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Preparation and application of multifunctional waterborne
aluminum pigment
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(1. College of Chemistry and Environmental Science, Hebei University, Baoding 071002, China;
2. Environmental Information Center of Cangzhou City, Cangzhou 061001, China)

Abstract; SiO, encapsulated aluminum pigment (Al@SiO,) is the most widely used waterborne metal
pigment. However, Al@SiQO; is still silvery and the anti-corrosion property in strong alkalinity and acidity
media are limited. According to the characteristics of SnO,, if SnO, is encapsulated on aluminum pigment,
the waterborne aluminum pigment with superior corrosion resistance and photocatalytic activity would be
obtained. Here, SnCl,/isopropyl as precursor in isopropyl/H,;O at weak acidity media, the preparation
principle of SnO, encapsulated aluminum pigment(Al@SnQ,) that used aluminum as core, SnQO, as shell
and AICOH); or Sn(OH); as bridge were studied. The effect of preparation conditions on the anti-corro-
sion resistance, hue and photocatalytic activity of Al@SnQ, were studied using optical microscopy, X-ray
diffraction, anti-corrosion resistance and photocatalytic degradation efficiency test.
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1.1 KA

PR o 4 A A BR S A A PR AL ER AR IR (BB BT i 3 B 7400, LR 3.43 m® /) . N IR TR AN IR
FLORTN B ek, JEK O S AE85 (SnCly) » SR BE(C, H, OHD » SRR (NaOH) . 27K Fi F 34 45 3
hy it B 43 A Al
1.2 #HAH&E

TE=FRI T AR RIS 40 mL S, 7 45 CHHESFE 1 h 5. PL 0.1 mL/min 35 & 2 3 in A
6 mL A 10%00 Ho O, KIEW. SR)5, 76 4 h INTH A 25 mL SN EERG B SnCl, W, [RIE i A 2K DA
HEFFRWN pH (AR E s FBUkZemRE 3 hy HJaihg =M T, M3 B LB MR (Al@SnO,) 3% i i [
4 s 1 FREL AI@SnO, 5N B R 15 BK M AR ALK (WAL @SnO, ) &4 BRI 2 250 0L 3% 1.

F1 #& AI@SnO, HH &
Tab.1 Preparation of sample Al@ SnO,

Sample mUEH) /g (nso, /Sad)/(gem )" pH
Samplel 4.50
Sample2 - 4.90
Sample3 ° 0.20 5.83
Sample4 6.27
Sampleb 4.54
Sample6 10 0.10 4.95
Sample? 5.86
Sample8 4.37
Sample9 _ 5.01
Samplel0 15 0.07 5.79
Samplell 6.17
Samplel2 - 4.60
Samplel3 20 0.05 5.83

Si0O, 0 5.80

"M SnO, B 5 R R 2 1 ALY LR AE.
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1.3 gt 5 R

1.0 g WAI@SnO, it A 100 mL 4 H . A 60 mL 0.001 mol/L i NaOH ¥ & Ji 1 i £ 4], ic 5%
raE S atE, ok BF 4 B 5 A0 Tt R B8P B8, A B Phenom ProX Scanning electron microscopy (Phenom
World, Netherlands) % 755 [CE2 U N BRI VE % 72 h.60 “C HET R Y Al@SnO, BEATIESL 0 Hr

PRI—E B N IR M IR FLI S WAL @ SnO, #% T [ 100 = 7R A) ARG S5 IR T U7 18 640 %
f) )62 B 385 (gimaging micropubliser 5.0 RTV) T W%% 60 °C 4T AR5 10 B ZCR. FREL— E B A K R 4
KEWNBRM I FLIRAZ BRI 1 4 IRA A, JRER E S )b B IR BT IR 2100 pm, 7 60 °C 4t
FHHET S M X-Rite MA-98 £ £ % 4366 B 3K ( America, D65 illuminant) L* .a* 0" {H.

£ 50 mL. 10 mg/L AYHEEEH R (MO, pH=6.00 FIIAFA 5 mg SnO, B Al@SnO, Fi . FRAJEILE
S RACH, EESGHREAE 30 min, (A 28 3 38 I B0 BT AR ORI IR T, R —E I TRLBURE . B0 T
2 R R WM 4 Ak (464 nm) IR SE AR (A, TFREBER (De) , FHorr A, S RN 2 J5 BT 6 BE A

D 7Ao 7A
‘A,

X 100%.

2 X5

2.1 SnO, #HEIESEBRE

K1 T R AR AR FL S WAL@ SnO, 1R A 5 il 15 U IR 7 28 59 I UBE T 19 R, 38 W1 BOR. Dy 30 A7 6 7
B ER R T Y SnO, BURL LR R 1 2 BRI A B 4518 BEE mswo, /S a 80/0N 375 B RURL S /D, i [ 00 2R 42
w5 (ELBE A S pHOH i - A B pH A 5.0 78 A7 32 W UKL B 20 5 SnO, 5 8] £ 8708y 1 A9 280 fe 4 5 88 W1 B0RE 4%
AR 5.6.7.9.10 A1 13,1 2 ) WAI@SnO, 7E NaOH % ¥ B 20 B ] A 28t 2. i 1 2 w0,
FEAL 5.6.7.9 A1 10 7E NaOH #5980 Mr 2 B2 18, BT SR /DN, P AT B0 W T I Tk B 25 o, /S =
0.1~0.07 g/m* .4 Jit pH 24 5.0~5.8 I A M T SnO, 5 [ 7k 2 11 T2 1 B3 6 )2

Sample 2

E 1 WAI@SnO, Hl{FH % ER OM
Fig.1 Optical microscope images of coating films that using WAI@ SnO,
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DS.NO.65-2869) . Ui 4 J& 1 J& Al@ SnO, ) F a4, 7E 20
29 26.61,33.89 1 51.78° &b i) 117 43 W& X} i 8 A1 SnO, (JCPDS,
NO.41-1445) 3 (110) , (101), (211) & i GIE B T 4 21 47 B 25 4y
1 SnO., J& 5 3% 14 3 09 8 E AL 1Y 32 4. NHL CL A ik
B AT 59 06 5 A AN, PR AE 23.0.47.0.52.7.58.3.68.5°. FF fi 1
FIEE S 2 78 32,9 AT B11% 5 Sn, O, (JCPDS, NO.20-1293) 41 1)
B EFERE S 3 FIAE S 4 BRI TP e RIZEAN T pH AL
iF 45 R AT AE I 4 08 45 AT Sn (V) 38 KU SnC D) , A0 B 4
B pH B FHE 06 SnC I B B B, SnO F SnO, 2458 &
AT 6L 7 2, L L B AL 7 e A T pH DR .
2.3 Al@SnO, By ELFME
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Fig.2 Corrosion resistance of A1@SnO,

A TG Y P X 7K PR 5 3 BS™ B S T AR S LA A A O AR A G R K T P Al 1] AR

BAFRRESS 6.7.9 F1 10 SRIES Al@SnO, ) £ 5514 (8 A Y
A €, 2 ot ' A ) i A2 Ak B 4 AT AL, SnO, A A7 78 B e Jin 3

B B A AL T T R L B 4 2 MO
MO W& T Al@SnO, MRS 6.7 F 10

4l SnO, MM R B T LS E A T pH=5.0~5.8.ms0, /Sa=(0.07~0.10) g/m* I}, fif % Al@

SnO, JEHEATEYE T-4E SnO,.
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Fig.3 XRD patterns of AlI@ SnO,
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Fig.4 Decolorization rate of MO

varies with the irradiation time
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ARSI Z A By SO T E Al@SnO, HI TOLMEMREM AT B L wa ™ 67 fE. W55 2 PR 4k
K& SnO, BORL, 5 HVB AL . Al@SnO, ST HURS FE 84 K. 5L IR G E] Al@SnO, FE MR T , & 418
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SPER G OGBS N REAE L7 AR, L S SR A BE 3 O A AE, DA R DR SO R 0 B R R L FE LA
FELPA S B0 ELAT B B D REJ2 th T 00 B B A IRZL A e 3 5 Sn O, 4 8 5503 i 1Y 77 ity HAT AR A9 O 738 2 0 52
AR LA 50 R BURHE W] WGSBS ThRE. 2R 2 W9 L wa " R 6" (HUEH , FE AL IR A 1T /5 Al@SnO, 1)
AR AN TR A i 78 58 U AL B AR AT 55 2 05 AT Al TS AR K PR 5 B, S B s .
R2 Al@SnO, HI/KREML a b &
Tab.2 L~ .a" . b" values of sample AI@SnO,

45%s—15°" L* a’ b* 45°as15°" L* a’ b
AR 185.41 —0.57 1.57 AR 154.30 —0.16 —2.22
Sample 6 137.47 1.15 10.55 Sample 6 120.95 1.01 7.96
Sample 6’ 133.92 0.75 10.02 Sample 6’ 113.11 0.57 7.62
Sample 7 147.83 0.81 8.37 Sample 7 129.88 0.68 5.37
Sample 7’ 138.60 0.59 9.77 Sample 7' 119.90 0.60 7.56
Sample 9 138.29 1.02 9.28 Sample 9 124.88 1.00 7.68
Sample 9’ 132.68 0.88 10.35 Sample 9’ 124.11 0.92 7.74
Sample 10 144.12 0.65 7.41 Sample 10 128.78 0.57 4.72
Sample 10’ 144.20 0.46 7.25 Sample 10’ 126.59 0.38 4.47
15°as—15°" L~ a” b* 15°as15°" L* a’ b*
AR 153.39 —0.48 0.25 AR 144,98 —0.84 —0.67
Sample 6 118.65 0.93 8.29 Sample 6 119.96 0.54 7.26
Sample 6’ 116.92 0.89 8.56 Sample 6’ 113.07 0.48 7.31
Sample 7 126.33 0.27 5.71 Sample 7 125.96 0.02 4.34
Sample 7’ 119.91 0.25 5.05 Sample 7' 119.02 0.07 4.17
Sample 9 118.55 0.74 7.30 Sample 9 122.90 0.51 6.69
Sample 9’ 123.82 0.65 7.17 Sample 9’ 123.20 0.47 7.36
Sample 10 123.69 0.13 4.83 Sample 10 126.51 0.02 4.03
Sample 10’ 122.32 0.08 3.85 Sample 10’ 123.51 0.04 3.21

OGRS R S AN A

2.5 §HE R L HLE

SnO, FE458H; 2 T8 ()5 A A K L E T Al@SnO, M FIEE. B 5 iR T A8 A, 528 Sn0O. .
il AICOH); 5 Sn(OHD . B Al@SnO, 7F 55 B2 PE 4 15 N (0 4 [ B it Ji5 o M e RDOG A A 76 PR LA

TESRIAEE T, MR H, O, %4k ] B BUK 8 A 88l A 25/ 1 ALCOHD MY JLA5 L 8 43 il 2
7T5M 9.1, Y pH<I7.5 BF, £ H F G d T o8 IE. SnCl /5 9 BERT KK H, AT R [SnCl, °, [SnCl,
(OR)4—, J* FI[SnCl, (OR),—, 1% B A%.1) [SnCl, (OR),, ¥ FI[SnCl, |~ Al ¥k BB 7240 7 R, &
T A — 28 Sn(IV) #8 FIE R SnC 1), FE M Al@Sn(OH), @SnO, 45#4, Sn(IV) H8 I % SnC 1) B A
SRR LA L I

Al 4-3e =Al, ¢’ =1.676 eV.
[AICOH), ] +3e=Al+40H", ¢’ =2.310 eV.
[SnCls | + 2e=[SnCl, ]* +2Cl, ¢’ =0.140 eV.
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Fig.5 Anchoring and doping mechanism of sample Al@ SnO,

W, FEARER S, BEEFOH HOBMREAS Y PR, =ik — % 4 1 B E T EMER Sno,
FaAh. I SnO, AYS5EHL SR 3,950, FFLA pH 7E 3.9 I 7.5 Z Al IF, A 1E s A 40 S5 T AT AY SnO, 5 b
MERS]:2) AL Al@AICOH) ; @SnO, SR 45# 53) tn] Lk —2 A B M L SnO, Uk . 75 0% B
FEGY B 5 4) LA BURL S BOTE A 3 s 3k RO & 2R ) DG B R 2 SnO, fh Al Y 45 5 2R

T pH &A%, s> OH™ . BRIF DA 2 W& A, AEs 1 FAEES 2 9 XRD iR, SnO #l SnO,
MR A E TR R, SOV pH AT, N T SnCl, /585 BE AT SR /Y K A, 9 T SnCOHD,
G (BAEfR BRI AR Al-OH £, AR T SnCll) —OH M Al—OH W44, 3 RN 2) 1
KL HE SnO, AR R B Z A S ALCID BURE SnCIV) . 53X —J5 4 #F SnO, 4 B ek F i, 55—
MR T SnO, %2 A T, R 6 A4 i 28 R 0 8, e s M 23w, k4 pH=5.0~5.8
I, AnRE AL 6 A7 AT G Tl AR SO AR BE X O e fE. A A pH L E i, BT SnCl 5 KRB RN
(Sn(OH), 1y pKsp="56""), F 2 SnO, {24 s K hn e,

Ffl SnO, AR 7ES T . WP 2 PR 11 BToR. Sample 7

mg,o, /S add /N F T4 ARk R Y T R R, R
P& SnO, 522 MM my,, /Said K, MR T &K4EHQE
TE AR ORL SnO, BT REYE s 55 41, BR R 2 1 25 4 43 A7 Al [

FE W (Al— OH) , F 18 4 1E HL A 35 00, W2 B SnO, Y 3 2 i e
I H SRR, B SnO, 14k 25 3 e 0 KK S 80 f £ 1w
() SnO, A2 143 BURE . B0 AS ) 5 85 40 b0 0 T g o,

L T4 2 B0 6048 RO, SO, R 68 B i A I pH B 6 Sn0, BALAESR A REWD T
F m o /S AR, SR pH 4 5.0~5.8 Mo, /S = Fig.6 Distribution of SnQO, particals
0.07~0.10 g/m* i WA K R 9 SnO, @HJZ . 7 on the aluminum flakes

JZHLVBE . WK 6 B,
3 %
VPR 5 B2 om A% . =5 U7 3 R0 SnO, WA A, 0l Hl45 EA 0 R E bt R A K Al@SnO, B

Bl BRAR T 50B B9 RO AR S T OR S BURE s HA AL TE YRR SnO, TUERLEROK ZLER B BT TG OK AL B,
G T oS B U5 g SnO, 7R85 Ky 2R T8 Y B 15 AL A2 K2 Al@ SnO, 1945 F I BE.pH=>6 941 5T SnO,
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S R IE IR SnO, KIFRLm ., /Sa=>0.10 g/m® i SnO, 7EEH F AR KA. DL E 2 R sl R
FF40 8 B [ SnO,. my,,, /Sa<C0.07 g/m” AR H A A 9 4 8 18 KK, U SnO, B2 A REE &
R AR, T RO AE )RR AN SnO, 4l B 7E SR8 3R 10 T 245 B Al—OH X SnC 1) — OH LA Hr, 24
FiE W pH<5 B A F Sn(OHD, BB B, HAFF 42 & SnO, A6 M 44 i pH 2 5.0~5.8 H
mg,, /Sn=1(0.07~0.10) g/m’i}, SnO, fF L H, O, FALEH R HIE 0 F B G 251 Al— OH R %45
b £ SnO, 52 AR Z BIJE A ALCID #4409 SnO. » #2817 SnO, [HfE1L IS PE.
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