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Influence of Soy Protein Concentration and Spraying Conditions on
Atomization Angle
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ABSTRACT: The influence of different soy protein spray coating dispersion concentrations and spraying conditions on the
atomization angle and the atomization overall morphology was studied to evaluate spraying quality on vegetable composite
paper. The high—speed camera was used to collect images of spraying and then the spray angle was calculated through the
image processing function of Matlab software. The effect of the concentration and process parameters on spray angle was
also analyzed according to the response surface methodology. When the hydraulic pressure was high and the air pressure
was low, poor atomization was generated. With the increase of air pressure, the better atomization performance was
achieved. In the aspect of single factor, concentration and air pressure had a significant effect on the spray angle. The
relative model of spray angle, process parameters and concentration was established by analytical software. The optimal
spraying condition was obtained as follows. The spray angle of SPSCD was up to 81.4690°, when the concentration of
SPSCD was 11.13%, the air pressure was 2 MPa, and the hydraulic pressure was 1.64 MPa.
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Tab.1 The levels and factors of response surface experiment
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Tab.3 Variance analysis of regression model

X, X, X AR R TSR T BRI 2. SRR PR A R PR P
iRl 737.92 9 81.99 305122  <0.0001*
50 MEELREHEER X 201.13 1 201.13  7484.94  <0.0001*
Tab.2 Design and results of response surface experiment X, 330.17 1 330.17  12286.93  <0.0001*
X 0.12 1 0.12 431 0.0766%*
e X, X, X, ) XX, 3.64 1 3.64 13541 <0.0001*
1 ) 0 | 76,0883 XX 2.70 1 2.70 100.38 < 0.0001%*
) 0 1 . 65.4067 XX 1.80 1 1.80 67.13 < 0.0001*
3 0 0 0 775372 X 116.37 1 11637  4330.60 < 0.0001%*
4 0 -1 | 66.4357 X: 4935 1 4935 1836.54  <0.0001%*
5 0 | 1 777533 X: 15.32 1 1532 57000  <0.0001%*
6 1 1 0 69.3705 Pz 0197 0027
7 -1 0 1 74.6130 RAUT 0.13 3 0.045 3.00 0.1376%*
8 0 0 0 777475 Az 0.054 4 0.013
9 0 0 77.5175 B 73810 16
10 0 1 -1 79.4105 TE A NERWE, BEKT P<0.05; N EF AR,
i ! 0 ! 64.5805 5 P=0.1376>0.05 , # J< {00 i 2, B e A 38
2 R 0 66.5253 ] 51 B0 e 5 R A R=0.9997, 5 T D RARS, =
oo T 0.090u, By AT B A K
s 1 . £6.3000 B0 55 AR 2 A0 LS 2R, T DA o 2 1 1)y o
6 0 0 17,6516 KEE AR T L 40
17 | 4 532418 J7 22 TR, KR IR B R ASURX 25A0A
SZ M R 2 25 (P<0.0001) , Y& X 254k A 19 52 i) A Jik
MG 2 A5 AR 2Pk a3 7 7

Y=-24.122 76+1.690 35X,+62.164 83X+
36.768 74X5-0.190 76X,X,-0.164 24X X5
2.686 20X,X:-0.052 572X7 ~13.694 21X; -

7.62911X2

SR ZE X FEAL AR 22025 R LK 3. H
FE3TAL, LB ) P<0.0001 , 32 BRLRIAL 2 24l

=
SRR
IR
N
23R R ERERIRIRRN
AN
R R RSN
2RI
s

505078

AT LILRRR

;i;if%{;z,;t'o%’nw’
I""‘

5 R RS U A ) T
Fig.5 Response surface plot of concentration

and air pressure

#(0.0766>0.05) ., KEHEFAWEE x & . KGHEA
WRE x WU VAU x W R EE AR b SR
SIS SR 5 AR A S AR 2

MR 105 5 A, A Hh = e 107 1 1], K 2 ik

JEE 5 ST R W O AT, DA P A R 9 D D T

80
~76 S
o %:‘:“:‘\t“\%‘\ \k\\\\\\\\\\\ \
& N
=" Rt
& MR
" AN
"‘\\s‘\\‘%\}\\\ i ;
_%_0 5 0\\\\.’ 550
Jt§§' _ ; g
S@Sﬁ? 1 1.0 _1.0 " @g)s/
Sy
%,

Bl6 R AR RE - R A4 e B T
Fig.6 Response surface plot of concentration

and hydraulic pressure

U 5 YRS 8 I 123550 UL P 5—T7 . AL 5—7 ml LA
A, RS VR AT R 55 A A AR e A

K7 SRS R AR N

Fig.7 Response surface plot of air pressure

and hydraulic pressure



§537% H3 )

0 R RO E S BEUR 250 55 A A B ) 5

MR 5540 A R S/

F| FHl Design Expert 8.0.4 343515 T4 1NHE K
AN G R EAWE N 11.13%, R R 2
MPa, & [T M 1.64 MPa, 35 1k £ i )i (Al 81.4690°
TE AR AT 3 R SE5G, 15 21 () 254k A - 2 (E R
(81.2473 £ 0.3689)° .

e SRR A AR B A T KGR ARR
Y AE AN () B B 1R 3 R M 25 R S5 Ak A i AR 4k
555 AR RIS A A S AR, IRl IS R R AR
2T HRAERI IR S KEE AT ESECN 1.13%,
SR 2 MPa, Wi R K 1.64 MPa, I 55 4k £ 7] 34 5]
81.4690° , Ry ZS Uk bt v S BG F A T 4 1 55
RS2

SE R

[1] RHIM J W, MOHANTY K A,SINGH S P, et al. Preparation
and Properties of Biodegradable Multilayer Films Based on
Soy Protein Isolate and Poly (lactide)[J]. American Chemical
Society,2006,45(6) : 3059—3066.

[2] TKACZYK A H, OTAIGBE J U, HO K L G. Bioahsorbable
Soy Protein Plastic Composites: Effect of Polyphosphate
Fillers on Biodegradability[J]. Journal of Polymers and the
Environment,2001,9(1) : 19—23.

[3] SHAO C, YANG C, WANG X, et al. Characterization of Soy
protein—celery Composite Paper Sheet: Rheological Behavior,
Mechanical,, and Heat—sealing Properties|J]. Journal of Ap-
plied Ploymer Science,2012,125:255—261.

[4] #A R, EO5. KEEA-FRE S0 i

INBIPERERFFELN. (2 TR, 2011,32(5) . 1—3.
SHAO Cai, YANG Chuan-min, WANG Xin—yu. Research on
Mechanical Properties and Heat Seal Performance of Soybean
Protein—celery Composite Paper|]]. Packaging Engineering,
2011,32(5):1—3.

(5] TR, JE 7, AT, e 5 ) s Y 55 AL R . A2y
T 5%e45,2008(2) :6—10.

WANG Tie=lin,ZHOU Yu—xin, WU Yuan. Atomization Char—
acteristics of the Eddy Pressure Nozzle[J]. Chemical Engineer—
ing and Pharmacy,2008(2) : 6—10.

(6] XULH, FNITIE, 2505 B, 4. 3 T VOF J5 i b 02U g
LSO P RE RS WA (). TS 8l 241, 2011, 26 (12)
2826—2833.

LIU Juan, SUN Ming-bo, LI Qing-lian, et al. Analysis of
Geometric Parameters Influence on Pressure Swirl Injector

Performance Based on VOF Interface Tracking Method[J].

Journal of Aerospace Power,2011,26(12):2826—2833.

(71 R, E700. R AL AR R R AT LTSI T
A ,2014,34(6) :58—61.

WANG Yi, WANG Zi—-chu. Research on Calibration Method
of Rate of High-speed Camera[]J]. Metrology & Measurement
Technology,2014,34(6) : 58—61.

(8] BRA Fraic il B PR ARTE AR S L i BT PP A RIS
[D]. KHE: RHERDIL K, 2012,

SHAO Cai. Edible Wrapper Based on Celery and Evaluation
of Food Quality[D]. Tianjin: Tianjin University of Commerce,
2012.

9] BfelR, TOoT 88 FE. BRE G REBHCBIRE G R
4t . /1 E , 202247529U[P]. 2012-05-30.

YANG Chuan-min, WANG Xin-yu, KOU Jin-bao. Spraying
Guns Composite System of the Vegetables Composite Paper:
China,202247529U[P]. 2012-05-30.

[10] LIU D, ZHAO J, YE H. Modeling of the Solidification of
Gas—atomized Alloy Droplets
Materials Science and Engineering A, 2004, 372 (1) : 229—
234.

[11] CLEARY V, BOWEN P, WITLOX H. Flashing Liquid Jets

during Spray Forming[J].

and Two—phase Droplet Dispersion I. Experiments for Deriva—
tion of Droplet Atomisation Correlations[J]. Journal of Hazard—
ous Materials, 2007, 142(3) : 786—796.

(ESARANN 7L S EIR S A - B =R N D NISA S = L S
WA EEWFEL)]. 2 TR, 2014,35(3) :33—38.

HOU Hong-hong, YANG Chuan—min, TIAN Shao-long, et al.

[12

—

Spray Angle of Soy Protein Spray Coating Dispersions for
Vegetable Composite Paper{]J]. Packaging Engineering, 2014,
35(3):33—38.

[13] ALLAIX D L, CARBONE V L. An Improvement of the Re—
sponse Surface Method|[J]. Structural Safety, 2011, 33 (2) .
165—172.

[14] RAZAVI S M A, TAHERI H, QUINCHIA L A. Stead Shear
Flow Properties of Wild Sage (Salvia Macrosiphon) Seed
Gum as a Function of Concentration and Temperature[]].
Food Hydrocolloids,2011,25(3) :451—458.

[15] B4, RSSIE , 0, 5. 8 iR ok ) KO 5 0
REVERTAY S ZR ()] PRI, 1999, 14(5) : 30—34.
KAN Jian—quan, CHEN Zong—dao, YANG Hui, et al. Change
of Surface Tension in Protein Solutions and Relationship
between Surface Tension and Functional Properties|J]. Journal
of the Chinese Cereals and Oils Association, 1999, 14 (5) .
30—34.

[16] A, s R A WRORIIGE 55 R MBI 5T S me s (1L (D). i .
ERGE R, 2011
ZHU Bin. Research on Spray Characteristics of Gasoline-Al-
cohol Blends and Injector Nozzle Optimization[D]. Shanghai:
Shanghai Jiao Tong University,2011.



