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ABSTRACT: An improvement of the production yield of polyethylene in the high pres-
sure tubular reactors was observed by changing the diameter. The properties of low-den-
sity polyethylene and monomer conversion for the proposed process are compared with
those for a reference reactor which has constant diameter through the reactor length.
Joule-Thomson coefficient and momentum balance are used to calculate the temperature
change caused by the sudden pressure change. The method of moments is applied in
order to estimate the number average molecular weight and weight average molecular
weight. Short chain branching (SCB) and long chain branching (LCB) are aiso calculated.
As the reactor diameter increases, monomer conversion, SCB, LCB and polydispersity
(PD) increase but average molecular weight decreases.

Keywords: LDPE, tubular reactor, production rate, diameter, dynamics.
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Table 1. Comparison of LDPE Reactor Models

references

summary and contents

1. Agrawal and Han

2. Chen et al.

- effect of axial mixing on the reactor performance
- prediction of x, T, M, and M,,
- use of double moments to predict x, T, M,, M, and LCB

- variation of physical properties with reaction conditions

3. Lee and Marano

- prediction of molecular properties

- sensitivity analysis of reactor performance with respect to operating condition

4. Goto et al.

- computer model for vessel and tubular reactor

- comparison of experimental and theoretical values

5. Hollar and Erhlich

- investigation of residual reaction in cooling zones

- prediction of runaway conditions in LDPE reactors

6. Gupta et al.

- a comprehensive model on an LDPE tubular reactor

- the effect of multiple intermediate feeds

7. Kiparissides and
Marvridis
8. Yoon and Rhee

- sensitivity analysis of product quality and reactor performance
- the optimization of tubular LDPE reactor
- the plug flow model includes the axial dispersion term

- an optimal temperature policy which maximize the exit monomer conversion

9. Brandolin et al.

- a mathematical model for polymerization in a mutizone tubular reactor

- good perdition of x, M,, M, and LCB

10. Azevedo and Howell

- a second order model is developed

- mass and thermal diffusion effects

11. Zabisky et al.
12. Kiparissides et al.

- a copolymerization model for tubular reactor
- a mathematical model based on double moments

- predict molecular weight and composition change in a two-zone tubular LDPE reactor

13. Brandolin et al.

- prediction of overall heat transfer coefficient

- consideration of pulse change in reactor pressure

14. Han and Liu

- conversion, M, and M, calculation

- investigation of the performance with multiple injection

15. Ahnet al

- reactor performance analysis according to the operational variables
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Table 2. Process and Operating Conditions

parameter value  unit

heat of propagation cal/mol 850.0
reactor length m 1500.0

reactor diameter m 0.05
initial reactor pressure atm 25000

initial reactor temperature T 65.0
feed mass flow rate kg/h  45000.0

0O, mass flow rate kg/h 1.0

chain transfer agent flow rate  kg/h  800.0

Table 3. Coolant Temperature and Flow Rate

reaction zone temperature mass flow rate

(C) (kg/h)
zone 1 185 70000
zone 2 170 70000
zone 3 170 70000
zone 4 200 85000
zone 5 200 85000
zone 6 165 100000
zone 7 165 85000
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Table 4. Kinetic Constants
(a) kinetic constants (To-T)E,
k=k°em(——R_i',dT_)
ko (kcal-m*kgmol-h)  E, (kcal/kgmol)
k 38 41800.0
ks 390.0 13500.0
ke 11950.0 21700.0
kp 36150.0 22150.0
12 - 2k PAN iy
k=kilkd, b= [ CCLE g = [T T
(k=hilh, o b M e ik
(b) kinetic constant E
e=teon(- )
ko (kcal-m*-kgmol-h)  E, (kcal/kgmol)
ke 5.76 x 10" 3166.88
b 263 x10'° 11315.0
ki 6.12 x10° 94430
by 185 x10° 9500.0
k, 1.025x10° 5245.0
ky 432 x10? 14800.0

o]Zo|A] Brandolin 5B x¢ex B¥X5e} &3
3 A R EZE vayozRE 33 g
o] zol7} AZE sh= 39A ZaEFE ol 83t
HEo] HEg kg vh]Eo 8T dFE ¢
4 AF5E T olg0] e AL ¥
71& cold injectione] 27} A& wEI|2AM, B 1
qA oFnzx sh= 71§ whgTIe) Aols} U B
AT o]0 AT WHE o] &3l FAd|o]
Elo} Had 9eE&E A5 RES FEHAL olE
Table 49 Yehliglth. a2lx, 71§ He ¥FE
T Y 2PZAL Table 29} 39 242 el
.

dn o 13

TEAe] A4 A AL s Fad 18
o] BYE A& dF3] AdMs 2ER]
EAFEE, EAES 2 EAFAA #8 Ao
Ya3eln}. g BF £A4% € EA=: 24
EE o83 44 ¥ & U 73| @2 =2d
E 39342 E7] A8 P A2 28R ¥
ZEEL A 2RAHY ARl Zabisky L B

352

SER

Table 5. Mass and Energy Balances of the Cold
Injection System

total Mass mit mcp = my

component balance

ethylene mwy, it Mmoo, o= My, ¢

oxygen mwo,, i+ MciWo,, i= MsWo,, 1

solvent mws ;t mews, c1= MmWs, ¢

oY= oYy

the others (Y'=dead/live pllymer moments)

energy mCH T+ meCparT o= miChTy
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Figure 4. The proposed modification of the polyethylene reactor ().
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Figure 12. The propose modification of the polyethylene reactor (II).
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Figure 13. Ethylene conversion vs. reactor diame-
ter (II).
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Figure 14. The number average molecular weight
vs. reactor diameter (II).
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Figure 15. The weight average molecular weight vs.
reactor diameter (II).
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Figure 16. Polydispersity vs. reactor diameter (II),
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Figure 17. Short chain branching vs. reactor diame-
ter (II).
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Figure 18. Long chain branching vs. reactor diame-
ter (1).
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A]J :Specific heat transfer area (m%/m)
AX :Cross sectional area of reactor (m?)
C  :Concentration (kgmol/m?3)
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: Heat capacity (kcal/kg 'C)

: Dead polymer

: Reactor diameter (m)

: Activation energy (kcal/kgmol)

: Fanning friction factor

: Oxygen initiation efficiency

: Peroxide initiation efficiency

: Enthalpy (kcal/kg)

: Peroxide initiator

: Intermediate product by oxygen decomposi-

tion

: Intramolecular chain transfer reaction con-

stant (1/h)

: Oxygen decomposition reaction constant

(1/h)

: Peroxide decomposition reaction constant

(1/h)

: Forward reaction constant in oxygen de-

composition (m3/kgmol h)

: Initiation reaction constant by oxygen

(m3/kgmol h)

: Initiation reaction constant by Peroxide

{m3/kgmol h)

: Propagation reaction constant

{m3/kgmol h)

:Reverse reaction constant in oxygen de-

composition reaction (m3/:gmol h)

: Termination by combination reaction con-

stant {m3/kgmol h)

: Termination by disproportionation reaction

constant (m3/kgmol h)

:Chain transfer to polymer reaction con-

stant (m3/kgmol h)

:Chain transfer to solvent reaction con-

stant (m3/kgmol h)

: Monomer

: Molecular weight of ethylene
: Mass flow rate (kg/h)

: Oxygen

: Pressure (bar)

: Live polymer

w20l A123¥ A33 19999 59

T  : Temperature (K)
U  :Overall heat transfer coefficient
(kcal/m* h K)
v :Velocity (m/h)
: Mass fraction

z : Reactor length (m)

aelAs 22Xt
A, :n'order live polymer moment
#, :n"order dead polymer moment
o : Density

otz Zx}.
C  :Cooling water
I : Tert-butyl peroxypivalate
LCB : Long chain branching
M : Monomer
0; :Oxygen
r  :Reaction mixture

S

: Chain transfer agent

SCB : Short chain branching
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