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The process of cooligomers production from C9 fraction of diesel fuel pyrolysis liquid products by
two-stage thermal-catalytic method was investigated. The effect of cooligomerization duration and
temperature, as well as catalyst nature and concentration on the cooligomer yield and physico-
chemical properties has been ascertained. The optimal cooligomerization conditions have been de-
termined. The product produced under these conditions obeys technical requirements TU U 6-
05743160.020-99 for hydrocarbon resin for paint and varnish industry, and is obtained with 64,4 %

yield.

1. Introduction

Nowadays pyrolysis of hydrocarbon feedstock, namely
gasoline, diesel fuel and other hydrocarbon fractions is the
main source of ethylene and propylene. Increase of raw
materials processing depth and broadening of final products
nomenclature are the main moving forces in modern petro-
chemical industry. From this point the synthesis of cooli-
gomeric products — so called hydrocarbon resins (HR), by
cooligomerization of unsaturated compoundsbeing compo-
nents of liquid by-products of hydrocarbon feedstock pyro-
lysis is very urgent and perspective task. Hydrocarbon res-
ins are produced by such world-famous companies as
Exxon Mobil Corporation (USA); Eastman Chemical
Company (USA); Neville Chemical Company (USA);
RUTGERS Group (Germany—Belgium); Arakawa Chemi-
cal Industries Ltd. (Japan); Puyang Zhongde Petroleum
Resins Co., Ltd. (China); Shandong Qilong Chemical Co.,
Ltd.(China) etc. C, fraction of liquid products of hydrocar-
bon feedstock pyrolysis is used most widely as a raw mate-
rial for HR production.

Cooligomers obtained from the C, fraction of liquid py-
rolysis products are used in paint-and-varmish industry as a
film-forming material and as a substituent of vegetable oils;
in pulp-and-paper industry — as rosin substituent in sizing
compositions and size dispersions in paper production; in
rubber industry — as a plasticizer in production and reclaim-
ing of rubber to improve elasticity and durability; in print-
ing inks production to improve their technological proper-
ties; in protecting and corrosion resistant coatings produc-
tion to improve adhesiveness of paints and mastics and to
improve protecting materials hydrophobicity [1-10].

Main methods of cooligomers production from the Cy
fraction, which are industrially used by main world HR
producers, are thermal (radical) cooligomerization and cata-
lytic (cationic) cooligomerization with Friedel-Krafts cata-
lysts (AICL;, BF3) [2]. Both methods have some advantages

and disadvantages.

Advantages of thermal method include simplicity of the
process technology and light colour of HR. Disadvantages
— high power inputs due to the high temperatures (473-553
K) and considerable duration (3—7 h.) of the process, rela-
tively low HR yield, rather low molecular weight and sof-
tening point of HR and difficulty of HR properties adjust-
ment.

Advantages of catalytic method include low tempera-
ture (< 373 K) and short duration (1-3 h.) of the process,
high yield and molecular weight of HR, possibility of coo-
ligomer properties adjustment by changing cooligomeriza-
tion conditions. Complexity of technology, high cost and
corrosion aggressiveness of the catalysts, as well as dark
colour of HR should be mentioned as the catalytic method
disadvantages.

We believe that combination of thermal and catalytic
technologies should allow to combine advantages and ex-
clude disadvantages of each method. The research, results
of which are represented in present paper, was aimed on
development of two-stage HR production technology,
where first stage is thermal and the second one — catalytic.
Such technology should enable HR production with high
yield (as in case of catalytic cooligomerization) and light
colour (as in case of thermal cooligomerization) at the same
time. On the other hand, application of the two-stage tech-
nology should lower the final product cost due to the lower-
ing of power input and decrease of consumption of rather
expensive catalyst.

2. Experimental

2.1. Research object

The C, fraction of liquid pyrolysis products was our re-
search object. Main polymerizable components are styrene,
dicyclopentadiene, vinyltoluenes, a-methylsyrene, indene,
allylbenzene. It should be mentioned that C, fraction com-
position may vary depending on the feedstock undergone
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Table 1. HR yield and properties dependence on catalyst
type and concentration (T = 353 K, duration — 1 h; stage I:
T =532 K, duration—3 h)

Table 2. HR yield and properties dependence on the stage
II temperature: (catalyst — AICL (Cye = 0,5 wt. %),
duration — 1,0 h.; stage I: T = 532K, duration—3 h.)

Cata-| C, | HR BN, M | SP, Colour,
lyst |wt. % |yield, %| gBr,/100g K |mgl/100 ml
AICL 0,5 | 385 59,6 520 | 357 160

1,0 | 392 59,7 552 | 375 300
TiCL 05| 27,1 574 590 | 382 900

1,0 | 49,2 59,3 547 | 347 900
cC 0,5 | 282 574 569 | 374 400

1,0 | 409 56,2 515 | 378 500

to pyrolysis and the pyrolysis conditions.

2.2. HR synthesis

Anhydrous aluminium chloride, titanium chloride and
AlCly/ethyl acetate/xylene catalytic complex (CC), pre-
pared as described in [3] were used as a catalyst.

Thermal cooligomerization (stage ) was carried out in
100 ml ampoules of stainless steel placed in thermostat at
temperature 523-573 K and duration 1-3 h. After the ther-
mal stage completion the obtained cooligomerizate of stage
I was cooled to the catalytic stage temperature.

The catalytic cooligomerization (stage II) was carried
out in glass reactor placed in thermostat and fitted with stir-
rer, thermometer and reflux condenser at temperature 293—
373 K and duration 0,5-2,0 h. Cooligomerizate of stage |
was thermostated until the reaction temperature, afterwards
required amount of catalyst was added to it.

Unpolymerized hydrocarbons were removed by con-
secutive atmospheric (boiler temperature — 473K) and vac-
uum (residual pressure — 3—4 kPa, boiler temperature — 423
K) stripping to obtain the final product — HR, in residue.

2.3. HR characterization

Colour of cooligomer was numerically assessed by
comparison of 10 wt. % benzene solution of HR with stan-
dard iodine scale. HR unsaturation was characterized by
bromine number (BN) value. It was determined by io-
dometric back titration according to common technique [4].
Average molecular weight (M) was determined by cryos-
copy Beckmann method with benzene as a solvent. [5].
Softening point (SP) was determined by ring and ball
method.

3. Results and discussion

3.1. Study of catalyst type and concentration effect on
the cooligomerization process. Determination of optimal
catalyst concentration

The thermal-catalytic cooligomerization was carried out
as described above. The first stage (thermal one) was car-
ried out at 523 K that is optimal temperature according to
[1]. Temperature of the second stage (catalytic one) was
353 K that is optimal temperature according to [6]. Cooli-
gomerization duration was 1,0 h. Since our researches

T,K HR yield, BN, Colour,
% gBr,/100g mgl,/100ml

293 26,9 65,8 60

323 26,0 56,9 130

353 38,5 59,6 160

373 294 53,7 900

of thermal-catalytic cooligomerization are aimed on reduc-
tion of energy input and specific consumption of the cata-
lyst, the thermal stage duration was 3 h. and the catalyst
concentration (C) was 0,5 and 1,0 wt. %. The obtained
results are given in table 1.

The highest yield of cooligomer (49,2 wt. %) is
achieved when using TiCly as a catalyst (Cey, = 1,0 wt. %).
However, very dark colour of the cooligomer (900 mg
1,/100 ml) disables such product use in paint-and-varnish
and pulp-an-paper industry. When using the catalytic com-
plex, cooligomers are produced with lower yield (28,2-40,9
wt. %), but with better colour (400-500 mg 1,/100 ml). The
best result in terms of colour (160 mg I,/100 ml) and satis-
factory yield of cooligomer (38,5 wt. %) is achieved with
AICI; as a catalyst.

The catalyst concentration increase from 0,5 to 1,0 wt.
% leads to considerable increase of HR yield when using
liquid catalysts (TiCly and CC), while when using AICl;
this increase is insignificant. HR colour becomes worse
when raising catalyst concentration.

Average molecular weight, softening point and BN of
HR produced with the studied three catalysts are rather
close. Catalyst concentration change from 0,5 to 1,0 wt. %
slightly affects these properties of HR. It is clear from the
obtained results that use of aluminium chloride as a catalyst
with concentration 0,5 wt. % is the most favourable.

3.2. The catalytic stage optimal temperature determi-
nation

The next step of research was aimed on the ascertain-
ment of the stage Il temperature effect on yield and proper-
ties of the cooligomers at the same conditions of stage I
(523K, 3 h.).

The obtained results (table 2) indicate that temperature
raise from 293 to 353 K leads to yield increase, while fur-
ther raise of temperature has no positive effect. The yield
decrease at temperatures above 353 K may be explained by
considerable increase of chain termination rate at such con-
ditions. This results in formation of some amount of low-
molecular products which are distilled out during stripping,

Bromine number decreases (from 65,8 to 53,7 g Br,/100
g) when raising temperature of the stage II. This also results
in substantial increase of cooligomer colour (from 60 to 900
mg [,/100 ml).

Molecular weight changes very slightly (fig. 1). This
indicates that low-molecular compounds, formation of
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Fig. 1. HR average molecular weight and softening point de-
pendence on the stage II temperature (catalyst — AICI; (Cey. = 0,5
wt. %), duration — 1,0 h.; stage I: T =532 K, duration —3 h.)

which is favoured by temperature rise, are partially re-
moved during distillation and did not enter the final product
composition.

Based on the obtained results we can conclude that 353
K is an optimal temperature of the stage II, because at this
temperature HR yield is maximal, its molecular weight and
softening point are high and the cooligomer colour is rela-
tively low.

3.3. The catalytic stage optimal duration determination

The effect of stage II duration on the process indicators
was investigated under the same thermal stage conditions
(523 K, 3 h.) and at the catalytic stage temperature found to
be optimal (353K). The stage I was carried out at duration
from 0,5 to 2,0 h. Duration value equal zero means that
there were no catalytic stage at all (only thermal stage was
carried out). The catalytic stage duration raise from 0,5 to
1,0 h. results in yield increase from 31,5 to 38,5 wt. %,
while further duration raise from 1 to 2 h. leads to yield
increase by 0,5 wt. % (absolute) only (fig. 2). Thus, in
terms of yield, the catalytic stage duration raise over 1 h. is
unreasonable.

45
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—
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- 30
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"~ 20 g,/
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0 0.5 1 1.5 2

Duration of stage 11, h.

Fig. 2. HR yield dependence on the stage II duration (cata-
lyst — AICL; (Cey, = 0,5 wt. %), T=353 K; stage : T=532K,
duration —3 h.)

Table 3. HR bromine number and colour dependence on
the stage II duration (catalyst — AICL; (Ce,. = 0,5 wt.%), T =
353 K; stage I: T =532 K, duration—3 h.)

Duration, BN, Colour,
h gBr,/100g mg Iy/ml
0 52,9 90
0,5 66,6 130
1,0 59,6 160
2,0 54,1 300

As the catalytic cooligomerization duration increases
from 0,5 to 2,0 h., molecular weight and softening point
naturally increase (fig. 3), because the cooligomer mole-
cules can reach bigger size over more time. At that, dura-
tion raise from 0,5 to 1,0 h. has considerable effect, while
duration raise by another hour results in very slight increase
of these parameters.

Bromine number of the cooligomer obtained in the
process without catalytic stage is 52,9 g Bry/100 g, and in
two-stage cooligomerization process it increases up to 66,6
(Table 3). This indicates intensive oligomerization of dicy-
clopentadiene (DCPD) and cyclopentadiene (CPD) formed
during the thermal stage. Both substances involve two dou-
ble bonds in their structure. During cationic oligomerization
by one of the double bonds another one remains unreacted
that causes unsaturation of the final product .As the cata-
lytic cooligomerization increases, the product unsaturation
regularly decreases.

The catalytic stage duration raise results in cooligomer
colour deterioration (Table 3). That is why, in terms of HR
colour, the catalytic stage duration raise over 1 h. is unrea-
sonable.

When only thermal stage is carried out, the cooligomer
yield is 19,8 wt. % only (fig. 3). However, molecular
weight and softening point are higher than in the two-stage
process (fig. 4). This may be explained as follows. At high
temperature (523 K)) and short time (1 h.) of thermal cooli-
gomerization part of low-molecular products (dimers and
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Fig. 3. HR molecular weight and softening point dependence
on the stage II duration (catalyst — AlCl; (Cey. = 0,5 wt. %), T =
353 K; stage I: T=1532 K, duration —3 h.)
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Fig. 4. HR yield dependence on temperature and duration of
stage I (stage II: catalyst — AlCl; (Ce, = 0,5 Wt. %), T=353 K,
duration — 1 h.)

trimers of styrene and its homologues) formed by radical
mechanism is considerable. These products removed dur-
ing distillation and do not enter the final product composi-
tion. The product obtained in residue contains some amount
of long chains build of CPD oligomers formed by cycload-
dition mechanism. Short stage of catalytic cooligomeriza-
tion results in formation of great amount of medium cooli-
gomer molecules, which enter the final product composi-
tion, resulting in lower average molecular weight of the
final product. The obtained results indicate the optimal du-
ration of the catalytic stage is 1 h.

3.4. The thermal stage optimal conditions determi-
nation

When investigating the two-stage HR synthesis process
with the aim of the thermal stage optimal conditions deter-
mination, the catalytic stage was carried out under condi-
tions found to be optimal for it: catalyst — AlCl;, Ce. = 0,5
wt. %, T =353 K, duration— 1 h.

Though optimal temperature of thermal stage is 523 K
according to the literature [1], the process was also studied
at higher temperature (573K), to find out if temperature
increase has positive effect on HR yield and properties and
if this allows to reduce the stage I duration.

As is clear in fig.4, the stage I temperature raise by 50 K
results in considerable increase of HR yield, and this effect
takes place at different process duration (1-3 h.).

BN of HR is high and varies in rather narrow range
(59,6-66,4 g Br,/100 g), as thermal stage duration changes.
At 523 K BN decreases as duration increases, while at
573K BN increases on the contrary (fig, 5).

Polymerization of styrene and its homologues does not
lead to unsaturated product formation. Only terminal dou-
ble bonds can appear in macromolecules formed at chain
termination by disproportionation in radical polymerization
during the thermal stage, and at chain termination in cati-
onic polymerization during the catalytic stage.

DCPD does not polymerize without a catalyst but at the
temperatures above 443 K it monomerizes to form two
molecules of CPD capable of oligomerization by Diels—
Alder reaction. Such oligomerization product also does not

70
66
62
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54 1 —— 523 K —{—573 K

Bromine number,gBr,/100g

50

2
Duration of stage L, h.

Fig. 5. HR bromine number dependence on temperature
and duration of stage I (stage II: catalyst — AlCL; (Cey. = 0,5 wt.
%), T =353 K, duration — 1 h.)

contain double bonds in the midsection of the chain, and
contains terminal double bonds only (1 or 2 per macro-
molecule).

DCPD monomerization results in cooligomerizate un-
saturation increase, because in this reaction number of dou-
ble bonds doubles. DCPD and CPD oligomerization during
the catalytic stage occurs in resulting formation of the prod-
uct with residual double bonds. The higher CPD content in
cooligomerizate of stage I, which is further fed to the stage
I, the higher the final product unsaturation is.

The higher the temperature and duration of the thermal
stage are, the higher DCPD monomerization degree is. On
the other hand, the shorter the first stage duration is, the
greater the amount of DCPD and CPD remains unpolymer-
ized, and during the catalytic stage the product with higher
BN is formed. Ratio of DCPD monomerization rate and
CPD oligomerization rate, which depends on temperature,
determines the character of stage I duration effect on the
final product unsaturation.

When stage | temperature is 523 K, its duration increase
results in decrease of final product BN. In case of higher
duration of thermal stage, greater amount of CPD, and
fewer amount of DCPD and CPD remains unreacted to be
able to polymerize by the scheme fig. 5 resulting in unsatu-
rated structures formation.

At 573 K the factor of raise of the stage I oligomerizate
unsaturation due to increase of monomerization degree,
obviously, prevails over the factor of unsaturation decrease
due to CPD.

As the stage I duration increases, molecular weight
changes in the range close to its determination error. Mo-
lecular weight of the product obtained at the thermal stage
temperature equal to 573 K is higher than that of HR ob-
tained at 523 K (fig. 6). In case of one-stage thermal cooli-
gomerization the result would be opposite, because tem-
perature increase leads to chain termination rate increase,
resulting in low molecular weight of the HR. The lower the
molecular weight of the product formed in thermal cooli-
gomerization is, the greater the number of double bonds
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Fig. 6. HR molecular weight dependence on temperature
and duration of stage I (stage II: catalyst — AlCl; (Ce, = 0,5 W.
%), T =353 K, duration — 1 h.)

per mass unit of the cooligomerizate of stage I is. In two-
stage process the low-molecular products with terminal
unsaturation, formed in stage I, participate in cationic po-
lymerization more easily due to their higher mobility. And,
as is known [1], cationic polymerization allows to obtain
the product with higher molecular weight. Increase of HR
molecular weight, as the thermal stage decreases, also con-
firms the above considerations.

Softening point is higher at higher temperature of ther-
mal stage and decreases, as its duration increases (fig. 7).
This conforms well to the data obtained for molecular
weight.

As stage I duration increases, HR colour decreases both
at 523 K and 573 K (fig. 8). As is known, cooligomeriza-
tion of styrene and its homologues results in product with
light colour. The substance, which deteriorates HR colour is
DCPD [3]. When DCPD (actually CPD) oligomerizes by
Diels—Alder reaction (in thermal cooligomerization), the
cooligomer formed is much lighter, than that produced by
catalytic cooligomerization. DCPD oligomerization with
Friedel-Krafts catalysts, occurring by cationic mechanism,
results in products with very dark colour. It is for that, in
industry, when the feedstock with high DCPD content is
used, HR are usually produced by thermal method [1, 2]. If
HR synthesis is carried out by catalytic method, the raw
material is often previously purified from DCPD, that is
rather complicated [1]. Thus, one of the ideas, underlying
suggested thermal-catalytic HR production method, may be
stated as follows: make as much DCPD as possible to po-
lymerize by cycloaddition mechanism during thermal stage,
for it not to deteriorate the product colour during cationic
cooligomerization on the catalytic stage.

When the stage I duration increases, amount of unre-
acted DCPD and CPD, fed to the catalytic stage, decreases.
As a result, final product colour is reduced (fig. 8). At

383
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348 | —0—523K =573 K

343 : : J

1 2 3
Duration of stage I, h.

Fig. 7. HR softening point dependence on temperature and
duration of stage I (stage II: catalyst — AlClL; (Cey. = 0,5 wt. %), T
=353 K, duration— 1 h.)

higher temperature of thermal stage more coloured HR are
obtained. This is, probably, related to the rise of amount of
low-molecular cooligomers with terminal unsaturation,
capable of participation in cationic cooligomerization.

Thus, in terms of colour, the optimal conditions of
thermal stage are T = 523 K and duration — 3 h. Under
these conditions HR colour is 130 mg I[,/100 ml. However,
in terms of yield and softening point, the optimal conditions
of stage [ are T = 573 K and duration 2 h. The colour, how-
ever, is 400 mg I,/100 ml.

3.5. Catalyst deactivation

All the researches described above were carried out
without isolation of the catalyst from the cooligomerizate.
Presence of the catalyst in cooligomerizate on distillation
stage, which is carried out at temperatures up to 463 K, has
negative effect on the product colour. Conventional tech-
nology of HR production from C, fraction by catalytic

700 r
600 k- —=—=523 K =—=573K
500

400

300 F

Colour, mg L/100 ml

200 F

100 F

—_

2 3
Duration of stage I, h.

Fig. 8. HR colour dependence on temperature and duration
of stage I (stage II: catalyst — AlCl; (Cey, = 0,5 wt. %), T =353
K, duration — 1 h.)
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Table 4. Yield and properties of HR, synthesized from Csfraction by thermal-catalytic method without catalyst deactivation

and with deactivation of the catalyst by propylene oxide

Stage HR production conditions HR yield, HR properties
Catalyst Ceat %0 T,K | Duration, h % BN,gBry100g | M SP,K | Colour, mg I,/100ml
I - - 573 2
i AlCL 05 153 1 56,2 62,5 600 369 400
I - - 573 2
I AlCI; 0,5 353 1 64,4 61,0 550 357 130
m PO 5/1mol. 353 0,5

method stipulates the catalyst decomposition with water,
neutralization by alkali or soda solution, followed by wash-
ing and separation of the organic phase, which is than un-
dergone stripping [7-9]. However, such method makes
technology too complicated, due to the additional stages of
washing, neutralization and separation, requiring additional
equipment. In addition, this approach results in formation of
great amount of waste water. In last years a new approach
to catalyst deactivation, consisting in reaction of the latter
with epoxy compounds, has been suggested [7-9]. The
catalyst is, thus, deactivated, and deactivation reaction
products are well compatible with HR, do not deteriorate its
colour and are not to be isolated from the product. Propyl-
ene oxide (PO) was determined to be the optimal deactivat-
ing agent [7-9]. Deactivation was carried out at the second
stage temperature (353 K) for 0,5 h. at molar ratio PO/AICl;
=5/1[4,5].

The effect of the catalyst deactivation by propylene ox-
ide on yield and properties of HR, produced by two-stage
thermal-catalytic method under conditions, found to be op-
timal in terms of yield and softening point, is represented in
Table 4.

As is clear from the Table 4, the catalyst deactivation al-

70 644 —63.4 —
60 | 562 i

50 45.0

lows to reduce the product colour from 400 to 130 mg
1,/100 ml. Bromine number remains almost constant, and
molecular weight and softening point slightly decrease. In
addition to considerable reduction of colour, deactivation
results in increase of HR yield. The HR yield value in case

of deactivation indicates, that almost all the PO enters
the final product composition. When reacting with the cata-
lyst, PO forms high-molecular compounds, that remain in
HR composition after stripping. Excessive PO unreacted
with the catalyst, probably, joins to the cooligomer double
bonds with epoxy ring opening (O-alkylation mechanism)
and, thus, enters the final product composition too.

3.6. Comparison of the two-stage thermal-catalytic
method with one-stage thermal and catalytic methods

The results of two-stage cooligomerization of C, frac-
tion at the optimal conditions, defined above (stage I: 573
K, 2 h;; stage II: 0,5 wt. % AICl;, 353 K, 1 h.) without deac-
tivation (3) and with deactivation of the catalyst by propyl-
ene oxide (4); the results of one-stage thermal (1) and cata-
lytic (6) cooligomerization at optimal conditions for each
process (523 K, 6 h, for thermal one [1], and 2,5 wt. %
AlCl;, 373 K, 3h. for catalytic one [6]); as well as the results
of one-stage thermal (2) and catalytic (5) cooligomerization

2500 > 2500
— 2000
g
()
= 1500
g 1000
o
2 500 | 400
8 120 160.
0o | =

Fig. 9. —10. HR yield and colour depending on production method
1 — thermal cooligomerization under optimal conditions: T = 523K duration = 6 h.,
2 —thermalcooligomerization under conditions of stage I of the two-stage process: T = 573K, duration =2 h.,

3 —two-stage cooligomerizationwithout catalyst deactivation,

4 — two-stage cooligomerization with catalyst deactivation by propylene oxide,
5 — catalytic cooligomerization under conditions of stage II of the two-stage process: AlCL(C=0.5wt.%), T=353K, duration =1h.,
6 — catalytic cooligomerization under optimal conditions : AICl; (Ce,= 2.5 wt.%), T = 373K, duration =3 h.
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Fig. 11 —12. HR softening point and average molecular weight depending on production method
1 —thermal cooligomerization under optimal conditions: T = 523 K, duration =6 h.,
2 — thermal cooligomerization under conditions of stage I of the two-stage process: T =573 K, duration—2 h.,

3 —two-stage cooligomerizationwithout catalyst deactivation,

4 — two-stage cooligomerization with catalyst deactivation by propylene oxide,
5 — catalytic cooligomerization under conditions of stage II of the two-stage process: AlCL (Ce, =0,5 wt. %), T=353 K, duration = 1h.,
6 — catalytic cooligomerization under optimal conditions : AICl; (Ce,. = 2,5 wt. %), T =373 K, duration =3 h.

at optimal conditions of first (573 K, 2 h.) and second (0,5
wt. % AICl;, 353 K, 1 h.) stages of the two-stage process,
respectively, are represented in fig. 13—17.

As is clear in fig. 9, use of two-stage technology (3) al-
lows to increase the product yield compared to the one-
stage thermal cooligomerization (1) at two times less over-
all duration of the process (3 h. vs. 6 h.). Catalytic stage
allows to achieve total conversion of the monomers, that is
impossible in thermal cooligomerization. Colour of the HR,
obtained by two-stage method (fig. 14 (3)), is far better,
than in case of catalytic cooligomerization (fig. 14 (6)) at
almost the same yield (fig. 13). The results of catalytic coo-
ligomerization, carried out at the second stage conditions
(5), indicates that essential reduction of colour cannot be
achieved just changing the catalytic process conditions (by
reducing catalyst concentration and process duration) (fig.
14 (5)). Only combination of two technologies allows
achieving desirable effect. In case of the catalyst deactiva-
tion by propylene oxide (4) colour of two-stage cooli-
gomerization product is even better, than in case of thermal
cooligomerization (1).

Average molecular weight and softening point of HR,
obtained by the two-stage process (3—4), are almost the
same, as in thermal cooligomerization (1), but lower, than
in catalytic cooligomerization (fig. 11-12 (6)).

During catalytic cooligomerization DCPD reacts only
by the scheme given in fig. 5 (1). High concentration (2,5
wt. %) of the catalyst in catalytic cooligomerization (6) fa-
cilitates DCPD cooligomerization by both double bonds,
resulting in branched and cross-linked structures formation
(fig. 13).

At low concentration of the catalyst (5) such processes
are very unlikely to occur, and molecular weight and sof-
tening point of the cooligomer, that is why, are lower (fig.
11-12 (5)).

Bromine number of HR produced by different methods
are rather close, but we can state, that it is higher for cooli-
gomers produced by the two-stage method (3, 4) compared
to BN of cooligomers produced by thermal method (1, 2).
This is related to the differences in DCPD oligomerization
mechanism in case of thermal (fig. 9) and catalytic method
(fig. 5 (1)), which have been described above. In the cata-
lytic cooligomerization more unsaturated product should be
formed (fig. 5 (1)). But this is observed for the process with
low catalyst concentration only (fig. 18 (5)). And in optimal
conditions of the catalytic cooligomerization (6) bromine
number is, on the contrary, lower. This fact confirms the
supposition about DCPD cooligomerization by both double
bonds (fig. 13). Bromine number of the cooligomer, ob-
tained by the two-stage

STy

Fig. 13. Branched and cross-linked structures formation at DCPD cooligomerization by both double bonds
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o 65 Under these conditions HR yield is 64,4 wt. %, its col-
g 60 our — 100 mg 1,/100 ml, average molecular weight — 550,
= softening point — 357 K and bromine number — 61,0 g
& 55 Br,/100 g These characteristics completely satisfy the re-
2 o quirements of the standard TU U 6-05743160.020-99 for
X hydrocarbon resins for paint-and-varnish industry.
E 45
S|
é’ 40
g 35

30 1. Dumskiy Y., No B. Butov G. Khimia i

Fig. 14. HR bromine number depending on production
method

method with catalyst deactivation (4), is lower, than in case
of the process without deactivation (3). This indicates, that
propylene oxide reacts not only with aluminium chloride,
but with double bonds of the cooligomer as well, and enters
the final product composition.

4. Conclusion

The suggested two-stage technology of HR production
from C, fraction, where first stage is thermal and the second
one is catalytic cooligomerization, allows to obtain product
with high yield and good properties. This technology al-
lows to achieve higher yield compared to the thermal
method and to lower the overall process duration. Com-
pared to the catalytic method, the two-stage technology
allows to get cooligomeric product with much lighter col-
our at almost the same yield. It also enables to five times
decrease specific catalyst consumption at the same overall
process duration.

The catalyst deactivation by propylene oxide is favour-
able, as it results in colour improvement and yield increase.

The optimal conditions of suggested method are as fol-
lows:

Stage I: T =573 K, duration — 2 h.; Stage II: catalyst —
AICl;, Cee = 0,5 wt. %, T =353 K, duration — 1 h.; the cata-
lyst deactivation by propylene oxide at molar ratio
AICLy/PO=1/5, T =353 K, duration— 0,5 h.
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I[HosxyyeHue KOOIMroMepoB
3 ppaxuun Cy IBYXCTAAMHUHBIM
TEPMUYECKU-KATAIUTHYECKHAM CII0CO00M
3.A. I'namus, U.E. Huxynuwiun, 3.1 Ilux, T.0. Boponuax, I M. Peinka

’

Hayuonanvnwi ynueepcumem “Jlososckas nonumexuuxa”,
Yrpauna, 79013 Jlveos, y1. C. banoepol, 12, men.: 863-80-64

Hccnenosan mporiece moirydeHnst KOoMMroMepoB 13 (pakury Co KHIKHUX TPOXYKTOB MTHPOIH3a
JIW3EIIBHOrO TOTUTMBA JBYXCTa/IMHHBIM TEPMHUUECKH-KATATUTHYECKIM CIOCOOOM. Y CTAaHOBIJIEHO
BIIVSIHHE TIPOJIOJDKUTEIBHOCTH M TEMITEPaTyphbl KOOIMTOMEPH3ALIHH, TIPUPOB! N KOHIICHTPALH
KaTaJi3aropa Ha BBIXOZ M (PUBMKO-XMMHYECKHE CBOMCTBA KOOJIMIOMEPOB. Y CTAaHOBJICHBI OITH-
MaJIbHBIE YCJIOBHSI KOOIMTOMEPH3ALHH, MTO3BOILIONINE TIOTy4aTh MPOAYKT ¢ BbIxonoM 64,4 %
Macc., KoTopblit cootBercTByeT TY VY 6-05743160.020-99 Ha cMmoiy HedTeHOMMMEPHYIO [UTs J1a-
KOKpPACOYHOM IPOMBIIUIEHHOCTH.

OT1puMmanHa KooJiromepis i3 ppakuii Cy
ABOCTAXIMHUM TEPMIYHO-KATATITHYHAM CIIOCOO0M
3.A. I'namis, 1.€. Huxynuwiun, 3.1 Ilix, T.0. Boponuax, I M. Punka

’

Hayionanvhuii ynieepcumem “Jlvgiscoka nonimexuixa”,
Yxpaina, 79013 Jlvsis, yn. C. banoepu, 12, men: 863-80-64

JHocrmimkeHo niporiec otpruMaHHsI Koosiromepis i3 ¢pakiii Co piaKuX MPOXYKTIB MPOMi3y JH3eTh-
HOTO MAJIMBA TBOCTAIIHHAM TEPMIYHO-KATAIIITHYHAM CIIOCOO0M. BCTaHOBIICHO BIUIHB TPHUBAIOCTL
Ta TeMIIepaTypy KOOIiroMepu3artii, MPUPOAX Ta KOHIEHTpaIli KaTai3aTopa Ha BUXiA 1 (i3uko-
XIMiYHI BIACTHBOCTI KOOJroMepiB. BCTaHOBIIGHO ONTHMAIBHI YMOBH KOOJTOMEpH3aIlii, sKi J0-
3BOJISIIOTH OTPUMYBAaTH TPOXYKT i3 BuxomoM 644 % wmac., sxwii BignoBimae TY VY 6-
05743160.020-99 Ha cMoity HadTONOTIMEpHY 1151 TaKo(apOOBOi IIPOMICIIOBOCTI.



