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ABSTRACT

This study was conducted to research the formation and the color development of NiO-ZnO-Fe,Oy-Ti0s-5n0;
system [or the purpose of synthesizing the spinel pigments which are stable at lugh temperature.

After preparing Zn0O-Fe,; as a basic composilion, XNiO-{1—)Zn0- Fe:05 system, XNiO- (1—%)Zn0-Ti0,
system, and ¥N(0-(1—%)Zn0-Sn0; system were prepared with X=0, 0.2, 05, 0.7, 1 mole ratio respeclively.
The manufacturing was carried out at 1280%C for 30 minutes.

The reflectance measurement and the X-ray analysis of lhese specimens were carried out and the results
were summarized as [ollows.

1. In the specimens which meluded NiO, it was difficult for the spinel structure io be {ormed.

2. As wncreasing Lhe contents of NiQ and Fe,Os, all the groups which were yellow or green colored changed
to brown.

3. Ni0-ZnO-Fe, 0, system and NiQ-ZnO-Ti0; system [ormed the spinel structure and the illmemie structure
appeared in Ni1O-ThQ. system,
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Table 1. Spmel Pigment with the Composition of XNi0-(1—X)ZnQ-Fez0q- Ti0e Sn0y System (X=10).

NO. | Composilion X ¥ Aplmp} | Pe(%) | Y(%0) Color
1 |ZF 0.3709 | 0.3507 589.7 22339 2045 |reddish yellow
2 |ZF0.8 T0.2 03773 | 0.3b52 | bHBB.6 | 20388 | 2193 |dull yellow
3 VZF08 S0.2 0.3732 | 0.355 587.9 24187 20.97 | beige
4 |ZF06 To4 0.3834 ! 03645 | bHBG.O | 29701 | 2444 |gravish brown
5 |ZF06 T02 S0.2 0.3855 | 0.3636 586.7 30.35 2447 | brown
6 |ZF0.6 504 0.3979 | 03702 H36.4 35349 | 26.80 | gravish brown
7 |ZF0.4 T0.6 0.3873 | 0.3737 583.7 33.373 2694 | prange
8 |ZF04 To4 50.2 0.3839 | 03731 583.2 32.255 | 2837 |reddish hrown
9 |ZF04 T0.2 504 0,403 | 03834 | HB36E | 40478 | 30.77 |reddish brown
10 | ZF04 304 0.4141 | 0.3883 5840 44.952 3582 | reddish brown
11 |ZF02 To.8 03886 | 0.3820 | DB814 | 36317 | 36.24 |orange yellow
12 | ZF0.2 T06 S0.2 0.3897 | 0.385 5811 37213 41.61 | dull orange yvellow
13 | ZF0.2 T04 S04 0.3845 | 0.3811 BBL1 | 34667 | 3861 |dull arange vellow
14 | ZF0.2 T0.2 S0.6 0.3974 | 0.3862 5821 30.7 43.03 | arange vellow
15 [ZF0.2 S0.8 04184 | 04056 581.1 51,007 | 53463 |light orange vellow
16 |ZT 0.317% | 0.3362 5726 3471 96.62 | dark vellow
17 |ZT08 502 0.3192 | 0.33656 575.0 3915 | 9453 |dark olive
18 [ZT06 S04 0.3162 | 0.3359 576.1 3.75 96.80 |dark olive
| 12 | ZT0.4 S0.6 0.3211 | 0.3368 577.7 4562 91.98 | olive gray
i 20 |ZT02 308 0.3153 | 0.3304 | 5773 3638 | 9448 |dark olive
1 21 |Z5 (.3152 | 0.3318 5754 1.483 | 100.01 |dark olive

Tahle 2. Spinel Pigment with the Composition of XNiQ-{1—X)Zn0-Fe,0s-Ti0y- Sn0; System X=0.2).

NQ. | Composition X v Ap(mp) | Pe(%) | Y(%) Calor

1 |NOZ Z08 F $.3304 | 0.3372 5919 8.757 17.16 |dark grav

2 |N02 Z08 0.8 Toz2 03584 | 03437 | 5914 | 16885 | 1791 {pgray

3 |IN02 Z0.8 0.8 502 0.3654 | 0.3481 5909 | 21191 | 19.18 |pale gray

4 {N0.2 708 Fo6 To4 03745 | D.3561 0878 | 24971 | 2166 |pale brown

5 |N0.2 Z08 FO.6 T02 502 | 0.366 | 0.349 8896 | 20494 | 2021 |pale yellow

6 |N02 Z08 FO.6 S04 03604 | 03623 | 5839 | 25176 | 2254 |pale brown

7 |N0.2 Z0.8 F04 TO0.6 0364 | 03493 | 5889 | 20019 | 2032 |pale yellow

8 |N0.2 Z0.8 F04 T04 S0.2 | 03876 | 03655 | 5863 | 3155 25,69 | reddish brown
9 |N02 ZO8 Fo4 T0.2 S04 | 03767 | 0.3554 588.4 20277 | 2L18 |pale yellow
10 |N0.2 Z0.8 F0d4 S0.46 0.3924 | 0.3648 587.4 32208 | 2441 |reddish brown
11 |N0.2 Z0.8 Fo.2 T0.8 0.3946 | 0.3754 584.4 35.888 | 3L00 |reddish brown
12 |N02 Z0.8 ¥02 T0.6 S0.2 | 03853 | 0.3728 | 5836 | 32562 | 3185 |reddish brown
13 |N02 Z0.8 F0.2 T04 S04 | 03914 | 03759 | 5837 | 35135 | 3347 |reddish brown
14 |N0Z2 Z0.8 F0.2 T0.2 S0.6 | 03931 | 0.3784 | 5833 | 36.311 | 3450 |reddish brown
15 | N0.2 Z0.8 Fd.2 508 04143 | 0.3976 | 582.1 | 47.617 | 4155 |light yellow
16 |N0O2 Z08 T 0.32 (0.3809 5h7.40 16661 | 75.16 | grayish olive
17 IN02 Z0.8 TO.8 S0.2 0.3176 | 0.379 556.0 15472 | 7754 |hghl gray

18 IN0Z 7208 T0.6 504 0.3168 | 0.3895 | 5047 18.228 | 76.56 |(dull gray

19 | N0.2 20.8 T04 506 0.3175 | 0.376 556.2 14596 | 7362 [light gray

20 |N0.Z2 Z20.8 T0.2 50.8 0.3141 | 0.367 553.3 11134 | 79.31 |grayish green
21 |NO2 Z08 S5 (1.3145 | 0.3674 553.8 11354 | 8625 |grayish green
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Table 3. Spinel Pigment with the Composition of XNiQ:(1—XZnQ:Fe0;-T10;-Sn(: System (X=0.5),

NQ. | Compasition X v hodmy) | Pe{%) | Y(%) Color
1 |NOb Z05 F 0328 | 03307 | 60L7 475 15.07 |dark brown
2 |N05 Z05 FO.8 T0.2 0.3264 | 0.3335 5934 5927 | 16.13 |dark brownish gray
3 (NOb Z05 F0.8 S0.2 0.3331 | 0.3333 596.0 6.904 | 1528 |dark brownish gray
4 |NO5 Z05 Fo6 Tod 03492 | 0.3466 | 5865 | 1513 18.53 | grayish brown
5 |N05 Z05 F0.6 T0.2 50.2 | 0.3384 | 03375 | 5915 .84 16.23 | reddish orange
6 |N05 Z0.5 FO.6 S04 0.3401 | 0.3365 593.2 9.756 | 15.74 |reddish brown
7 |N0.5 Z0s F04 TO.6 0.3461 | 0.3441 5873 | 13563 | 1775 |reddish orange
8 |ND5 Z0.5 F04 T04 S02 | 03569 | (.3469 588.7 17363 | 18.10 |grayish orange
9 [NO5 Z05 F04 T0.2 S04 | 03513 | 0.3423 590.6 1451 1722 | grayish hrown
10 |N05 Z05 F04 S0.6 0.3534 | 0.3443 589.6 15657 | 16.93 |grayish brown
11 |N05 Z05 F0.2 T0.8 0.3703 | 0.3612 284.6 25,118 | 2289 |(dull brown
12 | NO5 Z05 F0.2 T0.6 802 | 0.354 0.3493 286.2 17.228 | 2111 |gravish brown
13 |NO5 Z0.5 F0.2 T04 S04 | 03451 | 0.3433 H87.6 13.059 | 19.13 |reddish orange
14 |NO5 Z05 F02 T0.2 S06 | 03649 | 0.351% | 5877 | 210 1945 |pale orange
15 |N0O.5 Z05 F0.2 S08 0.3757 | 0.3587 | 5868 | 25924 | 20,86 |dull brown
16 |N05 Z05 T 0.3282 | 03506 | 5616 | 21.649 | 66.24 |pale green
17 | N05 Z0.5 To.R S0.2 (.3223 | 04065 867.0 | 24525 | 5952 |dull green
18 | N05 205 TO6 S04 0.3244 | 04073 | 5580 | 25323 | 6247 |dull green
19 |N0b5 Z0.5 To4 506 0.3226 | 04095 | 5370 | 25455 | 59.14 |[dull green
20 |N05 Z05 T0.2 508 0.3178 | 0.3796 556.1 15.696 | 68.99 |gravish green
21 |N0O5 Z0s5 S 0.3123 | 0.3704 5511 11621 | 68.02 |gravish green
Table 4. Spinel Pigment with the Composition of XNiO-(1—)Zn0 Fe;O5- Ti0s- SnQy System (X=0.7).
NO. | Composition X y Aplmp} | Pe(%) | Y(%) Color
1 |NOF Z03 F 0.3229 | 0.329 614.1 2794 | 1462 |dark red
2 |N0.7 Z0.3 Fo.8 To.z2 0326 | 03311 558.8 4304 | 1544 |dark brown
3 |NO.7 Z0.3 F0.8 S0.2 03287 | 03313 | 599.7 5114 | 1534 |dark brown
4 [NG.7 Z03 FO.6 T04 0.329 | 0.3348 590.2 6.179 | 16.24 |dark brown
5 |N0.7 Z0.3 Fo6 T0.2 S02 | 0.3273 | 0.332 596.3 492 15.7% | dark brown
6 |N0.7 203 FO.6 S04 03282 | 0.333 593.9 5451 | 15.14 |[dark hrown
7 |N0.7 20.3 Fo4 T06 0.3356 | 0.3395 587.1 0.34 '17.35 reddish orange
8 [N0.7 Z0.3 Fo4 To4 502 | 03297 | 0.3351 590.1 6.458 16,90 |dark brown
9 |N0.7 Z0.3 F0.4 TO0.2 504 | 0.3204 | 0.3349 560.3 6.318 1664 |dark brown
10 |NO7 Z0.3 Fo4 S06 0.3311 | 0.3345 592.3 6.681 | 15.Y5 |dark brown
11 |NO07 Z0.3 F0.2 To.8 (0.3415 | 0.341 588.3 11408 | 18.04 |grayish orange
12 IN0.7 203 F0.2 T0.6 S0.2 | (.3389 | 0.3394 588.9 10.233 | 1845 |grayish crange
13 | NO.7 Z0.3 F0.2 T04 S04 | 03354 | 03377 589.3 8779 | 16.81 |grayish orange
14 (NO.7 Z0.3 FO.2 T02 S0.6 | 03418 | 0.3403 | 5802 | 11296 | 16.08 grayish orange
15 |NG.7 Z0.3 F0.2 S0.8 0.3651 | (.3512 588.1 20.859 | 16.89 |pale orange
16 |NO.7 Z03 T 0.3515 | 04099 | 5678 | 33.537 | 5539 |dull green
17 | N0.7 Z0.3 T0.8 S0.2 0.3295 | 04014 560.9 25.054 | 4836 |dull green
18 | NO.7 Z20.3 T0.6 S04 0.3281 | 04007 5604 | 24472 | 4164 |dull green
19 | N0.7 203 T04 S06 03102 | 03863 | 549.3 | 15578 | 37.43 |grayish green
20 [N0.7 Z0.3 T0.2 S0.8 0.3004 | 03275 | 490.1 4596 | 44.15 [dark green
21 |N0O.7 Z03 S 0.2981 | 03572 517.4i 2,665 | 53.83 |dark green
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Table 3. Spinel Pigment with the Composttion of XNiQ-(1—x%)Zn0-Fe;05- Ti0:+Sn0), Syslem (X=1.0).

NQ. | Compasition X ¥ Ao(my) | Pe(®) | Y(%) Colar

1 |NF 0.3192 | 0.3279 493.5 1.586 | 14.28 |dark green

2 |NF0.8 To2 0.323 | 03289 | 4129 2.848 | 14.20 |[dark red

3 |NF0.g s50.2 0.3158 | 0.328 495.4 0.94 1492 |dark green

4 | NF06 To4 0.3195 | 0.33 598.5 2.18 1492 ldark brown

5 |NFo0.6 To2 S0.2 03233 | 0.3316 | 5944 3.69 1479 | dark brown

6 |[NFO.6 S04 0.3263 | 0.3209 | 605.0 4051 | 14.18 jdark red

7 |NF04 T0s 03211 | 0.33 6012 2627 | 1566 |dark red

8 |NFO4 T04 50.2 03243 | 03313 | 596.7 3.885 | 14.82 |dark brown

& |NF04 T02 304 0.3211 | 0.3296 | 6046 2515 1 1463 |dark red

13 | NF04 S06 0.3312 | 03319 | 5989 5881 | 14.53 |dark brown
11 | NF0.2 T0.8 0341 | 03373 | 99243 10.232 | 1769 |grayish brown
12 | NF02 To.6 502 0.3433 | 0.3361 595.0 10.539 | 16.68 |grayish brown
13 |NF02 T04 S04 0.3409 | 0.3362 554.0 8896 | 16.03 |grayish brown
14 |NF0.2 T0.2 50.6 0.3241 | 0.3318 5054.4 3.97 1514 | dark brown
15 | NF0.2 508 0.3407 | 03373 | 5924 | 10.148 | 15.18 |grayish brown
16 |NT 0.3883 | 04119 | 5756 | 44.361 | 48.26 |hLght vellow
17 |NT0.8 S0.2 03771 | 04165 | 5729 | 42523 | 4593 |light yellow
18 |NT0.6 S04 03738 | 04151 | 5724 | 41.21 47.68 |light yellow
19 |NT04 S0.6 0.3638 | 04081 | 5713 | 36456 | 4257 |reddish yellow
20 |NT0.2 508 0.3539 | 0.397 5705 | 30579 | 44.57 |reddish vellow
21 NS 0.3231 | 0.3581 564.7 11.05% | 61.83 |grayish green

*Table 1,2, 3, 4,54 composition?] £7] o ZF0.8T0.2% ZnD-0.8Fe0,-0.2Ti(hL3l.
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Fe0; system.

32 XM EERY

Fig 19| ateatiiel o2} z4gl 2 A= Table 1-
59 &Ao|r] o] HEL spinel AA47l5 L2 1280T

ol A AAdsled Xodd F4EHE sigich 2 29 spinel
ARARe: MEEA B Ol 2L ohgF P

3.2.1. NiQ-ZnO-Fe,0,#)

IN1O-{(1-XZ00 Fe0:7 24 4] X¥=0,0.2,05,0.7.
L0eza] Fawralgs e ZnitE NFEtE 2|%sEk
X-A 328 A¥e Fig 83 2t x=04) Zn0-Fo.0,
= Zn?ta Febt w4 4] e Ae] 2hslr] ool Fe"

-312-

0T
. 0 NoT
’ * BT
*
N . se|e * | . b
1 ! 11l I Ll x=
oD o
0 opo 040 g
ro1 | I Tlulll | :ll?ﬂl LX=0.7
0 o)
] I | ,nl T I_l 1¥=0.5
1 ! | 1|||I1 L} ,? 1X=0 2
]
T
~L—TLL—#U¢L*ﬂJ§LTLr4
=0
20 30 47 50 E0 70

28

Fig. 9. X-ray diffraction patterns of XNiO-{1—X)Zn0O-
Ti0, system.
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5n0; System.
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