35 FH3H
2014 4202 H

%% TR
PACKAGING ENGINEERING

33

/.

EXEAGRNXKEEARRESHAETAR

Zaa', mER', BOER?, E0F, KR
(1. RERLA:, K 3001345 2. 7k Tolk K2, K 300131)

o

WE. Aty ARARELSRNREFORRRFNA YT H 7k Aoprd P L E A8 K8
G iR A W ¥h, Fik 15 MATLAB #k#F, i@ A 5kt AR E LA KM KR
B YRR IR W FAL A, IR R el B AT R B R A BT K R Gt T AN YR, R
FAREPRAAEPAEN KL EGRRROFLARLEH A, AR AERREZFENHR
ZAERAXNR T A EAMEZEH%(0.0008<0.05) , B oM KMHELT FHALRARLLLAKZE
Bk ZAA SHRR T RAAERASME, & HAAE A 48.04 ml/min, &L JEH 199 Pa, iR E
151 Pa B, K 2% G iRk 09 B0 A s KB A 138.2637°,

KW FREK; REEG; FHA; ik, TRELRNK

FE DS TB484. 1; TS206 XERFRIRAD: A XEHS: 1001-3563(2014)03-0033-06

Spray Angle of Soy Protein Spray Coating Dispersions for Vegetable Composite Paper

HOU Hong—hong' , YANG Chuan—min', TIAN Shao—long”, WANG Xin—yu', CHEN Cheng'
(1. Tianjin University of Commerce, Tianjin 300134, China; 2. Hebei University of Technology, Tianjin 300131, China)

ABSTRACT: Objective To investigate the calculation method of spray angle for soy protein spray coating dispersions ( SP-
SCD) of the vegetable composite paper in the spraying process and the influence of spraying process parameters on atomization
angle of SPSCD. Methods The spray angle of SPSCD for vegetable composite paper were calculated using MATLAB software
based on the image processing method. The effect of process parameters on the spray angle produced during spraying process
was also studied based on response surface methodology analysis. Results Among the single factors, the spray flow rate and
pressure had a significant effect on SPSCD. The interaction of spray flow rate, air pressure and hydraulic pressure had a very
significant effect on the spray angle (0. 0008<0.05). The relational model between spray angle and process parameters was
built by analysis software and the optimal spraying conditions were identified. Conclusion The spray angle of SPSCD could
reach 138.2637°, when the flow rate was 48.04 cc/min,the air pressure was 199 Pa, and the hydraulic pressure was 151 Pa.
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Fig. 1 The spraying process of the SPSCD
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Fig. 2 The exit spray angle
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Fig. 6 Edges extracted from the spray image

and its fitted straight lines
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S S5 TR R A )RR AR R X 4 200 Pa,

B R AR WS TR WU i (30, 35,40, 45,50, 55,60
mL/min) ;& 200 Pa, B IR R &9 45 mL/min,
AR (100,110,120, 130,140, 150,160,170, 180,
190,200,210,220 Pa); K & 84 H WS IR Wi 1 - 45
mlL/min, < J& A 200 Pa, 248 ¥ JE (140, 150, 160,
170,180,190,200,210 Pa) , 7£ FibBASL0 &M T
Iy RAEEL S, R MATLAB & 14: JE 47 5855 £ ()
Mt
1.4.2  GiRE AR &L

FR AR B R = R 50 mL/min B, K&
B T TR A i 2l g SR AR R S IR S, X
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Tab.1 Levels and codes of spraying parameters

in optimization test

BE S G o
-1 0 1
W/ Pa X, 150 165 180
S H/Pa X, 170 185 200
i/ (mL - min™) X; 40 45 50

2 ZR5H5H

2.1 BRBEREXNSHHENIE

WY A, B RE WEUR R U E O 200 Pa
S L AN [R] X R R AR Y 55 1 A B R DL 3%
2. HIFR2 A /N T 55 mL/min B B I 5 1Y
BER W55 A 5 BT S i 55 mL/min B,
W% 1 S Nid s, RIS AR, DU e i i

*2 AEREMNAXEZEOABRBEEH AN

Tab.2 Effect of different flow rates
on spray angle of SPSCD

i3 M5 55 £ T8 S
/(mL +min™") /(°) /(mL +min™") /(°)
30 103. 3455 50 112.8835
35 106. 4866 55 127. 6898
40 107.5474 60 127.2482
45 112.2522
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1A 40 ~55 mL/min,

4 45 mL/min, W&EH 200 Pa B, A H X0 155 25 £ 1 5%
M UL 3, MR 3 AIE A 100 Pa 35K % 210
Pa I} WS HEA o H1 86. 6568°H4 K% 112.4619°, X,
JE/NT 150 Pa LATF B, W55 M0/ H AR L 2848, <%
HiId 150 Pa Ji , W25 2RI, R U R T 200 Pa
J5 WSS G RANII R G SCI 25 R LA S 5
S 170 ~200 Pa,
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Tab. 3 Effect of different air pressures

on spray angle of SPSCD

SHE/Pa BEEAM/(0) SHE/Pa WEEM/(0)
100 86. 6568 160 102.2623
110 86. 7506 170 103.4313
120 92. 6405 180 105.7312
130 95.1858 190 108. 8678
140 95.5561 200 112.2522
150 93.7221 210 112.4619

2.3 BURBREMNENAERIT

R SLA P % YR U B4 45 mL/min, VR
200 Pa I, AN [RIX I8 55 A A0 WLk 4, 3k 4
AR VR R 140 Pa 3K ZE 210 Pa I 855 £ e/ ME
S 109. 2583°, Fix KA A 120. 6474°, Bifi 25 W % 04 14
I, R R A ZE A £ BTSRRI
A E TE/NT 170 Pa B, W5 55 ff BtV A0 338 K
MG, HAE 170 Pa BFABIR K, 2 )5 BEA R A1
R 555 £ RN BRI R A 190 Pa IS 55 f3 IF
BRI R EWE S AT 1200, BB LsEs b WUE
B 150 ~ 180 Pa,
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Tab. 4 Effect of different hydraulic pressures
on spray angle of SPSCD

W JE/Pa W55/ (°) W/ Pa W55 1/ (°)
140 109. 2583 180 115. 6054
150 110.7058 190 109. 3656
160 115.3896 200 112.2522
170 120. 6474 210 119. 8862
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U2 R ILER 5, W55 A i KAELN 138.0967°, e/ IME K
127.3243° X Wiss T 22 a5 R Lk 6.,
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Tab. 5 General rotatable central composite design
S5 WE & it 555

% Xl XZ XB Y

1 1.65 1. 85 45.00 135. 1952
2 1. 80 2.00 50. 00 134. 2804
3 1.50 1.70 50. 00 127. 3243
4 1.65 1.85 45.00 136. 4778
5 1.65 1.85 45.00 135. 7443
6 1. 50 2.00 40. 00 136. 3424
7 1. 65 1.85 45.00 135. 8415
8 1.65 2.10 45.00 135. 4076
9 1. 50 2.00 50. 00 138. 0967
10 1. 40 1.85 45.00 132.5130
11 1.65 1.85 45.00 136. 0138
12 1. 80 1.70 40. 00 129. 3288
13 1. 80 1.70 50. 00 132. 2837
14 1. 65 1.85 45.00 135. 0538
15 1.65 1.85 53.41 136. 8370
16 1. 65 1. 85 36. 59 128. 9334
17 1.50 1.70 40. 00 131. 1348
18 1.90 1. 85 45.00 133. 4644
19 1.65 1. 60 45.00 133. 4616
20 1. 80 2.00 40. 00 135. 1429
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Tab. 6 Analysis of variance of regression equation
for the general rotatable central composite design

AR FH F ‘
B3I il i3 i Fi P
HRE 157.0937 13 12.084 14  42.804789  <0.0001"
X, W% 0.452581 1 0.452581  1.603 1461 0.254
X,-5% 1.893458 1 1.893458  6.707 0645 0.0412
X,-Tif 3123345 1 3123345 110.636 06  <0.0001
XX, 8.341979 1 8.341979 29.549210  0.0016
XX, 2151360 1 2151360  7.6206137 0.0328
XX, 0.381676 1 0.381676  1.3519838 0.2891
X’ 1530591 1 1530591  54.217074  0.0003
X’ 3.88735%9 1 3.88735 13.769 920  0.0100
X’ 1641215 1 1641215 58135629  0.0003
X, X, X, 1.00321 1 1100321  38.975904  0.0008
XX, 1901229 1 19.01229  67.345907  0.0002
XX, 1822573 1 1822573 64.55973%  0.0002
XX’ 0.881 108 1 0.881108  3.1210883 0.1277
B 1.693848 6 0.282 308
A 0.298 685 1 0.298685  1.070432  0.3483"*
gl 1.395163 5 0.279 033
pesicl 158.7876 19

.« AR, « « WARRE BEKTEN P<0.05,
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sz 3 JUHGR I B (P<0.0001) , R XS 25 1k
FAIFZIAAS 5 35 (0. 2524>0. 05) , SR R E S i 1
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0.05),
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17. 4919X,X,-420. 6911X,?+229. 0139X,” -

0. 042 69X,”-10. 424 667X,X,X,+709. 7187X,>X, -
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Fig. 7 Influence of hydraulic pressure and

air pressure on spray angle of SPSCD
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Fig. 8 Influence of flow rate and air pressure

on spray angle of SPSCD
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