Polymer(Korea). Published by the Polymer Society of Korea
Vol. 12, No, 8, 1988

Ethylene-Propylene2| Slurry Z2=& gt27|LHe| =AM AA

O| A& - FIAL- ;'IxHoq* x-lo:iEH**. ol=E*

shistn nEAFTH- T FIHGA LU VR A TAT A A B SR D8 AT 83}
(1988 44 49 H)

Determination of the Composition of the Reaction Mixtures for
the Slurry Random Copolymerization of Ethylene and Propylene

Kye-Hwan Lee, Jin-San Yoon, Jae- Youn Kim; Young-Tae Jeong**and Dong-Ho Lee***

Dept. of Polymer Sci. & Tech., Inha Univ., Incheon 402-751, Korea
*Research Center Han-Yang Chemical Co., Daejeon 301-343, Korea
**Korea Petrochemical Ind. Co. Ltd, Ulsan 680-110, Korea
***Dept. of Polymer Science, Kyungpook National University, Taegu 702-701, Korea
(Received April 4, 1988)

234 random copolymerization BHS-Ale] ZA S &3 =
g AL&-3te] Ao 2M on-lineA o] 9] 7}54 S 5’:/\}6}911:} ox
HAE o] Z3lo) Wt S olo] ZAS- 73 2“3}6]-7{] @7‘3'5]- o
0,000014d W= 2gxtd W& FeAel Bz

Abstract : The compositions of the ethylene-propylene random copolymerization system were
determined using values of the properties of the reaction mixtures which could be measured
continuously, and the possibility of the on-line control for the reaction was investigated.
A combination of temperature, pressure, density and thermal conductivity predicted most
accurately the composition of the reactants, However application to the process control
seems to be difficult when the molecular weight of the copolymer exceeds 40,000 at which

a small measuring error would give rise to a large change in the molecular weight of the

copolymers,
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Table 1. Values of the Parameters used in Equation (1)

. Values for Values for Activation ener,
Parameters Units ethylene(80C) propylene(70C) for propylenegy References
kp 1/ mols 9600 95 12 kcal / mol 3,4
Keras 1" /mol s 3.09903 0.04427 9 keal / mol 34
ke 1 /mol'ts 22.9898 5.882 12 keal / mol 34
Kirm 1/ mols 0.84 0.04 14 kcal / mol 3,4
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Table 2. Values of the Parameters (english unit data)
used in Equation (3),(4) and (5),°

Para- |Valuesfor |Valuesfor |Valuesfor Values for
meters | ethylene propylene | heptane hydrogen
mol, wt | 28.031 42.047 100.125 2.016

B, 0.89198 1.36263 3.18782 0.333937

Ao 12593.6 23049.2 66070.6 585.127
CoX10° | 1602.28 5365.97 57984.0 4,11

b 2.20678 4.79997 38.9917 0.08682

a 15645.5 46758.6 626106.0 98.599
cx10°¢ 4133.6 20083.0 483427 0142317
ax10? 731.661 1873.12 17905.6 0.1479116
Tx10? 236.844 469.325 2309.42 0.08281
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Table 3. Values of Heat Capacity of the Gases
Composing the Reaction Media.

a b c d
Hydrogen 6.483 | 2215E-3 | —3.298E-6 | 1.826E-9
Ethylene 0.909 [ 3.74E-2 | —1.994E-5 | 4192E-9
Propylene 0.880 | 5602E-2 | - 2771E-5 | 5.266E-9
n-Heptane |—1.229 | [615E-1 |- 8.720E-5 | 1.829E-9
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Fig. 1. Block diagram for calculation of the composition of the reaction media,
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Fig. 2. Concentration of reactants as a function of the copolymer molecular weight at different copolymer
compositions. Temp, = 80C a) F,=0.35, H, b) F,=05, H, ¢) F,=0.7, H,
Fig. 2-a. P=155 atm, Fig. 2-b. P=135 atm, Fig. 2-c. P=12.5 atm, Fig, 2-d. P=11 atm
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Fig. 3. Heat capacity of the reactant mixtures as a function of the copolymer molecular weight
at different copolymer compositions, Temp.=80C

Fig. 3-a. P=155 atm, Fig. 3-b. P=13.5 atm, Fig. 3-c. P=125 atm, Fig. 3-d. P=11 atm
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as a function of the copolymer molecular weight

20

80x103

4. Viscosity of the reactant mixtures as a function of the copolymer molecular weight at different
compositions, Temp.=80C
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Notations

(Al} : concentration of alkyl aluminum
Cp : heat capacity
{Ce) : concentration of ethylene
(Cs) : concentration of propylene
f, : mole fraction of ethylene in the gas phase -
F, : mole fraction of ethylene unit in the copolymer
formed
(H) : concentration of hydrogen
k : Boltzmann constants
k,, : propagation reaction rate constant of
~~E-Ti type active site with ethylene
: propagation reaction rate constant of
~~E-Ti type active site with propylene
kpa : propagation reaction rate constant of
~~P-Ti type active site with ethylene
k, : propagation reaction rate constant of
~P-Ti type active site with propylene

Kirmu : monomer {ethylene) chain transfer reaction
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rate constant of ~vE-Ti type active site

Ki;mi» - Monomer (propylene) chain transfer reac-
tion rate constant of ~E-Ti type active
site

Kima - monomer (ethylene) chain transfer reaction
rate constant of ~~P-Ti type active site

Ki;mz - monomer (propylene) chain transfer reac-

tion rate constant of ~P-Ti type active
site
ki ai : chain transfer to aluminum alkyl reaction
rate constant
M : molecular weight
P : concentration of active sites of ~E-Ti type
(mol / mol-Ti)
Q : concentration of active sites of ~~P-Ti type
(mol / mol-Ti)

r, : copolymerization reactivity ratio of ethylene

E2| A12¥ A8E 19889 129

r, : copolymerization reactivity ratio of propylene
R : gas constant

T : temperature

d : density lb.mol / cu. ft

7 . viscosity #P

7m° : viscosity of low pressure mixture
7m : viscosity of high pressure mixture
€ : characteristic energy

Qv : collision integral

d : hard sphere diameter

#,. - pseudoreduced density

£, . mixture density

Pem - pseducritical density

' Tem® / Mm? Pem¥

A : thermal conductivity

A%y, : thermal conductivity of low pressure mixture
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