Propyl ene random copol yner, method for its preparation, and
conpositions and articles containing the sane Technical Field The
present invention relates to a propyl ene random copol yner, a net hod
for its preparation, and conpositions and articles containing the
sanme, wherein the propyl ene random copolyner is particularly a
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poi nt enabl es the pol ypropylene resin to be used for manufacturing a
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hi gher proportion of butene-1 nonomers is inserted into
used in food containers, the deteriorated heat resistance makes |t dlsadvantageous
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M Dobserved(B) of butene-1 unit in the nolecular chain to the ideal
random di spersion coefficient MdrandomB) will be greater. This ratio
Is defined as the relative dispersity MD relative(B) O butene-1,
which is calculated according to the followi ng equation: (1) (2)

(3)

MD observed(B ) MD randonm(B) MD relative(B ) = =1 2 rpB X100

to the microwave heating. The use of comonomers in a unduly larger amount may
also bring difficulties to the polymerization process, for example, the occurrence of
kettle-sticking, caking and hard removal of residual monomers, in particular when
the conomomer is butene-1 having higher boiling point or a-olefins having more

carbon atoms.

In the prior art, butene-1 and propylene are often used to carry out random
copolymerization, with the expectation that the resultant propylene-butene-1 random
copolymer has a relatively low migrants content. However, the random copolymer
still has drawbacks in giving consideration to both transparency and heat resistance.
An existing solution is to combine with an appropriate amount of nucleating agent
that can improve the transparency. Although this can, to some extent, improve the
transparency and heat resistance of the copolymer material, the result is still not
satisfactory in terms of the heat resistance and the migrants content.

Contents OF THE INVENTION

Therefore, one object of the present invention is to provide a propylene-butene-1
random copolymer, which is featured with good heat resistance and low xylene
soluble content at room temperature, while maintaining or even further improving the

excellent transparency.

By experiments, the present inventors have surprisingly found that, by increasing
the relative dispersity of butene-1, the material can achieve at least the same
transparency, but better heat resistance.

In the process of randomly copolymerizing butene-1 as a comonomer with
propylene, if a higher proportion of butene-1 monomers is inserted into the
polypropylene molecular chain as discretely arranged monomer units, and a lower
proportion of butene-1 monomers is inserted into the polypropylene molecular chain
as consecutively arranged monomer units (such as BB dual units or more

consecutive monomer units), the ratio of the observed dispersion coefficient
2



[B] (1 - [B]) x 100 MD observed(B 100 X MD random(B) Werein, [PM
represents the nunber of butene-1 nononmeric units |inked to propyl ene
nmononmeric units in the nolecular chain; [8] represents the total
nunber of butene-1 nononeric units in the nolecular chain; and MD
obsenf ed(B) M Drandom(B) and Mrelative(B) are calculated in unit %
Anot her MJect of the present inventionis to prOV|de a net hod
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operate, and can avoid the occurrence of kettle-sticking, caking,

hard renoval of residual nononers and_t[lj_r%l]i ke.

2
(1) MD observed(B ) “‘_['B—]"_X 100
(2) MD random(B) = (1 - [B]) x 100
MD

observed(B ) % 100

MD sy =
relative(B ) I ID
random(B})

(3)

Wherein, [PB] represents the number of butene-1 monomeric units linked to
propylene monomeric units in the molecular chain; [B] represents the total number of
butene-1 monomeric units in the molecular chain; and MDgpservese)) MDrandomey @nd

MDretatve(m) are calculated in unit %.

Another object of the present invention is to provide a method for preparing
propylene-butene-1 random copolymer. The method is capable of preparing
propylene-butene-1 random copolymer with a very high relative dispersity of
butene-1 and a low xylene soluble content at room temperature. Moreover, the
polymerization process is easy to operate, and can avoid the occurrence of

kettle-sticking, caking, hard removal of residual monomers and the like.

Still another object of the present invention is to provide a polypropylene
composition, in particular a propylene-butene-1 random copolymer composition,

which has high transparency, low migrants content and high heat resistance.

Still another object of the present invention is to provide a food packaging container,

which has high transparency, low migrants content and high heat resistance.

In addition, the present invention also provides methods for preparing the
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Still another object of the present invention is to provide a
pol ypropyl ene conposition, in particular a propyl ene-butene-1 random
copol yner conposition, which has high transparency, |ow mgrants

content and high heat resistance. Still another object of the present
invention is to provide a food packagi ng contai ner, which has high
transparency, |l ow mgrants content and hi gh heat resistance. In

addi t i on, PElEreRYRNHECMREEKIEN @ﬁ'déhgé"?ﬁ 89y hEeMasr £5 deperiind ahnye.
the pol ypropyl ene conposition and the food packagi ng contai ner as
descri bed above. The propyl ene-butene-1 random copol ynmer in the
present i Mhemrppylenadudeme:i saadamaspodmoenin the pregandgnventior habla/bgege-1

nmol % and l-ati i j opu = . \
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copol ymer hrmrﬁ gabf,/ect the degree of crystallinity of polypropyl ene.

The hi ghe? q % Butene-1 content is, the |ower the degree of.
crystallinity of polypropylene will be, and the better the
transpareg_gy of the materjal w e. However ag excessi vel
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The r et at CoRHR s RSBl %X RenEef bR edRed SRR BT TP ces ne
copol yner trehspérenpy.Seatanganembearof eapebments, ithagbeshdoundtiat 968 Bitene-1

pr ef er abl eater thanp, 99.0% e to a.ve o:g h relative dispersity
of butenef%ﬁf',q{epﬁg' %P%)%?B!zyn@-aﬂﬂ?loﬁépirer%ﬁ?&%ﬁbﬁ’ bﬁ\}%‘f of the present
i nvention can have a heat distortion tenperature up to above 90C

preferably above 95C. The iﬁgr_ease of the aim,unt of conmpnoner in .
propyl ene”®a BeHoRPES: R¥NGEFRMY the J8latye: dispeisdy cgls Buliiner hdn the

xyl ene SOFF@W&\&BG@%BH akaridefin E6FBIGNAE UK ARMerfd!Chhal M tbetter heat
applies also to butene-1 as a cononoher. In general, a'relatively

hi gh xyl efRSISBNE®| While oaghigving theo saMme FRISPRIRNSYma e delative t digpersity of

product a a j i S i i : ;
Contact arreraEiP e proppichic tehe MnaBln PARlynG: BEpréé ihvention oan
cont am nabe uphte grasieadian P8&Ys,. prefareblyrgrealer than 8$6%.but ene- 1 cont ent
range in the propyl ene-butene-1 random copol yner as suggested in the
present invention, the xylene solubles content at roomtenperature

i ncr eases Drieotd! y vasy high faidteeedispesity esftbuteans-¢ atres probyletersuten®. rahdom
xyl ene sol ubl es content at roomtenperature bouyt .25 in the

Y oyt enocHRPERET P ERIRP LBV Grnt e d A Ton Batparaturs e o
than the &pbl®w0my dretdrablyldbaee 9°c. 0. 77 +0. 252X Wierein: Y is the

wei ght percent of xylene solubles at roomtenperature (e.g. in case

of 5w% Y =5); Xis the nole percent of butene-1 in the
propyl enehutiabRsate’ SERMAARARL ¥ Rbridhiother' i F3§IeRL B8 Rogdiyma? may

usually lead to the increase of the xylene solubles content at room temperature, and
such a result applies also to butene-1 as a comonomer. In general, a relatively high
xylene solubles content at room temperature may result that the product as a
packaging material is not allowed to be in direct contact with food, pharmaceutical

and the like, or else, it may contaminate the packaged items. However, within the
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Due to the reduction in the xylene sol ubles content at room
tenperature, the propyl ene-butene-1 random copol yner of the present

i nvention, when used for food packagi ng containers, has higher food
safety; and, when used for filmprocessing, it is not easy to stick
rollers and makes the netal plating |ayer not so easy to be detached.
Usual Iy, the processability of the polymer is controlled by

control | i pgienad cantentirades in heapropulienyg-butere-drigpdPeneanniyefeas sHaaEdRA

copol ymer, : . i i
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characterizing the nol ecul ar wei ght distribution, as neasured
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wei ght distribution index neans that the nol ecul ar, wei ght
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t he transya @Acy-0a252%he material may be affected and reduced. The
propyl ene-but ene-1 random copol yner of the present invention having a
high rel ative dispersity of butane-1 in conbination with better
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t enper at ure aﬁd an appropriate hydrogen content. The sel ected
Ziegler-hﬁﬁ%@.%ﬁtalyst in the present invention refers to the

catal ysts as described in Chinese Patents CN85100997A, CN1258680A,
CN1258683A, CN1258684A. The contents disclosed in the four docu nta
are all i HeerlPothg r@caesabiify 9§ thenRoly@er i eamtrallndupy eﬂ%ff?@m% %E’ﬁtd“ ex.
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present invention. e catal yst as described’in Chinese patent .
CN1258683meftantex,ubansasused at\230(G gueslentse toas ofl 2at6 kpe of & &i5Ps8/16f min,
the present _invention, so . the contents disclosed in this docunent are
al | incorB%%%?QH:ﬁégéVHfagnthe preferred technical solution relating
to the catal yst of the present invention. In a specific enbodi nent,

t he propyl ene-but ene-1 random copol ynmer i s obtai ned by

copol yner Thapraylader putene-lreadem eorpisaerer NG Presiinyspion i@ molsgylar
aminc : - i i ratributi
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organi ¢ pthas phe rprsceszimp nadomishaenof ey imatetialebécomes poor; and a too large
molecular weight distribution index means that the molecular weight distribution is

wide, so that the transparency of the material may be affected and reduced.



t he conponent B is an al kyl al um num conmpound havi ng the general
formula AlRnX3, wherein Ris hydrogen or a hydrocarbon group having 1
to 20 carbon atons, X is halogen; and the conponent Cis an

organosi |l i con conpound having the general fornula RnSi (OR1)4.,, where
05n53 Rand R are the sane or different al kyl groups,

cycl oal k r

P?/ef er anyyh% ;ﬁr%gﬁlgngolﬁ}g% SYysS gnFq §§ﬂ) @%?l g%dgéﬁé/s\?gg rﬁ’%@ﬁ%ﬁ gﬁV'Bgra high
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conmpound i s es e nmol.e rati.o t he organi c epox )
ComPound FesitiRBes STy BBl o BB RLIeT thes gay §6 Seihus BRAL hpating.
the nol e npreev& theecesamAReNhad dueht Beld@IRNEN: ﬁ[uﬁl@@séﬁr@&ntaét rH8m
nole ratio of alumnumto titanium is 5-1000, and the ratio of the

conponent temperatire hatydirmeses anpackacing materab iheanadvantagesusy avpc,bee
to titani f

L0 b am U ndugor USROSt MPHETIAITY, Bom 1Bhporaire
conposed éblublesorgdiinay bporgrecuiitpblenar vaing@sdand eng mdasphawstcebpqm@gm
and an in%%t Iq%guent to forma honpgeneous solution, then mXxing the
sol ution WiH $rtani um halide or a derivative thereof to precipitate

a solid in the presence of a precipitating agent treatl ng the solid

oade

ith b d
oo PorhRhoRTRr PP arhg Bh iSSP bEIdNT rerldont EaRyRe LR nrgsent
inert dil gemintiontengiriseshthecqmilpnbazatin aig;ﬁmby[eaemﬂ makrstiad chfrigd out

an organi ¢ acjd anhydri de, rgani c aci a ket one.

The t or't hoy 2ol Berba Snsun et RaEDR et tuéhe T aibledBdad reaqiuRi oA
i's charactwy i gefpyldheth@bnbil CRANEEHS eSopbiyREN iRaliRé Y pleseRABPOBEN £e|eated
co-catal yst conponent B and an external el ectron donor conponent C,

wher ei n t Kiedemiaia matalyst agdsal iad pebimgnzation oleprsalre ainsr RS arpropriate
titani um py, Q%h%tm. di ssol ving magnesi um halide in a sol vent

syst em conposed of an organi c epoxy conpound, an organi ¢c phosphorus
conmpound and an inert diluent to forma honogeneous sol ution, m xing

t he sol ut

or ec pi  at Los csted IS 6o R R in heeb i e TERls i fhe catalysts as
treating thscrimd dinw Cﬁh}n&sgolmsc @mﬁ)wqaam a€iNN 2E8680A1 oCNARBBGS3A,
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et her an a et one an I N e nt syste cri (0]
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epoxy conpound to the organic phosphorus conpound is 0.5-

conponent p@segt inveatieg Sﬁltb%ﬁ@ﬁ?ﬁf&%wdw@vﬂ‘ﬁgd@%ﬂ@@n@ﬁaﬂ inepragrated
AR X3. 7 BRARE Gl fa/f@ﬁ@a%cgﬁlcﬁu SYRKIBAALRARUCOHR BAY) 3 of the prlsent
car bon atons X'is n, an e conponent i's an or n05| on
conpound haenﬂ@1the general formul a RnS|(CR')4 n, where 0 s ns 3, R
and R are the sane or different al kyl groups, cycloalkyl groups,

aryl groups or hal ogenated al kyl groups; the nole ratio of the

conponent IrBatspetifie entbnuiiment, the praadeneduset heanohecsdlymepis obtained by
i onent, Ctaq

alum numto titaniu 000, .ang. the io.of the co .

e compofartYHENratan,18h the oA or AurieblEantataiSet COSEIG Arapingaialyst
i's 2-100. cdMBoRastesd dencaadiysiRohibdnat B%&éﬁtéfﬁﬁble‘éﬁﬁﬁ%ﬁﬂ? caﬁ‘ﬂponent
i ncl udes magnesi um di hal i de, conpl exes of magnesi um di halid

wat er, al &ohol and the |ike, and derivatives obtained by repI aci ng

one haI og I

nydr ocar b une InaiiCo R Lofipeh AN @ &leafff GaEN ! Toltidtfep(Eorhting
magnesi untidinheh iatel apoigrmsiotehadivecid esteambbEneddyedissniving magnesium
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oxi de, propyl ene oxide, butyl ene oxide, butadi ene oxide, butadiene

di oxi de, epichl orohydrin, nethyl glycidyl ether, diglycidyl ether,

t et rahydrof uran. The organi ¢ phosphorus conpound in the above

catal yst conmponent A includes hydrocarbyl esters or hal ogenated

hydr ocar byl esters of ortho-phosphoric acid or phosphorous acid. In
concrete, such a conpound can be, for exanple, trinethyl )
or t ho- phdsglidatia, a spivehhgystent bompbsspofiaa, onganisueydxy coMEoPRds Bh arganic

triphenyl ,ort Bo- hosphat e, trinethyl. phgsphite, triethyl phosphite,
tributyl RIPSERRT segong% arbiﬁ@ﬂmr{@.hpefﬂ’e inert diluent in the above
cat al yst tgenpsmpoherd Baig aichligdealenan®, coepband, hadhgnibe femarahdormula

t ol uene, xvlene, 1,2-dichl glrdget hane, robgnzene anr(]j ot he

chl r
hydr ocar R8s HANEGEN & i1 NHJEPIERh8 M YBRTRAIARR ORI R s 1 A0 carbon
hal i de soligfisOR ik Raldd@naleye catal yst conponent A has the follow ng
conposi tion: based on per nole of nagnesium halide, the amunt of the
organi c epexgompapening iis @ 0rgapesibeon mosIrquas y1aying dhepgensrat farmula

nol e rati e i 0, [

conmpound F?%é?@?%{}“l“.' 8’?'9%86(?5213%?”8_93_ ? g%?r%é@%ﬁ@?%?’ibﬁ%ﬁ@%@%ﬁ%&
t he anoungyctfalkyhgroups; arydligtewmstoritaldg@o@tedialkyhgroupsef er abl y 1400- 2000
m . The halide of transition nmetal Ti or its derivative in the above
catal yst conponent A is represented by the general fornula

Ti X' (OR) 4rrefaraBieim tiie Solent Bystenchstdasclibed @bavp| eased @upbr mole of the
conpounds may he titaniumtetrachl oride, titaniumtetralpr o&%e,

titani ummaghesiyai ride; the aparaker hetarmimePcsY Coa I5i4-47% tmfes, and

nonochl or i ot GRL M j ' ' | 08 compound
T1 bl or o esrE AUt el A ore g CoRR U2 AR K Bl SInGHS sompoun
metal Ti i80.9-8b.derivative is 0.5-150 noles, preferably 1-20 nol es,

per nole of magnesium halide. The precipitating agent in the above
catal yst conmponent A is selected fromthe group consisting of organic
aci ds, orRraférablyring raoleyrdiio déthe comgponentdd hethe, campament Aeneasgedas the
m xtures thereof. exanples, for the e list, the ecipitatin
agent carﬁoﬁeragelcgﬁéﬁ‘é@"‘f”?%m i@é‘ﬂ#re' %‘?ﬁ@ﬁﬁu@?d E’?ﬁ a4 SPQ}W@'F‘PSQ?”‘QC 10
succi ni ¢ pBRyHidHent ARNRbSuRdYIhedAolc ke BEkllicbh to dizmnividisi e00.
acetic acid, propionic acid, butyric acid, acrylic acid, nmethacrylic
acid, acetone, nethyl ethyl ketone, benzophenone, nethyl ether, ethyl
et her, pr I h E?éﬁé% , heyr. O i i
pr eci pi tawgﬁgeﬁétalép% - 1. 0E nllt\)?{e%)l’ %’eﬁr%%ﬁp%f 05-%’.n§farr% gcg,sscg\élpg
mol e of nmggessium helideds. a Takvepbsydiami eorvpesrsk of BO AOPAICRRABY F9MPPENd,

above Catg%ﬁ%@%%%@?ﬁ%@y#%ﬁgﬁr?&ta%(a LA qﬂélttg:ﬁlgrgg\ﬁg§if89ﬂs+ jtjggl?gcé?{eous

aliphatic Cid esters an C po

car boxyl i solationgd tash eanixing tharisstutioaswith eiteniim Ralidexanpl dgriviatiee thereof to
pol ybasi ¢ carboxylic_acig ester can be sel ected from.di et hy, N
ol onat e PIEEBTS 2 SEIDTAME Pieanks Pf Adraaidatiey APy trAg, e SqidoHl a
sebacat e, @bty babORATPEG cdtdrIOhHANE it PbAdER] i ehe olid)-dnd ten treating the

pht hal ate, diisooctyl phthal ate, diethyl nmaleate, di-n-butyl naleate,.
di et hyl reghdtwith Wasium ceiratwlige and argingtl Jilueph yharginethe rrechiibng paeat is
triethyl ' i [ ' ' B g I i ' ,
tributyl (ﬁ}réém%ntg:cﬁof‘g@g] talt’netng?gh%yd;gbh &'ﬁeﬁt?ﬁ g@%ﬂ%%ﬂﬁ%ﬁ‘%h&% 4
pyronel | ikedvme. The anmount of the pol ybasic carboxylic acid ester is
0.0019-0.01 noles, preferably 0.0040-0.0070 nol es, per nole of

magnesi um hal i de. The organi ¢ al um num conpound i n the above catal yst

conponent THe fisthice prefarat Fediyr-Naga @anfystlin ftivs praseniirvexlon is vharetenzBd
i s hydrogen, a hydrocarbon group having 1 to 20 carbon atons
i e St GPBRD

parti cul apitha Priggs@ kAN calaly nent Asa GRrERHSt GUPPPRENLE pyd an
chlorine angbl OB:HER d%nbﬁf&nﬁoﬁeﬁ @. In concrete, the conpound can
€,

be selected fromfor exanp trimethyl alunminum triethyl alunminum
wherein the component A is a solid catalyst component comprising titanium,
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conmpound can be selected from for exanple, trimethyl methoxysilane,
trinmethyl ethoxysilane, dinethyl dinethoxysilane, dinethyl

di et hoxysi | ane, nethyl cycl ohexyl dinethoxysilane, dibutyl

di mret hoxysi | ane, di phenyl di nmethoxysilane, diphenyl diethoxy silane,
phenyl trimethoxysilane and vinyl trimethoxysilane. In the above

cat al yst | WY fau n c e

titani um ?)%S%étlﬁga c%w%:)ér%‘n\?n%@ﬁ%@jég%rgo gré et[ﬁ elraa%[%]g@né%gmg%ﬂ E’(élmﬁoéﬁgi of an
rati o of grmamoreppwytchmmnpoaerwgm@@hpsmmmamprrmouhé apdrgomeritdilaentto

2- 100, pr h Vi

conponent B asr distaes Ui g sk eRA B bR RATaF B cghatve
di ssol vedthmrebf 4 ipredipigatera aohad)lurvhm peysInem mfoarpwﬁxnltamﬁgaagmg,g’fumtmg the
€epoxy comnmpo an o nj c 0 oru co oun n.inert dilue

2P ¢ empapt it B pShbaisccd B REran 8878 grakelibloagRrhoR e seligamahinen
homgeneoﬁ%aﬁﬁbutﬁé%ohd2wnhnt|tahﬂnﬁrﬁa‘i@h@ﬁd@far@d FHrﬁQhéHttéﬂLJe'hﬂ ARAdin the
and at a tenperature of -35-60C, preferably -30-5C a titanium

conpound PECBitRIENG APIHAS RED selacted Fam ae oseanie peid anhydride rayamenimacid,
hal i de solyutdt Q_Lgpém r

pol ybasi cagaér Eg&%ﬁ? ?q%f:ilgné ggtaeé kiﬁ\%gglgghp e ag% ﬁﬂ?g%sgyg a%sgg orhper
preci pi t amela obtheymaginegiuno haliee.dbg ameunt of tke praaniqpepeatyecbropdurdl iarft2-5

make the t

Toe ot " PARR LB IALD B 1% BBl Ly SR F Mosprons
60- 110C anthpduedss®fend,on is stirred at this terrperature for 10

m nut es t 10 hours; After, end of the stirri sol i

ot 661 i t ol SPOITERL i 5 o B! SRUAL, AT BRLe Hiving 435 idegerdl formuia
r enovi ng IR ML, Whet® R isaydrogsong hytvecamondgrelp habiphUeezedstbon atoms,
hexane, t‘a | n the solid catalyst conmponent A conprising titanium
The three Iy N @fponent s may be added to the pol ynerization

reactor dtﬁ@fédrﬂpoﬁnt”@y@%rﬁdﬁéﬂnééﬂlddhe cbﬁ?tﬁ:tuﬁﬁ ALYIRG @ @gneral formula
subj ected to pre-conpl exation and/or prepol ynerization. The reactor

for pre-c&mpil mowheéecq o sy andnRy are $is spaensr. dm‘@re@xelmdl @roups,
it may be react or,

section o 9%'?%@%%‘%5 é’k' éjFo% ?Itozgrp\%] ﬁ%?]%&&ralk@eiﬁg éectl on of p| pe in
whi ch t hethmtwig ratia ef the cwnnpwrmntt Enhto theatampdient iAnweasared asitte mole ratio

unexpect edky, t{at ] cted catal yst o e
present | %tearlt rﬂmﬂt otBa I%P%OWD|52£%¢¢ ﬁﬁ‘?ette"gt *?ZR tdtt{e i gnﬁogggpgl(%%othe
obt ai n a pompphentA bubeseret! asthdanvieoptib wieilicha b t“tgnhmt,hsa-‘f[i(gh
relative dispersity of butene-1 and a | ow xyl ene sol ubl es content at
room tenperature. The pre-conplexation tenperature can be controlled

in the ramge mEPnéQuﬁ'pﬁah@é%Qﬁét&bb\ﬂencétﬁﬁysf %a%oﬁén9A3ﬁ6}ud’é§ernagneS|um
inventors have further found that, the relative dispersity

bt one_ 1 oA, BPBRAREROMESRBST AhabE e Mats Aohohang: edie, and
i nventi O”dbﬁﬁ?ét%%eébt%ﬁtetdhﬁy %sraefegobﬁéartawq;brt 'aiH?n%%Q’}ﬂ?teCm'r'fSrrHﬂﬁ of

xyl ene sol ubles content at” roomt deceases as
pr e- conpl &ye@nesiin |dﬂ&a|pieowﬂhgbydﬂaoamﬂ@r graupt 00 Hatohydpraariogap) exemp.owith

| -th
the pre- coeEt ip 1 BH elBe YT ReTA nBhudrsR S8R, /F ran P rpghesium
0.1-100 rrr,imhlq:nrdet araivlegiutn dbromide dhe npagmesiumplitodide.cat al yst can al so

be optionally further subjected to prepol ynerization. The
prepol yneri zati on can be carried out continuously under bulk liquid

phase conq‘htald?gémc@%xg%@m?doiﬁdhﬁ tR@ablotd détﬁlyét%ﬁtﬁantehﬁﬂtahétuaéb &liphatic

i nert solvent. The Egl ymerisation reactor nhay be a continuou
stirred talﬁnsdtavm% & errbaRdatoms, |diglefing1os ftﬂlwailetelailzlaatmnlef‘ ins or

t enperatu 1 e re

the r angebgtdggn%%@.&% ?é.u*‘??’f)l gthtg ?p{n@%gle&,tﬁérrsﬁ %g? % hlge ’% ttE‘BI %(H:rete

to be 0. 5ekampRB0forithesbopedistr thiel ysefuDcompbifd Icands: selected from ethyiene
8



The pol ynerization reaction is carried out in a propylene liquid
phase. Wen carrying out the |iquid phase polynerization, the

pol yneri zation tenperature is 0-150C, preferably 40-100C, the

pol ynmeri zati on pressure should be higher than the saturated vapor
pressure of propylene at the correspondi ng pol ynerization

tenperature. The pol ynerization can be carried out continuously, and
can al so dédeamropsdemaitoxide, e buterent dxjde, Theitadiene nowde, puitggiepe z giaxige,

b g N J i aui,d._. t ed
o seri copufgribhanaRin e B foeh BahiaA o AR GRRBRm TO0 et ©
continuous stirred tank reactor. Furthernore, the polynerization can
I b i ed qut i h . Ip. thi : i tah Vi
ke a galh PR SheroRoUS PR By 2PRES 1S Fena BB e AT U8
random capRirye@mbylOéstbReoP harRgBhaledVeydrbesrbyRBsiees S kireet sitbgphoric acid or
extrusi on granul ation usi ng correspondi ng equi pnents. |In t&e-tﬁ'%sé?hyl
i

b

of gr anul RgspRorqus ?‘ééurﬁ BANCEten FUCH @i COMRAUNES CRfb gy 491 X8R
this fiel : | 84 I Qokph &L 0. i ,o],@%) j i
absorpti o%ha%gﬁ?%%. q{;g?‘?f U%ﬁgggg?éﬁﬁe ,e' I}r%ﬁ‘%ﬁ st abi I?hz%fdshfat?i.eattrmhenyl
st abi | i zeor$ho-pbbsptiatey taigeatvy  prmsphiiel ethyi phagehite, tipvad ghasphite, benzyl
nodi f yi ngﬂgoot}1 gl properties, can be added. Al of these additives

can be add¥FP°their conventional anounts. Duri ng the granul ation,
the tenperature of nelt blending of materials is the one usually

adopted ip the processi of pro enpe polyner, as blendjn

Cenper at ue Mart Ghvesh Ll teo B rablvalcr R ERA Fiap biekids Bexangy deptane
wher ei n tQigams, OBYhAMR, REILEAB! xgléhb! ¥ ZARhRstob Mkl YehlBroberzdnyg amet other
deconposed, for exanﬁl e 180-260C. In a preferred enbodi nent, in order
to preparlydrecarpee Oeppegepriggyverecasher gaOPOpAHSBom copol yner
conposition of the present invention, a nucleating agent can be added

to pol ypropyl ene, which can reduce the size of crystal particles of
pol ypr opyTenmagnepitovkalidesaytiancialthg abpee catedysbcotrtpenent Atias the delpwing

nucl eat | MBSO Saner ol Bb B BE statstf Bl iang BREAFLAE e grdsnic
Co. ), ADKepdhy2dorapaumy d<t02-Sdmayeshspreferbblyk 8.5 rmpolesaride Mhblee dathiX@d e
Ul eat | ISEHEnEPPY 1ESTBRTSOE8. TR oA ATHRT RS TR I d8a0F 1P
t he st ageprefergbigrbat 6, omost! peeférBinD.o0f 4t hpdniel &abliRgoRGRNIngrs dudntlis
parts by weight, preferably O .4 parts by weight. The nethod for

y 0.2-0.4
pr epar i ngl 208240 arelesably JABP2999 Rkl t bl endi ng t he
propyl ene- but ene-1 random copol yner. powder with the preferred M|l ed
3988 nucl eating agent and optionally other additives according to the
above nenthehdldlewsitgmsiticathetal Tidrdtscatiyative Irothesfbavecatalpstegamponent A is

i nvention_al t fol | ow chpy fe s, -a4haz

shoet . (wiTER 3R pkdBe el AmbE TR A8 o 10R o Pincig s the

| ess t harexEdlepoebeacabbmpbesds himnb&Uaniurd tatrberdbride stitaniunotetrabromide,

tenperature of greater than 95C .. preferabl reifi\ter than 1 QC oy €

br oF or abl YSRRELREA A SEARIOTA Bl ol erti Ryt R, adsIoro tlaihoxy

i nvent i onjtA@ermD fidhidroldistASRA KiRIMM Ak hﬁﬂﬂorb&ﬁbﬁéﬁﬂé%tiﬁa{ﬂ%mt Thé affdiht
eati

suitable for packaging food that_nmay be edible after ng.

Mor eover ,oftthe helide 85 trangitiom sretall Eerits dativiative i 89 $5@ sinlestpretesablyat-20
when used,af p;g%rkﬁ i nq@é pal.nditiecan advant ageously avoid the

cont ami ngT?oﬁ’ 0 tﬁleen%ac 'géeél [ thg#geT romthe precipitation of

mgrants, and it is especially for use as food and pharmaceuti cal

packagi n rials. The present invention further, proyi d
ackagt noMEEpEG dlafng apfriih TS Pheveatal st Rt AR Bl flicaroue
of the preseitingnePtriaiic Ohcitife opGAniOr &l enteydiides| Yorganicoefinss | icdganic
as above described. The nethod for prepari nﬁ t he cqnta}i1ner conpri ses:
ketones, or mixtures thereof. As examples for the above list, the precipitating agent

9



1. The neasurenent of the content and rel ative dispersity

(Mprel 3tive(B)1 relative nononer dispersity) of the conononer
butene-1 in the propyl ene-butene-1 random copol yner: The neasurenent
i s conducted by using AVANCE II| type 400 MHz nucl ear magnetic
resonance spectroscopy (NWR), nmanufactured by Bruker

(Switzerl %Qﬂ) S(Eteghﬁokolahé’t‘i’ﬂ %hgent %@gélﬁ%%hﬁgﬁ %@crgﬁ'u li¢. anhydride,

deut erate orobenzene as sol )
sol vent, cdma;lem:l ammgiris!anpw@naallnim@anhxzdﬂdﬁeacetig am'[glcpnmkpnldac@bmmmc acid,

terrperature 25C,.  det D1 \bei n 10
oabnde. " EErlR Fair e FREBRAG S kol mERYEnkt (o, (aEiBEndipns. methy
ti rTES TSQtiﬁ@e(rj@thyloretMr eprppyli wtndrs, bu;yieethéentarrfyl cetheanThé smﬁuma wf the
peaks an t e ta Processi CO uct e i a r nce t t he
e o oreratetinageentris o Padl 0 SOl Rt Rl P RB o rase cher ble o
refer to theydedilmwangedocuments: (1) H N. Cheng, 13C NWR Anal y5| S

of Propyl ene-Butyl ene Copol yners by a Reaction Probability Mdel,
Journal of Polyner Science: Polyner Physics Edition, 21, 573-581

(1983). (a'%eE;StBI bdsi H%kyh@%‘é;d@é‘i%?nrpt apoA l:ata 993:‘?1 orEtUL I Eelected
% nol ecul es, 15,

Di stributions ene-'1- Hexene Cop yners,
1402- 1406 fr(om)m grdﬂmeccrr@llsam\m’ alipptic QDWaglnmadbw{ze@Bl)d) esbérsancearematic

(E) ot o B BARGARERIL et Subh dob NBgEER 8 g Bt Trd B

x100 carboxylic acid ester can be selected from diethyl malonate, d|butyl malonate,
diethyl adipate, dibutyl adipate, diethyl sebacate, dibutyl sebacate, diisobuty!
phthalate, di-n-butyl phthalate, diisooctyl phthalate, diethyl maleate, di-n-buty!
maleate, diethyl naphthalene dicarboxylate, dibutyl naphthalene dicarboxylate,
triethyl trimellitate, tributyl trimellitate, triethyl hemimellitate, tributyl hemimellitate,
tetraethyl pyromellitate, tetrabuti,/[ pyromellitate. The amount of the polybasic
carboxylic acid ester is 0.0019-0.01 moles, preferably 0.0040-0.0070 moles, per
mole of magnesium halide.

The organic aluminum compound in the above catalyst component B is represented
by the general formula AIR.X3.,, wherein R is hydrogen, a hydrocarbon group having
1 to 20 carbon atoms, particularly alkyl, aralkyl, aryl group; X is halogen, particularly
.chlorine and bromine; n is 0 < n < 3. In concrete, the compound can be selected
from for example, trimethyl aluminum, triethyl aluminum, triisobutyl aluminum,
trioctyl aluminum, diethyl aluminum hydride, diisobutyl aluminum hydride, diethyl
aluminum chloride, diisobutyl aluminum chloride, sesquiethyl aluminum chloride,
and ethyl aluminum dichloride, among which triethyl aluminum and triisobutyl
aluminum are preferred.

The organic silicon compound in the above catalyst component C is represented by
the general formula R,Si(OR')s.,, wherein 0 < n < 3, R and R’ are the same or

different alkyl, cycloalkyl, aryl or halogenated alkyl groups. In concrete, the
10



MD observed(B x100 MD random(B) Wierein, [PB] represents the nunber
of butene-1 nononmeric units |linked to propylene nononeric units in
the nol ecul ar chain; [B] represents the total nunber of butene-1
nmononeric units in the nol ecul ar chain; Mdobserved(B) is the

di spersion coefficient of butene-1 nononers in the nolecul ar chain,
MDrandon(B) is the ideal random di spersion coefficient, Mrelative(B)

i s the retampandcapdesselecel tomerfier- eéxampte, drivstiatl anethoxpyilane. trimethyl

MDobser ve . ando . | cul [ Qo M0l g 9

o e R AR ARS8 Bl s Bypiones
:VHE:I i][ldgdim(emﬁﬂ)yl } silimswg{r&dyl?médioﬂgsitagl_el Saibhadyl adimBieX y&l\//iimnmwhr diphenyl
oad o . .., 4. ecul ar, wei ght distribut i i ndex ;

nol ecul ard'ﬁgpéﬁls"%ﬁestpihieBthf'H}‘?ﬂaﬁxy§g"i‘ﬁﬂ %n(?gm#gggnuéigaxyﬁ?augi ng PL-GPC
220 gel perneation chromatographi c anal yzer (manufactured by Pol yner

Laboratories Co., British) in conmbination with I R5 detector
(manuf actlortee aloveorstelvst sesiem., thesmasla)ratia gl ralimenyng)in dae mpmponent B to

condi tio 2R0fh RAKE TS oﬁénpﬂ@gﬁfo@_@[é@?@ab 51308 metﬂ%%graﬁE%lsm%@n in

pm M XED- B umms connected in serie ent and nobi | ase -
1, 2, 4- t r i thhlcormymerntBdo titanitmi initheycOmpogentgs 2 Otnpredsrabimi-32.
2,6-di-butyl p-cresol), columm tenperature 150C, flow rate of 1.0
m/mn, EasiCal PS-1 narrow distribution polystyrene standard sanpl e

( manuf act Thiee chttyodPlor @epariraetfng atiove ¢catalyst sathpoadntoh zbmpmises She Fakwing
distortion tenperature (HDT): neasured according to ASTM D648. 6.
Haze: nea¥BP®d according to ASTM D1003. 7. n-Hexane extract:

measur ed AQARLRIAIMLIRLIEE/id AXIB1Ved Wikte stifPipigan e asiveERNBRitématnBdded of an
carried out under roomtenperature conditions, unless otherws

i ndi cat edorganic epoxy compound, an organic phosphorus compound and an |nertediluent at
a temperature of 0-100°C, preferably 30-70°C, to form a transparent homogeneous
solution;

2. In the presence of a precipitating agent and at a temperature of -35-60C,
preferably -30-5°C, a titanium compound is added fo the magnesium halide solution
or the magnesium halide solution is added to a titanium compound, and moreover, a
polybasic carboxylic acid ester needs to be added before or after the precipitation of
a solid to thereby treat the precipitated solid and make the polybasic carboxylic acid
ester partially loaded on the solid;

3. The reaction mixture is heated to a temperature of 60-110°C, and the suspension
is stirred at this temperature for 10 minutes to 10 hours;

4. After end of the stirring, the solid is precipitated from the mixture solution, followed
by filtering, removing mother liquor, and washing the solid with toluene and hexane,

to obtain the solid catalyst component A comprising titanium.

The three catalyst components may be added to the polymerization reactor directly,
or may be added to the reactor after being subjected to pre-complexation and/or
prepolymerization. The reactor for pre-complexation reaction may be in various
forms. For example, it may be a continuous stirred tank reactor, a loop reactor, a

11



Exanpl e 1 The pol ynerization reaction was carried out in a pilot

pl ant. The mai n equi prment includes a pre-conpl exation reactor, a

prepol yneri zation reactor, a |loop reactor. The pol ynerizati on net hod
and steps were as follows: (1) Pre-conplexation reaction: The main
catalyst (an active solid catalyst conponent conprising titanium was
obt ai ned by using the nethod described in Exanple 1 of Chinese patent
CN1258683&€ctip@ pgpmetqv@taiﬁmrﬁﬁ%ﬁc BIXEELH VSR GIClien 9 iRcdn wdich the material
dii sobutyll W\,\%Wb g obtained main catalyst contained 1.93 wt%

of Ti, 0.3 0 0 magneS| um and 9.3 wt % of diisobutyl phthal ate.

The mai n cat al yst, co-catalyst (triethylalum num and external

el ectron nor t I

respectivel \ﬂvéﬁg) ?*@P’éﬁ?"e&pgé%d oogﬁj&g@ yﬁgcﬁmﬁg tmﬁ éc’ggtclterdrce:(1‘5"ySt of
tank for Qﬁérprbagwtomeqlml*t@a ctohrqnlpeembmﬁlexaaaﬁttrmmeﬁhatmepcﬁatﬁw axabtaim a
t enperat ure roll ed throu e jacket r .to be

L he var | oREOP USRS UK 4; EHBNS CORAVER RN TOLN Bolidh elale dsparsty of

di schar gehitéfe-avedid oy Iédexaglénwassdﬂﬁﬂébt@orﬁbhﬂtéﬂt trb@mcoz“em;férm?e anfhe
t he external electron donor thereby controlling the volune flow of

t hese two RFatCOMRiexationtgninaraives ce@)ﬁerc@mrp%d trhiberaageehcld-€0 ke preferably
the pre- quee%%?ﬁedeoaf 6384 Ofhd &a\}l%%tcgrs fﬁao tf&nhérgfbuﬁa apa! lre'lazli%[a'q(?ég)(?rsﬂy

reaction conplexed ca ralne I'n prob ene coo
to 10C, waffb‘L.edn@anhlthumrsbylehe-m;t@ieepcbyﬁeml mmu[wnerrefattte0|nrefsent 1nvent|on

| t | i t
ot g ShkreRESE RS HAE bHE ShrPaxaliaf (i BRoIE. Wile BF b ERG aiISs piprent

was carried rogin temparhturé Id@ueésémawn@brdl&@mwaaﬁoré mhe: rolon s. However a
prepol yner i zaltl on tenperature and

Phece Londbe 10Re PrereaEKtlaane, uill RiiFe: peeaoe fe aatuy 8l thggamlyst.

about 80 tyhekéfdrd, tHB DrelBmdiORAINTRAE 28 sbRitted |nRhél@1Yéﬁ?ﬂ1rWéh§6ﬁ19101 100
The prepol yneri zed cat al st was fed to a | oop reactor, wherein th

copol ymer inzigs peafeEblb #he- but ene- 1 was acconpl i shed. The

pol yneri zation reaction tenperature was 70 C, and the reaction
pressure was 4.0 MPa. Table 1. The pol yner discharged fromthe | oop

r eact or vvél'shesubljeemmuleo(eda dafaly$t essapotlaci e teptivepdy afwthmromybisstsd o

ond 12 SRS B 15 PR SARERdf  BE S OE Byl g

unr eact ed
powder s wensk bmudl precse Efm\diﬁ}ﬁhspea'rtcscély alsei bdtcaaifed bet mbérmlmdlyaol grmirrert

powder, O. 1 art by wei ht of 168 additiv Ci ba,. S

e cal oo TadtréBoSiilsrBhnion ensiontesy 561 abfinidis Siag ok, 'd loop
Speci al ty réh@tm @aksthealikk. OF KD pB@fjdlﬁnszaftwngiétmﬁéra@@é Qﬂahnbéfc@ﬁl’ralleﬂ in the
(Ci ba Specialty Chenmicals) were added respectively, and t

granul at ed@0@¢ hok t1#-R0Sor eeBBtEblyddR the ofingen el -4PE of-”'ienemU'"'F’Ie of
propyl ene JP b@?ﬁﬁ%zéﬁﬁﬁi%;&ﬁ-ﬁr%ﬂ%ﬁ %be OTf)"f‘o gﬁéé AMERNGRIGEbR 0 (BB YiffRs.

was teste own in
The polymerization reaction is carried out in a propylene liquid phase. When
carrying out the liquid phase polymerization, the polymerization temperature is
0-1507C, preferably 40-100°C; the polymerization pressure should be higher than
the saturated vapor pressure of propylene at the corresponding polymerization
temperature.

The polymerization can be carried out continuously, and can also be carried out

intermittently. The continuous polymerization can be carried out in one or more liquid
12



The procedures were the sane as Exanple 1, except that the

pre-conpl exation time of the catal yst was changed. The pol ynerization
conditions and the performance of the polynmer were shown in Table 1.
Exanpl e 3 The procedures were the sanme as those in Exanple 1, except
t hat the anobunt of butene-1, the ampbunt of hydrogen and the

pre-conpl exation time of the catal yst were changed. The

pol yner i zRhasenegoteds coomesctesin seresdihediavichpbass fQﬂ?éorpQﬁr}/H%ra lRepdeactor,

shown in ﬁ'r} T ocedures were the sane as those in
Exanpl e 1J[aée)§§ré UOtlaéat t eta%krr{;%n "of butene-1 and the

pre-conpl exation tinme of the catal yst were changed. The

pol ynmeri zati,on condjtions and.the I f I
Shoun 1 n R, B BAET oA et a0 P a0 oui T 088 RERE. PRIR cace.
as those sdmé&sanable devicex (ieph ddsaihdskaeaatvakyn bevaraployedsubj ected to

pre-conpl exati on. The main catal yst, co-catalyst (triethylal um num
and external electron donor (nethyl cyclohexyl dinethoxysilane) were

fed separpié&l propPlefeMuedd-¥ MRiridon | @dpdiyaet f the gsfek¥nt Thdention can be

pol ymeri zation conditions and the perfornmance of the polyner were
shown i n Suieeed to estipsipataramul V@Smmr%ﬁm@mﬂ gquipsients g tE'Srﬁélse

th
20, nose A EAGHILG, e R8T Rl S2asldrshy USBq el pahers Slahre
and ext erarstioxedasts (@g. dONOy 168K tavyd abyonpmbexggerm(m h@ﬂéylym shasyratger h@ht
fed d
ol yror | ZARRerSo et SRBARG « SOl AseRid cer chidamng, 3HkEs gseable of
shown i n mabifgnd opﬁoambpémee Gl axdddT i aranheseaetcaint;ms tgambesmided in
active center conponent co |n titan t n
fhe vot mafeticonyrHEma Hmewale, Puring gié efnylons e i Ra@h5e B LY Ending
(I ncl udi ngr hBgrE/SRE o Qﬂ%l@tédﬁbtéﬂ uPﬂfé bﬁ‘dc‘é%smb &fﬁfﬁr@@?lelm@ polymer as
Chl ori de/ Al cohol Adduct” in Exanple "Ceneral Procedure fo

Prepar i n@'ﬁngpﬁeﬁf’@p@éf%eyswh'%rﬁi’t%'%tb'e b?@ﬁﬁ‘%d Ex@mp e 11FmRﬁrﬁ%ﬁUé‘? nfange
the interpal ¢l f a;fr8@¥lg % Wgﬁq c‘é(?l's?éjﬂo’[élryl}HBD(én BOE ﬁ‘é‘t’ d’éc%mﬂ-&%d for
i ne

obt ai ned mai n cat of Ti
magnesi um;xamuﬂe]]:&ﬂvw%(b@ di - n-butyl phthal ate.

In a preferred embodiment, in order to prepare the preferred propylene-butene-1
random copolymer composition of the present invention, a nucleating agent can be
added to polypropylene, which can reduce the size of crystal particles of
polypropylene, improve the optical properties of the material, and further improve
the heat resistance of the material. Preferably, the nucleating agent is Millad 3988
(manufactured by Milliken Chemical Co.), ADK NA-21 (manufactured by Asahi
Denka Corp.) and Millad NX8000 (manufactured by Milliken Chemical Corp.). The
most preferable nucleating agent is Millad 3988. The nucleating agent can be added
in the stage of granulation. The amount of the nucleating agent is 0.1-1 parts by
weight, preferably 0.2-0.4 parts by weight. The method for preparing the composition
comprises melt blending the propylene-butene-1 random copolymer.powder with the
preferred Millad 3988 nucleating agent and optionally other additives according to

the above mentioned weight ratio.

13



O her operations were the sane as those in Exanple 4. The

pol ynmeri zation conditions and the performance of the polymer were
shown in Table 1. Conparative exanple 39 Z70 O 04 N owhlL
01.94 9.9 1;26 0.

The composition of the present invention also has the following technical features: a
haze of the sheet (with a thickness of 1 mm) formed by melt injection molding of less
than 10%, preferably less than 8%; and a heat distortion temperature of greater than
95°C, preferably greater than 100°C, more preferably greater than 105°C. The
composition of the present invention has better transparency and heat resistance,
and it is more suitable for packaging food that may be edible after heating. Moreover,
the composition has also a lower migrants content, so that, when used as packaging
material, it can advantageously avoid the contamination of the packaged items from
the precipitation of migrants, and it is especially for use as food and pharmaceutical
packaging materials.

The present invention further provides a food packaging container, which is formed
by the polypropylene copolymer of the present invention or the polypropylene
copolymer composition as above described. The method for preparing the container
comprises: meiting the particles of the polypropylene composition and forming by
using any molding process. The molding process may be injection molding,
thermoforming, blow molding and the like. The packaging container of the present
invention is suitable for packaging liquid or solid food, particularly greasy food.

MODE OF CARRYING OUT THE INVENTION

The present invention is further described by illustrating the following examples. The
scope of the present invention is not limited to these examples. The scope of the
present invention is defined in the claims.

The relevant data in the present invention and its examples are obtained according
to the following measurement methods:

1. The measurement of the content and relative dispersity (MDieiative(s). relative
monomer dispersity) of the comonomer butene-1 in the propylene-butene-1 random
copolymer:

14
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The measurement is conducted by using AVANCE il type 400 MHz nuclear
magnetic resonance spectroscopy (NMR), manufactured by Bruker Co.
(Switzerland), under the following conditions and parameters: deuterated
o-dichlorobenzene as solvent, 250 mg sample / 2.5 ml solvent, dissolving sample at
140°C, collecting **C-NMR, detection temperature 125°C, detection head 10 mm,
delay time D1 being 10 seconds, sampling time AT being 5 seconds, scanning
times > 5000 times. The operation of experiments, the identification of spectrum
peaks and the data processing are conducted in accordance with the norms of
standard NMR. With respect to more detailed contents, please refer to the following
documents: (1) H. N. Cheng, *C NMR Analysis of Propylene-Butylene Copolymers
by a Reaction Probability Model, Journal of Polymer Science: Polymer Physics
Edition, 21, 573-581 (1983). (2) Eric T. Hsieh, and James C. Randall, Monomer
Sequence Distributions in Ethylene-1-Hexene Copolymers, Macromolecules, 15,
1402-1406 (1982).

The relative dispersity (MDreayvers)) of butene (B) is calculated according to the

following equation:

~[rB]
(1) MD observed(B ) -_[BTX 100
(2) MD random(B) = (1 - [B]) X 100
MD
MD — observed(B ) % 100

) reeve® MD random(B)

Wherein, [PB] represents the number of butene-1 monomeric units linked to
propylene monomeric units in the molecular chain; [B] represents the total number of
butene-1 monomeric units in the molecular chain; MDgpservedie) IS the dispersion
coefficient of butene-1 monomers in the molecuiar chain, MDrngome) is the ideal
random dispersion coefficient, MDreaiive(s) S the relative dispersity of butene-1; and

MDbserved(8), MDrandoms) 8Nd MDreratives) @re calculated in unit %.
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2. The xylene solubles content: measured according to ASTM D5492-98.

3. Melt index (MFR): measured according to ISO1133, at 230°C, under a load of 2.16
kg.

4. Molecular weight distribution index Mw/Mn: molecular weight distribution of
sample is measured by using PL-GPC 220 gel permeation chromatographic
analyzer (manufactured by Polymer Laboratories Co., British) in combination with
IR5 detector (manufactured by Polychar Corp., Spain) under the following conditions
and parameters: chromatographic columns — three Plgel 10 um MIXED-B columns
connected in series, solvent and mobile phase - 1,2,4-trichlorobenzene (containing
0.3 ¢/1000 ml antioxidant 2,6-di-butyl p-cresol), column temperature 150°C, flow rate
of 1.0 mlimin, EasiCal PS-1 narrow distribution polystyrene standard sample
{(manufactured by PL. Co.) useful for universal calibration.

5. Heat distortion temperature (HDT): measured according to ASTM D648,

6. Haze: measured according to ASTM D1003.

7. n-Hexane extract: measured according to GB/T5009.58

The above measurements are all carried out under room temperature conditions,
uniess otherwise indicated.

Example 1
The polymerization reaction was carried out in a pilot plant. The main equipment
includes a pre-complexation reactar, a prepolymerization reactor, a loop reactor. The

polymerization method and steps were as follows:

(1) Pre-complexation reaction:
16
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The main catalyst (an active solid catalyst component comprising titanium) was
obtained by using the method descrivped in Example 1 of Chinese patent
CN1258683A, wherein the internal electron donor compound was diisobutyl
phthalate. The obtained main catalyst contained 1.93 wt% of Ti, 19.8 wi% of
magnesium, and 9.3 wt% of diisobutyl phthalate.

The main catalyst, co-catalyst (triethylaluminum) and external electron donor
(methyl cyclohexyl dimethoxysilane) were fed respectively via different pipes to a
jacketed continuous stirred tank for carrying out pre-complexation reaction. The
pre-complexation temperature was controlled through the jacketed water to be 8°C,
and the various reaction media were charged from the bottom, and discharged via
overflow. Hexane was used to dilute the cocatalyst and the external electron donor
thereby controlling the volume flow of these two materials, and further controlling the

residence time in the pre-complexation reactor to be 1 minute.
(2) Prepolymerization reaction:

The pre-complexed catalyst, entrained in propylene cooled to 10°C, was fed
continuously to a prepolymerization reactor for carrying out prepolymerization. The
prepolymerization reactor was a continuous stirred tank operated at full load. The
prepolymerization was carried out in bulk liquid phase of propylene (the
prepolymerization temperature and time were shown in Table 1). Under these

conditions, the prepolymerized multiple of the catalyst was about 80 to 120 times.
(3} Copolymerization of propylene-butene-1:
The prepolymerized catalyst was fed to a loop reactor, wherein the copolymerization

of propylene-butene-1 was accomplished. The polymerization reaction temperature

was 70 'C, and the reaction pressure was 4.0 MPa.

The amounts of butene-1 and hydrogen added in the loop reactor were shown in
17
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Table 1.

The polymer discharged from the loop reactor was subjected to a flash evaporation
to separate propylene, and then passed through wet nitrogen to eliminate the activity
of unreacted catalyst, followed by drying with heating. Finally polymer powders were

obtained.

To 100 parts by weight of the obtained polymer powder, 0.1 parts by weight of
IRGAFOS 168 additive (Ciba Specialty Chemicals), 0.2 parts by weight of IRGANOX
1010 additive (Ciba Specialty Chemicals) and 0.05 parts by weight of calcium
stearate (Ciba Specialty Chemicals) were added respectively, and then granulated
with a twin screw extruder to obtain pellets of the propylene-butene-1 random
copolymer. The performance of the copolymer was tested and shown in Table 1.

Example 2

The procedures were the same as Example 1, except that the pre-complexation
time of the catalyst was changed. The polymerization conditions and the
performance of the polymer were shown in Table 1.

Example 3

The procedures were the same as those in Example 1, except that the amount of
butene-1, the amount of hydrogen and the pre-complexation time of the catalyst
were changed. The polymerization conditions and the performance of the polymer
were shown in Table 1.

Example 4

The procedures were the same as those in Example 1, except that the amount of
butene-1 and the pre-complexation time of the catalyst were changed. The
polymerization conditions and the performance of the polymer were shown in Table

18
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Comparative Example 1

The procedures were the same as those in Example 1, except that the catalyst was
not subjected to pre-complexation. The main catalyst, co-catalyst (triethytaluminum)
and external electron donor (methyl cyclohexyl dimethoxysilane) were fed
separately to a prepolymerization reactor directly. The polymerization conditions and

the performance of the polymer were shown in Table 1.
Comparative Example 2

The procedures were the same as those in Example 4, except that the catalyst was
not subjected to pre-complexation. The main catalyst, co-catalyst (triethylaluminum)
and external electron donor (methyl cyclohexyl dimethoxysilane) were fed
separately to a prepolymerization reactor directly. The polymerization conditions and

the performance of the polymer were shown in Table 1.
Comparative Example 3

The main catalyst (the solid active center component comprising titanium) was
obtained by using the method described in Example 1 of Chinese patent
CN200410062291.3 (including the content “Preparation of Particles of Magnesium
Chloride/Alcohol Adduct” in Example 1 and “General Procedure for Preparing a
Spheric Catalyst Component” before Example 1), wherein the internal electron
donor compound was di-n-butyl phthalate. The obtained main catalyst contained 2.4
wit% of Ti, 18.0 wi% of magnesium, and 13 wi% of di-n-butyl phthalate.

Other operations were the same as those in Example 4. The polymerization

conditions and the performance of the polymer were shown in Table 1.

19
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As could be seen from the above data, with respect to the selected
catalyst of the present invention, the propylene-butene-1 random
copolymer resulted by using the catalyst that had been subjected to
pre-complexation treatment had a significant increase in the relative
dispersity of butene-1 and a significant decrease in the xylene solubles
content at room temperature, in comparison with the propylene-butene-1
random copolymer resulted by using the catalyst that had not been
subjected to pre-complexation treatment. In the case of the same butene
content, the copolymer had a similar transparency, but an increased heat
distortion temperature. This demonstrated that the heat resistance of the
material was improved. Moreover, as the pre-complexation time
prolonged, the above effects could be further improved. As could be
seen from the data of Comparative Example 3 and Example 4, the
pre-complexation imposed a significant impact on the obtained
performance of the selected catalyst of the present invention, that is to
say, the selected catalyst of the present invention and the

pre-complexation produced a synergistic effect.
Example 5 (a composition of the present invention)

The procedures of examples 1 to 4 and comparative examples 1 to 3
were repeated with the exception that 0.3 part by weight of nucleating
agent Millad 3988 (Milliken Chemical Company, Ltd.), 0.1 parts by weight
of IRGAFOS 168 additive (Ciba Specialty Chemicals), 0.2 parts by
weight of IRGANOX 1010 additive (Ciba Specialty Chemicals) and 0.05
parts by weight of calcium stearate (Ciba Specialty Chemicals) were
added respectively into each 100 parts by weight of the obtained
polymer powders and then granulated by two-screw extruder, thereby
obtaining the pellets of the compositions 1 to 4 (Comp. 1-4) and

comparative compositions 1 to 3 (Comparative Comp. 1-3). The
21



Pre-conpl exation time, mn Prepolynerization tenperature, 'C
Prepol ynerization time, min | Anount of butene-1, ppnv Anount of
Hz, Ppnv Content of butene-1, nol% Relative dispersity of butene-1,

% Xyl ene sol ubles content, wt% U LAWAA VI Melt index, e/ 10mn
Heat distortion tenperature, 'C % sazeH
performances of the compositions were shown in Table 2.
Table 2 Overview of performances of compaositions
Comp.1 | Comp.2 | Comp.3 | Comp.4 | Comparative | Comparative | Comparative
Comp. 1 Comp. 2 Comp. 3
Heat distortion 101 106 106 98 93 a8 86
temperature, ‘C
Haze, % 7.6 7.5 7.4 6.0 7.7 8.2 6.2
0.8 0.7 0.7 1.0 1.1 1.3 1.4
n-Hexane
extract, g/100g

As could be seen from Table 2, the composition prepared from the
propylene-butene-1 random copo[ymér having a higher relative
dispersity of butene-1 and a lower xylene solubles content after the
addition of a nucleating agent had better transparency and heat

resistance and lower migrants content.

Example 6 (food packaging container of the present invention)

The food packaging container of the present invention was produced by
an injection moulding process. In this process, the pellets of composition
1 as prepared in Example 5 were dried in a thermostatic oven at
temperature of 90°C for 4 hours. The materials were turned into a molten
state in cylinder of the injection machine by the homogeneous heating.
Under a certain pressure and injection rate, a defined amount of molten
materials were injected into the mold cavity, subjected to a pressure
keeping stage and then cooled to be solidified to a shaped article. During
the whole injection moulding process the following parameters and

conditions were adopted: the temperature of injection machine being

22



As coul d be seen fromthe above data, with respect to the sel ected
catal yst of the present invention, the propyl ene-butene-1 random
copol yner resulted by using the catal yst that had been subjected to
pre-conpl exation treatnment had a significant increase in the relative
di spersity of butene-1 and a significant decrease in the xylene

sol ubl es content at roomtenperature, in conparison wth the

propyl ene-b e~ nigesh bysougPagdiver slry st

t hat had no?éggen%§8§?§3$tﬁgggh ref%%ﬁgFantion trea?nentfm?i,the
case of thebsiage5but 68eViEantieet! tinddeiwpdPymet0 BRaeondssiqaoligg time
transparency,. but_ an.i ncreased, heat djistorti tu Thi s
denonst r at e\ée'f‘ﬁa“ts T 28 sreQhds gud g'iea'f%’g:l %ﬂhé&f{gﬁﬁgtbgﬂﬁg{@m‘{f? npr oved.
Mor eover, as the pre-conplexation tinme prol onged, the above effects
could be further inproved. As could be seen fromthe data of

Conpar ative Exanple 3 and Exanple 4, the pre-conplexation inposed a
significant inpact on the obtai ned performance of the selected

catal yst of the present invention, that is to say, the selected

catal yst of the present invention and the pre-conpl exation produced a
synergistic effect. Exanple 5 (a conposition of the present

i nvention) The procedures of exanples 1 to 4 and conparative exanpl es
1 to 3 were repeated with the exception that 0.3 part by wei ght of
nucl eating agent MIlad 3988 (MIIiken Chem cal Conpany, Ltd.), 0.1
parts by weight of | RGAFCS 168 additive (G ba Specialty Chem cals),
0.2 parts by weight of | RGANOX 1010 additive (Ci ba Specialty

Chem cal s) and 0.05 parts by weight of calciumstearate (Ci ba

Speci alty Chem cals) were added respectively into each 100 parts by
wei ght of the obtained polynmer powders and then granul ated by

t wo- screw extruder, thereby obtaining the pellets of the conpositions
1to 4 (Conp. 1-4) and conparative conpositions 1 to 3 (Conparative
Conp. 1-3). The perfornmances of the conpositions were shown in Table
2. Table 2 Overview of performances of conpositions Conp. 1 Conp. 2
Conmp. 3 Conp. 4 Conparative Conp. 1 Conparative
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Conmp. 2 Conparative Conp. 3 Heat distortion tenperature, 'C 101 106
106 98 93 88 86 Haze, % 7.6 7.5

Claims

1. A propylene-butene-1 random copolymer, characterized in that it has a
butene-1 content of 1-6 mol%, preferably 3-6 mol%, and has a relative
dispersity of butene-1, as determined according to NMR method, of

greater than 98.5%, preferably greater than 99.0%.

2. The propylene-butene-1 random copolymer as claimed in claim 1,
characterized in that it has a xylene solubles content at room
temperature which is lower than the following fitted line: Y = 0.77
+0.252X, wherein Y is the weight percent of the xylene solubles at room
temperature, and X is the mole percent of butene-1 in the

propylene-butene-1 random copolymer.

3. The propylene-butene-1 random copolymer as claimed in claim 1 or 2,
characterized in that it has a melt index, as measured at 230°C under a

load of 2.16 kg, of 0.5-50 g/10 min, preferably 2-30 g/10 min.

4. The propylene-butene-1 random copolymer as claimed in any one of
claims 1 to 3, characterized in that it has a molecular weight distribution

index Mw/Mn, as measured according to GPC, of 3.5-8, preferably 3.8-6.

5. The propylene-butene-1 random copolymer as claimed in any one of
claims 1 to 4, characterized in that it is obtained by copolymerization with
the use of a Ziegler-Natta catalyst comprising a main catalyst component
A, a co-catalyst component B and an external electron donor component
C, wherein the component A is a solid catalyst component comprising

titanium and a polybasic carboxylic acid ester obtained by dissolving
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magnesium halide in a solvent system composed of an organic epoxy
compound, an organic phosphorus compound and an inert diluent;

the component B is an alkyl aluminum compound having the general
formula AlR. Xz, wherein R is hydrogen or a hydrocarbon group having
1 to 20 carbon atoms, X is halogen; and

the component C is an organosilicon compound having the general
formula R,Si{OR')4.n, where 0 £ n < 3, R and R’ are the same or different

alkyl groups, cycloalkyl groups, aryl groups or halogenated alkyl groups.

6. The propylene-butene-1 random copolymer as claimed in claim 5,
characterized in that, in the solvent system, based on per mole of the
magnesium halide, the amount of the organic epoxy compound is 0.2-5
moles, and the mole ratio of the organic epoxy compound to the organic

phosphorus compound is 0.9-1.6.

7. The propylene-butene-1 random copolymer as claimed in claim 5 or 6,
characterized in that, the: mole ratic of the component B to the
component A, measured as the mole ratio of aluminum to titanium, is
5-1000, and the ratio of the component C to the component A, measured

as the mole ratio of silii:on to titanium, is 2-100.

8. The propylene-butene-1 random copolymer as claimed in any one of
claims 5 to 7, characterized in that the main catalyst component A is
obtained by dissolving magnesium halide in a solvent system composed
of an organic epoxy compound, an organic phosphorus compound and
an inert diluent to form a homogeneous solution, mixing the solution with
titanium halide or a derivative thereof to precipitate a solid in the
presence of a precipitating agent, treating the solid with a polybasic
carboxylic acid ester to make it loaded onto the solid, and then treating

the solid with titanium tetrahalide and an inert diluent, wherein the
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As coul d be seen from Table 2, the conposition prepared fromthe
propyl ene-but ene-1 random copol ynmer having a higher relative

di spersity of butene-1 and a | ower xylene sol ubles content after the
addi tion of a nucleating agent had better transparency and heat

resi stance and | ower migrants content. Exanple 6 (food packagi ng
contai ner of the present invention) The food packagi ng contai ner of
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nmet hod, of greater than 98.5% preferably greater than 99.0% 2. The
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The propyl ene-but ene-1 random copol ynmer as clainmed in any one of
clainms 1 to 4, characterized in that it is obtained by

copol ynmeri zat4 1 _ f I {ﬁll{y t 18I ng
a main catal 11/15"?[Irh c?\(,)%rr'tggxrgﬂt% %@g&gﬁ@@%@{d@‘@%@ngg g‘nﬂ% b

ext ernal el edbine5dorif; changotareed i€ thathibe ergarit epogyrpenpotndussiul

solid catal yst conmponent conprising, titani um and ol ybasic

car boxylic aﬁ’lr Oorgggrép?g EB‘? aﬁogg‘&o’]ﬁmd?@%cﬂr\ﬁ ﬁ%'ecﬁ?&gﬁﬁgli ﬁﬁiyfﬁﬂei B¥den a
sol vent syst gippgRABOSRE Obufflers B lﬁﬁé’d(ikéﬂé%ﬂ?(%‘,nﬁhtaéi%ngf @8RkE,
phosphorus conpdound and an inert diluent; the conponent B is an alkyl
al um num con@Rioharatydring meibylgeiyeidsl ether,ndiplycitlyRetherwiednabidroRuras,
hydr ogen or droocarbon group having 1 to 20 carbon atons, X is

hal ogen: and& Q}?nxture {herdod

12. The propylene-butene-1 random copolymer as claimed in any one of
claims 5 to 11, characterized in that the organic phosphorus compound
useful for preparing the component A is one selected from trimethyl

ortho-phosphate, triethyl ortho-phosphate, tributyl ortho-phosphate,
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t he conponent C is an organosilicon conmpound having the general
formula RISKOR)4.,, where 0 n 3, Rand R are the sane or different
al kyl groups, cycloal kyl groups, aryl groups or hal ogenated al kyl
groups. 6. The propyl ene-butene-1 random copol ynmer as clainmed in
claimb5, characterized in that, in the solvent system based on per
nol e of the magnesium halide, the anpbunt of the organic 'epoxy

Compound t oiPhERY <A OsRBSISTTETY bRsatRier g rifogBRte AR
propyl ene- bt cngnd B ARAPEhSHNRLY BES nAsiugs aicreer.in claim 5 or 6,

characterized In that, 'the nole ratio of the conponent B to the
conponent A, neasured as the nole ratio of alumnumto titanium is

5- 1000, and tio of th t C d
a5 the ol e13-amePaPYERFAe d FRnRat canPhiad R g dpflondBRe T €
propyl ene- byt gneglior PRASHBraORALY AT tRet BleapreRibitalingBycpnaisefuldbai ms 5

to 7, characterized in that the nmain catalyst conponent A is obtained
by di ssol vi prgpatogdbeueemabers Anisa 088l selattedy Fpamacstip oadwdsidean

or gani ¢ epo conmpoun an_organi hor C Jinert
G Caent ¢ o PUPATa AERsh o bEVEE A PEREE. ety TR RUIP, BoferAttits
titani um hagibHRydided gesticvaicid/epidpisre®fadie, wueRididord,eagryiol adidin the
presence of a precipitating agent, treati n? the solid with a

pol ybasi ¢ caetwopyliccacidi acelener methyretly/! ikelonga henzepbsnene w6thYd, and

i 1 nent « - BRElmErRG etsrepidp] sty SRR Hrhloe e PR FfkSre,

organi c aci ghepstbydri de, an organic acid, an ether and a ketone. 9.
The propyl ene-butene-1 random copol yner as clainmed in any.. of clains
5to 8, characterized in that, in the honogeneous sol ution formned
from magnesi ' € qr ] hasged on
per ol e of "mareelifieRens i raRaBR el BARABETE afy of
conpound i scl@ines B tool B shatduteriaddeinr thit theopolybasio rcaarixylie geid/ eslenpound
to the organi c phosphorus conpound is 0.9-1.4; th t of. th
inert dil ueH%efPE.fquGO?pﬂ@Q ﬁie. COWO”‘FH.E %H%M%ﬁ@fﬁﬁﬁg@'ﬂ f"&&m@m
CoPOl YIer as:fd Ahaie hidiyiamaiafific Clidthl BBipatd Odbunahaaipeler tiegsi | n
I'de use u? for preparing the conponent Ais one

that the magnesium ha é ' _
sel ect ed fr echamdieedibuiyl ddbamicatis, disobplyexdéhalateredjrrebiiympdithelptede

hal ogen at oSG7<Dlo PRUISRE RSB mIT AR ralce i AR P o o

hydr ocar bonnSp?i‘i’tHB!e‘Pl'é BRL A0S 2RV Ya IR R4IBne Micarbbicriate, etridiey eof .
11. The propyl ene-butene-1 fandom copol ymer as claimed in any one of

clains 5 totrindelliakar adtieutyiz edrimellitaiet t Hiethod gahemiegdigieconts

useful for preparj.ng the c onent IS I . m et hyl ene
oxi de, pr opgﬁgﬁBe@%ﬁé}eﬁBﬁ@%ﬂg%ﬂﬁ%"& teg%%ggﬁgﬁg&'ﬁg?'{ ég but adi ene
di oxi de, epichl orohydrin, nethyl glycidyl ether, diglycidyl ether,

tetrahydrofuran, or a mxture thereof. 12. The propyl ene-butene-1
r andom copoll§nEhe armienakdens-lampderecerohdnar ag claimgd n any one of

characterized.in af, the or.ganic. O 1S, eh uk
preparing tﬁ%]@ﬁr@;@ntﬁt%ﬁr?ggﬁﬁ%&%@F‘%ﬁtﬂg%h%?’%ﬁnﬂtrﬁr& ﬁﬁét '3?% §éhivalidk

ort ho- phosphgéRy o pRigrling tihd Coplngiehatieis bhebselgttedr froor fitemiyrhat e,
triphenyl ort ho-hi)hpsphgt e, trimethyl phosphite, triet hyletgi)hgs hite,
tributyl phiipshiasidebditapiumHelphioreide oritanininy tetraiogdidey deirabuxy The

| - byt ene-1 . i i . i 8
Do Y Cobs Pl SRR RRR AT mochldth TRk SRS, Richford! ™
preparing tﬂfétﬁ@gm 8RN, Arito@NRoR6tBeke didnium) ecehigtusnthateoile,

riae,

pht hal i ¢ anhyd succi ni ¢ anhydri de, mal ei c anhydri de,
pyronel litic dianhydride, acetic acid, propionic acid, butyric acid,

acrylic aci dl6. TRE rﬁ?&wfelari}eqbﬁ ein%l‘i ?a%%toﬂp&pmgwas %H?ﬁﬁ'edliﬁtaﬂ‘}%ne of
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14. The propyl ene-but ene-1 random copol yner as clainmed in any one of
clainse 5 to 13, characterized in that the pol ybasic carboxylic acid
ester useful for preparing the conponent Ais one selected from

di et hyl mal onate, dibutyl malonate, diethyl adipate, dibutyl adipate,.
di et hyl sebacate, dibutyl sebacate, diisobutyl phthalate, di-n-butyl
phthal ate, diisooctyl phthalate, diethyl maleate, di-n-butyl naleate,
f"r Ietew'yl napli RNk 8 CREARIY AR tHAHE¥hoRBR MRS hE by | at e,
trimellitateptipdoighy Atdomieldesttiae éollowieg Bidpsem nel litate, tri butyl

hem nel litate, tetraethyl %rprrel_l itate, tetrabutyl pyronellitate.

15. The proﬂsi MAANGHH A Nalidea o SHseOSEl Yiter SWENg| 1; lyentaupleiie of
clains 8 toolhpdsRara Iof&thik Ne hbajzu hd dlus
derivative Ssé}pul ?prpgr?{epr t!]ng Et)(ﬂﬁl gé g}lle%’t @R_ ?}sd%hdeq@ggggt ed from
titani um t elcopdduPd dfd ahi aRi dilidneldt abtanpéiaturkidrank oonct & fahrdi de,
tetrabutoxy titanium tetraethoxy titanium nonochloro triethoxy

titani um ditehspaendhehiuyerebis 8oiutish: trichl oro nonoet hoxy titanium
or a mxture thereof. 16. The propyl ene-butene-1 random copol yner as

clained in Zdylmdee gresency g aspiesidittingnagerdtand ab@ temperaiure il

nmet hod for preparing the catal yst conponent /A conprises the follow ng
steps: 1). '%@%ﬁeéi %‘m“Fﬁ;ﬂ"i”Hec? pHF'Ego‘ISvé ded (1R & magngsium daligeyent

syst em conmposed. of an,organi ¢ _epoxy cpnmpound, an qr.ganj ¢ _phosphorus
conpound an&oﬁ‘ﬂm{'né’f" tINgi e.s&ﬁ-n ap{?lg%péro%'ﬁpe'so@dgggogcat (5'83\’@1‘% a
transpar ent dagipupdcaHs rﬁ@t‘e@bé@@x;pcﬂ}basli@cén}[b%xglice&,gdlc%été?fne@ds to be

preci pitating agent and at a tenperature o 5-60C, a titanium
conpound i s 28daedoefera e afiegribsi precipietior ofal gelidho dherchy treairtbsi um

hal i de sol uty j Lt.ani :

pol ybasi c cyrrgg%%ﬁgdsg@gc#n %s@gsr(br%gg&)s% Wb%%@é@%fggj%ﬁg%éggéﬁg%%étﬁngr t he
precipitati daddd en §m salidco thereby treat the precipitated solid and
make the pol ybasic carboxylic acid ester partially | oaded on the
solid; 3). 3fhthe ezatticomixiuceus beatedhiea Einpayature efip@rld0il, eralfthe
60-110C, and the suspension is stirred at this tenperature for 10

m nutes to BOSReNSian is ghjrredpt s emparature éorstQ minutes ta teheuisid i s

preci pi tat eq f hf tel?\(a 6‘? ff’\teugﬁrrﬁ\ﬁlr xlé]é i gd gg:érg&ﬁhﬁ%tgé{ tf‘é(%r{njétﬁéirﬁ%&ne

removi ng not ﬁer E}quor, and - was

hexane, to ebluion, fdlewsa byl filtatieg, ieme.onp aanér IuoeN@id SlaBBingithani um
I
solid with toluene and hexane, to obtain the solid catalyst component A

comprising titanium.

17. The propylene-butene-1 random copolymer as claimed in any one of
claims 5 to 16, characterized in that the three catalyst components A, B
and C are subjected to pre-complexation and optional prepolymerization

and then added {o the reactor.

18. The propylene-butene-1 random copolymer as claimed in claim 17,

characterized in that the pre-complexation temperature is controlled in

the range of -10-60°C, preferably in the range of 0-30°C.
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17. The propyl ene-butene-1 random copol yner as clained in any one of
clains 5 to 16, characterized in that the three'catal yst conponents
A, B and C are subjected to pre-conpl exation and opti onal

prepol yneri zation and then added to the reactor. 18. The

propyl ene- but ene-1 random copol yner as clainmed in claim17,
characterized in that the pre-conplexation tenperature is controlled
in the range of -10-60C, preferably in the range of 0-30C 19. The
propyl ene- but ene-1 random copol yner as clained in claim17 or 18,
characteri zegl 11 $rbplichBDuRsfe-¢ PaRIRN bporidra® diain@dlin LEHmm hor
preferably 1-30 min.” 20. The propyl ene-butene-1 random copol yner as
cl ai med in Hhycharacisfized dnnthat the Qre-carmpleyalialy itireq) is -1 1 B
copol yneri zat gon &f1 Qé%ﬂxl ene and butene-1 is carried out in a liquid
phase | oop WEREBY 1991 et hod for preparing a propyl ene-but ene- 1
random copol ymer according to any one of clains 1 to 20,
characterized in that propylene and butene-1 are copol ynerized Ey
adj usti ng t#2 Erouerylehetthidensidaodrlp aepelymer eseaidied i 3MeCr%4tt or

catalyst conponuntons ARt R, O8LR EbndoiRrL a1 o ol bne

el ectron dosgd bgrRfeONRYarfed it i adiuidrphagaldoprebettper ature and with
an appropriate hydrogen content, wherein the conponent Ais a solid

catal yst component conprising titaniumand a pol ybasic carboxylic

acid ester ght gi @ggmlayfoqig@%ﬁé% & Wﬁ%{é blffahdoft SHOMGREN

syst em conpose an or €POoX , an organi ¢ phosphorus
conmpound angcardingeas tangi dnecot ¢lalnihe 1ctorgi mbataderiizedam thiak propylems num
conmpound havi ng t he general f?r mul.a Al RnX3, n,.. Whﬁéei n R if yﬂ; ogen
or a hydr oc@8i®oPHtgReip ey eeRPIIMEEZeth Ry astisting, fRe aaRoRnt LThii%gen:
and the co i ar il ug Vi nger al
Formul'a repoeryaoh Byt 4" 38068 o 4R ACRRLN e preberee o

di fferent aPikglerdNaitppcatalystl oambyisingr aupsgin acathlygt cupsparentafogenat ed

al kyl groups. 22. The net hod accordi to.claim?21, wherein the
t hree cat al %fa@éy%gﬁgwpgeg‘t, Engd-an ex%?galsﬂﬁj:té%@ ganplbcomponent B

FLE‘ ?ggﬂ g;‘ait LORCRMERRELA NRInpdPARIRS | AT W EAEN0 B ppRsbriafe yRliegeh t O
content,
wherein the component A is a solid catalyst component comprising
titanium and a polybasic carboxylic acid ester obtained by dissolving
magnesium halide in a solvent system composed of an organic epoxy
compound, an organic phosphorus compound and an inert diluent;
the component B is an alkyl aluminum compound having the general
formula AIR,Xa.,, Wherein R is hydrogen or a hydrocarbon group having
1 to 20 carbon atoms and X is halogen; and
the component C is an organosilicon compound having the general
formula R;Si(OR')s.., where 0 £ n < 3, R and R’ are the same or different

alky! groups, cycloalkyl groups, aryl groups or halogenated alkyl groups.

22. The method according to claim 21, wherein the three catalyst

components A, B and C are subjected to pre-complexation and optional
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23. A propyl ene-butene-1 random copol ymer copposition, which
conprises the propyl ene-butene-1 random copol yner as clainmed in any
one of clains 1-20 and 0.1-1 parts by weight, preferably 0.2-0.4
parts by weight, of a nucleating agent, in relative to 100 parts by
wei ght of the propyl ene-butene-1 random copol yner. 24. The
propyl ene- but ene-1 random copol ynmer conposition as claimed in claim

el eati g Soeto R 91 ol R G388 11 1 2 axBo00

nucl eati ng agent. 25. The propyl ene-butene-1 random copol yner
conposition as clainmed in claim?23 or 24, characterized in that a
sheet with &3t hficlnery¥epe-butens-1 of%‘ﬁﬂjmréﬁp?]M@e&oﬁﬂ%‘@P?'ﬁ'B% whlﬁ%l t

| nj ection ”%H{'rd?@.e e %B Endbutefesy FM&F?&%E&\%&%@J%@%%@ han

8% 26. The propylene- ene-1 random copo ositron as
clained in ane agokiots tRaians @3-1 parkSby eleigtacpreférably 0.2-0hpartd be

conposition has heat distortion tenperatur f._greater than C,
reforably YS! eraiITaO SHere ThreALieg | Ogachy e @aee 27
A net hod f onyr§6\@BRe-blt A€ rai Y k8psIyRig-ene- 1 random copol yner
conposition as clainmed in any one of "clains 23 to 26, which conprises

the step of nelt blending the propyl ene-butene-1 random copol yner

powder with I ' é an ionab{/ other additives. 28. A
f ood packagiZ%g%grﬁe@bk@_ﬁ?%ﬁ%qirgn&%ﬁ"n@(ﬁ’o H?rh%om%?%lb?ﬂ @%8%?%%- 1
random copoliy Bedimag3c bhamnetkrizadanythan ehedhueleating ke i9Mitdte 3088
propyl ene-but ene-1 random copol yner conposition as clainmed in _any one
of clains 23usieating agent, ADK NA-21 nucleating agent and Millad NX8000

nucleating agent.

25. The propylene-butene-1 random copolymer compaosition as claimed
in claim 23 or 24, characterized in that a sheet with a thickness of 1 mm
formed from the composition by melt injection molding has a haze of less
than 10%, preferably less than 8%.

26. The propylene-butene-1 random copolymer composition as claimed

in any one of claims 23 to 25, characterized in that the composition has

heat distortion temperature of greater than 95°C, preferably greater than

100°C, more preferably greater than 105°C.

27. A method for preparing the propylene-butene-1 random copolymer
composition as claimed in any one of claims 23 to 26, which comprises
the step of melt blending the propylene-butene-1 random copolymer

powder with a nucleating agent and optionally other additives.

28. A food packaging container, which is formed by the
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propylene-butene-~1 random copolymer as claimed in any one of claims
1-20 or the propylene-butene-1 random copolymer composition as

claimed in any one of claims 23-27.
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