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Preparation of metallic powder coating by ‘cold bonding method

DONG Shuai' ZHANG Haiping' SHAO Yuangyuan' ZHANG Hui'*™ ZHU Jingxu'?

(1. School of Chemical Engineering and Technology, Tianjin University, Collaborative Innovation Center of Chemical Science and
Engineering ( Tianjin), Tianjin, 300072, China;
2. Dept of Chemical and Biochemical Engineering, Western University, London, Ontario, N6A 5B9, Canada)

Abstract; A cold bonding method for preparation of metallic powder coatings at room temperature
was proposed. In this method; metal aluminum flakes were firstly coated with polyvinyl alcohol
(PVA) glue and then treated in.the wet-air fluidized bed with coating powders to achieve their
bonding. The influencing factors. of wet-air fluidization method, e.g. the relative humidity and flow
rate of fluidized gas, fluidizalion time were investigated. Within the scope of testing range, the
optimal bonding effect. was achieved when the fluidized gas was saturated wet air, the fluidization
time was 10'min and the flow rate of the gas was 0.5 L+min~". Compared with the unbonded metallic
powder coating, the difference of the aluminum content between the sample deposited on the test
panel and the original sample was significantly reduced, which indicates that the aluminum flakes
and the powder coatings were successfully bonded, and the prepared metallic powder coatings meet
the industrial requirements.

Keywords : metallic powder coating, bonding, PVA, fluidized bed.
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(excellence) A=A (ecology ) FIZ % Hl (economy ) 1Y 4E IR 5 X IRBE G FH BN, B IMERNG R &
JE IR TR S A R R R B R | B 4R DR RCR 9 4 TR R AR I R h R 7
B AT (L e T A A R T H 25 LRk Y b A E R R S R BUR R R
L 4% T2 A BB A I i A SR U M A R R B R R, PR, B R b
R P2 1 HE T 2R B SR AR BRI B 5E (bonding ) 5 | JF5 16450 52 0L T 428 k)
URE 5 K5 AR U R IBURAR ELRE 4G | UGS S A 1 2 v 43 8 UREAS S5 AL R 2B 40 8 S i o
S JRBURHI ST — BRI RS T Rl

FURG Tk b 3 A0 G SR AR 2 S R P A LRI 4 300 sk 0 ) 5 48 A PR A 2 91 o e
A VIR S 17125 o A T 25 4 0 B IAE ) 53 Rl T A7 E — S AR , T S 5 T 0 0 2 L B
RS L ) 450 P L s T e R ot 2 5 5 e 2 I 4k 5 25 B 3o AR e i o O R )
FF el B R A AR 5

Syl A B R 1 B ) — 2R 9 5 2 D, AR S 3 SR A e T R S R AT A7, A
R 225 30 S UK A 4L IR 15 4 B 47 IURHIBURE 78 3 TR T 5 , B 06D T W45 G B Mok I B AR RS T
BUATHPIR A T TRR v 35 12 1.

1 SZEG PS> ( Experimental section)

1.1 MRS

RER BB AR R SEE TCL BRI BHA R ) 5 4 I8 458 (35 B Silberline A W), EE MK 1;
Q-panel FRIEMIARA QD-23.5( 32 [E Q-lab A F]).

ROIGEE(PVA) 1788 HEMA (1L PH =4 FIA A /) AP (Na2B407- 10H20) (iR 27 e bk
Pk TA FRA T 525 BT FK B R 2 B oK.

R WORRE

Table 1 Particle properties

JEUR ke s 2N
Materials Medium size/pm Density/ (g-cm™) Shape
RGBT AR 40 1.23 AL
&l A 30 0.40 Fotk

1.2 SEEES

MYP11-2 @ S A _E 1M A e R & A BR A R ), GTM-50 F AR BRAIL (VLI s 1R
MUK 2 A BT , COLO-800 LG IR 15 £ (LM R 2 I B B4 A BRA R ) , SX2-12-10 Do b (K
HET IR S B A R T ) L, S-4800 49 HE T 2 fMUBE ( Hitachi ) , XSE105DU 43 #7F X F ( METTLER
TOLEDO) , Al RS E (E 1).
1.3 SLE Tk

WAL RIR A S A B4 I BROR 1 1l 5 RIS S BP0 -5 0 R TR R TR AL IR v (R IR 2 . Ry (i 4
Wy ELA B e R KA PVA G AR5 R 221, SR 5 30 ol Ak IR A 2 A1 f S R SR 0 2 1 14
1) PVA B HT R ISOK S8 6, DA T TR 285 I A U et 5 S 2 . SR R 25 A U Ak DR T ) e S B4R By 5 iE
MR A LA SR B BT 4 A TR i R SR AR IR T R4 T, IR LA A0 Ry SR T A e, e T AR S
S TR R IR AR VAR 2R T A A g ) A
1.3.1  #I45 PVA 7k

BLi 10%PVA ¥ . FREGE 5 PVA1788 B R THabR i I AGE i L85 10K, W 1P b, % ik
250 remin”", KIS BB IREE 90 °C, B2 PVA ST, B3 2 %05, ANk AR UE % % b
PVA {58 TR 2.

B il 5% A YA TR R BGE BB RS TR I AGE Sk, BERE, T S 5 2 A, B 2 s .
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el PVA K (BlRES/PVA=5.5%) ;B 10%PVA #W 10 g, 5%MNESH TR 1.1 ¢, 7K 88.9 ¢ #HATIR A
1.3.2 Wl A5 4

WG BT AR A AT PVA KIS T IR G 39 5) Ry R I B K B 22 TR i <t
WAL BUR A, IRHFR 80 Hz, MR 71 0 Mpa, #ERHE 77 0.103 Mpa , 7EWSCRI & H 4 T 14 4R 4
1.3.3 MRS EHIRE

FE AR & BN B 2% 1.1 g WA 5 49 ¢ B R IR BT RS Fah S IR &
JE AR FF e B, a8 e AR 3 TR R AL SR i, AL MR 2R 3 K RN Ak B 2 AN ]
IR SR G i AAL R P AL AR ok AL R AL 5 em, 51 30 em; {25 SUKIRNAE 7 em, 5 60 cm.

R
Thermometer
. /
¥ > it
Flowmeter
v “/
\
A o.:,
L~ ©2°% %o
—>—
i KR WAL
Gas cylinder Water bed Fluidized bed

1 e E AR

Fig.1 Schematic diagram of fluidization process

1.4 o Hr
141 SRR 4w I

FRHEARIE 77 ASTM D5630-06 X FE i v IR 43 8 F A7 52

WIURRE S K A3 E5 B 5 - OB R HT 3 S AR T Hfﬁi%ﬁ?%é%kﬁqﬂ 530 C F4E2
A2 h JERRE a1 RS B R A

TORREIN AR L A i B B 00 5 0 3 A ot i A A v A I, R fL R 60 KV, IR HE
25 20 em  KEMETR AR (R ARG R R E TR S S SR R AR K Ay L

M“th .
= T 100% (1)
FEARbET

A T IR DURR BN AR LK 5 B SRR K & g 2250 A e .
Ao = DOyt — Dpipke % 100% (2)

Wit
Aw RUUR BN T K535 SRR S K 3 B 226 A 73 e, T UL Aw ZEXHEBR/IN 50 5 A RE 5
G B AR O S AR AR S R AR R B R R G S W AR R B i 5 ROk R
B B i 2 (R )N A R T IRDISCR .
1.4.2  SEM A4 LB ik
XTRE S #EA T SEM $348 FL BRI, 76 AN [F A7 B FAS BT WA 46 e 40 8y SR R TR TR S, 5l B 20
s

2 5 51718 (Results and discussion)

2.1 BB AR BT I 5300 22 A 52 R

IRy R RE A3 M O ik E R A H SR RS R AR IR R B LB, T RN & B 40k o T HEBR
25 RS A VR X IR 43 S 564 %E’Jﬁfﬂﬁ T SERE R AR BRI AT T ORI, BRI T ik mil
YR 33 IR R VRS B 1 K 53



6 1] NS Ve L A R AR U 1423

3 s B AR 5 I 73, a5 (1) THE AR W36 2. i3 2 SERa R mT s Wby K 73 5
o {EAR/IN  FEA AT L2200 | 32 W RS A TR R i I o B AS AT 52, DR 8 128 R A TR 2 2818070
M, JE TAYLY , 7E 530 C il TR

K2 BEUIRARBARK I E

Table 2 Results of ash test of the clear coat

Fedn 1 R 2 Fedh 3 FEfE
Samplel Sample 2 Sample 3 Average
KAy E e Ash content w/ % 0.03 0.05 0.08 0.05

2.2 X HORE A Ry N B

FER G WA PRI A SR E BRE A, R AP0k 19 0 AR TR T SR 5 2 STROAE VD X FUAE i
X HAIAAAE i D73 2 B AT ORI AR L O i B o0 2 B BEA T | SRR 45 2R L3R 3.l 3% 3 Rl IR
H A HERERN Y Ao BOR O 44.29% , U IR AR A Hh 63 TR S0 A8 5 B g T s, el Ay Ik [l i
f .

R 3 OOFHOREAN R I
Table 3 Results of ash test of the control sample

P b

w%ﬂﬁﬁ#rﬁorlginal/% w?'ﬂ’]iﬁf)i’l‘mlmard/% Aw/ %
Control sample

A& Ash content w/ % 2.11 3.05 44.29

2.3 ARG A 5 )

AT S BT R FH A AR R 28 Sk v, R G T B A VR AR (R A SR h Bk st 20 ) | B AR
Ky PVA B ATV REE 5 PVA B REWE AR G Mo W 1k, KRG 25 Pk B AR 3 | 2 Bk T LAAR L ARG 45 4 A Uk
b I BRI R A PVA IS BERE R ok 2 W SRR N A5 RS 25 PR BB 22, 7l AR M AN REAL 25 4 R Tk
ALl EOREEE AN | I SR A, S50 P @ k] AR AR B 4 IR A R RIS R L3R 4, Ak
G ESEHRITE 0.9 Lomin™ |, ALK E 20 min.

AT 4 HRT DA R 3 a2 (L Bt A A0 AR T T8 B 1 v s /. D DR AT R T A AR X T
v I VAR SR 8 K AR i, AR R R TR PVA RIS K 43 22, R 5 M RE S o8 | 8 ORI
A SRR X AR S AN REAR G b VR A0 3 T 1 PVA JIE, A &5 1 BE AR5, 05 52 25 SR B AIK. 7]
B, K43 a1 4050 2R 11 PV AU 0945 33 21 71 22 o, M AN 25 0T DUPREE (Ve {45 8 2= i1 PVA i, S8t
RN 2 L SRR S R TR S

R4 AEAL AR R RE P

Table 4 Results of different relative humidity of fluidization gas

FXHREE /%

Relative humidity @ittt original/ %0 OpitigTestboard” %0 Aw/%
32 2.06 2.96 43.69
77 2.02 2.80 38.85
90 2.11 2.74 29.83
100 2.09 2.68 27.82

2.4 ALK

TACSEE R, AL [A] e — S E 2 AR MR R 2K B b it A s TR | 1 28 U RE B 4 ML T R 4 0 3R
THTAY PVA JBE Rl 45 M RE B | 8 AR B 8L 3 A B [ s DR 18]t A 7 A EL Al 5 PR 42 I ] F) il
i BESE ARG PVA JEAH T HGE . [RIRE e A A b, ok MU R 72 AR T Al LUSE 4 3t 70 B
T AT AN TR, R PN Ry A A R 15 50 R AR [ AL ) 1 B 458 i A8 PR 2 R[] 244 0 o 0 ¥ 494 K
I, AR A B AR S 2 R A U2 520 4 SR 0B S5 R AR TR AR 45
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R T 25 N TR A T RIAL A ML B8 < T R A FRS A TR R A8CR B i, S 46 P B B T
5 DAAFERAALIS ] :2 5,10 15 .25 min, 4 AR ARG E:0.5.0.9 1.3 1.7 L-min FEA7I01L, Hop
0.5 Lemin N HEGEHI RIS T B AR A A 1 A 23 < SER A5 R NSk 5 s,

RS A GEACHS )AL A A B R AR 23 Dt
Table 5 Results of ash test of the samples of different fluidization time and flow rate
TAL MR WAL ]

Flow rate/( Lemin™) Fluidization time/min i’ % Mt et/ % Aw/%
2 2.09 2.49 18.98

5 213 238 11.76

0.5 10 2.06 2.5 9.30
15 2.10 278 .72

25 2.08 2.63 26.52

2 212 271 27.68

5 213 2.67 25.52

0.9 10 2.08 238 14.44
15 2.01 2.68 33.05

25 2.8 289 26.93

2 2.12 2.68 26.39

5 213 263 23.61

13 10 2.10 2.32 10.62
15 212 278 31.26

25 213 2.82 32.48

2 2.09 270 29.16

5 2.1 2.65 25.74

1.7 10 2.09 2.40 14.82
15 214 2.68 25.54

25 2.10 2.65 26.09

T 5 Hal DUF Y Bl A R AR 4 AN R AL AR I i AR LK 43 1 22 (E 24 5809
INFERER B SR BT NS Y T ARET (] R 10 min B, B 4075 e 25 (i d5e /N 8 LT DR T R - XY i AR (]
2 minBY 5 min W], 37 AT R, R T A PVA 510 2 A0 4 il ] 1) 46, 30 25 40000 1% BB AR 471 1000
PVA ok FEVRFERE NS, PVA RS ZE PR AN 38, AN B8 151 4 BP0k Al 45 49 oK i k. I 2 3 AL Bsf 1] () 38
AR R TEY PVA I S8 S s AR, PVA R IOK 43 36 0, 4 8 %) S 4, R 4l AR 5, 4 T 40
KRG EE A A URE JT BRI 5. 21 10 min B, K43 i 25 (E SR/, U6 I 4 Bk 55 R0 AR TR i K
A ARSI AL 10 min, FALSARTLE R 0.5 Lemin™" B, SUBEIRAAR L BRE 5 590 46 FE
il A B AR B i 22 (H N K 9.30% , FB e BUR B AE.

B 2 AT (R HE— 20380 2 15 min B, R4 7 5 2508 BTG K, FR e OR FEAIR. 3 T BB 2 R Tk
BFE 2 10 min BF, PVA O 2R A7 I , ARS8 I AL B ], PVA JB5E 4 2 28238 in i) 7K VR 407
AR ERAS FIURS A (R 25 5 178 55 AT ESE R AAR P B4 J0E Ak T R ARR S, ST AS W08 3, s 5 e [ 4, 45 %
A i BB, AR S IR I 25 5 1 AR S5, 25 5 (R AR R FIURORS 43 I, 8 B8R FEAIRL 15 min B, 5543
R T4 (%) IR Hy 8 R Al AR 1T A 0T, TR) B 43 i B 0k SO T b AH B IBC 2 | (A0 83 RURC R R Ak 1
ANTHIORE 72 -5 1 I Bh A A .

PR AT ] 2] 25 min, ZEACR AL AR 1.3 Lomin™ A1 1.7 Lemin™" B, RAK IR R 8] 50
o flf 5 EE SR B0 UK A AN R 743 B, 25 min B RAS AL 15 min ARG B AR R S Ak AR i
/Nt 0.5 Lemin™ F10.9 Lemin™ B, PRAK PR A (1 R0 flf 5 2 4822000 A0, JS0RETE 25 Rl 3% | BT LA s R
A5 15 min A TR .

[ IS 0 T ) BA 3 AT 520 2 S AR E] 9 2 min 853% 5 min B, /N AR 0.5 Lemin™" BYRE SR
SRS BT HA 3 AN E T AR AE 6 T LIEH /NiLE 0.5 Lomin ™ I, IRZIZAKCR K 1,14, 3
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POIRZS I 5 TR TS, RIZHBONFAR, Heofl 3 MR T RZ KRB, W sa@ iR, IRIZ i sh
BRI IEAE PVA RAESERBIENE (2 min B0 5 min) |, G908 5IRBYBRLES & S BIN O T , BUN BRI
T EE A DL RIUAE DR At DR S T AN BT, AT EAE i AT S O R R ROCR.

R 6 ARV ARRE T HRZ KR

Table 6 Bed expansion ratio of different flow rate

WA RIZWIG PRIZ MK = RIZIEZ K
Flow rate/(L-min™") Bed original height/cm Bed expansion height/cm Bed expansion ratio
0.5 5 5.7 1.14
0.9 5 7 1.4
1.3 5 8 1.6
1.7 5 8 1.6

2.5 ST

Ry T T Ay DU RS A R A U I S AR 22 iy | 8 SRR i Ml e O — I
st R R AR 2 O RE S EA T A P B I, RS 4 T Py R AR T ek A FOOE G 5 R 285 vl F R 4114
SR B EE BRI | B0 R 55 EC R TR (8 RS 25 RS AR — 2 BB T T B 735, T 5 M 78 AU Ay i 1k 1)
BT B R 2 tha] DU, AR 8 FE il (a) TP Y SRR ORL AL T 43 BOIRES | I8 5 S8R B4 A
At (b)) FRER R ORS00 A TR R U AR EORG 2, 30 R — B R Sy Co) BSR40 R 350 00 5 80 A T e
Rl , e AR 22 MORE L (d) TR R SR AR RSB SEAS R 25, 55 () ThAICR L.

e

#

B2 #fH SEM MK
(a) RIBEREG ; (b)FERLF; (o) HE i (d) g
Fig.2 SEM of the samples
(a) unbonded sample; (b) good bonding; (c¢)general bonding; (d)bad bonding

3 451 ( Conclusion)

ABFFERE T — P TR AR R E T2, i 1 R i R 1 — R 9 S R (. R Bk 5
BIATRABHE LI 2 A AL SR B A6 PR A TR 5 . S B 4 SR AR WA AR SO 11 R AT, B AL AR AR T
P REIE I, IR BORAR = 5 T A RIS, 5 ROR e s TR /N & T (Wi TR0 R i AR 3 )
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pS

38 &

R A S P AL P T P A - U R T AR S ARl e S 9 A5 3 4 A A A R 2 <, T
AT 10 min, AL ARG R 0.5 Lemin™ i, FOREIMAH B ARG SHIAGRE G b B R e & i 2
{E4i/NE 9.30% , FREBCRIRAE W ST A R R WL RS U il 4 5 Jm By AR VORL, £ o 4 8 A A TR HE
Tl bR A .
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