. ... ... ...

seoonds.._ .- Abt. 400 |. 250 130 50 Reactlon time (seconds).........

001 r cent of 15 r cont of henzyl aloohel ... ool oLooo|eoioooo. e -
utyl alco- olecularwelght_____._ ... ________._ ___ | 273000 | 262000 | 255000
_____________________________ S T Reaction tlme (seconds) ... . .. . . 16 22 14

Mole(mlarweight ,,,,,,,,,, 234000 260000 274000 |252000

Reaction 0 per cent of oty aleshol R

800008 e e L0 60 30 18 Molecular welgbt.___.. 245000
—_— Reactlon time (seconds). .. 200 50
0.1 per cent of
isobutyl aleo- 20 0.01 per cent of octyl aleohol. ...
1) 7 e e U 7 - Molesular weight______.____ L. R 250000
Molecularweight| 286000 | 285000 250000 256000 |- - Reaction time (secomds) ... ... _. b}
Resaction time in
seconds_ ... k] b1l 18 0| .. 0.03 per cent of octylaleohok. ... ... .. [ |.__. __
Molseular wolght. . ... R 253000 | 251000
0.3 per cent of Reaction time (seconds) 3 18
li]sobutyl aleo- o5
Molecu]]a'r'%'éi'ﬁi"'éﬁ;&bbb' 283000 || ZB000 | 265000 | - -
Teaction time 0 Ezample ¢
seconds.. . BB ? - Isobutyl alcohol bolling at from 104° to 109°C

0.5 per eent of {5 dehydrated, the resulting crude isobutylene dis-

jsoputyl glo-) tilled and then polymerized in the manner de-

Mo]e(ilﬂa}lvrrl:éf%ht 2430007 | 25000270000 367000 |12 30 geribed In Example 1 with the addition of eyclo-

Reaction t R

sewgds___e____ AbL. 10 | Abt. 8 | Not mens-| Mot meas-|...._ hexanol. The results are as follows:
urable urable
— - Datts of gasenus boren 2 m a0 120 160
By working in the same way with methanol, .. fluoride
the results given in the following table are ob- 0 per cent of cycloliox
talned: mol O ¢ v I A e
Molecular welght_. . 184000 [ 176000 | 102000
Reaction time_....._..... 50 25 20
Parts of gaseous boron Auoride....| 28 40 &0 100
0.01 per cent of cyclohex-
40 “anel._ ||

0 per cent of mothanal Molecular weight.._ 206000 | 190000 | 168000

olecular weight..___._ HResotlon time_._____.. .- 30 14 10

Reaction time nseoond .

0.03 per cent of cyclohex-
‘]'\,}“13;5‘”“ OIﬁemnml T 261000 | 265000 | 250000 | 253000 M 19 wlar weight. ... | 2 240000 | 220000 | 197000 15000
fi) ar weight_______ - - olecular welght. . . R 240000 | 220000 | 197000 | 170000

Resaotlon titne in soconds......_._. 100 30 £ 13 45 Reaction time............ 70 35 18 ! 12 8

0.05 per cent of methenol . .....|._______ O ) 0.05 per cent of cyclohox-

Molocuiar Woiitht..-cen- 12| Bio000 | 353000 | 225000 | 223000 P A pissonintl ISR ISR NN NN S

Reactlon time in seconds.... ... 20 23 18 10 Molegular welght. ____ ... 254000 | 235000 | 220000 | 212000 | 200000

Teaction time__-._. - _ 80 0 20 10 7
Exqmple 2 5o 01 1 por cent of cyc]ohex
Industrial isobutyl alcohol Is converted by Ihf;lgumogu; gf.:gm usogg mogg 2140?8 “203000 19muﬁ)
splitting off water into isobutylene and the latter : !

purifled by cautious distillation, If it be poly- z P

merized in the manner specified in Example 1, zample

but with the additlon of ethyl alcohol, the fol- 55  Pure isobutylene is polymerized as described

lowlng results are obtained:

Parts of gaseous boren fluoride.._.

0 per ecent of athanol ... __.___.

in Example 1 but with an addition of phenol, In
order to obtain the same reaction time it s only
necessary to use when adding phenol about one
tenth to one fAfteenth of the amount of catalyst
which must be used for polymerization without

M olefmart 1welght the addition of phenol, as may be seen from the
il — followlng table:
0.01 per cent T Eihanol ...............................
Molscular weight. .
Reaction time 35 12 8 W]lltbm]lt
G5 Parts of gasevus boron fuoride phono

t of ethancl m, w, | .t
0.06 per cent of athanel ..o aans oo oo R
Mulgt?ular welght. .. -- .| 160000 | 203000 | 194000 178000_
Reaotion tlme . ..ooeoveevmmemne- & P-4 10 6 M 220000 75
0.1 cent of ethanol 216000 43
Mo r welght._--
Reactlon time..___ .- 206000 14
0.3 cent of ethanol 203000 12
Mol r weight_. :
Reactlon time. .- .- 180000 0
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Ezample 9
0.0025% phenol | 0.005% pheno! A mixture of 320 grams of liquid isobutylene to
Parts of gaseous boron fluoride which 0.1 per cent of isobutyl alcohol has been
mow. | Lt mw s added, 80 grams of liquid butadiene and 600
B - - grams of liquid ethylene is cooled to from about
B e e 180000 | 75 | 147000 | 45 130° to 140° below zerg C by pouring Hquid meth-
A o 156000 | 60 | 170000 30 ane therein. There afe then poured in consecu-
; tively two batches each of 400 cubic centimeters
-1
b | 16200 ) 40 | 168000 : 10 of gaseous boron fluoride dissolved in about 50
L L T 170000 | 20 | 170000 | 18 cubic centimeters of lquid ethylene. The maln
10, | 170000 | 34 | 170000 11 reaction is completed after from about 4 1o 5 min-
utes; methanol Is then poured over and the alco-
Ezample 6 hol, ethylene and methane removed. The inter-
. polymerization product has 2 molecular welght of
Instead of the phenol used in Example 5, the 13 ggo0o.
compounds specified below are added and the re- Instead of methane, ethylene alone mey be
action times determined when 30 parts of gaseous used for obtaining the low temperature in suck-
boron fluoride are used for the polymerization. ing the same off under a vacuum of from about
The results are as follows: o 50 to 100 millimeters {mercury gauge).
e 20 From the resulting interpolymerization prod-
N Reaction uct, the following mixture is prepared at 160°C on
&cldition gélé[cl,%g; the rollers:
. Parts
Without addition .. ___ . 0 o Interpolymerization product-... ... _____. 100
0.1 per gg: of fcc:]rg:lgrzgc.:‘lde --------------------- % Stedric aeld— 5
0:15pger cent of sulphuricneid .. .. L UT 1 Carbon.-blacl-: ----------------------------- 20
0.15 per cent of nitricacld ...__... ! 25 Zinc oxide. o 10
0.1 per eeut of trichloraceticaeid ... ________. ... . ] 10
: After cooling to 40°C there are Infroduced:
Example 7 30 Parts
. . Sulphur - e m 5
Pure isobutylene Is obtained bY Sp“t't'lng off Vuleanization acecelerator_ . ______ 15

water from isobutyl alcohol boiling at from 105°
to 109°C and distilling the resulting isobutylene.
20 parts of the liquid isobutylene obtained are
mixed with from 40 to 60 parts of liquid ethylene
and polymerized at 103° below zero C with the
amounts of boron fluoride given below with an
addition of the specifled amounts of caproic acid.
The reaction titne in seconds {(r. t.) and the mo-
lecular welghts (m. v.) of the polymerization
products are given in the following table:

40

The mixbure is vulcanized for 90 minutes at

= 150°C. The vulcanizate thus prepared has a

strength of 166 kilograms per square centimeter,
an extension of 935 per cent, a recoil elasticity
of 12 and a Shore hardness of 65 at 20°C.

If the polymerization be carried out without an
addition of isobutyl alecohol, there is obtained
with two batches each of 480 cubic centimeters
of gaseous boron fluoride under otherwise the

Pereentage of ecaprolc aeld added
Parts of
Kagcous 05 0.1
horon ¢ 0.01 0.03 0.0
Mluoride —
mw. [t mw, [r.t. mw, [r.t|mw |t | mw, 0T
75 | 208000 | 150 | 258000 | 70 | 255000 | 60 | ZS000 %0
40 | 262000 | 60 | 256000 | 60 | 247000 [ 30 | 216000 o
95 | 243000 | 40 | 233000 | 25 | 230000 [ 20 210000 20
16 | Z35000 20 | 220000 20 | 223000 18 | 255000 1t
11 | 220000 18 | 215000 13 | 216000 12 | 240000 7
Example 8 same conditions an interpolymerization product

A mixture of 80 grams of liguid isobutylene to
which 0.05 per cent of isobutyl alcohol has been
added, and 20 grams of liquid butadiene is cooled
to 103° below zero C with 200 grams of liguid
ethylene. A solutlon of 120 cubic centimeters
of gaseous boron fluoride in about 50 cubic cen-
timeters of Jiquid ethylene is then poured in. The
reaction commences immediately and is mainly
completed after about 500 seconds. The poly-
merization product obtained then immediately
has methanol poured thereover in order to ren-
der any boron fluoride still present inactive.
After removing the alcohol and ethylene, an in-
terpolymerization product having a molecular
weight of 20000 is obtained.

By working under the same conditions, but
without an addition of isobutyl alcohel, an inter-
polymerization product is obtained having a mo-
lecular weight of 14000,

0

having a molecular weight of 31500,

By using 1 per cent of cyclohexanol in the
polymerization instead of isobutyl alcohol under
the same conditions, an interpolymerization prod-
uct is obtalned having a molecular weight of
37000.

Ezample 10

A mixture of 80 grams of liquid Isobutylene to

3 which 0.1 per cent of isobutyl alcohol has been

added, and 20 grams of liquid butadiene is cooled
by means of liquid methane to between 130° and
140° below zero C. Thereafter a solution of 165
cublc centimeters of gaseous boron fluoride dis-
solved In 100 cubic centimeters of liquid methane
is slowly added. The reaction is complete after
about 3 minutes. The resulting polymerizate is
treated with methanol in order to destroy any
boron fluoride still present. The product is then
subjected to a rolling treatment while treating
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it with hot water whereby the alcohol and oc-
cluded gases are removed. An Interpolymeriza-
tion product having a molecular weight of 150000
is obtained.

Example 11

When varying in the process of the foregoing
Example the proportions of isobutylene and bu-
tadiene mixed polymerizates are obtained which
have the molecular weights and, after vulcaniza-
tion, the strength values indicated in the follow-
ing-table, For carrying through the wvulcaniza-
tlon the interpolymerizates are flrst dried at
120°C in a kneading or rolling machine. There-
after at 140°C 100 parts by welght of the inter-
polymerization product are mixed by rolling with
40 parts of gas black, b parts of zinc oxide, 3 parts
of sulphur and 3 parts of stearilc actd during 20
minutes. The mass is then allowed to cool to
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about 80°C and mixed at that temperature with
3 parts of mercaptobenzothiazole and 1 part of
tetramethylthiuramdisulfide. The vulcanization
is then effected by heating for 60 minutes to
155°C.

Molecul L [kilo— &t th i
: olecular rams [or reng Extension
Fropothion | ‘wetght of | effectingan | In kilo- at tho
tvleno to polylpnnz- extengion (o Krnins momant of
buttadicie ation | _ per square | rupture in
produet centitaeter | por eent
0% | B00%
7b:25 100000 41 100 207 720
030 (7500 13 35 144 PO7
67:33 100000 53 124 183 R21
60.40 HI5H00 20 54 154 sl
50:50 R0000 64 155 177 oel
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