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Temperature of a Polymer Particle during Gas Phase Polymerization of Propylene

Jin-San Yoon' and Eun-Soo Park

Dept. of Polymer Science and Engineering, Inha University, Inchon 402-751, Korea
(Received 8 April 1995; accepted 8 January 1996)

2

Edd AFebvet Sololl 2] 2 gale 7|4 FE o Sl o3 2 opr)E e

= e ARE ASsiglc Fejzagd
A FoAE o FEHA YA iR 2k el Sr
SRR EED
Aoz A=t

of

A QR &

UAHE oY RA[14]7 SAATID FEA QA e Zegel FEE o

A58l ch. Prepolymerizatin ¥PH -8 $3H4] glxjo} 2 A2

Ao, a2ty FHLE Aol ff¥ Fole] A A Al FH F2E

8+ U

Fadat Algettel ol qiab= diZl 10-100u

2 sied 713gel e ot el AN wel okl Wz Fol sk} FYA 20k i
71E 402 monomer7t Habste] FYFoZA Fulsk AL 2 A JACAUD T olFT Jlos, g

Abstract — Temperature rise in a polypropylene particle provoked by the heat of reaction during the gas phase poly-
merization of propylene over a heterogeneous catalyst was investigated. When the polypropylene particle was approximated
to have multigrain morphology, and when mass transfer resistance of the monomer was assumed to be negligible, the tem-
perature within the polymer particle was predicted to increase very sharply to bring about melting of the polymer. Pre-
polymerization was shown to be effective in reducing the temperature rise to minimize the loss of the stercoregularity con-
trolling ability of the catalyst.
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Fig. 1. Effect of polymerization temperature on temperature of a
polypropylene particle.
Polymerization temperature : variable, Catalyst activity : 400 g/g-
cat-h-atm at 80°C, Polymerization pressure:10atm, Catalyst
particle diameter : 100 p, AE=14.5 kcal/mole, AE =0 kcal/mole
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Fig. 2. Effect of catalyst activity on temperature of a polypropylene
particle.
Catalyst activity : variable(g/g-cat-h-atm at 80°C), Polymeriza-
tion temperature : 70°C, Polymerization pressure: 10 atm, Cataly-
st particle diameter : 100 p, AE=14.5 kcal/mole, AE =0 kcal/mole
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Fig. 3. Effect of catalyst particle size on temperature of a poly-
propylene particle.
Catalyst particle diameter: variable, Catalyst activity : 400 g/g-
cat-h-atm at 80°C, Polymerization temperature : 70°C, Polymer-
ization pressure : 10 atm, AE=14.5 kcal/mole, AE,=0 kcal/mole
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Fig. 4. Effect of deactivation temperature on the polymer particle
temperature.

Reactivation temperature : variable, Catalist activity : 400 g/g-cat-
h-atm at 80°C, Polymerization temperature : 70°C, Polymeriza-
tion pressure : 10 atm, Catalyst particle diameter: 1004, AE=14.5
kcal/mole, AE =0 kcal/mole
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Fig. 5. Effect of prepolymerization on the polymer particle tem-
perature.
Catalyst activity : 400 g/g-cat-h- atm at 80°C, Polymerization tem-
perature : 70°C, Polymerization pressure : 10 atm, Prepolymeriza-
tion pressure : 0.5 atm, Catalyst particle diameter: 100 1, AE=14.5
kcal/mole, AE,=0 kcal/mole
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k. : thermal conductivity [cal/m-s-"C]
K., : single phase thermal conductivity of catalyst [cal/cm-s-
K]
Ky, : initial thermal conductivity of the macroparticle [cal/cm-
s-K]
k, : thermal conductivity of the gas [cal/cm-s-K]
K. : thermal conductivity of the polymer laver of the micro-
particle [cal/cm-s-K]
Ky, : overall thermal conductivity of the i" shell {cal/cm-s-K]
Kk, : thermal conductivity of the fluid [cal/cm-s-°C]
T,, Tv, T, : temerature of P, N and S Shell at t+At [K]
T, : temperature of P shell at t [K]
Ta : temperature of the bulk phase [K]
[ : initial void fraction of the macroparticle
€ : void fraction of polymer layer of the microparticle
£y : void fraction of the i" shell

R;, Ry, Rs: distance from the center of the macroparticle to mid
spherical surface of P, N and S shell [cm]

R, : radius of the catalyst primary particle [cm]

R” : radius of the microparticle at i” shell {cm]

Ry : distance from the center of the macropaticle to mid spher-
ical surface of the most outer shell {cm]

Ry : radius of the macroparticle [cm]

R.., R, : distance from the center of the macroparticle to inner
and outer spherical surface of P shell {cm]

Par : average density of P shell [g/cm’]

0, : density of the polymer particle [g/cm’]

P : density of the fluid [g/cm’]

Pn, : single phase density of catalyst {g/cm’]

P, : single phase density of polypropylene [g/cm’]

P : density of polymer layer of microparticle [g/cm’]

P : density of the microparticle [g/cm’]

Pu, : overall density of the i" shell {g/cm’]

Ce, : average heat capacity of P shell [cal/g]

G, : specific heat of the fluid [cal/g-"C}

Cs, - single phase heat capacity of catalyst [cal/g-K]

C,,cn - heat capacity of catalyst [cal/g-K]

G, : heat capacity of gas [cal/g- K]

C"Ma : initial heat capacity of the macroparticle {cal/g- K]

Ce,,. : overall heat capacity of the i" shell {cal/em - g-K]

Cpm: - heat capacity of the microparticle of the i* shell {cal/cm-
g K]

G : growth factor of the i* shell

Y, : dimensionless radius [R;/R,"]

|78 : dimensionless temperature [(T, ~T,)/ Ts]

k, : reaction rate constant [s ']
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: monomer concentration at the catalyst surface [g-mole/

cm’]

: monomer concentration in the bulk phase [gmole/cm’]
: monomer concentration in the i” shell [gmole/cm®]

: number of micropaticles at the i" shell

: enthalpy of reaction [cal/gmole]

: dimensionless monomer concentration [C;/ Cy]

: heat transfer coefficient [cal/cm’s-"C]

: viscosity of the fluid [g/cm - s]

: diameter of the particle [cm]

: relative velocity [cm/s]
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