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ABSTRACT

This study was conducted to research the [ormation and the color development of CoO-ZnO-Fe:0:;Ti0x-53n0;
systemn [or the purpose of synthesizing the spinel pigments which are stable at high temperature. Alter preparing
Co0-Zn0-Fey0s, in which Co causes the colar, as a hasic comnosition, XCo0: (1—X)Zn0- Fes(y system, XCo0-
(1—%)Zn0-TiD; system and XCoO- (1—-%)}Zn0-5n0); system were prepared with X=0, 0.2, 0.5, 0.7, 1.0 moie
ratio respeclively. The manufacluring was carried out at 12807 for 90 minules. These specimens were analyzed
hy the refleclance measurment and the X-ray diffraction analysis and the results were summarized as follows:

1. All of the specimens formed the spinel structure and were colored with stable vellow or blue.

2. As the content of CoQ and Fe:0, in the specimens being increased, the reflectance of each specimen
was measured becoming lower and the colors were changed from yellow to greyish blue and from blue to
dark blue.

3. As the substituting amount of Co®" ion for Zn®* ion m CoQ-Zn{-Ti0:-Snk system being increased, the
colors were changed from blue to greyish blue. The colors were changed from vellow lo grayish green owing
to the tetrahedral Co®" ions heing increased, the oclahedral Co*~ ioms being decreased with increasing the
amaunt of Sp*" jons.

4. Co0-Zn(-Fe;0,-Ti0:-8n0; system, in which Zn*~ was substituted with Co®* and Fe’" was substilued
with Ti*" and Sn'*, easily formed the spinel structure without regard to the amount of substitution or the
ion owing to the selectivity of the coordmation number: 4 of Zn*', 4 of Co®', 6 of Fe*" or 6 of Ti'"" and
Snit.
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Co0-Zn0-Fe, 05 Ti0s-5n0, 7] Spmel Z4-Ale] g4z =shdlof #g d-

Table 1. Spinel Pigment with the Compasition of XCoeQ«(1—1)Zn0Fey0s- Ti0, Snlk Syslem (X=0)

NO Composition X v Aplurm) Pe(%) Y (%) Color
| 1 ZF 0.3709 0.3507 5849.7 22.335 2045 reddish yellow
2 ZFuaToz 03773 0.3552 h88.6 25368 21.93 dull vellow
3 ZFneS0s 03732 0.355 587.9 24187 20,97 heige
4 ZF,6Toy 0.3834 0.3645 586.0 20,701 24.44 grayish brown
5 FATY PPt 0.3855 0.3636 586.7 30.33 2447 brawn
6 ZFy4Su. (0.3979 0.3702 586.4 35.349 26,80 grayish brown
7 ZFy Tos 0.3873 (.3737 583.7 33.373 26.94 orange
8 2804 TosSox 0.3839 0.3731 H83.2 32.255 28,37 reddish brown
9 ZFu:ToaS0, 0.403 0.3834 583.6 40478 30.77 reddish hrown
10 ZF 04505 0.4141 0.3383 584.6 44,962 35.82 reddish brown
11 ZF3oToa 0.3886 0.3829 5814 36.317 36.24 orange yellow
12 200 ToeS02 0.3897 0.385 581.1 37213 41.61 dull orange yellow
13 ZFosTo4S04 0.3845 03811 581.1 34.667 3861 dull crange vellow
14 | ZForTosSue 03974 | 0.3862 582.1 39.7 4303 | orang vellow
15 ZFozSus 04134 (.4056 5811 531.007 53.63 light arange yellow
16 ZT 0.3179 1.3362 572.6 3471 96.62 dark vellow
17 ZToaS02 0.2162 0.3365 575.0 3.019 94.53 dark olive
18 ZT0eS04 0.3192 .3359 5761 375 96.80 dark olive
19 ZTo4506 03211 0.3369 5777 4.562 51.99 olive gray
20 ZT0sSus 0.3193 0.3354 577.3 3.638 0448 dark ohve
21 5 0.3152 0.3318 8754 1483 100.01 dark olive

Table 2. Spinel Pigment with the Composition of XCoQ-(1—X)Zn0-Fe,0,- TiO;-SnO; System (X=0.2)

NO Composition X v Ap(pm) Pe(¥) Y (%) Color
1 | CoalgsF 0.3284 0.3354 588.6 6.179 14,22 reddish brown
2 | CorZosFoaTos 0.3303 0.3374 b&6.6 7.271 14.25 reddish brown
3 CoeZoslFasSon 0.3314 0.3369 588.1 7.438 1510 reddish brown
4 CosZusFoeToa 0.340.8 0.3429 586.1 11.746 16.69 dull greenish brown
5 CozZosFosTo:502 0.3267 0.3342 589.7 5.368 15.88 dull greenish brown
6 CoeZaslosS0a 0.3351 0.3386 588.0 8048 16.27 dull greerush brown
7 Co:ZosFoiTos 0.3661 0.349 587.0 17.73 1706 strong brown
8 | CooZoalosToiB0z 0.3531 0.3456 588.5 15.938 17.18 strong brown
9 CosZoaFaaTo2504 0.3403 0.3407 588.1 10.989 17.17 strong hrown
10 | CpeZoaFosSos 0.3475 0.3441 587.8 13.953 16.07 dull greenish hrawn
11 | CooZosFozTaa 0.3508 0.3482 5859 16,025 1997 light brown
12 | CozZosFo2To6509 0.3493 0.3464 586.7 15.102 20.71 light brown
13 | CosZosFosTasS0s 0.3486 0.3456 587.0 14.682 19.54 light brown
14 | CoaZusFoaTo2S0s 0.361 0.3524 586.4 20,052 21.76 light hrown
15 Co2ZosFoaSes 0.37 0.355 587.2 23.294 18.65 light brown
16 | CpadosT 0.367 0.3813 577.3 29,833 43.42 light gray
17 CaaZ0sTosS0z 0.3607 0.374 577.7 26.026 44.61 light gray
18 | CooZusToe30s 0.3669 0.3791 57159 29,1838 43.07 light gray
19 | CoaZosToaS0s 0.3586 0.3723 577.6 24,963 44.72 light gray
20 | CosZosTesSes (.3424 0.362 5755 17.544 4643 light gray
21 CyaZosS 0.3142 1.3516 554.6 6.801 44.30 light gray
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Table 3. Spinel Pigment with the Composition of XCoO-(1—%)Zn0 Fe;0s- Ti0ySn0: System (X=0.5)

NO Compaosilion X ¥ An{um} Pe(%) Y(%) Calor
1 CosZosF 03174 0.331 588.1 1.873 13.62 dull gray
2 | CoséysFusToz 0.3145 0.3295 593.1 0643 14.63 dull gray
3 | CosZosFusSaa 0.3152 0.33 5833 £.979 14.14 dull gray
4 | CosZosEFonTus 0.322 0.3342 584.6 4,056 14.85 dull gray
5 CosZosFasTo2S00 0.3182 0.3318 585.8 2321 14.79 duil gray
6 | CondosFoeSus 0.3193 0.3326 584.9 2.853 14.73 dull gray
7 | CasZosFoiTos 0.3263 .3369 h84.1 6.014 1547 dull gray
8 | CosZasFoiT04S0s (.3245 0.3357 584.4 5.175 16.27 dull gray
9 CosZasloaTn2S04 0.322 0.334 585.1 4.0 16.01 dull gray
10 CysZosFo4S0s 0.3263 0.3353 586.0 5.286 14.45 dull gray
11 | CysZasFoaTas 0.3317 03412 a82.7 8.728 17.18 dull gray
12 | CysZysFosTasSoz 0.3344 0.3432 582.5 10.044 16.84 dull gray
13 | CosZasko2To4S01 0.3231 0.3352 583.7 4.644 1647 dull gray
4 | CopsZysFaaTo:Sss 0.3283 0.3384 583.6 6,993 16.53 dull gray
15 | CosZosFozSea 0.328 0.3375 584.6 6.657 15.67 dull gray
16 CosZosT 0.3422 0.3724 5719 2041 27.95 grayish brown
17 | CosZosTosSas 0.3411 0.3731 571.2 20.3 29.20 grayish brown
18 | CosZozToeS0s 0.3464 0.3792 571.7 2349 2859 grayish brown
19 | GosZosToiSes 0.3427 0.3714 5724 20.269 27.34 grayish brown
20 CosZisTo:508 0.3195 0.3566 5614 9.66 27.65 gravish green
21 | CgsZos3 0.289 0.3353 494.7 8227 24.31 grayish green

Table 4. Spinel Pigment with the Composition of XCo0-(1—X)Zn0 FeyOy TiQy-Sn0, System {X=0.7)

NO Composition X ¥ Ap(pm) Pe(%) Y (%) Color
1 CorZaalF 0.2148 0.3297 591.0 0.783 14,65 dull gray
2 | CyrZpaFoaTos 0.3153 0.3298 591.9 0.95 15.27 dull gray
3 | CorZosFoaSor 0.3144 0.3297 588.5 0.671 14.06 duil gray
4 | CorZy FuoaToa (.3187 0.3327 583.3 2714 1406 dull gray
5 | CorZoaFusTosS0z 0.3143 0.3294 5094.2 (.550 1549 dull gray
6 | CorZosFasSoa 0.3148 0.3301 b35.4 0.895 1444 dull gray
7| CordosFaaTos 0.3213 0.3348 582.1 4,029 1513 dull gray
8 | CoeZoiFuiToaSes 0.3217 0.3352 581.8 4.253 1511 dull gray
9 | CorZosFusTo2504 0.3156 0.3303 ha7.4 1174 14.75 dull gray
10| CorZasFoiSes 0.3176 0.3317 584.7 2125 14.79 dull gray
11 | CorZosFo:Tus 0.3241 0.3374 520.3 5.652 16.14 dull gray
12| CorZosFonToeSos 0.3209 0.3347 5817 3.889 14.99 dull gray
13 | CorZoaFuzTosSes 0.3195 0.3343 530.2 3.386 16.28 dull gray
14 | CorZoaFuzToz5s 0.3187 0.3334 581.0 2.91 15.89 dull gray
15 | CorZoaFuzSes 0.325 0.3375 581.8 5.819 12.03 dull gray
16 | CyrZoaT 0.2847 0.3309 492.3 10.072 22,70 light green
17 | CorZosTosSs2 03176 0.3635 3577 11.088 22.06 light green
18 | CordoaTasSoy 03174 0.3607 557.9 10.299 2106 light green
19 | CyrZoaTosSos 0.3163 0.3572 557.2 8.953 20.35 light green
20 CarogToaS0s 0.307 (.3522 5364 5211 18.86 light green
21 | CorZosS 0.2849 0.3288 4914 10,148 15.69 strong green
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Tahble 5. Spinel Pigment with the Composition of XCoO-(1—3Zn0 Fey0q- T1i0:-Sn0: System (X=1.00

NO Compositien X ¥ Sp(pm) Pe(%) Y(5%) Colar
1 CF 0.3147 0.3301 584.8 0.867 1403 grayish brown
2 CFosTye 0.3131 0.3287 500.8 0.187 15.63 grayish green
3 CFauSye 0.3137 (.3293 5922 0.363 14.38 dull gray
4 | CFyTy, 0.3157 0.3306 535.2 1.287 15.01 dull gray
5 | CFuuTi:Sus 0.3135 0.3291 600.8 0.252 16.12 dull brown
6 CFonSu4 0.3135 0.3287 496.0 0.259 13.63 grayish green
7 CFyyTay 0.3191 0.3335 5810 3.05 14.77 grayish brown
8 | CFy,TysSu2 0.316 0.3306 586.4 1.37 15.08 grayish brown
9 | CFy To=504 0.3143 0.3295 551.8 (.587 15.31 dull gray
10 Cloa506 0.3143 0.3296 589.6 0.615 14.62 dull gray
11 | CFp2Tos 0.3158 0.3305 586.4 1.286 15.04 dull gray
12 CFo2TosS0x 0.317 0.3315 584.0 1.902 15.69 dull gray
13 | CFpaToiS04 0.3132 0.3291 596.6 0.168 15.40 dull gray
14 CFosT5:506 0.3153 0.3311 579.7 1.315 13.90 grayvish green
15 | CFooSos 0316 0.3319 5785 1.735 1407 | gravish green
16 | CT 0.2915 0.3365 495.8 7.256 21.66 Light green
17 | CTysShe 0.3009 0.3381 501.1 3.849 18.73 light green
18 | CTosSus 0.3091 0.3421 534.2 2.87 1828 | light green
19 CTySes 0.3136 0.3437 Hhd 4 4403 16.84 hght green
20 CTozSux 1.3001 0.34 530.3 2.314 15.14 dull green
21 CSs 0.2925 0.33 4021 7.292 13463 grayish green
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Fig. 3. X-ray diftraction patterns of XCoQ-(1—XZn0-
TiQ, system.
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Fig. 4. X-ray diffraction patterns of XCoQ-{1—X)Zn0-
Sn0; system.
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