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Abstract — Bismuth vanadate is one of the environmentally benign substitutes for conventional inorganic pigments
composed of heavy metals. The effect of process parameters on the physical properties of bismuth vanadate pigment
prepared from aqueous solutions of potassium vanadate and bismuth nitrate were experimentally examined. Two aque-
ous solutions were fed into precipitation chamber at the same flow rate, and precipitates were formed at primary pH of
4.5 and secondary pH of 7.0~7.5. After aging for 3 hours in reaction mixture, 3 hours’ calcination at 400 °C gave bis-
muth vanadate pigment with a good color and hiding power. Increase in molybdenum concentration in reaction mixture

increased the hiding power of the pigment, but the other minor constituents had minor effect on the physical properties
of the pigment.
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Bismuth vanadate
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Fig. 1. The effect of mixing method on the color and hiding power of
bismuth vanadate pigments.
(a) Standard sample
(b) Equi-rate mixing at 15 cc/min
(¢) Equi-rate mixing at 30 cc/min
(d) Mixing all at once
(¢) Adding vanadium solution into bismuth solution at 15 ¢cm®/min
(f) Adding bismuth solution into vanadate solution at 15 ¢cm*/min
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Date : 2004.05.04 (Std. Ill. D65/10)

a*  b*| AL* Adax Ab*| AL* ACx AH* Ah’

No.[Name | Color | AE*|AE cMC(1:1) |

Std|ST-L1100 .00| 88.73
1{48301 .98/ 87.76
2|49301 19.95( 87.01
3]50301 .91| 87.64
4[51301 2.94| 88.46

-6.75 87.68/ .00 .00 .00 .00 .00 .00
-6.77 85.92| -.96 .98 -1.76| -.96 -1.82 -.85
-3.85 23.31 -1.72 2.90 -64.37| -1.72 -64.31 3.95
-5.80 87.27| -1.09 .95 -.41 -1.09 -.48 -.92
-9.19 79.46| -.27 -2.44 -8.22| -.27 -7.95 3.22

pE
moomo

Fig. 2. The effect of mixing method on the color of bismuth vanadate pigments.

Std: Standard sample,
1: Adding vanadium solution into bismuth solution at 15 cm?*/min
2: Mixing all at once

35kgst M44H HM2E 20064 48

3: Equi-rate mixing at 15 cc/min
4: Adding bismuth solution into vanadate solution at 15 cm3/min



Bismuth vanadate
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Bol 773l vanadate 84S bismuth &Nl 15 cm*min] %
E&2 FUsE A (2)2 MR tRE Algo) sl ulw3] Fssh A
HAE =223y VERIGILE F §98 FAlo &3t 49 (2)9)
vanadate 29l bismuth £ 233t -9 (4)Q] M2 AEV}
717} 64.467) 8.58% M AR} FA o7t U= RS & = 9l
At

olgfst A7fE npgoR Ty
O7 floh= W AEse] v
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Fig. 3. The effect of reaction temperature on the AE* value of the color
measurement of the bismuth vanadate pigments.
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Fig. 4. XRD patterns of bismuth vanadate powders precipitated at
different reaction temperatures and calcined at 400 °C for 3 hours.
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735 20 =25° ZA oA At peakE 7FAH ©]i= JCPDS AR10j|A]
dreyerite 278 & ER1E 5= AU
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3-3. pHO| Y&t

AukARl AHF A} v 2 bismuth Vanadate QF=.2] 34
ST ANE RESEFES] pH= AL AT Y] F= A
EA o 71 izl 288k QiAkR A Qi olef] & <1
oflM= A Fde7g2 pHE 17, 27F F F-RO=E o] A8-35)
I 77 FEE ARSI

HES-HNE-S 2ol A Sk 27] WH-E3HE2] pHi= WES-
o] &3 wet 0.5~1.0 WAL, o] Aol pHe WiskE #
2shAA Al wikste] pHE] W37t §lolAE 30% NaOH &Y

12} pHE 3.5~4.5, 22} pHE 6.5~8.00.% W3IA|7|HA o]& pH
W37} A== bismuth vanadate F5.2] 237} L*a*b A4
Ao DL AE" gholl WA= e AR Fig. 59 60 U
Epugict.

WA kS E3HE2] pH 3kE°] A/ ¥+ bismuth vanadate H5-
o el WA= PIEe VAL QI Fig. 55 B, 12} pHE

@ ® (o
Primary pH = 4.0

(d) (b) (©) (d)

Primary pH = 4.5

(C)

Fig. 5. The effect of pH of the reaction mixture on the color and hid-
ing power of the bismuth vanadate pigments. (a) 6.5 (b) 7.0 (¢)
7.5 (d) 8.0.
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Fig. 6. The effect of pH on the AE* value of the color measurement of
the bismuth vanadate pigments calcined at 400 °C for 3 hours.
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= Sk

Z2]al AR 0= 22 pH gro] S/ ETE A EE
vanadate Q5.9 APdo] HlolA= AeS Uehll= 21& o 5= 3l9lct.

w2}, bismuth vanadate 9t5.2] #|F 37do) M= 1x} pHE 4.5,
22} pHE 7.5% 3l0] A|xsh= Zlo] APdo] viar 2u|Eo] 152 3%
F AZzo| 7R s AL 4 Qi AL A}
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HA Argo] ehdw o] Fo = HhSEES U A7 5
S Ao P RS AT IHgele] o] %
719 H2AES W koA A mAS W =gk o7 WAk
Ry el a3 e =

o3t §do] BAIE]:= bismuth vanadate®] QFs5 E4do) | X|+=
AL AW SN, UEAE L 15 cmind] SR

_{

AAZ1aL HANRS-2 =5 25 °CE F-A131AA 12} pH 4.5, 22} pH
7.5% ‘6}0% AWIAZ RS APAIRE B SAAE AEE
STt

/3E 3 2 AR 54 AREE 1, 2, 3ARECE Bo] Alx
S} bismuth vanadate A1552] ¢ts 54 &4 A= Fig. 70l W
ERFQICE Fig. 72 B, FHe] 4
wﬂ@lOI 7]'01”‘ Zow eptowr, 5
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Fig. 7. The effect of aging time on the color and hiding power of the
bismuth vanadate pigments calcined at 400 °C for 3 hours. (a)
no aging (b) 1 hr (c) 2 hrs (d) 3 hrs.
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Bismuth vanadate 9F2.2] A% 119

e

(@) ()

Fig. 8. Color and hiding power of bismuth vanadate pigments calci-
nated at different temperatures for 3 hours. (a) standard (b)
300 °C (c) 400 °C (d) 500 °C.
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Fig. 9. The effect of calcination time and temperature on the AE*
value of the color measurement of the bismuth vanadate pigments.
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(a) (b) 4 © (d)

Fig. 10. The effect of molybdenum concentration in reaction mixture
on the color and hiding power of the bismuth vanadate pig-
ments. (a) standard (b) 76.7 mmol/L, (c) 38.3 mmol/L (d) 19.2
mmol/L.
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