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1,3G4B 13G7BX 13R3A 721A 7D1C 7K7 D10 (54) A PROCESS FOR  PRODUCING
HOMOPOLYMERS AND COPOLYMERS OF PROPYLENE (71)    We, SUMITOMO CHEMICAL   be
carried out at a desirable catalyst efficiency, COMPANY, LIMITED, a
Japanese com- whereby the amount of catalyst residues may pany, of No. 15,
Kitahama 5-Chome, Higashi-  be less than in conventional slurry polymeriza-
50 Ku, Osaka-Shi, Osaka, Japan, do hereby   tion. 5  declare the invention
for which we pray that    Therefore, the omission of the slurry treat- a
patent may be granted to us, and the   ment process which removes the
polymer method by which it is to be performed, to be  soluble in boiling
n-heptane under the above particularly described in and by the following
described  conditions enables a significant  55 statement:-
economic effect to be achieved. 10    The present invention relates to a
process    The polymer' obtained by the above des- for producing
homopolymer and copolymers  cribed method in which the slurry'treatment of
and copolymers of propylene   process is not used, however, has the follow-
and other unsaturated hydrocarbon monomers.  ing disadvantages in quality.
60 More specifically the present invention relates    For example, the
polymer obtained using 15 to a process which comprises carrying out a  a
catalyst system of titanium trichloride and polymerization in liquid
propylene (herein-  triethylalminium, contains only 75 to 85%
polymerization" for  by weight of polymer insoluble in boiling n- brevity)
and obtaining a homopolymer of  heptane, and in the
65 propylene and/or a copolymer of propylene  system of titanium
trichloride and a diethyl- 20  and other unsaturated hydrocarbon monomers,
aluminum halide the amount of the polymer such as ethylene.
insoluble in boiling n-heptane is 85 to 95% Bulk polymerization is well
known, has  by weight. been carried out on a commercial scale and   The
properties of the above described poly- 70 is quite advantageous. The
vapour pressure   mer are in particular not good with respect 25  of the
solvent, which is unsaturated hydro-  to stiffness and tackiness. The
polymer, there- carbon monomers of which the greater part  fore, can be
used as a moulding grade poly- is propylene, in the polymer slurry obtained
mer but it is impossible to use the polymer by bulk polymerization is
higher than that  as a film and fibre grade polymer since a  75 of the
conventional slurry or solvent poly-  film  and fibre grade polymer must
have 30  merization which uses liquid saturated hydro-  superior quality.
carbons having more than 5, preferably from  For the purpose of improving
the proper- 5 to 7, carbon atoms as a solvent (herein-  ties of the
polymer, generally, the polymer after  designated "conventional slurry
poly-  slurry withdrawn from  the polymerization  80 merization" for
brevity), so the polymer pro-  zone or the polymer separated under reduced
35  duced can be easily separated from the slurry  pressure from  the
unsaturated hydrocarbon 



simply by reducing the pressure.           monomers, of which the main
portion is However, generally some disadvantages exist  propylene, is
treated with suitable catalyst with the polymer separated from the solvent
deactivators, and then washed using a solvent 85 using the above described
method. Firstly,  which consists mainly of a saturated hydro- 40  the
polymer contains a large amount of poly-  carbon liquid having 5 to 7
carbon atoms or mer soluble in boiling  n-heptane. Secondly,  a liquid
unsaturated hydrocarbon monomer the polymer contains a  large amount of
cat-  such as the propylene being polymerized in alyst residues. It is
essentially possible to  the reaction zone, whereby the solvent-soluble  90
reduce catalyst residues in the bulk polymeriza-  polymer  and catalyst
residues are extracted 45  tion, because the polymerization reaction rate
and removed. is faster than that of the conventional slurry  The above
described catalyst deactivators polymerization and the polymerization can
are agents which decompose the active cat-    2
1,482,670                                       2 alysts  and/or terminate
the polmerization             catalyst obtained by the metho disclosed  in
reaction by forming a complex compound with   British  Patent Application
No. 47452/74 the catalysts suppressing the formation of   (Serial  No.
1,482 669) is  suitable for use in high molecular weight polymer which
des   the present invention, which disclosure  is in 5  the quality and
furthermore in the following   corporated herein by  reference. washing
zone,  facilitate extraction  of the        The polymerization process
which can be treated catalyst residues into the solvent.   employed in this
invention and the parameters  - These  atalyst deactivators are, generally,
relative thereto are described in detail in alcohols, ethers, ketones and
cheating agents  Japanese Laid-Open Patent Publication No. 10  and so on.
The deactivators can be used as   34478/1972 which disclosure is
incorporated  75 they are or diluted with the same solvent used   herein by
reference. That is, in this method, in the above described processing as a
diluent.  a highly activated catalyst as described above To reduce the
formation of the. solvent-  can be employed for the polymerization of
soluble polymer, the following various meth-   propylene alone or with one
or more other 15  ods are generally adopted.
unsaturated hydrocarbon monomers as des-  80 For instance, in one method at
catalyst sys-  cribed above. tem consisting of the complex compound of
The catalyst used in this invention is (a) titanium halide  and aluminium
halide is. used.  an activated  titanium, compound and (b) an In another
method compounds which are des-  organo-aluminum  compound. The  catalyst
20  cribed  hereinafter as the third component   may also include a third
component.e.g.,   85 are added to the catalyst system or the poly-   amine,
ether, ester, sulphur, halogen, benzene, merization system to improve the
polymeriza-   derivatives  of azulene or  organic nitrogen tion conditions
such that the polymerization  inorganic nitrogen and phosphoric and phos-
reaaction temperature can be reduced. In the   phorous compounds. 25
above described methods a fairly large amount     A catalyst  not produced
using conditions  90 of. the solvent-soluble polymer is produced   as
described above, for example, a commer- and it is difficult to omit the
process  cially  available catalyst, i.e., titanium  teta- removal of the
above described sovent-soluble  chioride reduced with aluminum  metal  and
polymer.                                      ground, has a b    partic
size distribution. 30.   The present invention provides a bulk poy-   If
this catalyst is used in this invention,  95 



merization process for  producing  homopoly-   operation is not. possible
because the loss mer or a copolymer of propylene which com-   with the
washed liquid in the counter current prises polymerizing propylene or a
mixture   washing  tower is very high, and the  lost of  propylene and at
least one othe   unsatur-  powder gives rise to difficulties in the piping
35  ated hydrocarbon monomer, such as ethylene,  and other pieces of
equipment used in  the 100 in liquid  propylene, in the  presence of a
production system. catalyst system consisting essentially  of (a)     If a
catalyst which   obtained by reducing a titanum  compound, obtained by
reducing   titanium tetrachloride with an organo alum- titanium
tetrachloride with an organo alumin-   inum  compound  and treating with
heat  is 40  ium  compound and activating the   resulting   used, the
particle size distribution is suitable 105 titanium compound and (b) an
organo alumin-   but the catalytic activity is not suitable. Even ium
compound, to form a polymer slurry and   if bulk polymerization is adopted,
the final counter-currently  contacting  the  polymer,  product has a bad
colour, is inferior to com- slurry with liquid propylene, to remove sol-
mercially available products, and thus is not 45  vent-soluble polymer and
catalyst residues dis-   marketable.                            110 solved
in the polymer slurry.                In accordance with this invention, a
polymer Figures 1 and 2 are schematic flow diagrams   which is considerably
less expensive than that of embodiments of the processof this inven-
produced by the usual method and which has tion.                     equal
or better quality than commercially 50    In the present invention, the
titanium com-   available polymer can be produced.      115 pound used. as
a component of the catalyst     According to another aspect of the inven-
system is, a [err]-type titanium  trichloride ob-  tion, another or other
unsaturated hydrocar- tained by reducing titanium tetrachloride with   bon
monomer or monomers which are copoly- an organo aluminium compound as the
start-   merizable with propylene and which  are 55  ing material in order
to produce a highly   straight chain olefins having less than six 120
active titanium compound, and then treating   carbons, especially a-olefins
such as ethylene with a complexing agent, an organo aluminum   may also be
used. compound and titanium tetrachloride.         The  polymerization
conditions used in this The above. desibd catalyst has  at least  invention
are  set at conditions such that   the 60  more  than times the activity
compared   propylene is liquid. In addition the pressure, 125 with that of
the catalyst obtainedby a well-   the temperature, the catalyst system,
chain known method such as only  heat treatment  transfer of agents the
concentration ofstabilizers, (for example, as disclosed in Japanese Patent
agitating conditions cooling and heating con- Publication No. 0501/1964).
ditions are set depending on the characteristic 65    In greater detail,
for example, the  solid  of the polymerization  e.g., polymerization  130
3                                    1,482,670
3 rate, retention time etc., and the characteristics   near atmospheric
pressure by valve 12 which  65 of the polymer, e.g., polymer yield, melt
is interlocked with level or concentration con- viscosity, impact strength
etc.            troller LC and is introduced into the flash Some of the
features of the present inven-  tank 13. tion are described below:
Volatile monomers mainly liquid propyle (1) In liquid propylene, propylene
is poly-   are vaporized in the flash tank 13 and dis-  70 merized or
copolymerized, using a catalyst  charged from line 14 to a recovery
process. 



system with very high activity and consisting  The polymer separated in the
flash tank essentially of as catalyst component (a), a   directly or after
treating the residual catalyst 10  titanium compound which is obtained by
re-  is sent to a hopper or an extruder. It is desir- ducing titanium
tetrachloride with an organo-   able to feed the chain transfer agent or
75 aluminum compound, and activating the result-  catalyst deactivator,
e.g., acetyl acetone, ing product, and as catalyst component (b),
propylene oxide, etc. at line 9 or 16 to an organo-aluminum compound.
minimize difficulties due to the production 15    (2) The polymer which is
soluble in a   of high molecular weight polymer in the wash- slurry, and
residual catalyst which is soluble  ing tower, or to minimize degrading the
poly-  80 and/or suspended in a slurry, are easily sep-  mer quality. The
chain transfer agent or cat- arated from the product in a counter-current
alyst deactivator can be introduced directly or washing tower using liquid
propylene as a   after dilution with liquid propylene. 20  washing solvent
In this invention, some of the characteristics (3) The refined propylene
homopolymer  of the counter-current washing tower are as  85 and copolymer
of propylene are obtained using   described below. the above-mentioned
extracting and washing    (1) Liquid propylene in the top feed is process
on a slurry.                        separated and extracted with the bottom
feed 25    The invention will now be explained in  rising from the bottom
of the tower, through greater detail by reference to the accompany-  the
over flow line at the top of the tower.    90 ing drawings.
(2) Insoluble polymer in the top feed is Figure 1 illustrates an example of
the   discharged from the bottom of the tower with process of this
invention, and is given for  a part of the bottom feed after washing by 30
the purpose of illustration only.           the bottom feed. Liquid
propylene is introduced to the reac-  The counter-current washing tower is
pro-  95 tor 1 through line 2. Unsaturated hydrocarbon   vided with baffle
plates at the top feed plate monomer such as ethylene, chain transfer  in
order to restrain the soluble polymer from agent such as hydrogen and
catalyst are intro-  proceeding with the polymer particles to the 35
duced into the reactor 1 through lines 3, 4   bottom, and the tower is
partitioned into more and 5, respectively.                       than two,
desirably more than five, compart- 100 The polymerization can be carried
out at  ments. The ratio of the opened to the closed a temperature in the
range of 30[err]C to 90C   area of the each partition plate is as small
under a pressure at which propylene exists  as possible, and  is desirably
20  to  50% 40  as a liquid for 1 to 20 hours. A suitable pres-  thereof.
The falling particles from the upper sure which can be employed generally
to  plate are made to collide with the partition 105 achieve such ranges
from 10 to 50 Kg/cm[err]G.  plate, and moreover backmixing is restrained
The polymerized slurry is introduced from   by increasing the bottom feed.
At a result of reactor 1 intermittently or preferably continu-  these
factors the effect of washing of the in- 45  ously at the top 8 of the
countercurrent wash-  soluble polymer in each compartment becomes mug tower
7 (hereinafter designated "top   higher. The first characteristic described
above 110 feed", for brevity). Liquid propylene desir-  is satisfied
comparatively easily by the above- ably fresh propylene without slurry
soluble  described arrangement. To achieve the second polymer, mainly
non-crystallized polymer, is  characteristic, it is important that the
deposit 50  introduced  into the bottom  of the  tower    7   on each plate
does not increase in order to through line 9 (hereinafter designated
"bottom   prevent retentaion of insoluble polymer par- 115 feed", for
brevity).                       ticles. It is desirable that an agitator is
em- The polymer dissolved slurry and residual  ployed and agitation with
low speed is used 



catalyst in the slurry are selectively discharged  to scrape the polymer.
Moreover, it is useful 55  through overflow line 10, and are introduced
that the plate of each compartment, agitator, to the withdrawing process of
non-crystallized  the bottom discharger, the baffle plates and 120 polymer.
The polymerization slurry is con-  each nozzle have a declivity of 0 or 10
tacted  counter-currently  with  the  liquid  to 80, desirably 0 or 30 to
60, so that propylene of the bottom feed of the tower 7,  the polymer
particles fall due to the slope. 60  and the insoluble polymer in the
polymerized  It is more useful when a slow rotation is slurry is
selectively extracted from bottom    provided. The speed of the rotation
prefer- 125 line 11. The deposited slurry at the bottom   ably is about 1
to 20 rpm. A high speed of the tower, at a pressure ranging  from 10  above
about 100 rpm has an opposite effect to 50 Kg/cm[err]G, is reduced to a
pressure  with respect to the second characteistic. It is    4
1,482,670            4 further advantageous for the effect of washing
pressure is contolled by the temperature and/ that the partition plates
themselves are- re   or the  flow rate of the cooling water of the volved.
jacket of the reactor. It is sufficient for the It is possible to feed
hydrogen directly or  pressure of the tower 7 to be 1 to 2 Kg/cm[err] 5
with liquid propylene in accordance with the  lower than the pressure of
the reactor 1. Thus, polymerization  conditions in the reactor in  the
temperature o the tower is several degrees order to restrain production of
high molecular  lower than the temperature of the reactor. weight polymer
considering the new polymer  This operation is achieved easily when the
product produced corresponding to the re-  temperature of the bottom feed
liquid is con- 10  tention time distribution in the washing tower,  trolled
by temperature controller 18.  75 and moreover in order to fix the quality
of    With respect to the structure of the par- the final refined polymer
e.g.  melt viscosity  tition plate of each compartment and of the etc. a
mean retention time of the polymer  agitator, a conical type such as is
described is generally 20 to 30 minutes, but this is to  in Figure 1 is the
most useful because back- 15  be considered exemplary and not limiting be-
mixing of the rising liquid occurs with diffi-  80 cause the effect of
washing is effected by the   culty. A preferred embodiment of this inven-
structure of the washing zone and the washing   don is shown in Figure 2,
that is, a counter- conditions.                                 current
fluidized washing tower containing The bottom feed liquid is introduced
from   multiagitators constructed simply with straight 20  line 9. A part
of this liquid is mixed with  paddles (installed in the vertical position
85 the insoluble polymer which is separated by   with respect to the
agitating  axis) in the lower precipitation,  and  the  insoluble  polymer
part of the tower provides a fluidized bed. His at the same concentration
as   the top      Generally speaking, centrifugation and filt- feed  liquid
of line  8,    desirably  more   ration under high pressure are expected to
25   concentrated   than   the   top  feed   liquid,  provide a similar
effect compared with the  90 and is mixed by scraper 17, and then is  above
described high pressure washing tower. discharged from  valve 12
interlocked with   Some of the features of this invention com- a level or
concentration controller and a timer  pared with  centrifuging and
filtering are as through line 11. The other part rises in the   described
below. 30  tower as the washing liquid and then is dis-    (1) The
construction of the  apparatus is  95 charged from  line 10 with the top
feed liquid.  easy and no  breakdown of the apparatus 



When the flow rate of the washig liquid  occurs because agitation by high
speed revolu- which rises in the washing tower (hereinafter   ion under
high pressure is not necessary. designated "rising liquid" for brevity)
becomes  (2) The discharging operation of the re- 35   high, the effect of
washing increases and  fined polymer is easy because the polymer is 100
back mixing of the top  feed liquid  is  discharged with the washing
liquid. restrained, but small particles are discharged  (3)  The washing
and separating effect is from  line 10 and this adversely influences
controlled freely. the slurry recycle pump, and loss of the pro-  For the
purpose of illustration only this 40   duct increases. This is not
desirable. There-  invention will now be described in greater 105 fore, for
best operation the flow rate of the   detail by reference to the following
examples. rising liquid ranges from  1/5 to desirably   Of course, this
invention is not to be con- 1/2 to 2 to the flow rate of the top feed.
strued as being limited to the following ex- Under these conditions, the
ratio of the in-  amples. Unless otherwise indicated all parts, 45
soluble polymer discharged from line 10 to   percentages, ratios and the
like are by weight 110 the total polymer is about 10%  compared with a
commercially available powder. How-                 Example 1. ever, when
the catalyst system of the inven-    (1) Catalyst Preparation tion
consisting essentially of (a) of a titan-  i)  After a 200 litre autoclave
was charged 50  ium compound obtained by reduction of titan-  with hexane,
(60 liters) and titanium tetra- ium  tetrachloride with an organo-aluminum
chloride (15 litres), a solution of diethyl alu- 115 compound and activated
and (b) an organo-   minium  chloride (17.4 litres) and hexane aluminium
compound, or consisting essen-   (45 litres) was charged under an inert at-
tially of the above described catalyst system   mosphere, and the
temperature was kept  at 55  with a carrier which has a narrow particle
5[err]C. Then the temperature of the reactor distribution, it is possible
to decrease the loss   was increased to 70C. The contents of the 120 of
insoluble powder to less than 2 to 5%.   reactor were stirred for one hour,
and then Moreover, better results are obtained, if a   cooled and allowed
to stand. The supernatant section of the top of the washing tower is
liquid was discharged and the catalyst was 60  expanded or a separating
tank having a   washed 3 times with hexane (45 litres) broader section than
the washing tower is  21.0 Kg of [err]-type titanium trichloride was 125
provided at line 10 and the deposited polymer   obtained is recycled to the
washing tower.          (ii) After [err]-type titanium trichloride (21.0
The pressure in recor 1 is fixed only by   Kg) and hexane (150 liters) was
added, di-n- 65  the polymerization temperature. Usually, the   butyl ether
(18 liter) was charged, and the    5
1,482,670 mixture was stirred 1 hour at 40[err]C, and   Loss of fine
particle polymer was less than  65 allowed to stand. The supernatant liquid
was   1%. Thus, the slurry discharged from  the discharged and the catalyst
was washed 3   bottom  of  the tower was separated at the imes with hexane
(45 litres).              flash tank 13, and the refined polymer powder
(iii)  Ethyl aluminium  dichloride (30.0   was obtained from the bottom of
the tank. liters) and hexane (30 liters) was added to   The polymer
characteristics such as the residue  70 the solid catalyst obtained in the
manner   extracted by boiling n-heptane, isotactic index described above
and then the mixture was   (II%), of this powder, the residual ash in 



heated for 2 hours at 90[err]C. After centrifuging,  the polymer, and film
characteristics such as 10  the catalyst was washed-4 times with hexane
the blocking of a film of a thickness of 30 (50 litres), and then dried.
extruded from a 40 mmo T-die with normal 75 (iv) Hexane (75 litres) and
n-butyl ether   additives are shown in Table 1 with other (24.9 litres) was
added to this dried solid  examples and comparative examples. catalyst
(20.O Kg) and the mixture. was      It is obvious from the results in Table
1 15  stirred for 1 hour at about room temperature  that the polymer per
unit of the high activity (i.e., 20 to 30[err]C). Then the supernatant
solid  catalyst was about 15000 g/g, that the  80 liquid was discharged.
The catalyst was  refining process is simplified, and that the washed 4
times with hexane (50 litres). This  ash of the polymer obtained using the
wash- catalyst was used for polymerization under  ing tower of this
invention was the same  as 20   dry conditions or slurry conditions
(herein-   a  conventional polymer obtained but employ- after designated
"Solid Catalyst III"  for brev-  ing a complicated refining process.
Further, 85 ity).                                      the above-mentioned
11%  is higher  than 98%, and moreover the extract with liquid (2)
Polymerization of Propylene and Re-   propylene at 65[err]C is
substantially zero. Thus fining of Product Polymer             the washing
efficiency of the washing tower 25    Liquid propylene (1500 Kg/hr), the
above-  is substantially perfect.                90 described Solid
Catalyst III (40 Kg/hr) and  A film produced  from  this polymer has
diethyl aluminum chloride (600 g/hr) were  somewhat improved quality in
comparison with charged continuously into a 30 m[err] reactor   a similar
commercially available film. in the presence of hydrogen,  and the tem- 30
perature was kept at 70C. During this poly-               Example 2.
merization, the pressure of the reactor was  The procedure described in
Example 1  95 kept at 31.0 to 31.8 Kg/cm[err]G, and the   was repeated
under substantially the same polymerization slurry was discharged in order
conditions except that the counter-current to keep the level in the reactor
constant.    fluidized washing tower shown  in Figure 2 35    Under this
condition, the discharged poly-   was used instead of the counter-current
multi- mer slurry comprised solid polymer (590   compartment washing tower
used in Example 100 Kg/hr), polymer dissolved propylene, the so-   1. The
polymerization results and the film called atactic polymer, (15 Kg/hr) and
un-   quality produced from the polymer were the reacted liquid propylene
including most of  same as in Example 1 and are shown in 40  the  aluminium
compound  charged  (895   Table 1. Kg/br). This polymer slurry was
continuously dis-               Example 3.                 105 charged from
the bottom of the reactor and   The procedure described in Example 1
charged to the top 8 of the countercurrent   was repeated under
substantially the  same 45  multicompartment washing tower 7 (as shown
conditions except that propylene oxide was in Figure 1), and propyleneoxide
(150 g/br)   not charged from line 16 of the washing tower was charged from
the sidepipe 16 of 8.     7 shown in Figure 1. The results obtained 110 At
the same time, refined liquid propylene   are shown in Table 1. The quality
of the (1100 Kg/hr) kept at 61 to 64[err]C was con-   polymer obtained from
the bottom  of the 50  tinuously charged from the bottom 9 of the   flash
tank 13 and that of the film produced tower. The plate of each compartment,
agi-  is as the same as in Example 1. tator, bottom discharger, baffle
plate and each nozzle had an angle of 45[err] and the tower
Comparative Example 1.            115 



with 10 compartments was agitated (12 rpm).    The procedure described in
Example 1 55    During this operation, the pressure of the   was repeated
under substantially the same tower was 26.1 to 27.0 Kg/cm[err]G. The poly-
conditions except that the polymerized slurry mer deposited at the bottom
was continuously  discharged from the bottom of the reactor 1 discharged
from line 11 via valve 12 inter-  was directly introduced into the flash
tank  120 locked with level controller LC into the flash   13 without
passage through the counter-cur- 60  tank 13. Liquid propylene (1500 Kg/hr)
in-  rent washing tower 7 as shown in Figure 1. cluding the aluminium
component of the   The results are shown in Table 1. Where the catalyst and
the atactic polymer (15 Kg/hr)  polymer was not passed through the tower,
was discharged from the top 10 of the tower  the boiling n-hexane extract
of 11%  of the 125 to the recovery process for the atactic polymer.
polymer obtained in Example 1 decreased and    1,482,670 the residue  of
aluminium  component of the               Example 4. catalyst increased,
even if..a catalyst of high   (1)  Catalyst Preparation activity and  high
yield .was used. Although  (i)  After a 200 litre autoclave was charged  45
the product could be used  as a moulding   with hexane (48 litres) and
titanium  tetr  - 5  grade polymer, the product was  dimished   chloride
(21 Kg), a solution of diethyl al in value. Moreover, the quality of a film
inium chloride (17 Kg) and hexane (45 litres) produced therefrom, was
inferior to conven-   was charged under an inert atmosphere, and tional
polypropylene film, because the blocking   was kept at 0C  The time
required for  50 quality was poor, and a large number of  charging the
solution was 4 hours. Then the . 10  bubbles  in the film ocurred.
temperature of the reactor was increased to 65C. The contents of the
reactor were stirred for 1 hour, and then cooled and allowed to Comparative
Example 2.           stand.                                      55 The
procedure reported  in Comparative     Then the supernatant liquid was
discharged, Example 1 was repeated under substantially  and  the catalyst
was  washed 5 times  with the same conditions except that titanium tri-
hexane (50 litres) 15  chloride (Toyo Stauffer Co., Ltd. TiCI[err]AA)
(ii)  After hexane (110 litres) and diiso- was used instead of the Solid
.Catalyst III   amyl ether (16 Kg)  had been- added, the  60 prepared in
Example 1. The results are shown   autoclave was kept at 35C, and the
contents in Table l. Comparative Example 2 was in-   wre sirred for 1 hour)
and allowed to stand. ferior to Comparative Example 1 in catalyst    he
supernatant liquid was discharged, and 20  efficiency, 11%, residual ash,
film character-  the catalyst was washed 5 times with hexane istics.
. .   .       (50 litres).                               65 (iii)   After
hexane (41. litres) and titan- ium  tetrachloride (48  Kg) was added, the
Comparative Example 3.               contents were  stirred and kept at
65C The procedure described in Example 1  as   2and  then cooled and
allowed to repeated under substantially the same con-    stand.
.                  70 25  tions except that commercialy available titan-
The supernatant liquid was discharged and ium trichloride AA was used
instead of Solid  the. catalyst was washed 5 times with hexane Catalyst III
prepared  in   Example 1. The   (50 litre). Then  a  solid Catalyst 4  (1l7
Kg) 



results inTable 1 show that the effect of the   was obtained.  This
Catalyst 4 was used in the washing tower was observed sufficiently,  but
following  plymerization.              75 30  loss of the solid polymer
from the discharge line 10 of the top of  the washing tower was   (2)
Polymerization of Propylene and  Re- 3.5%  and was higher than that of
Example      fining   of Product Polymer 1.When the agitation speed of the
washing     The procedure described in Example 1 was tower was not
increased, sometimes the bottom   repeated under substantially the same
condi- 35  of the tower could not be discharged. The   tions except that
the above described Catalyst  80 residual ash (mainly titanium component)
of   4 was  used instead of the  catalyst prepared the polymer obtained
from the bottom 13 in Example 1. The results obtained are shown of the
flash tank was higher than, that of  in Table 1. Although the residual  ash
of  the Example 1. The product could be used as a   titanium  component was
a slightly higher than 40  moulding grade polymer,but the film or fibre
that of Example 1, other results, e.g., the  85 produced therefrom, which
requires high qual-  efficiency of  the washing tower, film quality,
ity,was inferior to conventional polypropylene.  etc. were similar to those
of Example 1.    1,482,670 [err] [err]    1,482,670
8 [e    [err] 9                                       1,482,670 [err]    10
* 1,482,670
10 WHAT WE CLAIM IS:-                        10. A process according to any
preceding 1. A bulk polymerzation process for pro-   Claim, wherein the
polymerization is effected ducing a homopolymer or a copolymer of  at a
pressure of from 10 to 50 Kg/cm[err]G. propylene, which  comprises
polymerizing   11. A process according to any precedin    50 5  propylene
or a mixture of propenene and   Claims wherein the polymerization is
effected another unsaturated hydrocarbon monomer in  for a period of from 1
to 20 hours. liquid propylene in the presence of a catalyst    12. A
process according to any preceding system comprising (a) an activated
titanium    Claim, wherein  the pressure  during  the compound obtained by
reducing titanium    counter-current contacting step is 1 or 2 Kg/  55 10
tetrachloride with an organo aluminium com-   cm[err] lower than the
pressure at  which the 



pound and activating the resulting titanium    polymerization is effect
compound and (b) an organo aluminium com-   13. A process according to  any
preceding pound, and  counter-currently contacting the   Claim, wherein a
mixture of propylene and polymer slurry with liquid propylene, to re-
ethylene is polymerized.              60 15  move solvent soluble polymer
and catalyst    14. A process for producing a homopolymer residue dissolved
in the polymer slurry.  or copolymer of propylene,  as claimed in 2. A
process according to Claim  1, wherein   Claim  1 and substantially as
hereinbefore the counterent contact is effected in a   described.
counter-current washing tower.              15. A process for producing a
bomopolymer  65 20   3. A process according to Claim 2, wherein or
copolymer of propylene, substantially as said counter-current  washing
tower  is a   hereinbefore described with reference to any counter-current
multi-component  washing   one of the foregoing Examples 1 to 4 of the
tower provided with baffle plates and  an  invention. agitator  each of
which has a declivity of  16. A homopolymer or copolymer of propyl-  70 25
from 10 to 80[err]C                           ene when produced by a
process as claimed 4. A process according to Claim 3, wherein  in any
preceding Claim. the declivity is from 30 to 60.             17. A
copolymer according, to Claim 16 5. A process according to Claim 3 or 4,
of propylene and ethylene. wherein the agitator and/or baffle plates are
18. Fibres when produced from a homo-  75 30  rotated at from 1 to 20 rpm.
polymer or copolymer as claimed in Claim 6. A process according to Claim 2,
wherein  16. said counter-current washing tower is a     19. A film when
produced from a homo- counter-current fluidized bed washing tower   polymer
or copolymer as claimed in Claim provided in its lower part with a
plurality   16.                                   80 35  of agitators
comprising  rotatable paddles    20. A moulded article when produced from
building up a fluided bed.                  a homopolymer or copolymer as
claimed in 7. A process according to any of  Claims   Claim 16. 3 to 6,
wherein the upward flow rate of the liquid propylene is from  1/5 to twice
the              GEE & CO. 40  downward flow rate of the slurry.
Chartered Patent Agents, 8. A  process according to Claim 7, wherein
Chancery House, Chancery Lane, the upward flow rate is [err] of the
downward            London WC2A 1QU, flow rate.
and 9. A process according to any preceding             39, Epsom Road, 45
Claim, wherein the polymerization is effected         Guildford, Surrey. at
a temperature of from 30 to 90[err]C.              Agents for the
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