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the amount of polyethylene pipes used is rapidly increasing
in recent years.
Polyethylene pipes are required to have the following
properties:
(1) the above-described characteristics;
-20 _ (2) impact resistance sufficient to endure impacts
given at the time when and after they are set; and
(3) excellent long-term durability under gas or water
pressure (specifically, environmental stress cracking
resistance and internal pressure creep resistance). The
25 conventional polyethylene pipes already posess the above
properties (1) and (2). With respect to the long-term
durability (3), the conventional pipes can meet the IS0
standard, i.e. 50-year durability at normal temperatures
under an internal bressure, expressed in +terms of
30 circumferential stress, of approximately 8 MPa. However,
the conventional polyethylene pipes are still insufficient:
in the long-term durability for use under severer
conditions, such as main pipes for gases or running water
which have a large diameter and undergo high internal
35 pressure. For this reason, they are presently used only
for branch pipes and the like, having a small diameter.
The long-term durability of a polyethylene pipe is



fof branch pipes and the like, having a snall dianeter. The
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obj ect Can be alttai ned by the use of a specific Ilnear‘go
resin molecular weight or to decrease the density “of “the
polyethylene. However, when the molecular weight is

increased, the fluidity of the polyethylene is lowered, so
that the molding properties such as pipe-extrusion
properties and injection moldability are impaired. When

20 the density is decreased, the rigidity of the polyethylene
is unfavorably lowered.

An object of the present invention is to overcome the
aforementioned drawbacks in the prior art and provide pipes
made of polyethylene resins, which have improved

25 environmental stress cracking resistance and thus have
improved long-term durability with the rigidity and impact
resistance maintained high and which can be produced with
good moldability at high productivity.

SUMMARY OF THE INVENTION
30 It has now been found that the above object can be

attained by the use of a specific linear polyethylene resin
having specific physical properties.
Thus, the present invention provides a pipe made of a
polyethylene resin which is a linear polyethylene having
35 the following physical properties (1) to (4):
(1) a melt flow rate of 0.02 to 0.2 g/10 min,
(2) a flow ratio of 50 or more,



Ravi ng specific physical properties. Thus, the present invention

provi des a pipe nade of a pol yet hyl ene resin which is a |linear

pol yet hyl ene havi ng 35 the foll ow ng physical properties (1) to (4):

(1) anelt flowrate of 0.02 to 0.2 g/10 mn, (2) aflowratio of
50 or nore, 3 - 3 - (3) a
density of 0.945 to 0.960 g/cnferr], and - (4) a relaxation
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catal ytic conponent containing at |least My, Ti and 15 hal ogen, and (b) an
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10 DETAILED DESCRIPTION OF THE INVENTION
The linear polyethylene for use in the present

invention is preferably produced by the use of a
Ziegler-Natta catalyst. A catalyst system composed of (a)
a solid catalytic component containing at least Mg, Ti and
15 halogen, and (b) an organcaluminum compound is suitable as
the Ziegler-Natta catalyst. Examples of such a catalyst
system include those described in Japanese Laid-Open Patent
Publications Nos. 119980/1974, 58189/1974, 142689/1975 and
61406/1981. These catalysts are advantageous with respect
20 to polymerization activity and coloring over other
catalysts such as titanium trichlofide-alkyl aluminum
catalysts and titanium tetrachloride-trialkoxy wvanadyl-
alkyl aluminum catalysts. When a catalyst other than the
Ziegler-Natta catalysts is used for producing a linear
25 polyethylene, it is difficult to control the
copolymerizability of monomers used and the molecular
weight distribution of the resulting polyethylene; the
intended environmental stress cracking resistance can be
obtained with difficulty. Among the above-described
30 Ziegler-Natta catalysts which can be suitably used in the
present invention, preferable one is a catalyst system as
described in Japanese Laid-Open Patent Publication No.
61406/1981, etc., consisting of (a) a reaction product of

an oxygen-containing organic Mg compound, an oOxygen-



al'’kyl al um num catal ysts. Wen a catalyst other than the

Ziegler-Natta catalysts is used for producing a |linear 25 pol yet hyl ene,
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general 20
1nclude magnesium diethoxide, magnesium dimethoxide,

15 magnesium diphenoxide, magnesium monoethoxychloride,
magnesium monophenoxychloride, magnesium monoethoxybromide
and magnesium monoethoxyiodide. 0f these, magnesium
diethoxide is particularly preferred.

A compound represented by the following general

20 formula: '

Ti{OR?). X% .
wherein R? represents an alkyl, aryl or cycloalkyl group,
X? represents a halogen atom, and n is 1 to 4, may be used
as the oxygen-containing organic Ti compound. Specific

25 examples of such a compound include tetraethoxytitanium,
tetra-n-butoxytitanium, diethoxydichlorotitanium, di-n-
butoxydichlorotitanium, triethoxymonochlorotitanium, tri-n-

butoxymonochlorotitanium, ethoxytrichlorotitanium, n-
butoxytrichlorotitanium and methoxytribromotitanium. Oof

30 these, tri-n-butoxymonochlorotitanium is particularly
preferred.

A compound represented by the following general
formula:

3 3
ALR® X%,

35 wherein R® represents an alkyl, aryl or cycloalkyl group,



ferr] wherein R2 represents an al kyl, aryl or cycl oal kyl group,

X[err] represents a halogen atom and nis 1 to 4, may be used as the
oxygen-contai ning organic Ti conpound. Specific 25 exanpl es of such a
conpound i ncl ude tetraethoxytitanium tetra-n-butoxytitani um

di et hoxydi chl orotitani um di-n- but oxydi chl orotitani um

tri et hoxynonochlorotitanium tri-n- “bdt 6xynonochl orot it ani um

et hoxytrichlorogitani um n- but oxytrichl orotitani um and
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particularly The above-described conpounds are
reacted in the The o| abkavergiengridred 1Gompounds r girepf rgactegn in  the

oxygen-containf@glg%gggicmggngpppound and an oxygen-contai ning organic
Ti conpound are mxed with each other, and the m xture is heated to

100- 160[¥¢r] C to Firspmhialla FenOFFeeSusSoRtgdrdrovREaarie Noxeameoradnot
be readi | andrade oxigen® oGRS ok yaHiLe, Ti tedpdiired eirdbhe xea &dth

allow an al cohgl 10 3!, 'dhd "end il Sire ISR 8% 100-160°C to
obtain a homogeneous liquid. When the mixture cannot be
readily made into a homogenous ligquid, it is preferable to
15 allow an alcohol to exist in the mixture. Examples of the
alcohol include ethyl alcohol, n-butyl alcohol and n-octyl

alcohol.

Subsequently, an inert hydrocarbon solvent is added to
the liquid to obtain an inert hydrocarbon solution. To

20 this inert hydrocarbon solution, an organoaluminum halide
is added, and the mixture is subjected to reaction at a
temperature ranging from room temperature to 100°C. The
reaction product is obtained as a precipitate, and the
unreacted matter is removed by washing with an inert

25 hydrocarbon solvent.

With respect to the amounts of the above components,
the molar ratio of the titanium compound to the magnesium
compound, Ti/Mg, is preferably from 0.1 te 10, and the
ratio of the number of moles of the aluminum compound to

30 the sum of the number of moles of the magnesium compound
and that of the titanium compound, (Al compound)/{(Mg
compound) + (Ti compound)}, is preferably from 1 to 20.

On the other hand, a compound represented by the
following general formula:

35 AIR* X%,

wherein R* represents an alkyl, aryl or cycloalkyl group,



al'cohol include ethyl alcohol, n-butyl alcohol and n-octyl al cohol .
Subsequently, an inert hydrocarbon solvent is added to the liquid to
obtain an inert hydrocarbon sol ution. To 20 this inert hydrocarbon

sol ution, an organoal um num hal i de I s added, and the m xture is

subj ected to reaction at a tenperature rangi ng fromroomtenperature
to 100[err]C. The reaction product™i'5s obtained as a precipitate, and
t he unreacted matter is renoved by washing with an inert 25
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preferred. In aJtICU al um num_ nonochl oride is, used,

the resul ting Sk e g o RS LA SR AT, ROl O feot s 15

covering :Trtcm‘n&neg:h tooullawampighul @haevebdbeslagndeli rtndl €coilatition
can thus be controlled quite freely. In addition, fish

15 eyes are hardly produced in the resulting polymer. In
general, the polymerization activity tends to be lowered
when diethyl aluminum monochloride is wused as the
co-catalyst. It is therefore essential to use a solid
catalytic component which can show higher activity. Also

20 from this point, it is preferable to use the catalyst
described in Japanese Laid-Open Patent Publication No.
61406/1981, etc. It is noted that a mixture of the above
orgéhoaluminum compounds can also be used.

The homopolymerization of ethylene, or the

25 copolymerization of ethylene with other a-olefin may be
carried out at a temperature of 40 to 100°C by using the
above-described catalyst system. The polymerization can be
conducted either by gas-phase polymerization, or by slurxry
polymerization carried out in a hydrocarbon solvent.

30 Examples of the hydrocarbon solvent include inert
hydrocarbon solvents, for instance, aliphatic hydrocarbons
such as hexane and heptane, aromatic hydrocarbons such as
benzene, toluene and xylene, and alicyclic hydrocarbons
such as cyclohexane and methylcyclochexane.

35 The a-olefin other than ethylene, as a comonomer, is a
compound represented by the following general formula:
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car bon atons. “Specific exanpl es of “such "a conpound i ncl ude
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production is as follows:

15 When ethylene and an a-olefin having 3 to 12 carbon
atoms are copolymerized by using +the Ziegler-Natta
catalyst, (a) the polymerization reaction is carried out in
two stages, that is, in the presence of the reaction
product obtained by the polymerization carried out in the

20 first reaction zone, the polymerization is further

continued in the second reaction zone;

(b) in either one of the first and second reaction
zones, ethylene is homopolymerized in the presence of
hydrogen, the molar ratio of the hydrogen to the ethylene

25 contained in the gas phase being from 0.5 to 5, so as to
produce polymer A in an amount of 30-70% by weight of the
amount of the polymer finally produced;

(c) in the other reaction =zone, ethylene and the
a-olefin are copolymerized in the presence of hydrogen, the

30 molar ratio of the hydrogen to the ethylene contained in
the gas phase being from 0.001 to 0.5, so as to produce
polymer B in an amount of 30-70% by weight of the amount of
the polymer finally produced; and

(d) the polymerization conditions are so controlled

35 that the final polymer has the previously-mentioned
physical properties, that is, an MFR of 0.02 to 0.2 g/10



The pol yethyl ene resin for use in the present invention can be
produced (ethylene can be honopol yneri zed, or et hyl ene and ot her

al pha-ol efin can be copol yneri zed) using 10 t he above-descri bed

hi ghl y-active Ziegler-Natta catal yst by a low pressure nmultiple-stage
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reaction condi tions. A preferablé “exanple of the nethod of
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(b) I n.either gne of the f|r t and iscond reactlon zones, ethylene

i 5" homopoPyner F¥ERSF n SIREY chifidiSogen It hEhpcaser 2F o t he
hydrogen to theosthubens 2§olymaﬂ&aanednln kb&c@&%sphé&@ b@bh@e&&@ﬂ10£§ to

5, so as to Eégd“ +ggg O%chro \n_a proéué)é‘d(ao 7 %{F\N& ght of the

anount of the po ynef |na
reacti on zone, 1§thym©n@dummﬁtrnp the asebehdlnraaetonpol@mnwwﬂxnh||1 tthe

resence of h he 0 e ethyl ene
Eontained in yﬂ&ggﬁﬁrlggglgﬁase éﬁ%ﬁa ?%#& %%5% g%déE $o as %@nﬁvo ce
pol ymer B0in ahhamsuage opfsotue%mgtwweoquuwmumf succekeive
pol ymer finall¥YeptedY88daraNdarried out GH O?I f%%é%g%nﬁrbfa%hggefhghe

conditions are so controlled 35 that the yner
preV|oust mentPBheguous P%ﬁ%%?%b?ab%ﬁﬁe%ﬁlE§ef?ﬁé@drs an MFR of 0.02 to

.2 g/10 The two-stage polymerization react8on, carried out in
the manner described above in (b} and (c), is conducted

is under such polymerization conditions that can provide a
final polymer having the physical properties shown in (day.

In particular, the MFR, FR and density can be adjusted to

the values shown in (d) by controlling, in (b) and (c), the
amounts of ethylene, hydrogen and the catalyst to be

20 supplied, the proportion of the polymer produced in the
first stage to the polymer produced in the second stage,
and/or the polymerization temperature. The parameter H can

be adjusted to the specific range by controlling the MFR,

FR and density, as will be described in more detail below.

25 We hitherto used to vary the density (p) and MFR
independently in order to improve the durability of a
polyethylene pipe. However, we have now paid our attention

to the relaxation parameter H, and found that the
durability is governed by this parameter H and that the

30 parameter H can be controlled by the MFR, FR and p. Thus,
by suitably adjusting the MFR, FR and p in the above
specific ranges, it is possible to make the parameter H

fall in the desired range, which provides a polyethylene

pipe having improved durability. The parameter H can be

35 adjusted by a method in which the three factors, MFR, FR
and p, are adjusted within the above ranges, or by a method



mn, an FR of 50 to 170, a density (p) of 0.945 to 0.960 g/ cn8, and
a relaxation paraneter H of 2.00 x 10[err] dyn/cnferr] or |ess.

The two-stage polynerization (a) can be carried out 5 ei t her

conti nuously or ‘batchw se. In the case of the cont i nuous

pol ymeri zation, reactors are connected in 9 series; the reaction
product produced in the first reactor is introduced to the second

eactor ™ Y Shach Ny o SPIYIRE ZaBR 8oLUCLReL CODLEONEdy QB! e

ot her hand, in W Sé meri z successi ve
reacti ons are valuesdimuthe ralpne m=anges andortmehe‘smamh@g one faobbirndeus

polynerlzatlonaaquES&e%iggln th% aboveTp§%% 4o- st age pol ynerization

reaction, carrie manner scri bed above in (b) and (c),
i s conducted 15 Ti@erpolzAthpleneri Zasion comfidingsds tHat €ha pRaRres a

final polygmer HaNERILEHPYSIORH v ARl h,gsa SNQYMH ?oﬁ.@)&thylene hBving
particular, the MFR FR and denS|ty can be adjusted he val ues

shown in (d) byheoReHEPYFing, PP%S%%§1aHH°?%7t1?ﬁe(l) to Gfwants of ethyl ene,
hydrogen and the caj gl yst J ik Rou 3UBRI LAk ) LI PIOPOUS I G 1M,

pol yner produced in Irst stage to t%e pol ymer produced in the
second stage, Preferahlyof-9hetpolyhery é@l%hnteﬁﬁé?a?ﬁ?éer¢héyp9rQﬁeﬁér H
can be agjusgedotmihhe specific range by controlling the MFR

FR and density, as will be described in nore detail below 25
hithertolfised to v&2Yy the efilaw yrato ddR IVEE 50 ox; ﬁ@é&enﬁ@ﬁﬁeyabﬂﬂoﬁﬁer

to inprove theOPUﬁQPé|IhMer geferab | ygt by | gHgepi pe. However, we have now
paid our attention e rel axati on paranmeter H, and found that the

durability is govet®d by ahiianmt}anefeﬁ prSntiot BaP 60hg /381, pae&mb&yH
can be control y b u t dj ystsi_ng
the MFR, FR an(é'%l?nt? %%@\%ﬁm g ’“Eg%cli’ ge%‘%}ﬁb%s %8%3 possff%l 7 make
t he paraneter #&hd fall in the desired range, which provides a
pol yet hy i pe havin royed durability. The paranete C be
55 ¥ ad b8t ed by alhdthod 3 nRhIERCLAR PFEBSERE, B TaRRESHIES DY i)
are adj usted Whhir8 tdguAbAYE r@Nges ofor 2bpoa Reti®d gyn/cm?® or 1less,
preferably 1.95 x 10 dyn/cm? or less, more preferably 1.90

x 10°® dyn/cm® or less.
When the MFR is less than the above range, the fluidity
20 of the polyethylene is considerably lowered. The
moldability of such a polyethylene is insufficient, so that
the productivity of pipes is low. Further, the
polyethylene cannot be molded into joints or the like by
means of injection molding, or even if they can be
25 obtained, the appearance thereof is very bad. On the otherxr
hand, when the MFR is in excess of the above range, a resin
coming out of a die at the time of molding tends to sag, so
that molding cannot be successfully conducted. Moreover,
the resulting pipe is insufficient in the long-term
30 durability and impact resistance.

The FR is a measure of the molecular weight
distribution of a polyethylene. It is determined as a
value obtained by dividing the amount of resin extruded
from a melt indexer at 190°C under a load of 11.6 kg for 10

35 minutes by the extruded amount at the same temperature
under a load of 1.16 kg for 10 minutes. A small FR value



-9- in which any two of these factors are set at predeterm ned

val ues in the above ranges and the renaining one factor is adj ust ed
wi thin the above range. The pol yethyl ene resin, obtained in the
rmanner 5  descri bed hereinabove, thus is a |linear polyethylene having
the foll owm ng physical properties (1) to E@: (1) anelt flow
rate (MFR) of 0.02 to 0.2 g/ 10 m n, ~ preferably 0.03 to 0.15 g/ 10 mn,
nore preferabl ,03. to .1 10 mn; a.flowratio
(PR of 50 or WRFRCeRre ihan pespdidtulal udfar grarilyeiods SaeEBhno .
(3) a densiand ofcdn8iSsdly 0. @601gigr| eFR] ,vaokwd erdadsliycates thad48the
0.960 g/cnferr r I err

(4) a relaxé?}%QUfaP %E?éﬁQ %1%§§§%ggﬁ§bdg%§ %%égﬁ :hheBngK%gﬁgt%gn
(1), of 2. 00Less 1113[&;: rghedpbovrf-despribed rasge, the polymsdwrrigbppor. 98 x
10[err] dgn/ Crﬁl(ﬁ.’[(ﬁéb?il‘l:fss’ THE' %ﬁeﬁf e_fﬂ-}?i-&’ &fgghe FR s 10:[1?r§;13neral
dyn/cnferr] or | ess than t'he abodve range,
the fluidity 2@PprQﬁlm@ﬁ%1Ypb79eth@h%%eth$sFRcbﬁsF%%ré%??e | 5her BglymeIThe

nol dabi lity ofléuqm@algﬂl xet hué@@e pgoor nS.HlebQ:' ef‘ésl§ﬁa1t16ét due thethe
productivity t her yet hyl ene

cannot be nnldﬁﬂf}ﬁ?g ?o?%tEh%r1?%em?}?%u%?r”welg%%aﬁgaﬁ?lgﬁfeE?? Hot -

mol di ng, or even IWhéﬂiley:héaﬁié}ﬁsﬁéy igbtiiwead, thha appeasbsce-tbsceabels
very bad On the ot

wh f b
e 0ol FRa8) e poryied 1 RS IR HEEh pihl ARSI LA 2pR

sag, so thade nof dthjs coohptebe sbesesséd| ixdenntbet gdouii| ewi i, be
the resulting p Dsyf e dur.abilit
i mpact resi st FeBE1LY SORUEAAE A o S G Brsddoe, o ORTERE vaetlﬁgg

di stribution oftardpct eidsy hede. of atp%y@r@lml:m@écamgaa densvayublgbem ned

by dividing thendfOuble Olnbes! Batild Uged 1psur B MRA drilexBhgaL
190[err]C under a lo of 11.6 fb %ﬁ?u % nut es by s%e extrg eerm
amount alS5t he G@FRPELHBYF at ur e under a load of 1.16 kg for 10

mnutes. A small Ffh&aldBaxation parameter H is a parameter drawn from
the theory described below. A polyethylene whose H is in
the above specific range is excellent in the long-term
durability.

20 It is considered that in order to obtain good long-term
durability, the proportion of a fraction whose stress
relaxation time is short is required to be large. It has
been known that the stress relaxation can be evaluated by
evaluating a relaxation modulus curve obtainable by

25 measuring the change of modulus with time, where the
modulus can be obtained by dividing the stress that is
produced in a specimen when a certain degree of distortion
is caused therein by the degree of the distortion.

In practice, the relaxation modulus over a long period

30 of time is obtained by measuring the change of modulus with
temperatures, and utilizing the temperature-time conversion
rule. A method for obtaining a relaxation distribution
function from such relaxation modulus has been proposed by
Schwarz-Staverman, Leaderman, et al. (see "Buttai no

35 Henkeigaku" published by Seibundo Shinkosha in 1972, pp.
201-204). According to their report, a relaxation spectrum
h(j) at time j can be given by the following equation (II):



-710 - i ndi cates that the nol ecul ar weight distribution is narrow,

and conversely, a large FR value indicates that the nol ecul ar wei ght
distribution is broad. Wen the FRis | ess than the above-descri bed
range, the polymer is poor in 5 nol dability. The upper |limt of the FR
is, in general, approxi mately 170. me? the FRis too |large, the

pol ymer is likely to have poor inpact-reSistance due to the

i nfluence of the | ow nol ecul ar-wei ght fractions thereof. When t he
density is |ower than the above-described 10 range, the polyner is
insufficient inrigidity. A pipe (made of this polyner, when used
under the ground, will bek{j)=lineadr aff arinedidulg 1 o t higrzgr ound pressure.
On the ot her hand, a pi pe *ia "8t 'a pol yet hyl ene having a density

hi gher than the above range is insufficient in the long-term 15
durability. The rel axation paraneter His a paraneter drawn from
the theory descri bed bel ow. A pol yethyl ene whose His in t he above

speci fi ¢ rangewhereice B 8fkiiin <t WEE/dtl, tehiheh is theabiluey obdfained byt

I s consideyed WhRlrel@n@id@h o0 KOG 22 HeRGUGLN moau1 by 39 sty 4 e
proportion of a fraction whose stress relaxation t1ne s Short s
required to be | ar §8PrPrifgdion ofeek=knolh te¢mMatienst(BEys rasdwsat itdre can
be eval uated b¥oliowigyalkdakitd@na (r&lrgxation nmodul us curve obtainable by 25
measuring the change of nodulus with time, where the nodul us can be

obtai ned by dividing the . stresg that desfq roducgedei n a speci men when a
8147 a9 g et -y m L T

certain degree of dist ond —g 153 qﬁq—gw‘the rlee of the

di stortion. In practice, the relaxation nng I'us over a |ong period
30 of time is obtained by neasuring the change of nodulus with
tenperatures, and utilizing the tenperature-tinme conversion rule. A

met hod for obtaini whea thBeaxellsgatdont dikdi®hition function h(10%) at a

10 long time (j = 10® sec) is indicated by H, H can be given
by the following equation (IV):
.. 3y dlog E(J)
H E(lO }W]j,ml (IV)

When the value measured at 10° sec is used, the
following equation (V) can be obtained:

dlog E_1log E{10 %) -Log E{10 )

. (v)
diog j Log 10 *-ILog 10 ¢
15
H can therefore be calculated by the following equation
(I), using experimental values:
R 3y . 0
g=-E(10 ?) 29 E(10 )‘ Log E{10 %) (1)
Log 10 *-Log 107
The relaxation parameter H (dyn/cm?) given by the above
20 equation (I) is thus a parameter corresponding to the

relaxation distribution function at a specific time (10

sec), and can be determined by using experimental values.
An H value falling within the above-described range denotes



function fromsuch rel axati on nodul us has been proposed by
Schwar z- St aver man, Leadernan, et al. (see "Buttai no 35 Henkei gaku"

publ i shed by Sei bundo Shi nkosha in 1972, pp. 201-204). According to
their report, a‘relaxation spectrum h(j) at time j can be given by the
foll owi ng equation (I1): [g r _ wherein Eferr] (kj) =
dlerr]E/dtk, which is the val ue obtained ? - differentiating k tinmes

(1) i vee 1 ettt Fséiiaﬁa%iaaaﬂ%ﬁrm‘??gnof‘u TG & o TonbE e "
rel axati on di smaldut i dl‘h:tsirmeam hikdO3rhat paopbrtiohong ta e lymer kif ear |
sec) 1s Indi Cat‘r%% ”sQﬁegisV% latxafg%mt hfmie?' £8W‘18 e%‘$té£&£4 V)
[err] e va ue neasur éd a err]sec d, he
such an H is thus preferred.
5 Optional components can be incorporated into the
polyethylene resin for use in the present invention.
Examples of the optional components include those additives
and compounding agents which have been known or used for
conventional polyolefins, for example, antioxidants,
10 neutralizing agents, weather-resistance improvers, foam
inhibitors, dispersing agents, antistatic agents, slip
agents, molecular-weight modifiers (peroxides, etc.), heat
stabilizers, light stabilizers, ultraviolet absorbers,
lubricants, anti-fogging agents, anti-blocking agents,
15 flame retarders, electrical conductivity-imparting agents,
crosslinking agents, crosslinking aids; metal-inactivating
agents, bactericides, mildewproofing agents, fluorescent
whitening agents, fillers, coloring agents, releasing
agents, foaming agents, clarifiers, processing aids,
20 nucleating agents, softening agents or hardness modifiers
(oils, waxes, etc.), gloss agents, emboss-sharpening
agents, and physical-property modifiers (other resins,
rubbers, etc.).
The above-described polyethylene resin and optional
25 components can be directly fed into a molding machine to
conduct molding; however, it is generally preferred to
melt-knead these components to obtain beforehand a pelleted
molding material, which is then subjected to molding. In
general, pipes are produced by means of extrusion molding.
30 However, pipe joints and the like can be obtained also by
injection molding. There may be a case where a multi-layer
pipe is produced by molding.
EXAMPLES
The present invention will now be explained more
35 specifically by referring to the following examples. In
the examples, the physical properties of the resins were
evaluated by the following methods.



fol | owi ng equation (V) can be obt ai ned: [err] 15 H can therefore
be cal culated by the follow ng equation (1), using experinental values:
[err] The rel axation parameter H (dyn/cnferr]) given by the above
20 equation (1) is thus a paraneter corresponding to the

rel axation distribution function at a SpEjlflC time (10[err] sec), and
can be determ ned by u3|ng experi nent al An H value falling

wi thin the above- r.an denot e

- 12 - thatq‘ﬁ% qf?%x%’f Jd"“s?rl% ?a% "ﬂlntclfl%lnsalfsréﬁ?bng time is
smal | . This means m¢m31tYEapM@msmtednnmrEGBQIﬂqmmﬂ witla JIS K6T7@@Rti on whose
stress relaxation S :ﬁgall; S ef ed.
5 - Opt i onal %%#%F%eﬁ%%ﬁgggﬁl e |ﬁ%orporatedﬁﬂfﬁﬁg S%Egﬁth sk

pol yet hyl ene reetsufed (8t 23°¢heiprasceprdangenith. JIS K7E@npl es of the
optional gomponentsel AELLLE: t NASLs@Ath Y CSocoraadiil & LER 0N NGy Fgent s

whi ch have been known or used conventional polyolefins, for
exanpl e, antioxi daFReirammental$EFeSS e ageiRs , reskataeee r eBFSRAhce

i nprovers, foam MEUE DT $n AcTRAEHNG agRtH SJTI8NKEYER,| cusedt &n
slip agents, nDIecuI%r melgﬁt nodi fiers eroxi.des, etc.), heaL,
apparatus sting enviroomental s$tress’’ cracking

resistance under a constant stress, under the following
10 conditions: water temperature = 80°C, test solution = 1%
aqueous solution of a higher alcohol in sodium sulfonate,
and initial tensile load = 4 MPa. The specimens used were

plates having_a thickness of 1 mm, with a notch of a depth

of 0.3 mm provided at the center. The period of time
15 {hours) wuntil a crack occurred in the specimen was
measured.

Stress relaxation (Relaxation parameter H): Measured
by using an optorheometer "HRS-100" manufactured by Oku
Seisakusho Co., Ltd. Specimens of 30 mm x 5 mm x 0.3 mm

20 were prepared by press molding, followed by annealing at
100°C for 10 hours. The stress relaxation after the
specimen was stretched 1 mm at a rate of 1 mm/sec was
measured at wvarious temperatures; and the relaxation
parameter H was determined by using the master curve at

25 30°C.

Internal pressure creep resistance: By using a 65-mm ¢
extruder manufactured by Toshiba Machine Co., Ltd., a
spiral die manufactured by Yasuda Kiko Kabushiki Kaisha
and a vacuum cooling water bath manufactured by IKG Co.,

30 Ltd., a pipe having an outer diameter of 60 mm and a wall
thickness of 5 mm was prepared under the following
conditions: resin temperature = ca. 210°C, temperature of
cooling water in water bath = ca. 20°C, and take-off speed
= ca. 65 cm/min. The creep resistance test of this pipe

35 was conducted'in accordance with ISO-DIS 1167 (at 80°C
under such internal pressure that the circumferential
stress of the pipe was 5 MPa), and the period of time



stabilizers, light stabilizers, ultraviolet absorbers, | ubri cants,
anti-foggi ng agents, anti-blocking agents, 15 flame retarders, electrical

conductivity-inparting agents, crosslinki ng agents, crosslinking aids,
et al -i nacti vating agents, bactericides, mldewproofing agents,
fl uorescent whi teni ng agents, fillers, coloring agents, releasing

agents, foam ng agents, clarifiers, proééééiﬁg aids, 20 nucl eati ng
agents, softenjng agents, or hardness nodifiers oils, waxes, etc.),
ooss agent s. | LhseeS ShaFphrRnG ack oBBGkHeS Tn thepLPEaTes: Brarkpes:

nodi fiers (ot hexampkens, rubbers, etc.). The above-descri bed

pol yet hyl ene r n and tional 25 can be directly fed into a
nol di ng naching bo repg%%hﬁ%%toﬁn 8%%§?B§g§£%§F, it is generally preferred

to mel t - kneadiibege OMECOMHE )L 0 DbLaign def viedam))a pebl @rdg of

nmol ding material, which is then subjected to nolding. In gener al ,

pi pes ar eSproddcedB AR FiEed rati drthdt dfRY. B0 ROUESWelRr ORFFIE | 8int s
and the like capmbgenbhisi nedtaks0 BWA the nfij:@fidedwd®| €hélg. cdbEEE. Mayobe a
case where a nu tl-lax r pl8§ S prodac d ax ngldlng. £

EXAMPLES EnisRiEie wes| AUGRE BnPRFRF CEW BECeRBPaM et nBrRZSEe,
specifically byneeébyrohgainihfeafbbhogengusxaaplieson.|n the exanpl es,
the physical propegijes obntilg 887"y WY S%etny1 §Y@hij§&&$ds8¥qh98h38b}i_g‘é" ng

met hods.
Measur edlPn acessdadciedy dhopwEs&6780. the solutifgnsity:a Meedetedmined

accordance wt : ; o esl e: T I i t
strength was Qedﬁ%%ﬁ?égga £P%K€§§¢§%§-%%éa%gg%g§§c§?ﬁt%ﬁ%lé?%ﬁiggﬁQS
Stiffness: MtBeneteppagedoydunseedi vhthSrrvherane to obtainpgdlr enréngal
stress cracki ngoiegi 848886s£ESCR) : Measured in accordance with

JI'S K6760, u3|ng an
(B) Polymerization

15 By using the above-obtained catalyst component (in an

amount of approximately 1 kg, corresponding to the amount

of 5 batches of Example 1 (A)), and two 0.6-m* reactors
connected in series, continuous polymerization was carried
out.
20 70 kg/hr of n-hexane, 3.63 g/hr of diethyl aluminum
monochloride, 1.88 g/hr of the solid catalytic component,
31 kg/hr of ethylene and hydrogen were continuously
supplied to the first polymerizer, and continuous polymer-
ization was carried out at a temperature of 90°C while
25 keeping the molar ratio of hydrogen/ethylene in the gas
phase at 2.8.
To the second polymerizer, 47 kg/hr of n-hexane and
25.7 kg/hr of ethylene were continuously supplied while
continuously supplying the polymer slurry from the first
30 polymerizer, and continuous polymerization was carried out
at a temperature of 65°C while keeping the molar ratio of
hydrogen/ethylene and that of l-butene/ethylene in the gas
phase at 0.05 and at 0.05, respectively.
The slurry was continuously drawn from the second
35 polymerizer, and placed in a centrifugél separator to

conduct solid-liquid separation. The polymer separated was



apparatus for testing environnental stress cracking resi stance under a
constant stress, under the follow ng 10 conditions: water tenperature =
80[err]C, test solution = 1% aqueous solution of a higher alcohol in
sodi um sul fonat e, and initial tensile |oad = 4 MPa. The specinens used
wer e pl ates having a thickness of 1 with a notch of a depth _
of 0.3 mm provided at the center. The be} od of tlned15 (hours)st unti |
a crack occurr, i.n.. the _specimen wa nmeasur ed. . .Stress
rel axation (Reltglxa A5k eSar aﬁe%@?ig;s ?m%%g (WEdthe Saf"_lﬁ/r%ﬂa@ Rg¥icdically

opt or heonet er "SEHR®1EG0 " ram @i utteel Byr€kuand seSGhﬂabdﬂ@me@ﬁ,z,eﬂlédd-and
Speci nens of 3 %F?§ X 0 re prepared b ress nol di ng,

fgl | owed by an(r%ga _ngﬁam d %63| er%] Eh Orpcingnhorurgon ‘gag-ﬁoé‘ss e

rel axation af t éPnHauUouUs pedamierdraiions twas chedr lednoat dnr abhd sofmahnmad sec
was TPASUIRE Thrédl 1AYS, ! YHREERULC To13! S LALRR Y BiRSstdon

paraneter H was determ ned by using the master curve at 2

I nternal press@fe PR LYBETs PrRuCedy afsithe £igstmetpge [to the oalymear

manuf act ured byrbaubieda aVbehiengcednd kitlge %as 60:90 Lals HITRuY actyed
by Yasuda Ki ko_Kabushi k] ' a vacuum cool i ng water bath

Kai sha and | ter

manuf act ured b¥y° R@eéo.o,i’t§6negﬂt"ﬁ.s,k%e?ﬁl‘5‘é Y i RRL AT HERE N uERE R G060
mn and a wal | mm¢ ekhirolaessand Bham vais] Ocepares w&ageééi&éfn@ﬂ@‘ﬂfg%&ei i
vater | n v or DhEsrCERC AR TR TR BRRbTyer SFRCERoR" 1R mapicg L
cnmimin. The cEzeppdesidst ance teSthf this pipe 3§ mashcpn?ucteﬁ ip cure
accordance with | I t f u u i nt er _
that the circunf ersg)ﬁtgi éf&&(ggm(:%t?%ssf&gc Fp]]t%el g?ﬁe_ \/\ééaée‘ﬁ/%’f?e%%}e}&{tg’&l od
of tinme molar ratio of hydrogen/ethylene in l#he gas phagBouns)thenti |
a crack occurredrb® pBEyRbRE-UaSwEBAEHRRGed to 3.BX2BRK the molar{ fhtio
Preparath%n Ofo§ok§grgggg/é%hylene and that of l-butene/ethylene in the

gas phase in the second polymerizer were changed to 0.08

and 0.04, respectively.

Example 3
The procedure of Example 1 was repeated except that
20 the diethyl aluminum monochloride used as a co-catalyst was
changed to triethyl aluminum and that the molar ratio of
hydrogen/ethylene in the gas phase in the first polymerizer
was changed to 2.2, and the molar ratio of
‘hydrogen/ethylene and that of l-butene/ethylene in the gas
25 phase in the second polymerizer were changed to 0.01 and
0.1, respectively.
Example 4
The procedure of Example 3 was repeated except that
the molar ratioc of hydrogen/ethylene in the gas phase in
30 the second polymerizer was changed to 0.03, and the
proportion of the first-stage polymer to the second-stage
polymer was changed to 50:50.
Example 5
The procedure of Example 1 was repeated except that
35 the molar ratio of hydrogen/ethylene in the gas phase in
the first polymerizer was changed to 5.0, the molar ratio
of hydrogen/ethylene and that of l-butene/ethylene in the



215 g of Mg(OCerr]Herr])2, 151 g of Ti(OCJerr]Herr])[err] and 37 g of 5
n-ClerrJ]Herr]OH were m xed at 150[err]C for 6 hours to obtain a

homogenous mi xture, and the m xture was then cooled. To this mxture
was added a predeterm ned anmount of benzene, t hereby obtaining a
honogenous sol uti on. Subsequently, 457 g of ethyl alum num

sesqui chl oride 10 was added dropw se rbjﬁhé'solution at a predeternined
tenperature. The mixture was stirre for one hour,

repeat edl y was¥e® RPEReniRetdfe SECORG AN PR iFSH "éere Ch%%?‘?% t2t A8t .
(B) Polynerizagh@n 4505, reBpeusiivglyhe @b@leﬁiﬁ algsmb@ﬂtﬂdnystoﬁorrmaent

f | di h
s et cnes "o k5o 808 SRLLE D Eofee SO0 SSRRE 00 42 tw%sagﬁsmsa ed

in series, contonb@ud8pol ynerization was carri ed out. 20

kg/ hr of p-hexan ass 93, /Efza élg gthyl alum num nmonochl ori de, 1 88
g/ hr of the soﬁ?ﬁgeag%#séa4}—ee nt, 31 kg/ hr of ethylene and

hydrogen were cont Theastgedure Csilﬁptlam@dq b vae fepeatedlepmany dhatafbe
cont i nuous pol ¥g¥hr ¢ ratiol ea! h%r%%n(}’%rt'h&q@n‘émn@ttﬁe temerpluse; af the

90[err]C whil e keeping thé nolar ratio of drogen hﬁq;ene I n the gas
phase at 2.8. first POlYEthée§eH§ﬁdCB@P9ﬁ§rﬁfér T nraskan&fand

25.7 kg/ hr of S&bﬁz‘b@éﬁ/é@hﬁléﬁétéﬂ@%ﬁ’ csmrlplmﬁfédwat@lylene genttheugesl y

| ying the p nmer fromthe fir 30 olyneri zer
conti hu0dg pol DRRERS 4t (iPeaedand | BoLwetizsr wePa HARSEd re B 268P6 1] C

whi | e keepi ng bhespokaspeatived, and hudrpgepbethyheae and Eh&%t@%tage
1- but ene/ et hyl e e

t .05 d at t, |
The slurry wasP gg#t“gﬁu ﬂs€'§7 ﬁ%ﬁ'ﬁf"?r aif‘ﬁe‘-?%ep ar%ﬁa ﬁ&ﬂgﬁ‘?erl 3236 5 e y

pl aced in a ceopmpbugdliveepPaampde 2o conduct solid-liquid separ at | on.
The pol ymer separa%ﬁg B@%cedura of Example 5 was repeated except that ~
15 the molar zratio of hydrogen/ethylene and that of

l-butene/ethylene in the gas phase in the second
polymerizer were changed to 0.25 and 0.01, respectively,
and the proportion of the first-stage polymer to the
second~stage polymer was changed to 51:49.

20 Comparative Example 3

The procedure of Example 5 was.repeated except that
the molar ratio of hydrogen/ethylene and that of
l-butene/ethylene in the gas phase in the second
polymerizer were changed to 0.25 and 0.12, respectively,

25 and the proportion of +the first-stage polymer +to the
second-stage polymer was changed to 48:52.
Comparative Example 4

The procedure of Example 5 was repeated except that
the molar ratio of hydrogen/ethylene and that of
30 l-butene/ethylene in the gas phase in the second
polymerizer were changed to 0.25 and 0.015, respectively,
and the proportion of +the first-stage polymer to the
second-stage polymer was changed to 51:49.
Comparative Example 5

35 The procedure of Comparative Example 1 was repeated
except that the molar ratio of hydrogen/ethylene in the gas
phase in the first polymerizer was changed to 1.2, and



then dried. A small anount of the slurry was periodically sanpl ed
fromboth the first and second pol yneri zers, and anal yzed to
determ ne the pol yner, concentrati on. The conti nuous pol ynerization
was carried out in this manner 5 for three days, whereby a polyner in
whi ch the proportion of the polyner pgoduced at the first stage to

t he pol yner produced at the second'étage was 60: 40 was obtalned The

| b d
Gt Tuder . and EREn SSBFet GRS t He® mobYrEren 3PiRRelo ondny thER| “oF

properties. Thebuntenke/sthyéeshowin n fiabl egds phasebxapl etRe second
The procedure ﬁgfgﬁgggggr wias 5ﬁﬁﬁ§é8dtgxﬁeﬁtaﬁgabfﬁ?ztrss c@uba ratio

of hydrogen/ et ene 1nthe g MBI I Z8F "Was

changed to 3. 3ESHBE_EE£_EDE§EEEéEL§ 15  of hydrogen/ethylene and that of
1- but ene/ gt hyI ene TRet b%oceduregf@f p@é‘rﬁﬁaté‘ti@@ %ﬁﬁﬁ%gepq Wi@é' %@be‘%’:ﬁaﬁ
changed to 0. , .respectivel

procedure of EﬁﬁﬁﬁPE Eh%ﬁéuF%ﬁEQF%d akéepPti W%Qr%ﬁﬁn/??RY%ﬁQﬁfﬂﬂ-t@ﬁuﬁﬁﬁum
nmonochl ori de uskadsasia abecataliyst paiymerlzeﬁhﬁawﬂéﬂdhdédE%&Wé 8l ughaum

and that the npl ratlo of h en/ e e in the_ gas phase |n t he
first polynEr|9%$a raja  &fang éﬁd%§9 %gggfieﬁﬁuj aRghe ﬁ%

ratio  of 1- bhydnegehhgléyéen&nandﬂkhatgmé lphakene/ief hytigae b@cbha gas
25 pha in p O 0,01

respectlsgly ﬁgfyﬁ8§£23r gg%ge o ?%%qgﬁgge ée b S 5ﬁﬁpgcglxﬁgy.
repeat ed excep@ndhgthe PropmrtmharOf attihe oflhwttrsgagbetmﬂ}anmrl rtd hehgas
phase in 30 &BonaCtenge PObYPREL 7fks Btafi 0. 03, and the
proportion of the first-Stage polyner to t secon s age pol ymer was
changed to 50: 50. Exanpl e 5 The procedure of Exanple 1 was
repeated except that 35 the nolar ratio of hydrogen/ethylene in the gas
phase in the first polynerizer was changed to 5.0, the nolar ratio

of hydrogen/ethyl ene and that of 1-butene/ethylene in the



-='16 -
and 0. 05, respectively,
to the second-stage pol
Exanple 1

mol ar ratio
pol yneri zer
and that of
pol yneri zer

1- but ene/ et

were changed to 0.4 and
proportion of the first-

and the proportion of the

ynmer was changed

t he nol ar
hyl ene in the gas 10

st age

1,

0. 05,

to 52:48.

gas phase in the second polynerizer were changed to 0.15

first-stage pol yner

5

phase in the
tio of

first

Conparative

The procedure of Exanple 1 was repeated except that the
of hydrogen/ethylene in the g
was changed to 2.5,

hydr ogen/ et hyl ene
phase in the second
and the

respectively,
pol yiegblé @ t he second- st age pol yner was

changed to 50: 50. Conparati ve Exanplre 2 The procedure of
Exanpl e 5 was repeated except that 15 t he nDIar ratio of
hydr oden/ethyl ene Tand hat | of I-butenpe/ yréﬁe In the gas hase |n
t he sgcond poljymeri zer were chanjged to . nd P.01, reppecti wana
anfl the pEﬁﬁﬂﬁfel on MFRE Ff};ig r stBats&gCO Ak yve Ilﬁpééte sgffnssc on:smv_;r Fressure
pol yngr was_c ange . 49. arati e
procedur e Exanpl ég/go s rep@emd eitdypl t §trengnirx) K ol af BRI ¢ Sfreep
hydrogen/ethylene malinh hat of 1- bugﬁ%gl t(hgt+ane nchﬁp ghs phas$&Resistance
t he sdgcond poliymeri zer were change . 25 ﬁnd D. 12, reppecti euxr)ZS
and the proportionfof the firpt-stagel pol yne tB% he ~_secpnd- st g€
pol yns S ¢hange P2, Cojmparat 1 ye npl The
proceduﬁggﬂﬂﬁﬁianplebgs sagepegﬁga ekciﬁ? t atﬁéﬁ .hilwg}ar gé?it 511000
hydrOﬁen/ et hyl gne ang.oshati10f | 30.9541- buigge/ thyNBne irlloome 30@8 (e 21T
in tHe secon i ke rel c ged t ) ,
respedtively, g aﬂggthgﬁéropgéﬁﬁon oigghe fiﬁg - ﬁgﬂéh rnﬁsqga tﬁéﬁoo
second- st age pdl ymgr 0.8@s | c8thnpe8.958 5|1: 191 NBnparaﬂimHl xa#ﬁOe 5 3900
The prjocedure gf afi Fx el r ¢pe d ept af t
nol ar jratio of hyd gg@%/e1ﬁ§|eng§?% the gas al'J;I%hase ingﬁﬁe ?§Q31 :H%OO
pol ymrizer ﬁ)@gpﬁ}nged fo 1.P, and
1 028 | 60 0.953 1.84 14 11000 3 30
2 012 | 90 0.962 2.10 10 13000 5 100
3 020 | 60 0.943 1.70 13 8500 250 >1000
4 012 | 85 0.960 2.02 10 - 12500 30 500
5 020 | 60 0.955 2.10 NB 12600 4 60
6 0.17 | 62 0.954 2.30 11 11000 20 500

Note) NB: not broken




17 - the nolar ratio of hydrogen/ethylene and that of

1-but ene/ et hyl'ene in the gas phase in the second pol yneri zer were
changed to 0 au ﬁ““‘& “ectlvely Conparative Exanple 6 5

The procedur ﬂ“ﬂ“ Exanpl e 1 was repeated except that the
nolar ratio of* ydrbge%/eﬁhylene in the gﬁ% phase in the first

pol yneri zer was changed to 3.8, the lar ratio of

hydr ogen/ et hyl ene and t hat of 1- but ene/ et hyl ene in the gas phase
in the second 10 pol ymerizer were chafg®d™So 0.33 and 0.05, respectively,

and the proportion of ézg_i%%rﬁfaa%tacgﬁ RODER/e Y1 resifCRAIELSIATES

pol ynmer was changed to

- 18 - linear polyethylene having the TZpildoying physical
| zod propertles (ipt% n@4): Exarrpl e NFR FR Densi ty
HX10[ err] I npact Stiffness Pre /10
(g/crferr]) (dyn/(1) R et hfl‘{"kg'qate S£'0. q:ﬁrﬁo O ‘BB m{g'

m n) (2) acfiewrdatio (KE-30Tor meFd err]) fer])
Resi st ance . cnferr
(hr) Exampl e 1 (3) 3 gpsifh of Q45 to 0.96f g/cm3, \gpd 11000
250 >1000 (4) & relax@t@6n 1p8ramebeP541, rekpi&sented\Bby the
11000 300

> .
folfé&gkg equation (I), of 2.00 x 10°® dyn/cm? or less:

H-_-_E(mS)LOQ 3(10")"1:09’ 3(1001 (I)
Log 10 3-Log 10°

wherein E(t) represents a relaxation modulus at time <.

2. The pipe according to claim 1, wherein the linear
polyethylene is a polyethylene produced by using a Ziegler-
Natta catalyst consisting of (a) a reaction product .of an
oxygen-containingorganic Mg compound, an oxygen-containing
organic Ti compound and an organocaluminum halide, and (b)

an organoaluminum compound.

3. The pipe according to claim 2, wherein the oxygen-
containing organic Mg compound is magnesium diethoxide.

4. The pipe according to claim 2, wherein the oxygen-
containing organic Ti compound is tri-n-butoxymonochloro-
titanium.

5. The pipe according to claim 2, wherein the organo-
aluminum halide is ethyl aluminum sesqguichloride.

6. The pipe according to claim 2, wherein the organo-
aluminum compound is triethyl aluminum or diethyl aluminum
monochloride.



3 '0.08 120 0. 953 1.84 NB 11000 >500 >1000
4 0.07 80 0. 953 1.71 NB 11000 400 >1000
5 0.03 100 0.952 1. 90 NB 10500 300 >1000
Conmp. Exanple 1 0. 28 60 0. 953 1.84 14
11000 3 30 2 9512 90 0. 962 2. 10
10 13000 5 100 - V3" 0.20 60 0.943
. > " .
o080 202 2o 0 Adfugact OFjmse prscpgglre 01, %0 o

60 0. 955 2. 0 pipe maddBof a pol@Ghylene fLesin whigth is a linedr
g637brdﬁgn %ﬁ¥§%thyféﬁg)having fﬁg folloﬁgggﬁéyzsiégi propef%%éngfi NB:
CLAI V5 1. Aomi{ge:made of a pol yethylene resin which is a |inear

pol yet hylgene havi h f,0l I g+ i RPRER 185 o Tid o (4):

(1) anelt flow r(g'ge (L)af%(?.lé:gf!tl%\%. ge;)%sr?‘lc?z ° I@)‘(322) g%,;i fﬂrgjlle'/}’ratio of 50
or nore, (3) (Z)demsifilpworadimoi; §0 oF6dFEen8, and (4) a

rel axation parametey) Ha 1Rsa%enoed 0.byst ke foolde@igy@macauaid on (1), of
2.00 x 10[err] dyn/cn er:]% or less: lereH wherein égT% represents a
rel axation nodul ud 4t @i nke .xatf‘onz.P i%fe decoFBPRESE t‘éijai}f'ﬁfl,the
\Q{hgrle'ep the |igAaloRYyy eldiiA19d {3 Py el.d 8na oP® QUHCAdb IS iRE: :a

i egler-

Log E(10 %) -Log E{10 %)

=-R{10 %) .
Log 10 *-Log 10°

(1)

10

wherein E{(T) represents a relaxation modulus at time <.
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Nat t a catal yst consisting of (a) a reaction product of an

oxygen- cont ai ni ngorgani ¢ My conpound, an oxygen-contai ni ng orgﬁgy@éﬂ
conpound and an organoal um num hal i de, and (b) an organoal um n npound.

3. The pipe according to claim?2, wherein the oxygen- containiﬁh%fgg%ﬁéwgpg
conmpound -i s nmagnesi um di et hoxi de. = 28 ~The pi pe according to I'm2,

wherei n the oxygen- containing organic Ti conpound is

tri-n-but oxynonochl oro- titanium 5. The pipe according to claim 2,
wherein the organo- alum num halide is ethyl alum num sesquichl ori de.

6. The pipe according to claim2, wherein the organo- al um num conpound is
triethyl alum num or diethyl alum num nonochl ori de.

PIPE MADE OF POLYETHYLENE RESIN

ABSTRACT OF THE DISCLOSURE

A pipe made of a polyethylene resin which is a linear
polyethylene having the following physical properties (1)
to (4):

5 (1) a melt flow rate o0£-0.02 to 0.2 g/10 min,

(2) a flow ratio of 50 or more,

(3) a density of 0.945 to 0.960 g/cm3, and -

(4) a relaxation parameter H, =represented by the

followihg equation (I), of 2.00 x 10*® dyn/cm’ or less:

F2-E(10 !fuﬂ' E{1¢ !”‘m? E{10 0) {1)
Log 10 *~Log 10°

10
wherein E(t) represents a-relaxation modulus at time <v.
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