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ABSTRACT

In this paper, the synthesis of scheelitéseld environment-friendly inorganic yellow
pigments was presented. The pigments @§ BLaZnVO,. . (X = 0.1 + 0.9,y = 0.1 + 0.9)
have been prepared by the evaporation to drynesm fBIONG;,, Ca(NQ)..4H,0,
Zn(NG;),.6H,0O and NHVO;. The obtained powders were characterized by THeAmalysis
(TG-DSC), X-ray Diffraction (XRD), Scanning ElectraVlicroscopy (SEM) and CIE L*a*b*
colour measurement. The results showed that thaegits calcinated at 65C for 6 hours with
the heating rate of 8C.min" possessed single phase of scheelite with goodatiigity. The
yellow colour intensity was a function of the ambwh calcium (ll) and zinc (Il) ions. The
colour of Bp70ZNp30V0O385 Sample was similar to the lemon yellow PbE(BASF1522)
pigment made by Hangzhou Emperor Pigment Compahinég.

Keywords:yellow pigments, scheelite, environment-friendlgriganic pigments.

1. INTRODUCTION

Inorganic pigments have been used extensively imynfialds of porcelains, ceramic tiles,
paints, inks, rubbers, plastics... due to their higgrmal stability, weather resistance and high
hiding power.

The factor creating the colour of pigments is thpearance of oxide, sulfide, phosphate of
transition metals [1]. Among them, the yellow calois usually prepared based on the
appearance of compounds containing Pb, Cr, Cdi-&@eexample, CdS is the main component
of yellow powder or lemon yellow one widely-usedpduced from PbCrO However, the
toxicity of these metals could cause a high contation for soil and water, and affect to human
and animal health, certainly. Therefore, the syitheand using of environment-friendly
pigments without toxic metals such as Pb, Cr, Gdh&ve interested many scientists and even
normal people [2, 3, 4, 5, 6].

Dark yellow scheelite BiV@mineral containing harmless metals (Bi and V) @lwnown
as an environmentally friendly pigment. The appeegaof yellow colour from BiVQ
monoclinic crystal lattice is based on the movifiglectron from sphybridized orbital, created
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from 6s orbital of Bi and 2p orbital of O to 3d @ab of V [3]. The isomorphous replacement of
Bi®* (r = 0.117 nm) by smaller diameter ions such & €a 0.112 nm) and Z(r = 0.090 nm)
would increase defects in Bi\i@rystal lattice, change the valence band of 2jtairbf O and
also decrease the energy of 6s orbital of Bi oro#mtal of O on hybridized orbital [3]. In
addition, both C4 and Zri" ions are non-toxic and cheaper thaf' Bi

In the present work, the study on the formatiotigift yellow pigment from substitutional
solid solution of Bj,CaZnVO, )2 by isomorphous replacing of Biieas by zi* and C&"
in BiVO, crystal lattice is shown.

2. EXPERIMENTS

BiONOs;, Ca(NQ)..4H,0, Zn(NGy),.6H,0 va NHVO; (PA, China) were used as initial
chemicals. Twenty-four samples of ;B{CaZnVOy.x:y)., Notated from MO to M24, were
prepared with different compositions (x = 0 + /% 0 +~ 0.9) shown in Table 1.

The synthetic proceduce of Biy\Ca.Zn,VOa.xyy2 pigments is shown in Figure 1. Briefly,
the initial mixture was dissolved in 3M HNG@olution and diluted by an appropriate volume of
distilled water. Then, the pH of solution was atgdsto 6.5 by 5 % NEsolution and was stirred
for 1 hour. The solution was heated at £80for many hours to evaporate water and obtain
powder mixture dried at 10%C and grinded. Finally, the obtained powder wasinated in
furnacel(Lennton, England), grinded and sievedutjinothe mesh with the diameter of 4900
hole.cnt.

The obtained precursor of the MO sample was cheriaed by Thermogravimetry -
Differential Scanning Calorimetry (TG-DSC) using dsys TG/DSC Setaram (France) in
ambient atmosphere with the maximum temperatuB9@XC, heating rate of’&.min™.

The crystalline phase of the pigments was deteminme X-ray diffraction (XRD) using
Brucker D8 Advance (Germany) with Cu anode X-rayree Qcwa = 1.5406 A). The
crystalization of monoclinic scheelite phase of piigments was assessed by full width at half
maximum (FWHM) of diffraction peak, diffraction imsity (I) and crystal size (D). The more
completely the crystal grows, the smaller FWHM aimel bigger D and | value are. In order to
determine FWHM, D and | values, the diffraction @& BiVO, with highest intensity at®=
28,90 (013) was selected. The FWHM value was calculatech fdata of XRD diagram of
samples by Origin 6.0 software. The D value of stiteewas calculated by P. Scherrer equation
[7]:

0,9\

FWHM x co$

where is the X-ray wavelength (Ap is the diffraction angle (rad) of the (013) peakhw
highest intensity.

D=

The morphology and the particle size of obtainegingints were observed by scanning
electron microscope (SEM) using Hitachi S4800 (dapa

The lemon-yellow pigment PbCyQBASF1522) made by Hangzhou Emperor Pigment
Company (China) was used as comparative sample YM$$ colour intensity of samples was

measured by colour coordinate of CIEL*a*b* using ditimath Plus device (Instrument,

England) at Hue Frite Joint-stock company. Theed#fhce between two samples was
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Table 1.Initial composition of Bj...,CaZn,VOa.x:y)y» Samples.

_ Percentage composition (w/w)
Notation X y -
BiONO; Ca(NQ)2.4H,0 | Zn(NG;),.6H,O | NH,VO;
MO 0.00 0.00 71.0 0.00 0 29.0
M1 0.10 0.00 64.8 5.90 0 29.3
M2 0.20 0.00 58.3 12.0 0 29.7
M3 0.30 0.00 51.7 18.2 0 30.1
M4 0.40 0.00 44.9 24.6 0 30.5
M5 0.50 0.00 37.9 31.2 0 30.9
M6 0.60 0.00 30.7 37.9 0 31.3
M7 0.70 0.00 23.4 44.9 0 31.8
M8 0.80 0.00 15.8 52.0 0 32.2
M9 0.90 0.00 8.0 59.3 0 32.7
M10 0.00 0.10 63.8 0 7.3 28.9
M11 0.00 0.20 56.6 0 14.6 28.8
M12 0.00 0.30 49.4 0 21.9 28.7
M13 0.00 0.40 42.2 0 29.1 28.7
M14 0.00 0.50 35.1 0 36.3 28.6
M15 0.00 0.60 28.0 0 43.5 28.5
M16 0.00 0.70 20.9 0 50.6 28.5
M17 0.00 0.80 13.9 0 57.7 28.4
M18 0.00 0.90 6.9 0 64.7 28.3
M19 0.40 0.10 37.3 24.5 7.7 30.4
M20 0.40 0.20 29.8 24.5 154 30.3
M21 0.40 0.30 22.3 24.4 23.0 30.3
M22 0.40 0.40 14.8 24.4 30.7 30.2
M23 0.40 0.50 7.4 24.3 38.2 30.1
M24 0.40 0.60 0.0 24.2 45.7 30.0

determined by the equatia?sE:\/(LZ -L,)? +(@,-a,) + (b,— b)), the smallerE was,

the more similar colour was and reverse. The syiheot 0fBi;,CaZnVOy. xy)2iS Shown in
Figure 1.
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BiONO; Ca(NO)».4H,0 | | Zn(NOy),.6H,0 NH,VO;,
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Figure 1.The diagram of the synthetic procedure of yellognpent Bi...,CaZnVOa.(x+y)q-

3. RESULTS AND DISCUSSION

In Figure 2, the DSC-TG plot of MO sample was aratlyto detemine the physical and
chemical process during the calcination of pigmeamples. As can be seen, there was
endothermic peak when the temperature rose from temperature to 13C in the TG curve,
the weight loss of 0.5 %, was observed which cabsetthe evaporation of adsorptive water in
the sample. Continuously, a weight loss of 3 %5&°C — 450°C appeared when increasing the
temperature to 24%, that was referred to decomposition of nitratessaorresponded with the
only exdothermic peak on the plot. There was naenthaé effect in the TG curve during the
calcination of sample to 80, weight loss of 0.6 % was observed at 860 Hence, the
suitable calcinated temperature of pigments shbelftom 550C.
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Figure 2. TG-DSC diagram of MO sample.

On the purpose of determination of suitable sintetiemperature for producing BiO
cheelite phase, MO sample was calcinated at tliiereiift temperatures of 550, 650 and 7G0
corresponding to the notations of N550, N650 an8(\ Tespectively. XRD patterns of samples
were showed in Figure 3. The highest peak of eachpk was chosen to calculate FWHM
value, diffraction intensity (I) and crystallitezei (D), shown in Table 2. Figure 3 presented that
at all of above sintering temperatures, the charestic peaks of monoclinic scheelite Biy@t
the diffraction angles 18.7Qdy11), 28.9 (db12), 30.58 (doos) With high intensity appeared. These
peaks were also observed in the study of Sivakwhaal. [8]. Combining with the results in
Table 2, at temperature of 630, the diffraction peak intensity was higher thad ¢he value of
FWHM was smaller in comparison with two others.sTimdicates crystallite of scheelite BiyO
was formed almost completely at 6%D. For this reason, the sintering temperature 6f%5
was fixed for later experiments. This sintering pemature was much lower than the one of the
synthesis of YTb@based yellow pigments (1300) [2].

31200 cps S BiVO4

s S Table 2.FWHM value, diffraction intensity (1)
2 ] ] | S $s Ss53 N7S0 and crystal size (D) of N550, N650 and N750.
S ] . FWHM I D

] Notion
2 ) | (ps) | (m)
E 1 650 N550 0.280 841 29
< N650 0.262 890 31
Eﬁi N750 0.269 690 30

] JJW N550

10 20 30 40 50 60 70

2-Theta (degrees)

Figure 3.XRD diagram of MO sample at diferent temparatures.

The samples from M1 to M24 were sintered at tentpeea650°C for 6 hours with the
heating rate of 3C.min". The images of pigment samples shown in Figuiediated the
difference of colour between the substrated sarfl® and others. As can seen, the yellow
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colours of all the samples (Md M24) were much lighter than substrate one (MO) ttuéhe
partly replacement of Bi by C&* (M1 + M9) or Zrf* (M10 + M18) or both (M19- M23) and
totally replacement of Bi by C&* and Z* (M24). This was demonstrated by the higher values
of L* and b* of all the samples, comparing to thévstrated one shown in Table 3. The images
of samples from M1 to M9 expressed that the higiettent of C& in crystalized lattice was,
the lighter colour intensity was.

Figure 4.Images of yellow pigments
Bi 1-x-yCa(2nyV04-(x+y)12'

69



Tran Ngoc Tuyen, et al

In contrast, the appearance of Zwith higher content could formed pigments with kdar
colour intensity. By the partly doping of Bions by both C& and A" ions (M19+ M23), the
yellow colour of pigments could be darker than sempontaining Bi and C&" or Zrf* (M1 +
M18). The values oAE of all samples were rather small explaining tle#oyv colours of all
samples, except M24 one, were similar to the coegpaample (MSS). M24 sample without
Bi®* ions in crystal lattice was white representing thie of Bf* ions in producing yellow
pigment. L*, a* and b* values of M1, M2, M3, M7, M&111, M12, M15 samples were similar
to the results of Masui et al. [3].

Table 3.Colour intensity of samples BjyCa.Zn,VO,.x:y)20n colour coordinate of CIE L*a*b*.

Notion Formula L* a* b* AE
MO BiVO, 64.32 | 10.25 | 44.21 | 25.31
M1 Bio.odCa.10VO3.95 83.45 6.24 62.33 2.14
M2 Bio.sdCa.20VO3.90 81.77 6.55 63.88 4.04
M3 Bio.7dCa&.30VO3.g5 84.56 6.68 64.15 4.19
M4 Bio.sdCa.40VO3.g0 69.25 7.38 69.68 | 17.03
M5 BiosdCa.50V03.75 70.46 6.90 58.21 | 13.10
M6 Bio.4Ca.60VO03.70 68.24 6.30 54.48 | 16.18
M7 Bio.3sfCa.70VOa65 86.01 5.47 60.38 2.68
M8 Bio.2dCa&.80VO3.60 84.27 6.25 60.38 1.11
M9 Bio1dCa.00VO3ss 85.09 5.62 4213 | 18.22
M10 Bio.00ZN0.10VO3.05 84.56 5.14 67.56 7.41
M11 Bio.80ZNo.20VO3.90 85.33 5.91 65.34 5.45
M12 Bio.70ZN0.30V 0385 83.46 6.12 60.17 0.49
M13 Bio.66ZN0.40VO3.80 84.26 6.34 4357 | 16.74
M14 Bio.50ZN0.50V03.75 83.16 5.84 66.32 6.06
M15 Bio.46ZNo.60VO3.70 84.37 5.67 64.12 3.99
M16 Bio.30ZN0.70VO3.65 71.53 6.58 57.84 | 12.09
M17 Bio.20ZN0.80VO3.60 66.72 7.15 54.69 | 17.59
M18 Bio.10ZNo.00VO3 55 66.73 7.68 5753 | 16.96
M19 BiosdCa.40ZNo.10VOs75 | 81.24 6.86 66.41 6.60
M20 Bio.sdCa.406ZNo20V0370| 84.90 7.24 65.31 5.51
M21 BiosdC@.406ZNo30VO0365 | 69.44 7.44 59.27 | 14.05
M22 BioofCa.406ZNo.4o0VO360| 67.12 6.48 54.48 | 17.24
M23 Bio.1dC&.46ZNo50VO355 | 85.21 3.41 56.98 4.40
M24 Cay.46ZNo.eVO3 .50 91.24 1.13 55.27 | 10.39
MSS 83.34 5.66 60.27

(L*: 0 +=100: black=white, a*: + ~-: red = green, b*: + = -: yellow - dark blue)
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Figure 5.XRD diagram of M2, M4, M6 (A) and M10, M12, M14raples.

XRD patterns of M2, M4, M6, M10, M12 and M14 pigntenvere displayed in Figure 5.
The results showed that some low intensity peakSaidiVOs appeared beside main crystalized
phase of BiVQscheelite. CaO and ZnO peaks were not observedibe@d” and Zri* were
doped into Bi" sites. As can be seen, the higher x, y values,wieedlower peaks’ intensity of
BiVO, pigment was. This proved that it was difficult ¢arry out the solid reaction between
Bi,Os, V.05, CaO, ZnO oxides and resulted in the multi-phak®kdained pigment. These
results were similar to T. Masui et al. report [B]case of isomorph replacement of Biy C&*
(Bi1,CaV0,y) or Zrt* (Bi1,Zn,VOay), the single phase of BiV pigment was obtained only
when x, y<0.1.

The values of the distances between, @4, thi1 planes of BiVQ pigments, expressed in
Table 4, proved the partly replacement ot Boins by C&" and Zi3* resulting a slight decrease
of lattice parameter. This can be explained by Emanic radius of C& (0.106 nm) and Z
(0.083 nm) in comparison with Bi(0.117 nm) [9].

Table 4.The distance between characterization lattice glédg) of BiVO,pigments.

Notion MO M2 M4 M6 M10 M12 M14

do13 (A) 3.087 3.085 3.085 3.083 3.085 3.078 3.07
doos (A) 2.929 2.925 2.920 2.919 2.927 2.920 2.91
do11 (A) 4.693 4.689 4.688 4.682 4.697 4.690 4.69
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S4800-NIHE

Figure 6.SEM images of Bi;Zng 30V O3 g5 Sintering at 656C.

SEM image of Bj;0Zny30VOsgs pigment sintering at 658C is showed in Figure 6. The
colour of materials were equitable, that demonstidhe composition of samples were identical.
The pigment particles were uniform and agglomeré&bgdther into large particles with the size
in the range of ¥ 2 um. In comparison with gel method carried outdigpersing ammonium
metavanadate and bismuth nitrate into 1-dodecaoloksst [8], the evaporation to dryness
method could form BiV@Qpigment with much higher particle size.

4. CONCLUSION

Environment-friendly inorganic yellow pigments ofB,CaZnVO4 x:y2(X = 0.1 + 0.9,y
= 0.1 + 0.9) were synthesized by the evaporatiodrimess. Molar proportion of sample is
(C&*+ zr**+ Bi*")/V®" = 1/1. The precursor was dried at 1@ and sintered at 651 for 6
hour with heating rate of 8C.min". The pigments with main crystalized phase of BjVO
scheelite were yellow, in which, the colour intéysiepends on the calcium (Il) and zinc (l1)
ions content. The BiroZny:0vVOzg5 Sample was bright lemon-yellow, which was similar t
lemon-yellow pigment commercial pigment made by ¢ddmou Company (China).
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TOM TAT
TONG HOP BOT MAU VANG (Bi, Ca, Zn)VQ, THAN THIEN VOI MOI TRUONG

Tran Ngoc Tuyén’, Nguyén Buc Vi Quyén, H Van Minh Hai, Bang Xuan Tin,
bao Th Phrong Mai

Khoa Héa, Trrong Pai hoc Khoa toc HW, 77 Nguyn Hué, Hué
"Email: trntuyen@yahoo.com

Bai bao nay trinh bayék qua tong hop bt mau vang vo € than thén voi méi treong trén
nén khoang scheelite BiVQ Cac nu chit mau c6 thanh pim Gng Wi cong thic
Bi1x,CaZNnyVO,. ()2 (x=0,1+0,9, vy=0,1+0,%uoc tong hop tir BlON03 Ca(NQ),.4H,0,
Zn(NG3)..6H,0 va NHVO; theo plwong phap co baydi dén kho. Cac riu bdt mauduoc nung
thiéu Kt & 650°C, thoi gian kru nhigt 6 gio, toc d6 nang nhit 5 °C/phat. Caatic trung aia sin
pham dugc xacdinh hing cac phong phap XRD, TG-DSC, SEM, CIE L*a*b*. & mau thu
dugc c6 thanh pin pha tinh th chi yéu 1a khoang scheelite BiV/ydi mirc do tinh thé hda cao.
Cuongdd mau vang ga sin phim phu thugc vao hamiong ion canxi va &n thay tie. Mau bot
mautng Wi cong thic Big 7¢ZN 30V 03,85 CO Mau vanguioi sang, trong duong wi mau ot mau
vang chanh PbCrBASF1522) éa hang cht mau Hangzhou (Trung Qa).

T khda:bot mau vang, khoang scheelitét Imau vé © than thén méi trong.
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