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Abstract — In polyolefin processes melt index (MI) is the most important controlled variable indicating product
quality. Because of the difficulty in the on-line measurement of MI, a lot of MI estimation and correlation methods
have been proposed. In this work a new dynamic MI estimation scheme is developed based on system identification
techniques. The empirical MI estimation equation proposed in the present study is derived from the 1%-order dynamic
models. Effectiveness of the present estimation scheme was illustrated by numerical simulations based on plant oper-
ation data including grade change operations in high density polyethylene (HDPE) processes. From the comparisons
with other estimation methods it was found that the proposed estimation scheme showed better performance in Ml
predictions. Using the model predictive control method based on the present dynamic MI estimation model, MI val-
ues are estimated and compared with those of MI setpoints. From the numerical simulation of the proposed control
system, it was found that significant reduction of transition time and the amount of off-spec during grade changes

were achieved.
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Fig. 1. A schematic of slurry polymerization process for the produc-
tion of HDPE.
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Fig. 2. Cumulative MI models for four units.



TEE

i

Migi= HE871elA A =3 ML, “12]an M= Eelolldal g

o] MIZ ek,

4. X M1 OS2 20} DHI0{SH|0f

A HSES AN §4 gek A4 339 ol
olga 4 glom Bl Fazo]
3

Hol BEo] gt & Aellde 5
1

LS
e}
_E

HpEhe Folck wlolele] Zapgst wsh AES $Ae 23t mish
714 SAkE dlolE AaE el Qb 3 Al g A
gl olefat W3S wiEale] YT male] PHAPL the

O

A 1) RG] 7P B QS vAE A v o W
FE etk v#staA}t s diid AlARE LTI(Linear time
invariant)® 7135t 2] A WA YHHER QE A Este]
2IE F$h

WA 2) REle] S HlolE] g} AEEh WS HiojHE ©
gato] 12} Bds Freit), o]wje] EHWel 3o m T e A
A Hole ekl 2o, F Error 12 F3HTHFig. 3(a)).

S 3) Error 10 78 B 9GS vXE F A4 TS
Zh=t}, £ A QYW HEXS Adeha 275 FHalo] e
of] 288t} HEX= WH7 12 FY== 7 IAHHDH) Alegh
¥ FIAHHMH)C.E TA 9T}

W7 4) In(HEX)? Error 1 Alo]€] #Alel] thgh 13} S 7151},

@A 5) 374 FAHCEIE 21¢] IFgelA -8k Edle]] thA] of
AskaL Error 25 T-$Hh(Fig. 3(b) L)

@A 6) Error 201 718 B2 GRS vR|= JHESE Fe)
tlofe] 24, 37 vy, 182 A% <X =
o7 A WA A EA G R Aue ok 9 &
23} Error 2 7H] AR ES 6t

Wl 7) Error 3% T¥HHFig. 3(c) FaL).

WA 8) BE ] oigt (3 Bl 7+ ulzkx] 9] )
& g} o] WA 3t RdlS R Agste] Frekaa)
sh= 74 MIE et

ISHAIACT)S) =S T st A HA Z2(model 1: Dynamic
1 vt 2t

y = Gyu; + Gyu, + Gyuy + Gyuy (®)
o1714l1A

u; = In(Q),u, = In(HDH/ETH+HMH/ETH),

u; = In(comonomer/ETH+0.01),u, = RxT )

o3l yi= In(MDE 2]t} G(i=1,2,3 2 4y= 27 oo 22
1A} A 0% FoXint,

ogddl T2 Melt Index FEofEAolol] 3t G- 1045

[ ]

h A 4

| [In_HEX]

= Error_1
[In_Comonomer]
[ACT]

(a)

|nn_axm| > ) :

]

\AR]

Rd
IACT)

(b)
.
{In_Rool] > )

:{ Emor_2 l

]

#
[Cin_vex >—a] 02

_.<
LA A

y

Ewor_3

[ wen >—

(c)

Fig. 3. Simulink configurations to identify dynamic MI model: (a)
Step 2; (b) Step S; (c) Step 7.
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Fig. 4. Organization of Model Predictive Controller (MPC).
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Table 1. Scaled parameters required for the inference scheme
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Fig. 5. Values of k;, o and B used in MI models during grade change
operations: (a) Case A, (b) Case B.
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Fig. 13. Predicted values of MI based on the present model 1 and 2 compared to measured MI values (a) Case A, (b) Case B.
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Fig. 14. MI estimation of MPC (no disturbances).
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ACT : amount of cocatalyst or activator feed [L/h]

[C,], [C5], [C4] : concentration of ethylene, 1-butene and higher alpha-
olefin [kg/h]

CAT  : concentration of catalyst feed [mmol/h]
ETH : amount of ethylene feed [kg/h]
FC;C, : feed rate ratio of propylene to ethylene [-]
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FC,C, : feed rate ratio of 1-butene to ethylene [-]

HDH : amount of pure hexane feed to reactor [kg/h]

HEX : amount of hexane feed [kg/h]

HMH : amount of recycled hexane feed to reactor [kg/h]

HYD : amount of hydrogen feed [Nm*/h]

[H,] : concentration of hydrogen [m3/h]

i : subscript indicating an instantaneous melt index [-]

MI : melt flow index(MFI), weight of molten polymer produced
during a 10-min period under certain condition [g/10 min]

MI, :instantaneous MI produced in the reactor [g/10 min]

MI, : cumulative MI [g/10 min]

MI,, MI,,, : instantaneous MI [g/10 min]

MI : estimated polymer MI of the q th unit [g/10 min]

Ml : cumulative MI of powder [g/10 min]

Q : ratio of hydrogen to ethylene [-]

[R] : concentration of cocatalyst (activator) [L/h]

RxT : reactor temperature [°C]

RxMI : measured MI of reactor [g/10 min]

T : reactor temperature [K]

T, : reference temperature [K]

T, : dead time of extruder [h]

J2lo|A =X}

a, a,...a; : coefficients in the instantaneous MI model of Sang Joon
Oh [-]

B, o...05 : parameters in instantaneous melt index of M.Ohshima Eq. [-]

ko, k;...ks : parameters in instantaneous melt index model of K.B.
McAuley Eq. [-]

T,, Ty, T3 :residence time of reactor, flash drum & separator and
dryer [h]

1. McAuley, K. B. and MacGregor, J. F., “On-line Inference of Poly-
mer Properties in an Industrial Polyethylene Reactor;” AIChE J.,
37, 825-835(1991).

2. McAuley, K. B. and MacGregor, J. F., “Nonlinear Product Prop-
erty Control in Industrial Gas-phase Polyethylene Reactors, AIChE
J., 39, 855-866(1993).

3. Ogawa, M., Ohshima, M., Morinaga, K. and Watanabe, F., “Qual-
ity Inferential Control of an Industrial High Density Polyethylene
Process, Journal of Process Control, 9, 51-59(1999).

4. Ohshima, M. and Tanigaki, M., “Quality Control of Polymer Pro-
duction Processes, Journal of Process Control, 10, 135-148(2000).

5.0h, S. J., Lee, J. S. and Park, S. W., “Prediction of Pellet Prop-
erties for an Industrial Bimodal High-density Polyethylene Pro-
cess With Ziegler-natta Catalysts) Ind. Eng. Chem. Res, 44, 8-20
(2005).
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