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-    -         -   p Polyethylne is a   ryslle no-dlrhemplat esn  oyehln
is alo'e  eth   odan  a highefrstenth andvenloireates oan feibiprovead
prchessca fressac therearn oftaerethlenemopolystcer ' preparaostion of .
alThu  polyethylenhsxlepori    dse byf the monst  inportant b Polyethylenpe
eins aHrytalieve, onpolrtempatcrsnolyethylene is diavnaeunt al slakof
eoasir troumldan hause:i' 5 poor adhesion, oil rsistance, dyeability, and
heat resistance. "  Various studies have been made to improve polyethylene
so that it is given characteristic properties without deteriorating the
above inherent properties thereof to be developed for formation of
composite *    materials with other materials. In particular,
copolymeriation of ethylene and a vinyl compound having polar groups is
widely 20 industrially conducted because it is advanitageous in that It
enables the introduction of polar groups in a high concentration and the
production thereof in the same plant as used.' K>  However, high-pressure
radical copolymerization of ethylene and such a comonomer having polar
groups involves a     problem of reactivity of the comonomer. That is,
comonomers having a relatively small polymerization reactivity (ice.. the Q
value is less than 0.1) such as vinyl acetate and vinyl propionate are 25
generally introduced into a system at a line having a pressure of lower
than the reaction pressure, such as,   -- It for examrple, at an inlet line
of an ultrahigh pressure compressor, compressed together with ethylene by
the . *    ultrahigh pressure compressor to the reaction pressure, and then
introduced into the reaction vessel. On, ' s the other hand, in the case-
where' comonomers having a high reactivity are 'used, when a mixture' of '
* .:--iethylene and such a comonomer is compressed by an ultrazhighi
pressure compressor, a copolymer of:    t- .: io-ethylene and the
comonomers or a homopolymer of the comonomer may.be produced in an interior
of the compressor, an outiet conduit of the compressor, and other apparatus
due to compression heat The i:-.:-polymier thus- produced attaches to t~he
interior of the compressor, the outiet conduit of the compressor and   i
',-;other apparatus, causing not only an increase. in the amount of leakinq
gas from a- cylinder- of the.'. ';compressor and an in~crease in 'pressure
loss between the~compressor outiet and the reaction vessel whicha 35 willgn
increase the discharge pressure of the compressor but also a cause to clog
the conduits, whereby it -  :-causes a very dangerous condition in
operation. In order to avoid these troubles, when comonomers :,-having a
high reactivity are used, the comonomers are compressed to the reaction
pressure by an ultrahigh pressure pump, singly or together with a solvent,
and then carried to the reaction vessel. h endeIn general; as such
comonomers there are used those which are liquid or solid at ordinary
temperature X:aat'nospheric pressure A   plunger type pump is used as te
ultrahigh pressure pump to compress then chromonomertothe reaction pressure
and carry it to thereaction vessel. As i packing for this type of a pump
there is generally used a self-bound V-shaped packing. However, when a
comonomer having a high i  polyoerization reactivity enters and accumulates
in a V-shaped groove onthe packing, heat polymerization i,. takesrplace in
a relativelybshorteperiod of time due to sliding heat generated in sliding
portions of the :;plunger and the packing. This causes a loss of degree of
freedom of the pacing resulting in leakage atherefrom. Furthermore, the
attachment of the polymer thus produced may even lead to breakage ofmthe
*:,3.pump.   -:    -:---' i.<: ,:.Moreover,- the polymer thus produced also
accumulates in the vicinity of inlet and discharge valves and in the
conduits-of the pump, causing an increase  inyl ofpthe prsin conduit which
may cause 2   logging d of the conduit. This thus causes a very dangerous
condition in operation. Aigs the metrhoadfor candying the comonomerrs to
the reaction vessel. there is generally employed a :,= - ' metho~d
In.whhich sthe;:comonomers. are carried directly to 'the reaction vessel
through a single conduit 



i . ''providedbeeen .the ultrahighgpressuure pumprfor compressionoofhthe a
comonomers and the reaction -  vessel. In this process however, there is a
high possibility that by heat ransfer from  the wall of the reaction 's
vessel the rmnperature in the vcinity of the inlet nozzle attached to the
wall of the reaction vessel rises 2:closetothe reaction temperature
(generally 150 to 2    fC), to cause heat homopolymerization of the ..'.
comonomer. In partcula.when the reaction is anterrupted or stopped, since
the comonomers remain in f- the vicinity of the nozzl, tere s a a high
possibilityuthat prolymerotion occurs therein. When abpolymer -::.
produced by heat polymenizatlon of the comonoer in the vicinity of th~e
nfozle attaches ,to the wall of the * conduit, he                 t the
pressureops e   andnthhee pdceaind th  te ereases which auses ain increase
in th.e dischanrge prisstre o   here pumpwhereby thevOprgahonisgIn a
dangerous stat.eFnurhermxore, when tlia the com onom erse    orhat
hmpolymet  r        o f the  :nozze arothe   in  is inished, it *causres
corgging-te cnuof the nlwhchomaypreakor the p ot~her th operatiduon
resmpes.ion orerat. Tvoed d          r~~~~~-'*l*
- polmerhuproucdatacestthlntri     .fh  -rssrhodtonutfh~otpesrn othr
apartus casin   no ony a   inres. i th  amuno   l-kn    mfo    yidro  h
Pramrananin   -'Ino~ureossbt-*hth *comr    -rudeandtere- tiov. selwich~-
iff  illinceas th  dicag prssr of th  copeso  bu-loacuet  o tecnutweey
d~`q%-  ori prsue.                 P2eprwh    EP 0207161 B1 these troubles,
when the reaction is in progress, the reaction must be immediately
interrupted, or when the reaction is finished, the pump, the conduits and
the inlet nozzle must be immediately dismantled and cleaned. Moreover, when
a comonomer having a high homopolymerizability, i.e., a comonomer having a
Q 5  value, as defined hereinafter, of 0.1 or more, is directly introduced
into the reaction vessel, such a comonomer is not sufficiently dispersed
into ethylene gas in the reaction vessel. This causes local
homopolymerization of the comonomer by-production of gel-like materials in
the finished product or likely leads to abnormal reaction. Furthermore, the
resulting copolymer often lacks randomness, thus giving.a trouble in the
properties of the product. 10     Thus, the production of an ethylene
copolymer using a comonomer having a high reactivity has difficulty in
prolonged operation and is remarkably poor in operation efficiency and
safety as compared with the production of polyethylene and the production
of a copolymer of ethylene and a comonomer having a low reactivity. i5
Disclosure of the Invention It is an object of the present invention to
solve these problems. More particularly, it is an object of the present
invention to provide a process for prolonged and stable production of a
hiqh-quality ethylene copolymer while prevention of heat polymerization of
comonomers around an ultrahigh pressure pump for compressing and carrying
the comonomers and in a carrier conduit by addition of a small amount of a
20  polymerization inhibitor and prevention of clogging of an inlet nozzle
to the reaction vessel by improvement of the process for introducing
ethylene and the comonomers into the reaction vessel. K>              The
present invention is intended for a process for-the preparation of an
ethylene copolymer which comprises introducing one or more comonomers with
a 0 value (copolymerization reactivity index) of 0.1 or more, which are
copolymerizable with ethylene, into a tank-shaped or tubular reaction
vessel by means 26 of an ultrahigh pressure pump and copolymerizing the
comonomer or comonomers with ethylene at a pressure of 500 to 3,000 kg/cm2
and at a temperature of 100 to 3500C using an initiator in the presence or 



absence of a chain transfer agent, characterized in that (1) a gap between
a packing and a retainer in the - ultrahigh pressure pump for the comonomer
is filled with a grease-like oil having incorporated thereinto 2 to 20% by
weight of a polymerization inhibitor and, if desired, 100 to 500 ppm by
weight of a 3 polymerization inhibitor is added to a lubricating oil for
the ultrahigh pressure pump, and that (2) the comonomer or comonomers and a
part or the whole of ethylene which has been compressed by a compressor are
previously mixed with each other at the point where heat transfer from the
reaction vessel is negligible before being introduced into the reaction
vessel. Q value can be expressed by the equation: 35 Pi exp -ei  ej) Ql=
kij 40 wherein Pi represents a constant indicating the reactivity of a
propagating polymer radical; ei and ej each represents a constant
proportional to the charge; kij represents a propagation reaction rate
constant of radical copolymerization; suffix i represents ethylene; and
suffix j represents a comonomer. It can be said that the greater the 0
value, the better the reactivity is. 45    In mixing a comonomer having a 0
value of 0.1 or more with ethylene for copolymerization, when dispersion
state of the comonomer into ethylene is poor, it is more apt to form a
block copolymer at a low conversion, impairing the quality'of the product.
The Q value is described in detail in "Copolymerization I - Reaction
Analysis" (edited by KOBUNSHI GAKKAI, pp. 1-98, published by BAIFUKAN in
1975). 50     A first characteristic of the present invention is that a gap
between a packing and a retainer in an ultrahigh pressure pump for
compressing and carrying the comonomer is filled with a polymerization
inhibitor containing grease-like oil and a lubricating oil for a sliding
portion is added optionally with a polymerization-inhibitor, whereby
polymers produced by heat homopolymerization of the comonomer can be
prevented from attaching to an inner-wall of a cylinder, inlet and
discharge valves, and conduit walls. w  Possible lubrication processes for
the sliding portions of a plunger and the packing by the lubricating oil
include an oil injection process and an oil dip process. Either one of
these processes may be used. A second characteristic of the present
invention is that the comonomer the pressure of which has been increased to
the reaction pressure. and ethylene which has been compressed to the
reaction pressure are previously mixed with each other before being
introduced into the reaction vessel, whereby any possible so polymerization
of the comonomer in an inlet nozzle leading to the reaction vessel can be
avoided and the :diffusion of the comonomer into ethylene gas in the
reaction vessel can be sufficiently accomplished, resulting in production
of a high-quality copolymer having an improved random copolymerizability. *
* In the accompanying drawings: Figs. 1 to 6 show schematic views of the
vicinity of the reaction vessel illustrating embodiments of the 65 present
invention; and 3    EP 0 207 161 BI Figs. 3, 4 and 6 show copolymerization
systems which have been heretofore generally conducted, for comparison. The
reference numerals used in the drawings designate the following components:



5     1   reaction vessel 2   ethylene compressor 3   comonomer storage
tank to 4   pressure-elevating pump for carrying comonomer 5   ethylene
introduction line 15    6   comonomer introduction line 7   mixing zone of
ethylene and comonomer 8   polymerization initiator introduction 20 9
pressure reduction valve. The present invention is hereinafter described in
detail. In order to embody the present invention, an ordinary continuous
high-pressure polyethylene 25 producing apparatus is used. The reaction
vessel may be of either tank-shaped or tubular type and further, it may
comprise a series or parallel combination of two or more of these reaction
vessels. Further, ethylene which has been compressed by an ultrahigh
pressure compressor to the reaction pressure is introduced into the
reaction vessel at one or more points thereof. 30     Figs.1 to 6 show
examples (including comparative examples)-of a conduit in the vicinity of
the reaction vessel. Furthermore, in order to improve the mixing of the
comonomer and ethylene, a mixing zone (7) may be provided with a stationary
mixing apparatus. The reaction pressure is in the range of 500 to 3,000
kg/cm2, preferably 700 to 2,500 kg/cm2. The reaction temperature is in the
range of 100 to 3500C, preferably 150 to 2500C. 35     In the present
invention, all polymerization initiators and chain transfer agents which
are known to be used in copolymerization of ethylene and comonomers can be
used. Examples of the polymerization initiator include hydrogen peroxide;
oxygen; organic peroxides such as diethyl peroxide, tert-butyl
hydroperoxide, di-tert-butyl peroxide, dicumyl peroxide, tert-butyl
peroxybenzoate, tert-butyl peroxyacetate, tert-butyl
peroxy-2-ethylhexanoate, tert-butyl peroxypivalate, 2- 40 ethylhexanoyl
peroxide, pivalyl peroxide, and isopropyl oxydicarbonate; and azo compounds
such as azobisisobutyronitrile and azobis-2,2-diphenyl acetonitrile.
Examples of the chain transfer agent include paraffins such as ethane,
propane, butane, heptane, hexane, and pentane; cycloparaffins such as
cyclohexane and methylcyclohexane; olefins such as propylene, butene-1, and
hexen-1,3-methylpentene-1; aldehydes such as formaldehyde, acetaldehyde,
and 45 propionaldehyde; ketones such as acetone, methyl ethyl ketone,
diethyl ketone, and cyclohexanone; and aromatic hydrocarbons such as
benzene, toluene, and xylene. Examples of comonomers which can be used in
the present invention include the following comonomers having a Q value of
0.1 or more. The figure in the parenthesis indicates the Q value described
in "Copolymerization I - Reaction Analysis" (edited by KOBUNSHI GAKKAI, pp.
396--403, 1975). so     That is, examples include acrylic acid (1.27);
methacrylic acid (2.34); acrylic and methacrylic esters having 1 to 8
carbon atoms in a saturated alcohol component such as methyl acrylate
(0.42), ethyl acrylate (0.42), methyl methacrylate (0.74), ethyl
methacrylate (0.70), butyl acrylate (0.43), 2-ethylhexyl acrylate (0.41),
glycidyl acrylate (0.55), glycidyl methacrylate (0.85), dimethylaminoethyl
methacrylate (0.68), and diethylaminoethyl methacrylate (2.08); maleic
anhydride (0.23); styrene (1.00); N-vinylpyrrolidone (0.14), 5s and
2-vinylpyridine (1.30). The comonomer used in the present invention can be
used singly or in admixture of two or more thereof. That is, the process of
the present invention can be effectively applied to, for example, the case 



where maleic anhydride is introduced into the reaction vessel in the form
of a solution in ethyl acrylate or ethyl methacrylate. 60     Examples of
the grease-like oil into which a polymerization inhibitor is incorporated
and which is filled into the gap between the packing and the retainer in
the ultrahigh pressure -pump for compressing and carrying the comonomer
include various grease-like oils insoluble in the comonomer. Examples of
the lubricating oil used in the ultrahigh pressure pump include
good-quality mineral oils such as liquid paraffin, synthetic oils such as
polybutene and polyalkylene glycols, and mixtures thereof. 65     The
polymerization inhibitors used in the present invention are generally
nucleus-substituted phenols A    EP 0207161 B1 or bisphenols. In this case,
each phenolic nucleus contains at least one substituent selected from the
group consisting of hydroxyl, carboxyl, carbonyl, nitro, amino, amino lower
alkyl, lower alkylamino, lower alkyl, lower alkenyl, and lower alkoxy.
Specific examples include hydroquinone monomethyl ether, P- aminophenol,
p-hydroxybenzaldehyde, hydroquinone, 3,5-xylenol, 2,6-diisopropylphenol,
and 2,6-di-tert- -butyl-4-methylphenol. Besides the above, p-benzoquinone,
phenothiazine and nitrosomesitylene are also effective as the
polymerization inhibitor. The above polymerization inhibitor used in the
present invention can be used singly or in admixture of two or more
thereof. The amount of the polymerization inhibitor incorporated into the
grease-like oil is in the range of 2 to to 20%, preferably 5 to 15% by
weight, based on the grease-like oil. When the content of the
polymerization inhibitor is less than 2% by weight, the effect of
polymerization inhibition is not sufficient, whereas when it exceeds 20% by
weight, no further effect is found. While the amount of the polymerization
inhibitor mixed with the lubricating oil may vary with the kind of the
polymerization inhibitor, the kind of the comonomer and the temperature of
gas discharged from the is outlet of the ultrahigh pressure pump, it can be
in the range of 100 to 5,000 ppm, preferably 500 to 3,000 ppm by weight
based on the lubricating oil. When the content of the polymerization
inhibitor is less than 100 ppm, the effect of polymerization inhibition is
not sufficient, whereas when it exceeds 5,000 ppm, no further effect is
found and, rather, it causes deterioration of unit of the polymerization
initiator in the copolymerization. 20    It is effective and desired in the
light of stable operation and production of high-quality copolymers of the
object of the present invention as well as storage stability of the
comonomer to add and dissolve about 3 to 2,000 ppm of the above
polymerization inhibitor or a mixture thereof to the comonomer. EXAMPLES 25
The effects of the present invention are hereinafter described in detail
with reference to the following examples of the present invention and
comparative examples, but the present invention is not construed as being
limited thereto. Example 1 30     200 kg/hr of ethylene and 2.6 mol% (based
on ethylene) of propane were compressed by an ultrahigh pressure compressor
to 1,5W kg/cm2. The mixture was then mixed with 3.3 kg/hr of glycidyl
methacrylate (Q value = 0.85), a pressure of which had been increased to
1,500 kg/cm2 by an ultrahigh pressure pump using a silicone grpase
containing 10% of p-benzoquinone as a polymerization inhibitor filled in a
V-shaped groove between a packing and a retainer and a polybutene
containing 2,000 ppm of p-benzoquinone as a 35  polymerization inhibitor
added to a lubricating oil. These polymerization inhibitors had been
incorporated 



into the system while a plunger and the packing were assembled. The mixture
was carried into a tank- shaped reaction vessel (volume: 54 1; L/D ='12)
via a conduit system as shown in Fig. 1 and continuously polymerized with 8
g/hr of tert-butyl peroxy-2-ethylhexanoate being added thereto as a
polymerization initiator at a reaction temperature of 1950C. As a result,
26 kg/hr of an ethylene-glycidyl methacrylate 40  copolymer having a melt
index (determined in accordance with JIS K-.6760) of 2 g/10 min., a density
of 0.93, and a glycidyl methacrylate content of 12% by weight was obtained.
A stable operation could be performed for about 160 hours after initiation
of the polymerization. The operation was then stopped to check the
ultrahigh pressure pump and the conduit. As a result, attachment of
polymers was not found. When the copolymer was then formed into a film of
100 microns in thickness at 45  a resin temperature of 2000C and an
extrusion rate of 0.8 kg/hr by means of a T-die extruder of 20 mm in
diameter, a film excellent in transparency having 5 or less fish eyes per
1,000 cm2 was obtained. Comparative Example 1 Polymerization was conducted
in the same manner as used in Example 1 except that the V-shaped 50 groove
between the packing and the retainer of the ultrahigh pressure pump was not
filled with the polymerization inhibitor. As a result, leakage of the
comonomer occurred at the packing of the ultrahigh pressure pump about 20
hours after initiation of the polymerization and, hence, the operation was
stopped. After the operation was stopped, the ultrahigh pressure pump and
the conduit were dismantled and checked. However, the plunger of the pump
could not be withdrawn from the pump due to the formation of 5s polymers.
Furthermore, the valves and the conduit were found to be clogged by the
polymers. Comparative Example 2 Polymerization was conducted in the same
manner as used in Example 1 except that the V-shaped groove between the
packing and the retainer of the ultrahigh pressure pump was filled with a
silicone 6o grease containing 1% of p-benzoquinone as the polymerization
inhibitor. As a result, leakage of the comonomer occurred at the packing of
the ultrahigh pressure pump about 40 hours after initiation of the
polymerization and, hence, the operation was stopped. After the operation
was stopped, the ultrahigh pressure pump and the conduit were dismantled
and checked. As a result, polymers were observed on the cylinder packing of
the pump. 66 5    *~~~  v EP 0207161 BI Comparative Example 3
Polymerization was conducted in the same manner as used in Example 1 except
that a tank-shaped rhaction vessel having a conduit system as shown in Fig.
3 was used. As a result, there was found no abnormality in the ultrahigh
pressure pump. However, when the copolymer thus prepared was tested for -~
film properties in the same manner as used in Example 1 by means of a T-die
extruder of 20 mm, it was v   observed that the number of fish eyes was 100
or more. Thus, the operation was stopped about 30 hours after initiation of
the polymerization. Example 2 to    400 kg/hr of ethylene was compressed by
an ultrahigh pressure compressor to 1,700 kgIcm2. The ethylene was mixed
with 15.0 kg/hr of dimethylaminoethyl methacrylate (0 value = 0.68), a
pressure of which had been increased to 1,700 kg/cm2 by an ultrahigh
pressure pump using a silicone grease containing 5% of hydroquinone
monomethyl ether as a polymerization inhibitor filled in a V-shaped groove 



between a packing and a retainer and a polyalkylene glycol containing 3,000
ppm of hydroquinone i5 monomethyl ether as a polymerization inhibitor added
to a lubricating oil. These polymerization inhibitors had been incorporated
into the system while a plunger and the packing were assembled. The mixture
was carried into a tank-shaped reaction vessel (volume: 541; UD = 12) via a
conduit system as shown in Fig. 1 and continuously polymerized with 60 g/hr
of tert-butyl peroxypivalate being added thereto as a polymerization
initiator at a reaction temperature of 160lC. As a result, 35 kg/hr of an
ethylene- 20 dimethylaminoethyl methacrylate having a melt index
(determined in accordance with JIS K-6760) of 310 g/10 min., a density of
0.94, and a dimethylaminoethyl methacrylate content of 39% by weight was
obtained. A stable operation could be performed for about 200 hours after
initiation of the polymerization. The operation was then stopped to check
the ultrahigh pressure pump and the conduit. As a result, attachment 25 of
polymers was not found. 7.9% by weight of the comonomer, 92% by weight of a
polypropylene homograde Noblen* FL800 (produced by Sumitomo Chemical Co.,
Ltd.; melt index: 10 g/IO min. (determined in accordance with AIS K-6758f),
and 0.1% by weight of Irganoxt' 1010 (produced by Ciba- Geigy AG) as a
stabilizer were melt kneaded at a temperature of 200rC by means of an
extruder of 30 mm in diameter (LD = 28) to obtain composition pellets. The
pellets thus obtained were then formed into a film of 3o 70 microns in
thickness at a resin temperature of 2000C and an extrusion rate of 0.8
kg/hr by means of a T- die extruder of 20 mm in diameter IL/D = 20). As a
result, a film excellent in transparency having 5 or less fish eyes per
1,000 cm2 was obtained. Comparative Example 4 3s     Polymerization was
conducted in the same manner as used in Example 2 except that a tank-shaped
reaction vessel (volume: 50 1; L/D = 12) having a conduit system as shown
in Fig. 3 was used and that a polyalkylene glycol containing no
polymerization inhibitor was used as the lubricating oil. As a result,
leakage of the comonomer occurred at the packing of the ultrahigh pressure
pump about 30 hours after initiation of the polymerization and, hence, the
operation was stopped. After the operation was stopped, 40 the ultrahigh
pressure pump and the conduit were dismantled and checked. As a result,
polymers were observed on the cylinder packing of the pump. Furthermore,
polymers were found to attach to the inner wall of the conduit in a
thickness of about 1.0 mrri. Comparative Example 5 45     Polymerization
was conducted in the~same manner as used in Example 2 except that a
polyalkylene glycol containing 70 ppm of hydroquinone monomethyl ether as
the polymerization inhibitor was used as the lubricating oil. As a result,
leakage of the comonomer occurred at the packing of the ultrahigh pressure
pump about 50 hours after initiation of the polymerization and, hence, the
operation was stopped. Furthermore, polymers were observed on the inner
wall of the conduit. 50 Comparative Example 6 Polymerization was conducted
in the same manner as used in Example 2 except that a tank-shaped reaction
vessel having a conduit system as shown in Fig. 3 was used. As a result,
there was found no abnormality on the ultrahigh pressure pump. A mixture of
the copolymer and a polypropylene homograde 5S NoblenO FL800 was tested for
film properties in the same manner as used in Example 2 by means of a T-die
extruder of 20 mm in diameter. As a result, there were observed 300 or more
fish eyes. Example 3 200 kg/hr of ethylene and 1.0 mol% (based on ethylene)
of propane were compressed to 1,700 kg/cm2 60 by an ultrahigh pressure
compressor. The mixture was then mixed with 5.7 kg/hr of a methyl
methacrylate (Q value = 0.74) solution of 14% by weight of maleic anhydride
(Q value = 0.23), a pressure of which had been increased to 1,700 kg/cm2 by
an ultrahigh pressure pump using a silicone grease containing 10% of 



hydroquinone monomethyl ether as a polymerization inhibitor filled in a
V-shaped groove between a packing and a retainer and polybutene containing
1,000 ppm of hydroquinone monomethyl ether as a 65 polymerization inhibitor
added to a lubricating oil. These polymerization inhibitors had been
incorporated 6    EP 0207161 B1 into-the system while a plunger and the
packing of the pump were assembled. The mixture was carried into a
tank-shaped reaction vessel (volume = 541; LID = 12) having a conduit
system as shown in Fig. 1 and continuously polymerized with 15 g/hr of
tert-butyl peroxypivalate being added thereto as a polymerization initiator
at a reaction temperature of 1800C. As a result, 26 kg/hr of an
ethylene-methyl methacrylate-maleic 5 anhydride copolymer having a melt
index (determined in accordance with JIS K-6760) of 8 g/10 min., a density
of 0.94, a methyl methacrylate content of 18% by weight, and a maleic
anhydride content of 3% by weight -was obtained. A stable operation could
be performed for about 200 hours after initiation of the polymerization.
The operation was then stopped. The ultrahigh pressure pump and the conduit
were dismantled and checked. to As a result, attachment of polymers was not
found. The copolymer was then formed into a film of 70 microns in thickness
at a resin temperature of 2000C and an extrusion rate of 0.8 kg/hr by means
of a T-dle extruder of 20 mm in diameter IUD = 20). As a result, a film
excellent in transparency having 15 or less fish eyes per 1,000 cm2 was
obtained. is                                  Comparative Example 7
Polymerization was conducted in the same manner as used in Example 3 except
that polybutene free of the polymerization inhibitor was used as the
lubricating oil for the ultrahigh pressure pump. As a result, the discharge
pressure of the pump was raised to 2,000 kg/cm2 against the reaction
pressure of 1,700 kg/cm2 about 20 hours after initiation of the
polymerization and, hence, the operation was stopped. 20    After the
operation was stopped, the ultrahigh pressure pump and the conduit were
dismantled and checked. As a result, polymers were found to attach to the
inner wall of the conduit in a thickness of about 0.5 mm. Comparative
Example 8 Polymerization was conducted in the same manner as used in
Example 3 except that polybutene 26 containing 50 ppm of hydroquinone
monomethyl ether as the polymerization inhibitor was used as the
lubricating oil. As a result, the discharge pressure of the ultrahigh
pressure pump was raised to 2,000 kg/ cm2 about 30 hours after initiation
of the polymerization and, hence, the operation was stopped. Furthermore,
polymers were observed on the inner wall of the conduit. 30
Comparative Example 9 Polymerization was conducted in the same manner as
used in Example 3 except that a tank-shaped reaction vessel having a
conduit system as shown in Fig. 3 was used. As a result, there was observed
no abnormality in the ultrahigh pressure pump. However, when the copolymer
was tested for film properties in the same manner as used in Example 3 by
means of a T-die extruder of 20 mm in diameter, it was found s5 that the
number of fish eyes was 200 or more. Thus, the operation was stopped about
50 hours after initiation of the polymerization. Example 4 200 kg/hr of
ethylene and 7.0 mol% (based on ethylene) of propane were compressed to
1,950 kg/cm2 40 by an ultrahigh pressure compressor. The mixture was then
mixed with 5.3 kg/hr of methyl methacrylate (Q value = 0.74), a pressure of
which had been increased to 1,950 kg/cm2 by an ultrahigh pressure pump
using 



a silicone grease containing 5% of hydroquinone monomethyl ether as a
polymerization inhibitor filled in a V-shaped groove between a packing and
a retainer of the pump and polybutene containing 500 ppm of hydroquinone
monomethyl ether as a polymerization inhibitor used as a lubricating oil.
These 45 polymerization inhibitors had been incorporated into the system
while a plunger and the packing of the pump were assembled. The mixture was
then carried into a tubular reaction vessel (inner diameter: 13 mm; length:
300 m) having a conduit system as shown in Fig. 2 and continuously
polymerized with 8 g/hr of tert-butyl peroxy-2-ethylhexanoate being added
thereto as a polymerization initiator at a reaction temperature of 1850C.
As a result, 25 kg/hr of an ethylene-methyl methacrylate copolymer having a
melt 50 index (determined in accordance with JIS K-6760) of 70 g/10 min., a
density of 0.93, and a methyl methacrylate content of 20% by weight was
obtained. A stable operation could be performed for about 200 hours after
initiation of the polymerization. The operation was then stopped. The
ultrahigh pressure pump and the conduit were dismantled and checked. As a
result, attachment of polymers was not found. Furthermore, when the
copolymer was formed into a ss film of 70 microns in thickness at a resin
temperature of 200tC and an extrusion rate of 0.8 kg/hr by means of a T-die
extruder of 20 mm in diameter, a film excellent in transparency having 10
or less fish eyes per 1,000 cm2 was obtained. Comparative Example 10 60
Polymerization was conducted in the same manner as used in Example 4 except
that a tubular reaction vessel (inner diameter: 13 mm; length: 300 m)
having a conduit system as shown in Fig. 2 was used, the V- shaped groove
between the packing and the retainer of the ultrahigh pressure pump was not
filled with a polymerization inhibitor, and that polybutene free of a
polymerization inhibitor was used as the lubricating oil. As a result,
leakage of the comonomer occurred at the packing of the ultrahigh pressure
pump about 50 S5 hours after initiation of the polymerization and, hence,
the operation was stopped. A     .    EP 0 207 161 B1 After the operation
was stopped, the ultrahigh pressure pump and the conduit were dismantled
and checked. As a result, polymers were found to attach to the inner wall
of the conduit in a thickness of about 0.5 mm. Comparative Example 11
Polymerization was conducted in the same manner as used in Example 4 except
that the V-shaped groove between the packing and the retainer of the
ultrahigh pressure pump was filled with a silicone grease containing 1% of
hydroquinone monomethyl ether as a polymerization inhibitor and that
polybutene containing 20 ppm of hydroquinone monomethyl ether as a
polymerization inhibitor was used to as the lubricating oil. As a result,
leakage of the comonomer occurred at the packing of the ultrahigh pressure
pump about 70 hours after initiation of the polymerization and, hence, the
operation was stopped. Furthermore, polymers were found on the inner wall
of the conduit. Comparative Example 12 i5     Polymerization was conducted
in the same mariner as used in Example 4 except that a tubular reaction
vessel having a conduit system as shown in Fig. 4 was used. As a result,
there was observed no abnormality in the ultrahigh pressure pump. However,
when the copolymer was tested for film properties in the same manner as
used in Example 4 by means of a T-die extruder of 20 mm in diameter, it was
found that the number of fish eyes was 200 or more. 20 



Example 5 220 kg/hr of ethylene was compressed to 2,000 kg/cm2 by an
ultrahigh pressure compressor. The ethylene was then mixed with 26 kg/hr of
methyl acrylate (Q value = 0.42) and 1.3 kg/hr of glycidyl methacrylate (Q
value = 0.85) at separate lines, pressures of which had been respectively
increased to 25  2,000 kg/cm2 by separate ultrahigh pressure pumps using a
silicone grease containing 10% of p- benzoquinone as a polymerization
inhibitor filled in a V-shaped groove between a packing and a retainer of
the pump and polybutene containing 2,000 ppm of p-benzoquinone as a
polymerization inhibitor used as a lubricating oil. These polymerization
inhibitors had been previously incorporated into the system while a plunger
and the retainer of the pump were assembled. The mixtures were then carried
into a tank-shaped 30  reaction vessel (volume: 54 I; UD = 12) having a
conduit system as shown in Fig. 5 and continuously polymerized with 9 g/hr
of tert-butyl peroxy-2-ethylhexanoate being added thereto as a
polymerization initiator at a. reaction temperature of 160C. As a result,
42 kg/hr of an ethylene-methyl acrylate-glycidyl methacrylate copolymer
having a melt index (determined inraccordance with JIS K-6760) of 6 g/10
min., a density of 0.95, a methyl acrylate content of 60% by weight, and a
glycidyl methacrylate content of 3% by 35 weight was obtained. A stable
operation could be performed for about 200 hours after initiation of the
polymerization. The operation was then stopped. The ultrahigh pressure pump
and the conduit were then dismantled and checked. As a result, attachment
of polymers was not found. Furthermore, when the copolymer was formed into
a film of 60 microns in thickness at a resin temperature of 200C and an
extrusion rate of 0.8 kg/ 40  hr by means of a T-die extruder of 20 mm in
diameter (UD = 20), a film excellent in transparency having 5 or less fish
eyes per 1,000 cm2 was obtained. Comparative Example 13 K....'
Polymerization was conducted in the same manner as used in Example 5 except
that a tank-shaped 45  reaction vessel (volume: 54 1; UD: 12) having a
conduit system as shown in Fig. 6 was used, the V-shaped groove between the
packing and the retainer of the ultrahigh pressure pump was filled with a
silicone grease containing 0.5% of p-benzoquinone as a polymerization
inhibitor, and that polybutene free of a polymerization inhibitor was used
as a lubricating oil. As a result, the discharge pressure of the ultrahigh
pressure pump was raised to 2,300 kg/cm2 against the reaction pressure of
2,000 kg/cm2 about 20 hours so after initiation of the polymerization,
causing leakage of the comonomer at the packing of the ultrahigh pressure
pump and, hence, the operation was stopped. After the operation was
stopped, the ultrahigh pressure pump and the conduit were dismantled and
checked. As a result, polymers were found to attach to the inner wall of
the conduit in a thickness of about 0.5 mm. 55 Comparative Example 14
Polymerization was conducted in the same manner as used in Example 5 except
that the V-shaped groove between the packing and the retainer of the
ultrahigh pressure pump was not filled with a polymerization inhibitor and
that polybutene containing 50 ppm of p-benzoquinone as a polymerization 60
inhibitor was used as a lubricating oil. As a result, leakage of the
comonomer occurred at the packing of the ultrahigh pressure pump about 20
hours after initiation of the polymerization and, hence, the operation was
stopped. Furthermore, polymers were found to attach to the inner wall of
the conduit in a thickness of about 0.5 mm. 65 8  



EP 0 207 161 81 Comparative Example 15 Polymerization was conducted in the
same manner as used in Example 5 except that a tank-shaped reaction vessel
having a conduit system as shown in Fig. 8 was used. As a result, there was
observed no abnormality in the ultrahigh pressure pump. However, when the
copolymer was tested for film properties 5 in the same manner as used In
Example 5 by means of a T-die extruder of 20 mm in diameter, there were
observed many lumps of fish eyes. Thus, the operation was stopped about 20
hours after initiation of the polymerization. Example 6 t0    200 kg/hr of
ethylene was compressed to 2,100 kg/cm2 by an ultrahigh pressure
compressor. The ethylene was then mixed with 22 kg/hr of methyl acrylate (0
value = 0.42), a pressure of which had been increased to 2,100 kg/cm2 by an
ultrahigh pressure pump using a silicone grease containing 10% of
hydroquinone monomethyl ether as a polymerization inhibitor filled in a
V-shaped groove between a packing and a retainer of the pump. The
polymerization inhibitor had been previously incorporated into the 15
system while a plunger and the packing of the pump were assembled. The
mixture was then carried into a tank-shaped reaction vessel (volume = 54 1;
/D = 12) having a conduit system as shown in Fig. 5 and continuously
polymerized with 10 g/hr of tert-butyl peroxy-2-ethylhexanoate being added
thereto as a polymerization initiator at a reaction temperature of 1700C.
As a result, 38 kg/hr of an ethylene-methyl acrylate copolymer having a
melt index (determined in accordance with JIS K-6760) of 5 g/10 min., a 20
density of 0.95, and a methyl acrylate content of 58% by weight was
obtained. A stable operation could be performed for about 200 hours after
initiation of the polymerization. The operation was then stopped. The
ultrahigh pressure pump and the conduit were checked. As a result,
attachment of polymers was not found. Furthermore, when the copolymer was
formed into a film of 60 microns in thickness at a resin temperature of
200*C and an extrusion rate of 0.8 kg/hr by means of a T-die 25 extruder of
20 mm in diameter (IUD = 20), a film excellent in transparency having 5 or
less fish eyes per 1,000 cm2 was obtained. Comparative Example 16
Polymerization was conducted in the same manner as used in Example 6 except
that the V-shaped 30 groove between the packing and the retainer of the
ultrahigh pressure pump was not filled with a polymerization inhibitor. As
a result, leakage of the comonomer occurred at the packing of the ultrahigh
pressure pump about 20 hours after initiation of the polymerization and,
hence, the operation was stopped. Furthermore, polymers were found to
attach to the inner wall of the conduit. Tables 1 to 3 show the summary of
Examples 1 to 6 and Comparative Examples 1 to 16. 35 40 45 s0 56 60 65 9
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0                    0 a 200    EP 0207161 BI INDUSTRIAL APPLICABILITY The
present invention prevents heat homopolymerization of comonomers, whereby
leakage of the comonomers from the packing of the pump and danger such as
clogging of the conduit and breakage of the pump can be prevented. The
present invention also can remarkably reduce the frequency of dismantling s
and cleaning of the pump, conduit and inlet nozzle after the end of the
operation, improving operation efficiency. This reduces the cost.
Furthermore, the effect of diffusion of the comonomer into ethylene gas is
sufficiently attained, further improving random copolymerizability. This
not only enables the production of a high-quality copolymer having less gel
content but also facilitates the reaction control, improving the reaction
stability. Thus, the present invention has an extremely great industrial
significance. to Claims Is     1. A process for the preparation of an
ethylene copolymer which comprises introducing one or more comonomers
having a Q value (copolymerization reactivity index) of 0.1 or more, which
are copolymerizable with ethylene, into a tank-shaped or tubular reaction
vessel by means of an ultrahigh pressure pump and copolymerizing the
comonomer or comonomers with ethylene at a pressure of 500 to 3,000 kg/cm2
and at a temperature of 100 to 3500C using an initiator in the presence or
absence of a chain 20 transfer agent, characterized in that (1) a gap
between a packing and a retainer in the ultrahigh pressure pump for the
comonomer is filled with a grease-like oil having incorporated thereinto 2
to 20% by weight of a polymerization inhibitor and 100 to 5,000 ppm by
weight of a polymerization inhibitor is optionally added to a lubricating
oil for the ultrahigh pressure pump, and that (2) the comonomer or
comonomers and a part or the whole of ethylene which has been compressed by
a compressor are previously mixed with each 25 other at the point where
heat transfer from the reaction vessel is negligible before being
introduced into the reaction vessel. 2. A process as claimed in Claim 1,
wherein said comonomer is selected from the group consisting of acrylic
acid, methacrylic acid, ethyl acrylate, ethyl methacrylate, methyl
acrylate, methyl methacrylate, glycidyl acrylate, glycidyl methacrylate,
dimethylaminoethyl methacrylate, and maleic anhydride. 30 Pat enta nasp
ruch e 



1. Verfahren zur Herstellung von Athylencopolymerisaten, wobei man eines
oder mehrere 3s  Comonomere mit einem Q-Wert
(Copolymerisationsreaktivititsindex) von 0,1 oder gr6ger, die mit Athylen
copolymerisierbar sind, in ein tankf6rmiges oder rohrformiges
Reaktionsgef&S unter Verwendung einer Ultra-Hochdruckpumpe einbringt und
das Comonomer oder die Comonomeren mit Athylen bei einem Druck von 500 bis
3000 kg/cm2 und einer Temperatur von 100 bis 350C unter Verwendung sines
Initiators in  Gegenwart oder Abwesenheit eines  Ketten0bertragungsmittels
copolymerisiert, dadurch 40 gekennzeichnet, daG (1) ein Zwischenraum
zwischen einer Dichtung und einer Haltevorrichtung in der
Ultra-Hochdruckpumpe fOr das Comonomer mit einem fettartigen (51 gefiilt
ist, in das 2 bis 20 Gew.-% aines Polymerisationsinhibitors einverleibt
wurde und gegebenanfalls 100 bis 5000 ppm, bezogen auf das Gewicht, eines
Polymerisationsinhibitors zu einem Schmierol der Ultra-Hochdruckpumpe
zugageben wurde und daB (2) das Comonomer oder die Comonomeren und sin Teil
oder die gesamte Menge des mit 4s Hilfe sines Kompressors komprimierten
Athylens zuvor miteinander an einer Stelle vermischt werden, an der die
Warmeubertragung vom ReaktionsgefaB vernachlissigbar ist, bevor sie in das
ReaktionsgeflB eingebracht werden. 2. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB das Comonomer aus der nachstehenden Gruppe gewihlt
wird: Acrylsaure, Methacrylsaure, Athylacrylester, Athylmethacrylester,
Methylacrylester, 5o Methylmethacrylester, Glycidylacrylester,
Glycidylmethacrylester, Dimethylaminoathylmethacrylester und
Maleinsaureanhydrid. Revendiications 55 1. Un proc6de pour la preparation
d'un copolymere d'6thylbne qui consiste A introduire dans un r6acteur
tubulaire ou en forme de cuve, A I'aide d'une pompe tres haute pression, un
ou plusieurs comonomeres ayant une valeur Q (indice de reactivit6 de la
copolymerisation) de 0,1 ou plus, qui sont copolym6risables avec l'6thylene
et a copolymeriser le ou les comonomeres avec l'6thylene sous des 60
pressions de 500 3 3000 kg/cm2 et a une temperature de 100 a 3500C par
emploi d'un amorceur en presence ou en I'absence d'un agent de transfert de
chalne, caracterise en ce que (1) I'espace entre la garniture et la boite
du presse-etoupe dans la pompe tres haute pression pour le comonomere est
rempli avec une huile A l'aspect de graisse A laquelle sont incorpor6s 2 A
20% en poids d'un inhibiteur de polymerisation, que 100 a 5000 ppm en poids
d'un inhibiteur de polym6risation sont accessoirement ajout6s a l'huile
lubrifiante pour cs  Ia pompe tres haute pression et qua (2) le ou les
comonomeres et une partie ou la totalite de l'6thylene qui a 21    EP
0207161 B1 INDUSTRIAL APPLICABILITY -4              The present invention
prevents heat homopolymerization of comonomers, whereby leakage of the -
comonomers from the packing of the pump and danger such as clogging of the
conduit and breakage of the pump can be prevented. The present invention
also can remarkably reduce the frequency of dismantling 5  and cleaning of
the pump, conduit and inlet nozzle after the end of the operation,
improving operation efficiency. This reduces the cost. Furthermore, the
effect of diffusion of the comonomer into ethylene gas is sufficiently
attained, further improving random copolymerizability. This not only
enables the production of a high-quality copolymer having less gel content
but also facilitates the reaction control, improving the ,0 reaction
stability. Thus, the present invention has an extremely great industrial
significance. Claims 16    1. A process for the preparation of an ethylene
copolymer which comprises introducing one or more 



comonomers having a Q value (copolymerization reactivity index) of 0.1 or
more, which are copolymerizable with ethylene, into a tank-shaped or
tubular reaction vessel by means of an ultrahigh pressure pump and
copolymerizing the comonomer or comonome   with ethylene at a pressure of
500 to 3,000 kg/cm2 and at a temperature of 100 to 350tC using an initiator
in the presence or absence of a chain 20 transfer agent, characterized in
that (1) a gap between a packing and a retainer in the ultrahigh pressure '
pump for the comonoaer is filled with a grease-like oil having incorporated
thereinto 2 to 20% by weight of ,  a polymerization inhibitor and 100 to
5,000 ppm by weight of a polymerization inhibitor 18 optionally added to a
lubricating oil for the ultrahigh pressure pump, and that (2) the comonomer
or comonomers and a part or the whole of ethylene which has been compressed
by a compressor are previously mixed with each - o the te oithere he tase
he reaction vessel is negligible before being introduced into the
rtereaction vessel 2. A process as claimed in Claim 1,  said comonomer is
selected from the group consisting of acrylic acid, methacrylic acid, ethyl
acrylate, ethyl methacrylate, methyl acrylate, methyl methacrylate,
glycidyl acrylate, glycidyl mothacrylate, dimethylaminoethyl methacrylate,
and maleic anhydride. I     ~~30 patentnepriche 1. Verfahren zur
Herstellung von Athylencopolymerisaten, wobei man sines odor mehrere
illung- von               0~~~vo 01 ode" grib~erv die mit Athylen 35~~~~~~
~~~ CoooeemtenmQWr Copolymerisationsreaktivitatsindex) von 0,inrgoe, i  i
tyer :8 omonomere mit. einemn Q-Wert              ~Os  ne Vredn
copolymeii*ierbar sind, in ein tankformiges oder  odor die Comonsmeren mit
AA y  *end   ei-ne ultra-Hochdru~ckpumPOe inbringt und des Comoflomer odr
Ci Comnomar Vendmit stinbei enieiator Druck von 500 bis 3000 kg/cm2 und
einer Temperatur von 100 bis 3500C unter rerwendung ames Initiators in
Gagvnwart oder Abwesenheit sines  Kettenbertragungsmit         olymeisirt
dadurch 0  gekennzeichnet da (1) ein Zwischenraum zwischen einer Dichtung
und einer  2 btevorrichtung in der 40  tekenoichnot, umea f1r da  omfoer
mit ainern fettartigen 61 gefollt 1st, in da 2 ni 20 Gew.s i  Kompre  Or
das Corprmonome        gebennSZv e nfchallsg r  0s beirsi 5 n dpbzg eines
Poiymerisationsinhibitors einverleibt wurde und gegeelnal  0  i 00pm  eoe
u  e 2. Verfahran nach Anspiuch 1, dadurch gekeneznichnetr day des
Comonomar aus der nachstehenden Gruppe gewihet wird: Acrylsiurer
Methacrylszura. Athylacrylestar, Athylmethacrylester Menthylacgylesterm u50
e udoll 2        ydes r ClycdylacylesterI diyejylmethacrylesterd
sinetlaStolle mitwarden, und Maroinsrursenhydrad. RavefldioatIs~ 455    1.
Un proced6 pour la preparation d'un copolymien d'sthylena qui consiste a
introduire dens un racteuir tubulaira ou en forme de cuva, a l'aide d'une
pomps tres haute prassion. un ou plusieui5 comonomeres ayanlt una valeur Q
(indice da reactivit6 de le copoiymerisation) da 0,1 ou plus, qui sont
copolymerisables avec l'nthylene at a copolymeriser to ou las comonomeres
avec ldethylcne sous des 60 pressions da 500 a 3000 kg/cm2 at 3 une
temperature da 100 a 350'0C per amploi d'un amorcaur an presence ou en
l'absenca d'un agent de transfart de chatne, caracteris6 en ce qua (1
l'espace entra Ia garniture at la botae du pressgwhtoupa dAns ia pompe trys
haute pression pour Is comoflomr Ae est rempli avac une huile 3 I'aspect de
graissa 3 laqualle sont incorpoi65 2 a 20% an poids d'un inhibitaui' de
polym~risation, qua 100 3 5000 ppm  en poids d'un inhibiteur de
polymeiioation sont accessoirement ajoutds 3 I'huil r Iubiifiante pour la
pompe tres haute pression at qua (2) Is ou las comonom pres at una partia
ou Ia totelite de l' ethylene qut a * C L N S * |
~~~~~~~~~~~~~~~~~21 r~acter tublaireOu On form  de cve 6 aide 'une   I
1||u| p11us 111111111111 



EP 0207161 BI 6t comprim6 par un compresseur sont pr6alablement m6lang6s
entre eux A 1'endroit od le transfert de chaleur 3 partir du reacteur est
n6gligeable, avant d'etre introduits dans le r6acteur. 2. Procede selon la
revendication 1, dans lequel ledit comonomere est choisi dans le groupe
consistant en acide acrylique, acids m6thacrylique, acrylate d'ethyle,
methacrylate d'ethyle, acrylate de m6thyle, m6thacrylate de m6thyle,
acrylate de glycidyle, m6thacrylate de glycidyle, m6thacrylate de
dimethylaminomethyle et anhydride mal6ique. J0 10 15 20 26 30 35 60 50 55
60 65 221 ll    


