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1 METHOD FOR MEASURI NG CONCENTRATI ON OF PROPYLENE

POLYMER SLURRY, AND PROCESS FOR PRODUCI NG PROPYLENE
POLYMER 5 Field of the Invention The present

invention relates to a nethod for neasuring a
concentration of a propyl ene golyner slurry cont ai ned

in a polynerization reactor during slurry

pol ynmeri zati on whose inside is filled co Ietel with
METHCQRI FERHRASUR B(e CONGENTEST TON B PREX: Eﬂ@oh MER SLURRY,
propyl ene pol yner while measuring said concentrati on.

I n the pAN¥BeRROCEBENFPBNPRORUCANGY ERARHLEYReHOLYMER

"pol yneri zation reactor whose inside is filled

conpletely with a liquid phase"” is referred to as

"l'iquid phase-filled polynerization reactor"”, and the
above-nentioned "slurry 15 polynerization" which is

carried out in a liquid phase-filled polynerization

Fiedll off itshe efrerer@dido as "l iquid phase-filled

pol yneri zati on". Background of the Invention 20 There

I s knamie iprddentarinventieteselbeespeodaangghad Hhefméasuring
pol ymer conprising the step of polynerizing an olef in

d Nedhddritit«t 1 ghase-4 it asl, ey Ryl viedt WL A t@dnt fied in a
exanple, (1) JP 11-12310A discloses a nmethod for bul k

RSB i ZAHH DT QRKeRe dAfrondi Gt Rhagelfikkedation whose
pol'ymeri zation reactor using a 25 honogeneous

ﬁ?éﬂiéﬁ.ts f@QQeGZEleBIgQQZYG‘Qﬂ@J@% di;i%R1ie5 @hakes 1311)‘1daa process

|qU|d phase-filled polynerization reactor, (2-2
#3t hogd-an di9lg dlasca%gwgn@ p@bwﬁércoeaﬁﬁl@l NeStWiYg said

fromsaid redctor

concentration. In the present invention, the above-mentioned
“polymerization reactor whose inside is filled completely with
a liguid phase” is referred to as “ligquid phase-filled
polymerization reactor”, and the above-mentioned “slurry
polymerization” which is carried out in a ligquid phase-filled

polymerization reactor is referred to as “liquid phase-filled

polymerization”.

Background of the Invention

There is known in the art a process for producing an olefin
polymer comprising the step of polymerizing anoclefin ina liquid
phase-filled polymerization reactor. For example, (1) JP
11-12310A discloses a method for bulk polymerizing propylene
in a liquid phase-filled polymerization reactor using a
homogeneous catalyst, and (2) JP 2002-60402A discloses (2-1)

a liguid phase-filled polymerization reactor, (2-2) a method
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and (2-3) a process for producing an ol efin polyner

using said discharge nethod. Wien a pol ynerization
condition is changed during liquid 5 phase-filled

pol ynmeri zation of an olefin: for exanple, when a

supply rate of an olefin is ipcreased or decreased

whi e maintaining constant polynerization tenperature

and pressure, in order to increase or decrease a

5170 fGChOR I age a (#0 BT eFomEa ol yersrlursy §remppajd reactor,
rate of an olefin and a supply rate of cooling 10

amd 2130 mepvoeeps| foemneiiaing ext ckafinppotanyaygsing said
under carefully controlling polynerization
diepergamestamed pressure  such that they do not

devi ate overly from preset polynerization tenperature

and pr &suw & pdlyredera i optidntéoca ¢ ablaeged during liquid
pol ymeri zation. 15 Summary of the Invention A

phesssanteiit dd o ymairdmiton tesfmanwbileliiahofibd deample, when a
nmonitored all during liquid phase-filled

AEPNEr kadki @F | nodefid oigoihcreasedady Heguedsed while
phase-filled polynerization, is a 20 concentration of

Rl il £ ThP Doreyary polymesitaities tempekhfurd and pressure,
phase-filled polymerization reactor. However, it is
idRRSROLE 14EerdBas Wie ddicheslsleya e SEE@NTaN tiatld B an olefin
during liquid phase-filled polynerization, because

po UM PBasE Juﬂpllqﬂraeé ot bZakh A a ppll§f #dk é 8 cooling
carried out at h tenperature 25 and pressure. Al so,

dtede 8 %%d%@%bl;ﬂnéf‘fzé‘ﬂoﬁ RBLbOGn béreaﬁahlg@a under
a concentration of an olefin polymer slurry contained

c’aa.refully controlling polymerization temperature and pressure
such that they do not deviate overly from preset polymerization

temperature and pressure, 1in order to continue a stable

polymerization.

Summary of the Invention

A fundamental and important item, which should be
monitored all during liquid phase-filled polymerization inorder
to continue stably liquid phase-filled polymerization, is a
concentration of an olefin polymer slurry contained in a liquid
phase-filled polymerization reactor. However, it is impossible
to measure directly said concentration during liquid
phase-filled polymerization, because 1liquid phase-filled
polymerization of an olefin is carried out at high temperature
and pressure. Also, there is not known in the art a method for

measuring a concentration of an olefin polymer slurry contained



10

15

20

25

in a polynerization reactor all during liquid
phase-filled polynerization. In view of the
above-nmentioned problens in the conventional art, the
present invention has an object to provide 5 (i) a
met hod for nmeasuring a conceniration of a propyl ene
pol ymer slurry contained in a |iquid phase-filled
polyneri zation reactor all during liquid phase-filled
Yol gnbAlygerdFatimp (1§actker p@b%eggrﬂaﬂ pricidE mhase-filled
stably a propyl ene pol ynmer while neasuring said

¥22ter- 10 The present inventors have
undert aken extensive studies on a process for
producilmy stisv y of pridy| elevysoinantriaesbr dirgplaws in  the
liquid phase-filled polynerization, and as a result,
¢raveent pomall Bhvdt, the gnessntainvanvion hopplabiect to provide
polymer slurry <contained in a |liquid phase-filled
pol pestilzad ifor messtoindascdriicent s tat dwesha propyhefie)polymer
an anount of heat renoved fromsaid polynerization
g bactpron i hedni raaturiu ief phesd - bt Dlighpolgterdiaiat ion reactor
pol ynmeri zation reactor, (iii) an anount of
P01 yaatiaat ilonpbheht phabepEOPYean@olamit (iiAgt ian anandt (ii) a
of propyl ene supplied to said polynerization reactor,
Bk é Sat ogabFodied Bid @RSBILY £ pRobe 120 eBFI ERen vhd 1BYndasuring
speci fic fornmula. The above-nentioned concentration

il fsepyhergcpehynmer slurry, which is hereinafter
referred to as "slurry concentration”, is aratio (%

by wei ¢iMe) peE sahtalRiht 8f s 1 FORNIRAR aRRYBREensive studies
contained in a slurry to the total amount (100% by

YRi081-d-8E st A5 %ﬂérdﬁ))bir%'ssggﬁl?r§ Ry 1R¥RNELPmES fcording
method for neasdring a “concentration of a propyl ene

PO VT 1 & W ¥e ST ALAEL 1 Pnérization, and as a result, have
found that a concentration of a propylene polymer slurry
contained in a liquid phase-filled pclymerization reactor has
a relationship with (i) an amount of heat removed from said
peolymerization reactor, (ii) an amount of heat brought into said
pelymerization reactor, (iii) an amount of polymerization heat
of propylene, and (iv) an amount of propylene supplied to said
polymerization reactor, and that said relationship can be
represented by a specific formula. The above-mentioned
concentration of a propylene polymer slurry, which is
hereinafter referred to as “slurry concentration”, is a ratio
(% by weight) of an amount of a propylene polymer contained
in a slurry to the total amount (100% by weight) of the slurry.

The present invention is a method for measuring a

concentration of a propylene polymer slurry contained in a
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4 polynerization reactor, in which liquid

phase-filled polynerization of propylene or a

conmbi nation of propylene with a conmononer is carried

out, according to the following formula (1) 5 slurry

concentration = 0.1(Qo-Q)/(QgPI) (1) wherein Qo

(kcal /hr) is an anount of heat per hour renoved from

t he polynerjzation reactor;, K Q (kcal/hri i S, an anou

RS YT 275 i h68F05P6ughtﬂF nt ¥HERE po Jy%%@zataha?e filled

reactor ;ga (kcal /kg) _is an anmount of polynerization
qusgpafnpéppw-saw%@ cogkdnptieroRf PyoREiehe with

annunt of propyl ene per hour supplied to the .

PELCPRECIMEST L BNCREBEEBOUA SecHe NG Eschie| irkinying ifprmula

a process for producing 15 a propyl ene pol yner

@onpri sing the step of honopol yneri zi ng propyl ene or

copol yneri zing propylene with a conononer in a liquid

phase-filled polynerization reactor while neasuring a

concentration of a propylene polyner slurry contained

i n sai élupolyyweniceattirer ioeact Or. Qe NtRdRa) t he (1)

above-nmentioned formula 20 (1) . Detail ed Description

of the Invention A liquid nmediumcontained in the

"l'iquid phase" of the above-nentioned "liquid

wheaseird i, | 8ctgbihymerisz ahi anouraciDieat?2 bear hdhir grercbved from

phase-filled pol ynmerization" consists essentially of a

'dsl‘lmqj&ﬁryrﬂéri@aftﬂdh hequdotveg. zgetca THer ) | tpliah redbiunn i€ heat
per hour brought into the polymerization reactor; Qp (kcal/kg)
is an amount of polymerization heat per kilogram of propylene;
and Pr (ton/hr) is an amount of propylene per hour supplied to
the polymerization reactor.

Also, the present invention is a process for producing
a propylene polymer comprising the step of homopclymerizing
propylene or copolymerizingpropylenewithacomonomer inaliquid
phase-filled polymerization reactor while measuring a
concentration of a propylene polymer slurry contained in said

polymerization reactor according to the above-mentioned formula

(1) .

Detailed Description of the Invention
A liquid medium contained in the “liquid phase” of the
above-mentioned “liguid phase-filled polymerization reactor”

or “liquid phase-filled polymerization” consists essentially

of a monomer itself to be polymerized. The liquid medium is
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particularly preferably propylene. In the present

i nvention, the above-nentioned slurry polynerization

may be slurry polynerization known in the art.

Therefore, polynerization requirenents for said slurry

S polymerization such as a pokynerization reactor and

a polynerization condition nmay be those known in the

art. In the present invention, polynerization
Raipkatak & e breally oBeRY18Re - usual |y at 50 to 70C

and 3 to 5 MPaG respectively. A polynerization

react ofTugdte iPresRntpr t8¥Antiaventien aboyg-yepsioned slurry
particularly limted inits type, and it naﬁ be a
Rekgetrizatpeon aeayt die kdowaryi polbwexdigatépnaknowp ippehe art.
reactor known therein. A liquid phase-filled
Toiynbrieat i pnlyeecipat ey beequibemedtswi florot lserid  slurry
reactor whose inside is not filled conpletely with a

o Iymelr pbeision Arswexland 2 taherneufymesr zatoidn natéartaf @and a
l'iquid 15 phase-filled polynerization reactor with a

sy rdweisea t e \oerd izaitdro mayebet thogerestredrt chsabdt. In the
l'iquid phase-filled polynerization reactor in series.
presdlehtiahent idhgr pobgsebieat i oot vat yradd pressure are
general ly produced a propyl ene polynmer using a

goimhiad i op o =0 | t6uT ePOpAazse 3peloy BeMPad, | ek siRadlitely .
with a 20 gas-phase pol ynerization reactor, which is

simlamn politierakave orc esbichat Q.Bedaiﬁn@hé\ﬂ pFesent invention
devel opnent of a polynerization catalyst having a

14 %tPQIaY‘EEE:hiaEU.?nl el t¥a I SUED tg?eSOaHQOlﬂ %hat0B8e080ressel

g- pol yrer/ g-sol i d"cat al yst conpone A vessel type

trﬁ?é‘fgécgér@:ﬂo%lplﬂ ¥RE 28208 1 oWl (GfpERBac Sy lk%o%ediiere in.

repr esentative pol yrrerl zation reactor in the

J ac r#l’?%’%]gfu%e SR e PPSa 1 dn ArdRiESr GRA} KW combined
with other reactor whoge insgide is not filled completely with
a -liguid phase. An example thereof is a combination of a liquid
phase-filled polymerization reactor with a gas-phase
polymerization reactor connected to said liquid phase-filled
polymerization reactor in series. Incidentally, there has been
commercially and generally produced a propylene polymer using
a combination of a liquid-phase polymerization reactor with a
gas-phase polymerization reactor, which is similar to the above
combination, alongwithdevelopment of a polymerizationcatalyst
having a high polymerization activity such as 50,000 to 100,000
g-polymer/g-solid catalyst component.

A vessgel type reactor or a loop type reactor, which can

be used as a representative polymerization reactor in the present

invention, usually has (i) a water-cooling jacket on its outside
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6 to renove heat fromthe reactor, (ii) a punp inits
inside to circulate and agitate a polynerization

reaction mxture in the reactor, and (iii) an

external circulating apparatus (with a notor)

equi pped with an external cooler besides the 5
above-nenti oned water-cooling jacket, in order to coo

the polynerization reaction mxture. The "progylene ,
ERIBARGVE heath& 1oMme 86t TRAGERE) 0Nl hbaRsPUTR) 1R 1ts inside to
propyl ene honopol ymer, or_ (ii), a copol ynmer contai ni ng
GHirqgkafe pndhagibpts pRAHSE AT IomAGas tde@ MiKEHEE 1D the
of a conononmer 10 unit selected fromthe group .
REHi i rApdf (ahl ety |otfe ik ditrulat g Arganatumi (with a
having 4 to 8 carbon atons. Said copol ymer_ contains

e er abtgudpped 999tby Wi ghextedrralbr opgPeat ubesideg the
1 to 4% by weight of a conononer unit, the total of

e umgitsionsed ngal€0% byl hrgghirckEranpiresonder hecacool the
-olefin are 1-butene, 15 1-hexene and 1-octene. Anobng
pdlemeprieroredreéascteidy | eiret wre . 1- but ene. The

propyl ene polynmer is preferably a propyl ene
honopolmeerprapgilepy poéyekhy| énetkeputgsemt invention means
propyl ene-1 - but ene copol yner, or a

fair)opy peeydidnd armobolyienre oeopdlynercoRdl yiher admvieaining a
formula (1) has been resulted fromthe present
ladrpnhamberext anstomyIsdnuliias t o aisdlll huebeieisaafomonomer
(i) arranging many kinds of past data accunul ated on

Wi eetseted fronothe igidud BrABYEENAgNSf WitEtagtendi igit and
to liquid phase-fille pol yneri zation, such as (a)

Hatep -aheit na uslikl havaeRcantlAls Qridn WHEL | S ddpolymer
slurry concentration nmeasured according to the

containg preferably 96 to 99% by weight of a propylene unit and
1 to 4% by weight of a comonomer unit, the total of both units
being 100% by weight. Examples of the 0 -olefin are l-butene,
l1-hexene and l-octene. Among them, preferred is ethylene or
l-butene. The propylene polymer is preferably a propylene
homopolymer, a propylene-ethylene copolymer, a
propylene-1l-butene copolymer, or a propylene-ethylene-1l-butene
copolymer.

The above formula (1) has been resulted from the present
inventors’ extensive studies comprising the steps of (i)
arranging many kinds of past data accumulated on a process for
producing a propylene polymer according to liquid phase-~filled
polymerization, such as {(a) data about a slurry concentration,
which is not a slurry concentration measured according to the

formula (1), but a slurry concentration calculated baged on an
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formula (1), but a slurry concentration cal cul at ed

based on an 7 actual production anount of a propyl ene

pol ymer and pol ymerization conditions, (b) data about

an anount of heat renoved froma pol ynerization

reactor, (c) data about an ampunt of heat brought

into a polynerization reactor, (d) data about 5 an

anmount of propyl ene supplied to a polynerjzation

godadtlor , Pro@yciyien aBBotnpol Wier iz atPEPPY EPRRr aPRrEMer and

(f) data about polynprizationagressure, and (g) data
rirpadrimimtcotdiyidingen(blyadate abavt eatl amoudtglf heat

regul ator supplied to a polynerization reactor; and

Hengveachfrom g gclygeanidadiissurshagorhose) slatangbgutlgn amount

data fromvarious points of view Q0 (kcal/hr) in the

dfohaltabfughwhiiohoi 8 pol pmeuhtaibion esactper, holr data about

renoved froma pol ymerization reactor, is the tota

aof afiourfolof gropyderte alupgpddted erpwe@gdlyntehe zation reactor,

above-nentioned water-cooling jacket, (ii) Q2: an

@oundaafa edadut espil yesel f 2at ildn heahpagaturenofEl data about

supplied to a polynerization reactor up to a

pAlwieeri Zalicnpiesparal Wl (§) diakaQlisutananmmurit of hydrogen
heat discharged to the atnosphere, and (iv) Q4: an

RPHBta bl Beal ariaimyied rbyull Be ogbaysp TEed ten@dolymerization
external cooler. There are known in the art vari ous

reeldiefs, hel qakgul atepe iéQ@iﬁ?aﬂﬁ@J M Bacédd ingd G HosLarranged
Q (kcal/hr) in the fornmula (1), which is an anount of

a M%Im RAMF RIL YRt NIHE &raak yneri zation reactor,
. X

{
consists mainly of (i) Ql: an amount of heat

gener abpd a1/ el Afhd HormAGY (IENGIANEH BHAR a#fint of
(ii) :an anount of heat generated

heat per hour removed froma polymerization reactor, is the total
of (i) Qpi: an amount of heat removed by the above-mentioned
water-cooling jacket, (ii) Qg:: an amount of heat required for
heating a monomer gupplied to a polymerization reactor up to
a polymerization temperature, (iii) Qp3: an amount of heat
discharged to the atmosphere, and (iv) Q¢: an amount of heat
removed by the above-mentioned external cooler. There are known
in the art various methods for calculating those amounts, Qo
to Qos.

Q: (kcal/hr) in the formula (1), which is an amount of
heat per hour brought into a polymerization reactor, consists
mainly of (i) Qu;: an amount of heat generated by a power of the
above-mentioned pump, and (ii) Qi2: an amount of heat generated

by a circulation power of the above-mentioned external

circulating apparatus.
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25 by a circul ation power of the above-nentioned

external <circulating apparatus. 8 @ (kcal/kg) in

the formula (1), which is an anount of polynerization

heat per kg of propylene, is a fixed nunber of 510

kcal / kg. The reason why an angunt of polynerization

heat of a conononmer does not need taking into account
froma viempoi?t 5 of accuracy of the forpula, (1),

when plReddErag/ BIeopBl Fher LoFrmuba opl) erfehiFhhig an amount of
conononer, is that said _copolynmer contains such a

Rere fidetonhent agh e P Lubreryd epent Lenadt dked enumber of
that an anount of polynerization heat thereof is
Ny ke bikg . Hhe tegader) why tde Feount of Dolwerigdtsion heat
an anmount of 10 propyl ene per hour supplied to a

Qo byrrménene pdoegandbmeadst ahéng tigital aggount fofom a viewpoint
propyl ene supplied thereto. Therefore, when propyl ene

0% ssupptaad dfo thepdbymediaz 1) onwhencpoodubinggh ¢awolymer of
or nore inlets, Pl is the total of respective anounts
gl etk wiihhos goroneme r\\Wea thraddes i dgapadopeyaentafins such
propyl ene with a 15 conononer, it is not necessary to

& sdtea ldc camiferofofan aomonbmet uhlbe asnmentbonsdpgpboes that an
to a polynerization reactor froma viewoint of

aouitacyf ol e f Diatd én (Heat beltewset of s thegBagtble.
reason as that nentioned above. (Q-Q) in the formula

(1) isrpan(spRynt)ofinheak gemaiaked1)20which is an amount of
pol yneri zation reactor. Said anobunt can be obtai ned by

profifidnd PedNBSURANAIMST Se Pl of ASNGMEEIZ A drPReactor, is the

reactor. Pl in the formula (1) i's an anount of
R YIMeLhF@ht 09f NBRbpy PEnBr appbened Rheveted iialrdffe, when

total anmount of propyl ene

propylene is supplied to a polymerization reactor through two
or more inlets, P; is the total of respective amounts supplied
through them. When producing a copolymer of propylene with a
comonomer, it is not necessary to take account of an amount of
the comonomer supplied to a polymerization reactor from a
viewpoint of accuracy of the formula (1), because of the same
reason as that mentioned above.

(Qo-Q1) in the formula (1) is an amount of heat generated
in a polymerization reactor. Said amount can be obtained by a
heat balance analysis of the polymerization reactor.

QuPr in the formula (1) is an amount of polymerization heat
of propylene, provided that the total amount of propylene
supplied to a polymerization reactor is polymerized. QyP: is a
product of Qp (510 kcal/kg: amount of polymerization heat of

propylene) and P; (ton/hr: amount of propylene supplied to a
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supplied to a polynerization reactor is polynerized.

QPlis a 25 product of @ (510 kcal/kg: anount of

pol ynmeri zati on heat of propylene) and Pl (ton/hr:

amount of propylene supplied to a 9 polynerization
reactor). In order to acconpl gsh the object of the

present invention, the neasurenent of a concentration

of_ a propyl ene polyner slurry according to the
HonmA sl Fanions gradti@tl arly preferably 5 perforned

with a conputer placed in a propyl ene

pol ymeEnmwifct agorasrdipghitdieehl eok ofdike present invention,
concentration all during liquid phase-filled

tds! paepiizaneoh. ofThecont ¢ritrd biomedsa pPnepyd ene polymer slurry
concentration of a propylene polyner slurry according
aardiEing esent thaveformnla s (Jnef dsalpart ddulselly | preferably
case such as the follow ng enbodi nents, and is

gearficmonddar | wigphef emabl gompatern tbekatedll owimg case propylene
(1): (1) case of increasing or decreasing an anmount of

o Iy rodupnimg efladtory pobymenizatri saideaohaentukitign all
liquid phase-filled polynerization, in order to

durcirenslel il diesHaasef il Fd dustymer ddataimint of a

propyl ene polynmer up to or down to a target production
anount Theenedhod(£dr e finder eaatagteatdear €8sd Mropylene
an amount of a cooling medium such as water supplied

g yneGo 8l LRey] #E6KSEd Dig &> exé PmaentC9akehtdbhl g preferably
l'iquid phase-filled pd?ynerlzatlon, in order to 20

USRI 1 QT of &5k POLYARHFZ 8t hON FEEMBRA AU GBI d - #F and is
up to target polynerization tenperature; and (3) case

frd N8RSV G U A BASIAUH ah RNt Plowing case (1) :

(1) case of increasing or decreasing an amount of a monomer
supplied to a polymerization reactor during liquid phase-£filled
polymerization, in order to increase or decrease a production
amount of a propylene polymer up tc or down to a target production
amount thereof;

(2) case of increasing or decreasing an amount of a cooling
medium such as water supplied to a cooling jacket or an external
cooler during ligquid phase-filled polymerization, in order to
lower or raise polymerization temperature down to or up to target
polymerization temperature; and

(3) case of increasing or decreasing an amount of a
molecular weight regulator such as a hydrogen gas supplied to
a polymerization reactor during liquid phase-filled
polymerization, in order to raise or lower a melt index of a

propylene polymer up to or down to a target melt index thereof.
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nol ecul ar wei ght regul ator such as a hydrogen gas

supplied to a polynerization reactor during liquid
phase-filled 25 polynerization, in order to raise or

lower a nelt index of a propylene polynmer up to or

down to a target nelt index tfgpreof. 10 In the above

case (1), an anount of a nononer supplied to a

pol ymeri zation reactor is increased or decreased while _
nmoni t offn§he abA¥EnEREE| OR) of 2R FrOWT e paIGRAmer supplied
slurry neasured according to the forrmula (1) such

that Relomeehtatiobnreachercdd anarenrsgdacrodgicrgased while
the formula (1) comes stably to a concentration of a
naroidya img pel yencenturatierl ofl ad edpropepensgt ebglpaged slurry
on a target production anmount of a propylene polyner.
neaguredboverdisg @)ty £63)nula pk badunth bhadnduenashtaation
10 propyl ene polynmer is also changed in spite of no

tdtearggef imeaauregirauetording monoher feupplaedll ccames stably to
pol yneri zation reactor, because polynerization

& eachtehtyaofiohheofroaoneropsl @hanged yvérer efurey dalculated
is inmportant to nonitor a concentration of a propyl ene
sejanire 118 Ibdded AUt edgaccprdfingr Lont dtohnt it & pklopylene
in order to lower 15 or raise stably polynerization
gt ure in the case (2), or in order to increase

or decrease stably an anount of a nol ecul ar weight

regul atrer the hbeveasgsé3)2) updelst hea hadwiectofon amount of a
pol ymeri zation reactivity of the nononmer. In the
ﬂ¥6§¥¥€hé‘ﬁbﬂ¥ﬁ§¥ﬂ2sngl%opEﬁﬁﬁb@&eiﬁoé%ﬂEé,@§C§6C&Hﬁhge in an
20 to the present invention, a concentration of a

AR 688 ROLYHBE SE';% 4l ¥ té‘_ﬁ:?'d]}ﬂme&kq AOUH r8bcfor, because

propyl ene pol yner tai ned |

polymerizationreactivityof themonomer is changed. Therefore,
it is important to menitor a concentration of a propylene polymer
slurry measured according to the formula (1) in order to lower
or raise stably polymerization temperature in the case (2), or
in order to increase or decrease stably an amount of a molecular
weight regulatcr in the case (3), under the change of
polymerization reactivity of the monomer.

Inthe process for producing a propylene polymer according
to the present invention, a concentration of a propylene polymer
slurry, namely, an amount of a propylene polymer contained in
a polymerization reaction mixture slurry is preferably 5 to 50%
by weight, provided that the total amount of the polymerization
reaction mixture slurry is 100% by weight. Therefore, said
process for producing a propylene polymer is carried out under

a condition that a concentration of a propylene polymer slurry
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a polynerization reaction mxture slurry is preferably

5 to 50% by weight, provided that the total anount of

the polynerization reaction mxture slurry is 100% by

wei ght. Therefore, said 25 process for producing a

propyl ene polyner is carried put under a condition

that a concentration of a propylene polynmer slurry 11
measured according to the fornula (1) is preferably
neasired recqrtige sP sheofeuonby (i dist Preferabiygwithin the
concentration is lower than 5% by weight, a

TRRIE &35y toac§é Byowatgbt . pibep| eaddi coneeppraeionoig lower
gas- phase pol ynerization reactor connected to a 5

thapui =k phaseeidght ek pugdiessky i argeaneunt wiaiegylene is
When said concentration is higher than 50% by wei ght,
fumweled ity ofas - pheegy bodgmpoligatiocsl veaptpy connected to a
deteriorated in a liquid phase-filled polynerization
Yeacidphaski-ch lilecr patesetbeat bad re@vtampinpeaficn When said
external circulating apparatus, and as a result, 10 a
qarhoyerer razet G0Nl ¢ datihen teno st uns vl ght ThErewalsi hicy of a
limtation in a polynerization catalyst used for

reskCeny apPloppytengluokynetsi ndeteribgaeed in a ligquid
i nvention. The polynerization catalyst may be known
phikdief 81 Ted A 186 £a t0fon e dieiyy,Mehizat i pBreabakyshe load
known in the art is that formed by 15 conbining (i) a

S9ll fuBpic ¥at e LOMPRAE M1 eI i EppathtaBi, Whd 308 result,
a magnesi um atom and a hal ogen atom as an essentia

a@%’@ﬂﬂﬁé&izé&i&n aFe OF OPHQ Ab LB RN CREPANIE, such as
triethylalum num and (iii) an external electron donor

such asI‘he%éC!’LQr}?ﬁ(M.li‘?ﬁi@éltq.ioﬁiHoﬁ(léatoilgﬁl@ifi%t‘&’iohhcgﬂglyst used
anot her. Exanples 20 of the solid catal yst conponent

A8 prlaoR R 1 He 5! 9SG 1 dhd JALAIY in the present invention. The
polymerization catalyst may be known in the art. An example of
the polymerization catalyst known in the art is that formed by
combining (i) a solid catalyst component containing a titanium
atom, a magnesium atom and a halogen atom as an essential
component, (ii) an organoaluminum compound such as
triethylaluminum, and (iii) an external electron donor such as
cyclohexylethyldimethoxytitanium, with one another. Examples
of the go0lid catalyst component are those disclosed in a patent
document suchasUS4223117A, GB1498862A, US4107413A, GB14926184,
US4412049A, GB203391CA, GB2097413A, EP575118B, US4302565A,
Us50684894, US44904754, US65215608B, US2001/216874, and
US2003/195108A.

According to the present invention, there is provided (i)

a method for measuring a concentration of a propylene polymer
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docunent such as US4223117A, (GB1498862A, US4107413A,
GB1492618A, US4412049A, GB2033910A, GB2097413A,

EP575118B, US4302565A, US5068489A, US4490475A,

US6521560B, US2001/21687A, and US2003/195108A. 25

According to the present invepiion, there is provided

(i) a nethod for neasuring a concentration of a

propyl ene polyner 12 slurry contained in a

P s Gotd g d ddr ttoPdomeatd zaiuireagins dygine® 1liquid
pol ymerization, and (ii) a process for producin

Eﬂ%%ﬁ}fldlrﬁd)mglé‘ﬁ@rﬁ@#ﬂmﬂ waiNCe (frbdsarprecess dtor producing
concentration. 5 Exanple The present invention is

sheitlat aepropy hene rishwner wihile messnchog said igpncentration.

foll owi ng Exanples, which do not limt the scope of

the present invention. 10 Exanple 1 There was used a

| oop reactor (30 L inner volune) equipped wth (i) a

Hrawgier supply line, (ii) a polynerization catalyst

supply line, and (iii) a punp for circul ati ng and

agi t at Thg prepehynméniveation isaskpbainedtim enctairdetdil with

said reactor, inits 15 lower part, (iv) a

refiefercaot brithg 8cktbwhAay iBxani ey whdchalcenot dupfiltythe scope
line and a cooling water discharge |ine for renoving

dfeathe fgrBeaal dineaodiidn, on its outside, and (v) a

slurry transfer 1line for transferring said

pol yneri zation reaction mxture slurry to the next

step, in its upper part, said |oop reactor 20 being

Bmidigd to that disclosed in JP 2003-301004A. There

was continuously carried out liquid phase-filled

There was used a loop reactor (30 L inner volume} equipped
with (i) a monomer supply line, (ii) a polymerization catalyst
supply line, and (iii) a pump for circulating and agitating a
polymerization reaction mixture slurry in said reactor, in its
lower part, (iv) a water-cooling jacket having a cocling water
supply line and a cooling water discharge line for removing heat
from said reactor, on its outside, and (v) a slurry transfer
line for transferring said polymerization reaction mixture
slurry to the next step, in its upper part, said loop reactor
being similar to that disclosed in JP 2003-301004A.

There was continuously carried out ligquid phase-filled
polymerization of propylene at 70°C (preset temperature) under
4.5 MPaG (preset pressure) by continuously supplying (i}
propylene through said monomer supply line at a supply rate (P;)
of 0.044 ton/hour, (ii) a separately prepared solid catalyst

component containing a titanium atom, a magnesium atom and a
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pol ymeri zati on of propylene at 70C (preset

tenperature) under 4.5 MPaG (preset pressure) by

conti nuously supplying (i) propylene through said

nmonomer supply line at a supply rate (Pl) 25 of 0.044
ton/hour, (ii) a separately pygpared solid catalyst
conponent containing a titaniumatom a nagnhesi um atom

and a 13 chlorine atomas an essential conponent

AHFUGE saePm porymerizaEE8RANEARAI ySOMDEPENY | ithaoaghy said
supply rate of 0.65 g/hour, (iii) triethylal um num
R@Wmmmm@u@mmtsmplm&mqﬁt fuEpPlY matg of 0.65
supply rate of 4.57 g/hour, and (iv) 5 cyc 1 ohexyl

pittour di fei t hoxyti eit hydmilumifext erimesugh el dn midnmerization
t hrough said pol ynerization catalyst supply line at a

camEdlyet msarelef 1Anglay/dcuppiherslsy ofr 4d6gi gbheur, and (iv)
propyl ene honopol yner. Under those pol ynerization

aaridittasoriss t Hyied ingsndentytai t i wofl.  t(leextepnaiy| ebectron donor)
honmopol ymer slurry measured according to the fornul a

tHrdubh wasl dlaliynd% Aac Wi glt a Ik polppier ilzaie it a supply

step up to this point is referred to as the forner

rHtepofos . gDRyehaNCehetebiiorddid v agpixpyDéte hondbolymer,
order to increase a production rate of the propyl ene

UHIERP e hY BB p Iy thdr Bz d B S8 bopa @i ehisQ Nt i@ rideeitetftion of the
the propylene 15 supply rate (PlI) of 0.044 ton/hour

ﬁ%ﬁl@@ﬁ%ﬁ@p&ﬁ&ﬁs@xﬁ%ﬂr%we& @Rl iRt b, the formula

whil'e nonitoring the concentration of the propyl ene
mm@ ¥BBLt S3 84 Y WeRGHECOTRE UMy { fad t6h ft‘é‘:pm:lbato this

(1) such that so-nmeasufed concentration was increased

O 1 05 %‘8§Eé‘ﬁb¥o %%(ﬂ&rm@ st @! CfBU@&h@é‘ﬁléﬁ@@of the

about m5|g ereby continuing sard liquid

ﬂﬁ.scﬁﬁlﬂé lE.%gample 2,

In order to increase a production rate of the propylene
homopolymer up to a target production rate thereof, the propylene
supply rate (P;) of 0.044 ton/hour was increased up to 0.051
ton/hour (target rate), while monitoring the concentration of
the propylene homopolymer slurry measured according to the
formula (1) such that so-measured concentration was increased
up to about 35% by weight (target concentration} from about 20%
by weight, thereby continuing said 1liquid phase-filled
polymerization. Said increase of propylene supply rate (Pr) up
to 0.051 ton/hour (target rate) could be carried out without
a drastic change in the polymerization temperature and pressure,
the polymerization temperature being within the range of 69.4
to 70.7°C (preset temperature: 70°C), and the polymerization

pressure being within the range of 4.42 to 4.47 MPaG (preset
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pol ymeri zation. Said increase of propylene supply rate

(Pl) up to 0.051 ton/hour (target rate) could be

carried out without a drastic change in the

pol yneri zation tenperature and pressure, the

pol ymerization tenperature bejnig within the range of

69.4 25 to 70.7C (preset tenperature: 700, and the

pol ynmeri zation pressure being within the range of

RESEBURE 4447 NPa® ( fthexs wes npk esbip ebseryedpacjrastic rise
There was not al so observed a drastic rise in a

lgurar entranegitueradiue e puvep dusp dar Wimdwgtdmy and agitating
agitating the polynerization reaction mxture slurry.

the pollgmerozati nhatenctiim pokyoeeisdatimn {anpaien teoeaintain
at 70C (preset tenperature), the 5 anount of cooling

bt polymsri nat fan ecrgetraiatiecat 79;C bareeset tanpevakyre) , the
the production rate of the propyl ene honopol yner was
dnareasel doo ey alemeas mad ilonetdgw! easenaftilded ly, because
propyl ene supply rate (Pl), but also an anount of

eAtor(19o  heepovddctiomn rhbe ool yerpzadybime dagicpoWaser was
i ncreased thereby. The anmpunt 10 of heat (Q) brought

iddreddwl pey Yy aRei adicven MeedGicdfedVatnditSdse CHANGRE Mropylene
the increase of PlI. Incidentally, the above-nentioned

AR I NG gip; YaspiERi 41t b N AdorNSifahkatenDey atdhidved from
by ext er nal facilities. 15 Exanpl e 2 A propyl ene

9HE¥1£%¥&6H(¥géﬁﬁbfuﬁég(iﬂﬁkéébé&“théiéﬂﬁ?ﬂThe amount
step to the fornmer step in Exanple 1, by carrying out

c!f Ha R@%%Ebh%ﬁé PRLY "Bk ﬁiﬁﬁbﬂzﬂwlﬁ&@r% also

preset tenpera ure) under 5 ‘MPaG (preset pressure)

r% gytj. K gn_%geéﬁgp&: # pf ate ilen 11 19, 088 ¥ Went ioned
contentration o
coollngwaterwasnaintalnedatconstanttem@eraturebyexternal

facilities.

Example 2

A propylene homopolymer was produced according to the
similar step to the former step in Example 1, by carrying out
liquid phase-filled polymerization of propylene at 70°C (preset
temperature) under 4.5 MPaG (preset pressure) at a propylene
supply rate (P:) of 0.059 ton/hour in a concentration of a
propylene homopolymer slurry of about 30% by weight measured
according to the formula (1).

In order to decrease a production rate of the propylene
homopolymer, the propylene supply rate (P;) of 0.059 ton/hour
was decreased down to 0.043 ton/hour (target rate), while

monitoring the concentration of the propylene homopolymer slurry
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propyl ene honopol yner slurry of about 30% by wei ght

nmeasured according to the formula (1). In order to

decrease a production rate of the propyl ene

honmopol ynmer, the propyl ene supply rate (PlI) of 0.059

ton/ hour 25 was decreased doyw to 0.043 ton/hour

(target rate), while nonitoring the concentration of

the propyl ene honopol ymer slurry 15 nmneasured
Beesvacdgaceorféngotpuithe frrawde tHat sswhrddvalk ego-measured
concentrati on was decreased down to about 15% by
oRngEntrahigetwas decaresed doyvn fromababbut 58d bpight (target
wei ght, thereby continuing said |iquid phase-filled
pohgertiaatiooh.f8a abdet Bddsky o ightpyt kexelby sopglipyuing said
rate (PlI) down to up to 0.043 ton/hour (target rate)

toghitd die searfrildedpblwnerduttdodr. as4id dewaregesd nftpeopylene
pol ynmeri zation tenperature and pressure, the

popyheratat (By) Hemperatny eolieiodd tvhyhonrt mrgetgeatk) could
69.2 to 71.0C (preset tenperature: 70C), and the _

pol ymerirdaid out praSsole oaragt et dhdndddn shgepelyedilzat ion
10 to 4.49 MPaG (preset pressure: 4.5 MPaG. There was
BOhpEtSOur ORERT pedsadudeasthe pzﬂgfﬁ\@e:ﬂzmta&u&émpteraawe being
of the punp for ~circulating and agitating the slurry

POt YR Hdtd MYy @FCE00R t81 X1 UST (Hreddek etrPpeiBitiirai:N70°C) ,
the pol ynerization tenperature at 70C (preset

éﬂ%f@b@l%eﬂi@%tﬁ@#ﬁ&e@%u?@%éﬂﬂ? Weltedi Vahel 9ange of 4.41
decreased automatically, because nol only the

B o UL i 1P & at%re@ét thee SLQPY | enes hoPRPP! VPRE rd8Fas not also

decreased by the above- nentioned ~ decrease of the

Db OPW-£06; SYPRLY1 & a&ﬁarg%%l)in Lo S AN A RM Y £ lﬁﬁe\:lva%ump for

heat () renoved fromThe pol ynerization reactor

?ﬁ%@?ﬁgg%%t Qr?:ﬁ %%%J@ﬁ@%tsﬂﬁrwaﬁofﬂlérﬂm reaction

l'yme I on
mixture. In order to maintain the polymerization temperature

at 70°C (preset temperature), the amount of cooling water was
decreased automatically, because not only the production rate
of the propylene homopolymer was decreased by the above-mentioned
decrease of the propylene supply rate (P;), but also an amount
of heat (Qo) removed fromthe polymerizationreactor was decreased
thereby. The amount of heat (Q:) brought into the polymerization
reactor was also changed by the decrease of P;. Incidentally,
the above-mentioned cooling water was maintained at constant

temperature by external facilities.
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20 reactor was al so changed by the decrease of PI.

I ncidentally, the above-nentioned cooling water was
mai nt ai ned at constant tenperature by external

facilities. 16 Cainms 1. A nethod for nmeasuring a
concentration of a propylene ygol ymer slurry contai ned

in a polynerization reactor, 1h which 5 liquid

£ha§e-fi Il ed pol ynerization of propylene or a

orbMshat i on of propyl ene with a comononer is carried

out, according to the followng formula (1): slurry
concentration = 0.1(Qo-Q)/(QPI) (1) 10 wherein Qo

(kcal /hr) is an anmount of heat per hour renoved from

t he poliyndrmethéodfarnenenyri@y & kealgentratsiamodnamnopylene
of heat per hour brought into the polynerization
paaater s1Qrrikcehtkghed $nan painmelr icla tjgainy reactzeti, obn which
heat per kil ogram of propylene; 15 and PI (ton/hr) is
aimaindbphtisef fpil 0 pylperlemeeari 2edirorsaf plriopy lieme dhe combination
pol yneri zation reactor. 2. The method according to

«ff airopl;]l emeewdith &heopdpyeences deainirey coont acasré@bngoco the
100% by wei ght of a propylene unit and 20 0 to 4% by

) kied Boxanponey: unit sel ected fromthe group
consisting of an ethylene unit and an a -olef in unit
having 4 to 8 carbon atons, the total of the

propyl ene unit and the conmononer unit being 100% by

wei ght 5125-1$ cHiR <iRIed 3¢ corgding,t o, £f abgp,3, whemgi n

t he propylene polyner is a propyl ene honopol yner, a
propyl ene- et hyl ene

wherein Qo (kcal/hr) is an amount of heat per hour removed from
the polymerization reactor; Qr (kcal/hr) is an amount of heat
per hour brought into the polymerization reactor; Qp (kcal/kg)
is an amount of polymerization heat per kilogram of propylene;
and P; (ton/hr) is an amount of propylene per hour supplied to

the polymerization reactor.

2, The method according to claim 1, wherein the propylene
polymer contains 96 to 100% by weight of a propylene unit and
0 to 4% by weight of a comonomer unit selected from the group
consigting of an ethylene unit and an o -olefin unit having 4
to 8 carbonatoms, the total of the propylene unit and the comonomer

unit being 100% by weight.

3. The method according to claim 1, wherein the propylene

polymer is a propylene homopolymer, a propylene-ethylene



17 copolynmer, a propyl ene-|-butene copol yner, or a
propyl ene- et hyl ene-1 - but ene copol yner. 4. The net hod
according to claim1, wherein the conononmer 5 is

et hyl ene, 1-butene or a conbination of ethylene with
1-butene. 5 A process for prpgducing a propyl ene

pol ymer conprising the step of honopol yneri zi ng

ropyl ene or copol ynerizin propyl ene with_a

dRRAMEWE in & | %Plﬁﬁ%%%:hw dne FORRTI at i on®r @
reactor while neasuring a concentration of a propyl ene
IRt nes] Ryl @i b e SRR PRy neri zat i on
reactor according to the following formula (1): slurry
concentration = 0.1(Qo-Q)/(QPi) (1) 15 wherein Qo
(kcal /hr) is an anmpunt of heat per hour renoved from
t he poKynEh¢ matihed aegerdinggo cikean hr phiereim gheEamonomer
of heat per hour brought into the polynerization

5 Jseathyplengp (Ruulgraypr a compirnabien offetpu yane withilorbutene.
heat per kil ogram of propylene; 20 and P= (ton/hr) is
an anount of propyl ene per hour supplied to the
pol ynmeri zation reactor. 6. The process for producing a
propyl énk podoess faccprdduging @ pirepmlnevpel pher tdumprising
concentration of a propylene polymer 25 slurry is 5
tiee 56%ehy ®€i gldmopkR ymer iimgr peepyleae poodusipmlymerizing
propyl ene pol ynmer according to claimb5, wherein the
mrapylane pelyner acordomdion®y t 0irl00% by quidghtplofsea-filled
propyl ene unit and 0 to 4% by wei ght of a cononomer

10 polymerization reactor while measuring a concentration of a
propylene polymer slurry contained in said polymerization

reactor according to the following formula (1):

glurry concentration = 0.1(Qp-Q1)/{QP:) (1)
15
wherein Qo (kcal/hr) is an amount of heat per hour removed from
the polymerization reactor; Qi (kcal/hr) is an amount of heat
per hour brought into the polymerization reactor; Q, (kcal/kg)
is an amount of polymerization heat per kilogram of propylene;
20 and P; {ton/hr) is an amount of propylene per hour supplied to

the polymerization reactor.

6. The process for producing a propylene polymer according
to claim 5, wherein the concentration c¢f a propylene polymer

25 slurry is 5 to 50% by weight.
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unit selected fromthe group consisting of an ethyl ene
unit and 5 an a -olef in unit having 4 to 8 carbon
atons, the total of the propylene unit and the
conmonomner unit being 100% by weight. 8. The process
for producing a propyl ene polygrer according to claim
5, wherein the propylene polyner is a propylene 10
honmopol yner, a propyl ene-ethyl ene copol yner, a

pr opyl énellre pyperesdopoPyRERCing agpropylene polymer according
propyl ene- et hyl ene- 1-but ene copol yner. 9. The process

orclprion foi miLex 9o pYice REOpYil gner PaéYDEYi Aagntasnepds to 100%
claim5, wherein the conononer is ethylene, 1-butene

kiy wgigbbsndf mapropybénetunydtensdvid tie 4% byt eaeght of a comonomer
unit gelected from the group consisting of an ethylene unit and
an a ~olefin unit having 4 to 8 carbon atoms, the total of the

propylene unit and the comonomer unit being 100% by weight.

8. The process for producing a propylene polymer according
to claim 5, wherein the propylene polymer is a propylene
homopolymer, a propylene-ethylene copolymer, a
propylene-1l-butene copolymer, or a

propylene-ethylene-1-butene copolymer.

9. The process for producing a propylene polymer according
to claim 5, wherein the comonomer is ethylene, 1l-butene or a

combination of ethylene with l-butene.



