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Abstract: Experiments about the freezing process of spray droplets coating on the surface of carrier particles at low tem-
perature ( — 20 “C) were carried out. The effects of operation parameters such as the carrier particle diameter, the spray vol-
ume and flow rate of the spray liquid on the coating process of spray droplets were studied. The projection area and amount
of spray droplets coating were obtained with a high definition camera and image processing, and a multi-parameter equation
of spray droplets coating carrier particles was obtained, which can predict the variation trend of the coating amount and
thickness on the particles, so as to provide some theoretical support for a controllable coating process. The results show that
when the particle diameter decreases and the coating quantity remains unchanged, the coating projection area increases and
the small particles are easy for the coating to spread. When the spray flow rate increases and the coating quantity remains
unchanged, the coating projection area increases, which indicates that the coating spread is larger and conducive for the com-
pletion of particle coating when the initial kinetic energy of the droplet is large. With constant volume analysis of the coating
liquid and orthogonal experiment, the critical coating amount and thickness are obtained. The coating thickness is about 140-
180 um, and the coating on large particles is thicker than that on small particles. The thickness of the coating measured in the

experiment is very close to that predicted with the equation and the error is only + 1 pum, which shows that the theoretical
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model is quite accurate and can, to some extent, help realize the detection and control of the spray freezing coating thickness

of liquid film on low temperature spherical particles.

Key words: atomized droplets; coating; spherical particles; coating projection area; coating thickness

3 55 V3 R T4 K (spray-freeze srying, SFD)
SRyl FH T e BRI A 25 0 ek T s, H
WA R E N E RS E. B, BT
R URTBEBORAFAE L B N | TokiE g | T
A5 A0 R A P 8 R A AN B 2 f DY, 2 i 2
PR TR A RIURL 5 | B AR RIS 55 78 VR T4
WA AT, B3 P B AR P 8 23 AT Bl
TR PR BUAEURL , BRI 25 A5 TR BEE B P Ak
PRAIG IR BAL R BRE AR T T A T IR B VR ES , 2
Jo XU IR A RV VR T | e B b VR DSR2 1
HEAT R B AR IE I GHE Ty vk, T X 55 Ve R
(G UL RO 12 B0 A T Ry BT A5 2 A il i B
BTN ) HEATARSE. BT, X TR AR
AR AEST , K2 M T BN XA [
oA T35 AR (] A 3 T e o A el v AR AT X
T T o BE T IS 0 Sl 4T g ARG i R EA TR 4
B, E BRI ot [P A T VAR B R Xt S
T8 RSURK, Ry 1P A T TR B [ Ak
THITESEPRERAEEREE T A O , AU X 8
W% S5 VA L TR AR AV O BR O U 3R 18 AT T S 08 00F
5. SHMRIERAET (=20 C) 25 4L (200 um) 7EA
[Fl W5 98 30 4 (6. 8 mL/min) s 7 BRIE 2R A4 00RE (3
4.5 mm) AT SERAAREIC 5%, IPHE S 4ER TR AT R
i YRR AT RAE , 15 IR AR 5, AR
oW R By AR SO R TR A= ka3, PRI
T REEARIR B BURL R T TR B AR KALBE, BTN TR
PR R PR I 5 42 Tl S A S A

1 HESAE

1.1 KIesrel

PR AR TR T R GOR A I . Ry T (i 2k At
R 2 THI U4 P R R A B M B IS B T 4 L I B R
SRR, Z [A) BETY B Y A 68,22, DR bR P ) e 2
BHE N ERIK, NFREERR R 28K, 2 AR SRR AR A
B NN L9102 N 5 91| INE 71 | N =L s i
W, HYESEOLR 1 X E R e R TR
AR AT 5, L A T ok B o R, BT
T RS TR BERNR 5 TR B, i DAASSE 50 2 FH G AL

BB AR URL A 75200, HAESHO A2 Ly
W 2.%3.
&1 WRHESE
Tab.1 Material physical properties
YiESEc Fimigk S/ (mN-m™") B/ (mPas) (A%E  pH
Ak 32.19 3.27 176 8.5~9.5
xk2 HETHESH
Tab.2 Carrier particles’ physical properties
YIS R B (grem™) BHEE/ (kgrmm™) JRIREIZR/%  RiiiR 25/ mm
DEEER 245 =635 =99 <0.03
xR3  HEBKAFRS
Tab.3 Chemical composition of carrier particles
% SiO, AlLO; CaO MgO Na,O
HeA5/% 73.10 1.62 6.80 3.80 14.80

1.2 ZWEHE

AR P58 510 VT A U 7 IR 2 A R S 5 15
WA R AR B BARRURL TV 3 & | FRCR
DL AT HFRAE, iRl 1 Fis.

fiﬂ*f%%%% h T s LAY
W RHE AL
MMA%WE-\\M//\" & Z/ >ImageJ

D\ W
ik l@@@?ﬂdkxx\ Qb B

B1 ZBAETEE
Fig.1 The experimental platform
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Fig. 3 Image processing diagram
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48° +68°d, +3d’5 = 6m/ N(np) (3)

K. o WRBEIERE; d, WK EE; m HIREE; N
R ; p HRHIRC .

FEWFFEROH AR 3 (IR R AR SO B, DSOS A v
LA By, KA TR B XA A TR AR R Y 3 AN IX
B, 8 IR A IR AR x, BN KIS R Y
2120 mm®. WFFEANIR] BI85 P 4% B 5 T AR 7
Wi s R,

3

5 REFENSE

Fig. 5 Coating radius division diagram
2 HR5ITE

X TR SR ORI 55 U B, R IR B 7 0
B3 ANBTEL: R SR AT IR R I RIS D A R
Bt . AR U B 2 1 U 7 R T AR B R K
B A TR S Al FORES A5 TR S 2 FURAS B )
MR I, DT S 4 SR = 4B 3 R
B Xy 3 ASBrBGEA T, BRORL BLAR , B
T SRR SRR R A R A, AR S RS
W BRI TR L U i SRR R B 1 AR
{0, DT A5 AR 2% TR ) A ROIR S, R 25 W
TR AARIBOR, R 1R TR B R E5 T TR
21 REBEZTEWOW

XTEAE 3.4.5 mm AR ok FH 553 31
683,452,287 Hr) HATIRE LR, ST AW LB A5
AN [RVSURL BLAR X TR A e R R s, A5 R AR
WS YR 1 %) A AR B TR R URN U 2 e A VR o AR A
fEIE oL ILIE 6 FlE 7.

MK 6 FE 7 AIAL My 6.8 mL/min K,
Wi o M i N, R () U B RO TR K, TR
TR, YINURL AR — I, URL A U B R TH R
KB INEGE , X2 TR BRI AR, W55 R L
TRETEOR R I AT URSS ; BEE TR T, A —38
ST IR VR AR O R RS 16 OB AT (A0 L, 75 1%
BB AR RN, IF Hig i R iy
TR B KR s AELOR, R THI A TR 7 R e R G 1.

4500F
. 4000} s

E 3500} -

x 3000} o
= 2500} i
ﬁ 2000 {05 jﬁ
® o 1500f .
£ 1000 e 1o

500 |
ol : : L L L 105

0 05 1.0 1.5 20 25 3.0

W/ g

6 EHN 6mL/min HAREZBNRERZER
REEMBEENTN
Fig. 6 Variation of projection area and coating amount of
particles of different diameters with different
spray volume at the spray flow rate of 6 mL/min
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Fig. 8 Changes of spray volume and coating volume with
different coating radius in the critical state of
complete particle coating
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radius in the critical state of complete coating of
particles
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are fully coated
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