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Color Modification of Chromium-Tin Pink Pigment by Substitution of Ti for Sn
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In the aim of the understanding of the coloration mechanism in Cr-doped inorganic pink pigments, the va-
lences of Cr dopant in sphene-type (CaTiSiO5-CaSnSiOs), perovskite-type (CaTiO3;-CaSn0;) and rutile-type
(Ti02-Sn0,) matrices were investigated by use of X-ray photoelectron spectroscopy (XPS). The valences of
chromium were directly related to the color of the pigments. The valences were dependent on the Ti/Sn ratio
in the mother crystals. Results of XPS showed that chromium ions doped in CaSnSiO; and CaSnO; matrices
existed Cr**, causing reddish purple color. With substitution of Ti for Sn in these matrices, the fraction of
trivalent chromium increased and the color changed from reddish purple through purple red, red brown and
finally to brown. A similar valence change of chromium was observed in the rutile-type pigments that
changed lilac through brown to ocar colors. Purple red color was achieved in 2 mol% Cr-doped sphene- and

perovskite-type pigments containing 20 mol%Ti.
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Table 1. Starting Compositions of the Pigments

Crystalline Components (molar ratio)

le No.
Sample No structure

Ca0 SO, Tio, sio,
100 2
100
100
100
100

100

cro, B0,

100
100

100 -

80 20
60 40
100 40 60
100 20 80
100 - 100
100
100

SST-00
SST-20
SST-40
SST-60
SST-80
SST-100
PST-00
PST-20
PST-40
PST-60
PST-80
PST-100
RST-00 -
RST-20 -

RST-40 § -
Rutile

Sphene

100 - -
80 20 -
60 40 -
100 40 60 -
100 20 80 -
100 - 100 -

Perovskite

100 - -
80 20 -
60 40 -
RST-60 - 40 60 -
RST-80 - 20 80 -

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
RST-100 - - 100 - 5
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2.2.1 PDHREFRAE

SR R O R ERIZEERD & AEIC R GRRE
& %4, Color Analyzer Tc-1800) = CTHlE L 7=. HIEICIE
D-65%: A FVy, 10° #EF O 4k T400 nm 7> 5780 nm D[
Tl L 7.

2.2.2 XiFEER

MR X EY (XRD) 12k 04ARL 2w ERIEL . %
72 WPPF &8 2 WV TR FEMAIE L 7. WY T2
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2.2.3 XEREFHHIW

X B FHIHH (XPS) 12 THRFD Cr A 4 OffifL
MEL . BETEONHEA T RIVF—HEEERARRED
C1ls284.6eV THIEL 7. I SSI #o SSX-100%
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3.1 ReoZ{bifEREE

3.1.1 BEHoOER

F2ICHBL 7RO XYZ EEFR KU CIELAB L*a*b* %
TF. A7 o — RS LR C, SST-00 (CaSnSiOs) 37k
san A 5, SST-100 (CaTiSiOs) FZEEICHE L 7. Sn
% Ti T20 mol% & #a | 7= SST-20 % (F Sn % Ti T40 mol % &
Bl 7o SST-40iF A AFE L, TIOBBREAFICHZ 51
REV SST-6013 k% ft, SST-80IF AT L /. NOT A
A IR G, PST-00(CaSn0;) 3RS E R,
PST-100 (CaTiO;) & EICHFHE L 72, Sn % Ti T20 mol%
L 7 PST-200 ok w Fsta L, TiOBRESHEZ HICHK
Vv PST-40, PST-6013 77 %50, PST-80I3 &tz f el 7z,
)L B 545 SR Gt RST-00 (Sn0,) 13 HEALZIEL,
RST-100 (Ti0s) (3# L EIZF L /2. Sn % Ti T20 mol’%,
40 mol %, 60 mol% f&#a L 7= RST-20, RST-40, RST-6013 %%
A L, Sn % Ti T80 mol% E#a L 72 PST-80{3#F +HIC
Fea 7.

VIC A7 o — /B ARG SR O SOSHHAR 2 R 9. ROHBAIRL

Table 2. XYZ and CIELAB L* a* b* of the Pigments

Sample No. X Y Z L# ak bx Color
SST-00 23.58 2272 25.32 54.78 9.34 -1.54 Red purple
SS8T-20 21.95 20.73 18.99 52.65 11.10 6.09 Purple red
SST-40 21.03 19.48 17.41 51.24 12.82 6.86 Purple red
SST-60 20.13 19.21 17.12 50.93 9.79 6.94 Red brown
SST-80 19.54 18.86 16.23 50.52 8.60 8.14 Brown
SST-100  18.78 18.29 15.07 49.85 764 9.58 Brown
PST-00 21.19 20.69 22.50 52.61 7 -0.52 Red purple
PST-20 21.95 20.73 22.60 52.65 11.10 -0.62 Purple red
PST-40 2233 21.66 2312 53.66 8.50 0.22 Red brown
PST-60 23.55 23.66 25.36 55.75 5.056 0.06 Red brown
PST-80 24.36 24.36 26.12 56.45 5.60 004 Brown
PST-100 2564 26.25 21.27 58.27 3.19 1.39 Brown
RST-00 59.89 59.68 70.51 81.66 8.05 -5.48 Lilac
RST-20 41.56 41.89 45.23 70.80 5.70 -0.30 Brown
RST-40 36.26 36.88 39.36 67.19 4.37 0.27 Brown
RST-60 32.55 33.25 33.98 64.36 3.72 2.25 Ocher
RST-80 28.12 28.75 29.11 60.56 344 2.54 Ocher
RST-100  25.18 25.81 25.20 57.86 3.05 3.96 Ocher
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Fig. 1. Reflectance spectra of the Cr-doped CaSn - Ti,SiOs pig-
ments.

F(R) BHKRHERAZ L LICF(R)=(1-R)?/2RTHEL
7210 SR A SEUR AR L 7o DR BRI O FE LTk -
THNA. L EDOWEORFRIL, #H467~488 nm, £#498~
530 nm, #x640~780nm T&H AWM. SST-00{%530 nm {}ITIZ
EOBRNRIL & BT CEOWRNAD 5. SO/ dERNIRE
(o Jeta 7=, SST-20, SST-40TldkEh HFIC T TORIL
Ad 0 SST-001Z N & D E L REIZFEE L /2. SST-60,
SST-80, SST-100TiL 3R\ F DRI & T 55\ ER DRI B

NEEICRKE L. PSTHRLORST R TH, bl nREIC
TiO, & BENE < 72 A I 2N O FH ORI A < 72 5 B F)
MR GNT-.

3.1.2 HEEE

RO EEF L LT Cr0s % v 7228, Cr SEEH 3L
By U ORFREICHAET AR AD 5. 2 THlE, B
8 & L T CaSnSiO;, CaTiSiOs, CaSn0O;, CaTiOz, SnO, % Uf
TiOy &7 A L1058, Cr03 A 1, 2, 5, 1020120 mol% ¥
L, HEAERL . AREHIIATIROER LK L
7o FWSICHAEFBL 2R OBTFER AT T. EOBRKRIC
BWTh 205 5mol% DOfEIC Cr OFIBERANGFET A, [
BIRFRLLEO Cr i3 FE i Fmbty : L O FREICHFET S
AR D 5. ARBFFE TEB L 72 BEHT Cry0; % 2 mol % ¥R
L= DT, BEERNTHS. Lidi-> T Cr i RHE I
BLTWhHEEZLNS.

210 A7 = — VR RRE 4 R SST-00, SST-40, SST-
8041 SST-1000 X fGEH/S % — v wRd . KTk 4 IR
v @ CaSnSiOs &+ CaTiSiOs, CaSnO; & CaTiO; & ©F SnO; &
TiO, O FER AT T. BRI OZ N Z O RHEd O T 3E
BOBT LA Dotz SRHOFERN G, SST-00iF
CaSnSiOs #—#, SST-1003 CaTiSiOs #—H, SST-40%U
SST-8013 CaSnSiOs & CaTiSiOs DR G TH » 7z X7
2 A+ IR SRR R OOV )L B RS SR b AR,
PST-00 3 CaSnO, & — #1, PST-100 (3 CaTiO; # — 1 T
PST-20, 40, 60, 80{% CaSn0; & CaTiO; DR A, RST-00i%
SnO, #—#d, RST-1001% TiO, #—#1< RST-20, 40, 60, 80
11 Sn0, » TiO, DRAMTH - 72, ¥ ORFERHFRTHH—A
b L < IEHEmOBEOREHTENLUADOHITER S NS -
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Table 3. Lattice Constants of the Cr-Doped CaSnSiOs, CaTiSiOs,
CaSn0j;, CaTiO3, SnO, and TiO,

Mother crystal Doping of F}r : Lattice consltant /nm i
(molar ratio) a~axis b-axis c-axis
0 0.71456 0.88882 0.66684
1 0.71444 0.88874 0.66671
CaSnSiO, 2 0.71427 0.88866 0.66658
5 0.71420 0.88821 0.66647
10 0.71421 088820 0.66644
20 0.71420 088818 0.66643
0 0.70656 0.87045 065624
1 0.70644 0.87033 065610
CaTiSiO, 2 0.70629 0.87020 0.65595
5 0.70621 087006 065576
10 0.70600 0.86984 0.65564
20 0.70580 086788 0.65555
0 056627 078822 055133
1 056617 078816 055120
CaSn0O, 2 0.56602 0.78804 055113
5 0.56681 0.78789 055097
10 056680 0.78790 055090
20 0.56681 078788 0.55091
0 054414 0.76412 053815
1 054402 0.76398 053801
CaTiO, 2 0.54389 0.76389 053790
5 0.54360 0.76460 053772
10 054342 0.76450 053755
20 054322 0.76442 0.53731
0 0.47388 - 031875
1 047375 - 031866
Sno, 2 047366 - 0.31854
5 047342 - 031833
10 047343 - 031832
20 047341 - 031832
0 0.45936 - 0.29586
1 0.45919 - 029575
Tio, 2 0.45909 - 0.29561
5 0.45888 - 0.29548
10 0.45867 - 0.29527
20 045846 - 0.29506
» L ]
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Fig. 2. XRD pattern of the Cr-doped CaSn(; _,T1,Si05 pigments.
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(XPS) /N2 — v %9 . RST-00 (SnO,) J U PST-00
(CaSn0s) Tl Cr2psj, DY — 27 73576 eV K578 eV AF3T17,
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Table 4. Lattice Constants of the Cr-Doped Pigments

Sample No. CaSnSiO, CaTiSiOg
a—axis/nm  b-axis/nm  c-axis/nm a-axis/nm  b-axis/nm  c-axis/nm
SST-00 0.71425 0.88864 0.66658 - - -
SST-20 0.71422 0.88860 0.66658 0.70622 0.87022 0.65591
SST-40 0.71427 0.88858 0.66654 0.70629 0.87023 0.65590
SST-60 0.71421 0.88861 0.66656 0.70622 0.87022 0.65580
SST-80 0.71420 0.88859 0.66655 0.70620 0.87020 0.65589
SST-100 - - - 0.70619 0.87021 0.65586
Sample No. CaSn0, CaTiO,
a—axis/nm  b-axis/nm  c-axis/nm a-axis/nm  b-axis/nm  c-axis/nm
PST-00 0.56602 0.78800 0.55114 - - -
PST-20 0.56606 0.78801 0.55116 0.54390 0.76404 0.53808
PST-40 0.56606 0.78804 0.55116 0.54382 0.76403 0.53806
PST-60 0.56608 0.78808 0.55118 0.54388 0.76399 0.53803
PST-80 0.56611 0.78810 0.55118 0.54382 0.76396 0.53799
PST-100 - - - 0.54380 0.76393 0.53796
Sample No. Sno, Tio,
a—axis/nm  b-axis/nm  c-axis/nm a—axis/om  b-axis/nm  c-axis/nm
RST-00 0.47366 - 0.31854 - - -
RST-20 0.47370 - 0.31856 0.55919 - 0.29572
RST-40 0.47372 - 0.31858 0.55914 - 0.29569
RST-60 0.47377 - 0.31858 0.55912 - 0.29568
RST-80 0.47380 - 0.31860 0.55912 - 0.29566
RST-100 - - - 0.55910 - 0.29561
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Fig. 3. Cr2ps;; XPS spectra of the Cr-doped SnO,, TiO,, CaSnO;
and CaTiOj; pigments.
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Fig. 4. Cr2p;» XPS spectra of the Cr-doped CaSnSiOs, CaSng4
Ti ¢Si0s5, CaSng T4 4Si05 and CaTiSiOs pigments.
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Fig. 5. Reflectance spectra of the SST-00, SST-40, SST-100 and
the calculated curve.
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—HLTW5.

B 5 1= SST-00, SST-40 % U SST-100 [ & Hh 7 A 7~ 7.
SST-00}F CaSnSiOs » ¥ —#H, SST-100{3 CaTiSiOs O B —
HTHbY, SST-40t CaSnSiOs . F CaTiSiO; D {E & # T
o7, F T TSST-00K% U SST-100 D K H %~ F v ¢
SST-40D R &% % Duncan 3512 % FWCEH L 7-. MlEfE
FEMEMIT L V—EAE SNz, SST-402 R HaRkICFE
ZEE L 72D, CaSnSiOs 12 L AW & CaTiSiOs 12 L iR &
WAz 10, 400nm A 5520 nm OWRINA K EL 2D, £k
L L 400 nm A 5600 nm {2 i CTOWRINAHR E /2720 & F

z2 b A, TIESOBEINCEVIRE -k — Rk — &k L REE
L L7z RE, BRI CaSnSiOs 2 1 CaTiSiOs D HE /348
L, TNZNOREBRIC LS540 EEZLNA.

N7 A A ARG OBE S g, Tigs O
IR NIREE — IR =R R - Z L B L, PST-2008 85050 %
BELFREICEAE L. CORBOFNDORERL A7 . —
FHE PR & IARIC, CaSnO; & CaTiOs T & AIRESWINIC &
HLhDEEZONS.

I F OV T SR TIE RST-00 5 4 5 » 76T b Ti
B ORI TiO, DREBNPUZ LD 5 4 5 v 78— %5
— A L 7. RST-0013600 nm & v £ £ 4 WY
BHY, el EFADBNT ATy 7EEFEET 5.
TiO, D+ & DERABIIC I\ T L600 nm L EFEEMO
WAL B D, ZOFHERERTIIREDFEEIL A LN h - 7.

4. T &£

Cr # R R & AR EERER TR &IC XD BRFO
Cr A A4 id 3, 3ffi& 4lORERT4MiTH-7-. SnFH
DAT =8, X T 2AhA + B ROV F )L FURERS Bk R
DCr A A VOMfiBT4fliTHY, ThHHEROREEL Crtt
DRI L5 S DTH - /2.

TiHRDOAT 2 —VF, X7 Ah A FBRREIVFIVEIRERS
R D Cr A AV OB 3ME U 4MTH Y, 3MHAL
R TH- 7. T SEOREE Cret ORBUZ L H5HDT
256 fC.

AT 2 —VEIRO T T A Hh 4 IR RBENClE, Sn &
Ti CE#T % L CHERF D CaTiSiOs KU CaTiO; % HEhn X
&, Sn ROMEKE & Ti ROFKEOREGBIBUC L D RE —~k—
FE-FKOREHELNT. EbOLORFEMIBVTL Sn %
Ti T20 mol % EH L /=B & DR D RELARBICHEE L. L
FOU RIS B OB & Sn & Ti TEH S 5 C & CTHEHH D
TiO, IS ¥, 545y 7 -KEa-ELE L RFOBLL
72, FREOFEEITELNL - 7

B OB AMRA T DD T, XEEET IS
LT RS- RAHRBLERFMB LAROGR SARICEHL
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