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Effect of System Parameters on Target Parameters in
Extrusion Cooking of Corn Grit by Twin-Screw Extruder
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Abstract

To analyze the effects of the system parameters on the target parameters, which include the amount

of water evaporation, water solubility index(WSI) and water absorption index(WAI),

test trials of

fractional factorial design of the three process variables at three levels were carried out for corn
grit with a laboratory twin-screw extruder with three different screw configurations. The system para-
meters collected from the trials, such as extrusion temperature, specific mechanical energy input(SME)
and mean residence time(RT), were showed the ranges of 129~182C, 67~163 kwh/ton and 12~34
sec, respectively. Within these ranges of the system parameters, the target parameters were able

to be quantified by using multiple regression equations.

The correlation of results with the system

parameters blocked by the screw configuration as dependent variables, yield correlation coefficients
above 0.90, and the correlation using the system parameters obtained from whole experiment system
as the dependent variables yield correlation coefficients around 0.80. The functional relationship, which
can be quantified by sencond order polynomial regression equation with only two system parameters
within necessary degree of accuracy, can be graped in three dimensional surface response and contour

diagrams.
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Table 1. Range and mean value of the system parame-
ters obtained from the various operation conditions®

System parameters” Range Mean+ s.d.
Screw config.

Ext. temp 0 129~157 1446+ 10.1

() 2 145~—161 151.1+ 4.8

4 151~182 1655+ 9.5

totdl 129~182 153.7+ 12.0

SME 0 67~120 1002+ 16.1

(Kwh/ton) 2 81~150 107.0+ 19.5

4 94~163 1229+ 134

total 67~163 109.6+ 20.7

RT 0 12~25 18.1+ 4.0

(sec) 2 15~30 211+ 44

4 16~34 229+ 65

total 13~34 212+ 51

#The operation conditions are the ranges of process
parameters, 30~60kg/hr for feed rate, 200~300 rpm
for screw speed and 2~6 e.a. for number of die openi-
ngs with the screw configuration having 0) : only conve-
ying elements, 2) i two reverse elements and 4) ; four
reverse elements at metering zone.

MExt. Temp., SME and RT are extrusion temperature
at die end, specific mechanical energy input and mean
residence time, respectively.
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Table 2. Model equations fitted by selective multiple regression for target parameters blocked by different screw

configurations
Dep. Var.” DWC WSIV WAIY

Config.” 0 2 4 0 2 4 0 2 4
Constant 10.10 11.10 13.26 25.1 30.1 322 6.93 727 7.16
x1 —551 - - - - 22.6 0.654 - -
x2 1.87 243 1.31 214 9.20 7.98 — 2.04 3.14
x3 - —3.35 - -~ - - — 1.03 133
x172 —168 — 6.23 - —~52.3 —29.3 - —3.25 -
x2"2 —555 — 522 15.8 - - —4.65 501 —.917
x37 2 373 293 - —7.26 - 6.02 —2.55 855 799
x1 % x2 170 5.15 —-949 - 316 273 - - -
x1%x3 277 —4.11 - —3.28 ~26.7 —4.61 =529 1.28 —-2.23
X2 % x3 - — - - 24.8 ~ — - -
R-sq. 9164 8131 9525 9015 8714 9844 9170 9413 9542

“Target parameters are amount of water evaporation(DWC g water/g solid), water solubility index(WSI) and water

absorption index(WAI).

P'System parameters were coded by using equations, x1=(Ext. Temp.—155)/25, x2=(SEM—110)/50 and x3=(RT—

“’Screw configurations are 0 ; only conveying elements, 2 ; two reverse elements and 4 ; four reverse elements at mete-

20)/10.
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Table 3. Model equations fitted by selective multiple
regression for target parameters of whole system

Dep. Var.” DWC¥ WSI#! WALV
Constant 12.1 294 7.15
x1 4.30 10.2 -
X2 1.20 10.8 3.13
X3 0.964 4.86 1.67
x1 "2 —0.550 8.19 -
x2 "2 - — —1.03
x3 2 — - —0.319
x1 % x2 — — -
x1 % x3 —1.07 3.10 -
X2 % x3 - - —0.959
R-sq. 8276 7925 83584

*»" Target parameters and coded system parameters are
the same to Table 2.
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Fig. 1. 3D-Surface response(1) and contour(2) diagrams for target parameters

a) Amount of water evaporation, b) Water solubility index(WSI) and c¢) Water abosrption index (WAI) as func-
tion of a,b) Extrusion temperature(Ext. Tem) and Mean residence time(RT) and ¢) Specific mechanical energy
input(SME) and RT
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