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A Fundamental Study on Reaction Mechanism of Synthesis of Ultramarine Blue
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dck. 4] TPIRE THY 3T 44FA SATAE YA slsted, 820TelA 4417t Bk a4 RS (S8 2T/
min). $4Y FUZHS HEHo 2 FAL 7] e 500N Ak eistch. A FHNA BAsHE B HHE B o)
o) 724 W X4 H4 $45 Raman Spectrum ¥4 SJsfed Hr}sioich. 246l FShI=F-L 500°C A4 445
Az, NaAISIO = 620ColH B4 22T, SAZHE $IIE§7} NaAlSIO.o] gl oJahe} 7407 F-2ol4) ¥A4sh
7] Asrdny. =3, AATHY YA SATH Fol VES YPEF AR BEHE 43 YAo) s]AskAc).

Abstract In the present paper, the ultramarine blue was synthesized with kaolin, sulfur, sodium carbonate, silica and
rosin, and its reaction mechanism was investigated. The mixture of the raw materials was calcined at 820°C for 4 hours
(heating rate : 2°C/min.) to form the ultramarine green, which was the intermediate of ultramarine blue. The ultrama-
rine blue was finally prepared with the oxidation of the ultramarine green at 500°C. The reaction products and the
structural changes of ultramarines appeared in this synthesis were estimated by powder X-ray diffraction analysis and
Raman scattering. The sodium sulfides and the NaAlSiO, were generated at 500°C and 620°C respectively in calcina-
tion process. And, the ultramarine green was appeared at near 740°C with the reaction of the sodium sulfates and the
NaAlSiO.. Also, the formation of ultramarine blue was caused by the sulfur atoms generated from the oxidation of the

sodium sulfide which existed in ultramarine green.
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Kaolin 30wt.%
NaxCO3 30wt.%

S 30wt.%

Si02 6wt.%

Rosin 4wt %
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[ Mixing & Milling] Ball MI, 200rpm, 2hr.
3

8207C in N;
Heating rate : 2C/min.
& Holding Time at 820°C : 4hr

Ultramarine Green

4

Disintegration
L 2
2

[Wet Grind & Dry]
3

500C in air, 72hr.

Ultramarine Blue

Fig. 1. Flowsheet of the preparation procedure of ultramarine.
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Fig. 2. Experimental apparatus for calcination of raw materials.
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Fig. 3. Weight and temperature changes of mixture sample on
calcination. (heating rate 2°C/min.)
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Fig. 4. X-ray diffraction patterns of mixture sample at various calcination temperatures. (a) Ohr.(20°C) (b) 1hr.(140C) (c) 2hr.(260
) (d) 3hr.(380°C) (e) 4hr.(500C) (f) 5hr.(620°C) (g) 6hr.(740°C) (h) 7hr.(820°C) (i) 8hr.(820°C) (j) 20hr.(END) K; Kaolin, S; Sulfur,
C; Na.COs, A; SiOy, P; Na,S,, T; NaS, N; NaAlSiO,, G; Ultramarine Green
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Table 1. Sulfur contents of samples calcined for different times after leaching with CS; solution.
Time(hr) 1 2 3 4 5 6 7 8 9 10 11 12
Temp.(C) 140 260 380 500 620 740 820 820 820 820 620 20
S(wt%) 0.4 1533 | 1850 | 16.75 | 1758 | 1690 | 16,75 | 16.62 | 1752 | 1697 | 1790 | 18.17

Table 2. Sulfur contents of samples calcined for different times after leaching with CS; solution and water.

Time(hr) 1 2 3 4 5 6 7 8 9 10 11 12
Temp.(C) 140 260 380 500 620 740 820 820 820 820 620 20
S(wt%) 04 5.62 7.56 569 | 3.03 2.92 3.90 7.23 9.67 9.67 | 1011 | 1043
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Fig. 5. X-ray diffraction patterns of ultramarine green and ultramarine blues oxidized for different times. (a) Ohr. (b) 6hr. (c) 24hr.
(d) 60hr. (e) 72hr. G ; Ultramarine Green U ; Ultramarine Blue F ; Na,SO. A ; Sodium Sulfide(NaS) or Sodium Sulfate (Na.S.0;, Na,

S:0s)
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Table 3. Lattice parameter of the (211) plane of ul-
tramarine green and ultramarine blues oxidized for
different times.

Oxidation | Ohr.

Time | (Greeny| O0F | 24hr. | 60hr. | 72hr
Lattice 9.0746 | 9.0932 | 9.0969 | 9.1008 | 9.1033
Parameter
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Fig. 6. X-ray diffraction patterns of (211) plane of ultrama-
rine green and ultramarine blues oxidized for different times.
a) Ohr. (b) 6hr. (c) 24hr. (d) 60hr. (e) 72hr.
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Fig. 7. Color of ultramarine green and ultramarine blues oxi-
dized for different times.

2Na,C0;+6S+C=Na,S,+2NaS+3CO, ¢h)
4Na,S,=8NaS+8S (2)
AlQO, - 2510, - 2H,0= AlSi,0,+2H,0 (3)
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=2(Na,0 - AL,O; - 2S5i0,)+2H,S+S, (4)

2NaAlSiO,

3(Na,0 - ALO, - 2Si0,)+nNaS
=3(Na,O - AL,O; - 2Si0,) - NaS,+Na,-,S,..,
Na;AlS160:5m (m=2. 3)
(Ultramarine Green) (5)

Wavelength (nm)

Fig. 8. Raman spectra of ultramarine green and ultramarine
blue. (a) Ultramarine Green (b) Ultramarine Blue 548nm:(S3)
ions, 583nm:(S™,)ions.

3(Na,0 - ALO, - 2S10,) - NaS,,+2NaS+ 20,
=3(Na,0 - ALO; - 25i0,) - NaS+Na,S0,
Na,;Al6Si60:.S;3
(Ultramarine Blue) (6)

o714, (1) Na,LO7} rosin ¥ F83 w-galo]
Bd=d B3t EF (NaS, NaS,)E JAste FHo
2, XA 34 £4 Aol 93 260~5007T Alolel 4]
WAk E o2 AzhEc). 4(2)+ NasS,7)t NaSe] e
2 A%e Foly, wh-EEE 620T FFo 2 eyt
o} 38, ZPEL 380T~620C2 L= olA 2](3)
o] gEHA FAHY AZE o). o] FA Y Abel o
2HES} NaSr}t 620°C~740C &) 2= 94 Agste
21(4) 9] NaAlSIiO, & 3AstA Fed, oj7ie 4739
A A APEE FH 78 FHo] He AR 47y
2, ol HEFEZA H7HE SOy} DATZY YL
A3 7R HBE e Ao E By 22y, o] uhgd
Aol Si0,7}h wb-g-of) Fojdrhe e ekl 4

o] TR FEo 2 F v Ze dFt 27 ¥, o
714 A" NaAlSiO,= #Helo 2 M= NaSe} 740°C
FToll 4 75@'3}0:] 4](5)% 7EL°] %"ﬂi"’%’ (Na;AlsSi60,,
Sa)& FAsHA "ot o] ¥k 820C7HA A% &
AFHE NaAlSiI0,S, 22 F7)3 71e, Fig. 89
Raman Spectrum #4 Asjol4 & £ 9gSo] =A4F
A FY (5:7)/(857) ghel ANF A wimale] ZA4FA
o] 23, wetA ZAFA Y At vjxE (S,7) o9
7l°17} Fcka A7str] wfojch. whHel), JAF e A

% polysulfur o]2¢] tjR-Bo] (S;7) oj&al & & &

_t__l‘
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Atk 4(6)2 F4ZAY AAAE detde A=,
o] Wk-goll A A(7) ) ¥hg-oll FHeddtz) R7F %2
NaS7} Na,S0,2 25 AtslshA] ot 283, o] vhgol
A ESE S Akl A8 FHTA ol TAsH A2
22] Na;AlSi:0.8,7F Na,AlSi0.8:2 A=A =3,
AAH o2 FYFHC] YAEE ozt & 4 Sk =
g, XA 3d 24 Aol A, AstA el ofs] P47
AAPY7Y AT A Aol vlaste] o] & AR
vebd e, o)A A HEEE S A2t 54
A9 AR £ 57] dFeojztz 2=

4.2 E

1) 452 371" F3L2 380C ©l8le) 2Eol4 Na,
COs9} ub-g3le FAe o) Pei2 A= x|ul, o]7o)
AAsE] Jehles L5 500C £2o)gdth. 28z,
SAFHY HkA QB FATA VR FHE
A7tEl= NaAlSio,o] 3L, 3E F9o A4er) 94
3 EalEE 620C FToA B2 %o

2) #3h}EET NaAlSiO ) vkt #% dxprt =
#3817) At 22 740°C 2201, ARHe g =
HF o] YA Altstant. 2|3, SAFA ) YA
820°C7HA -23hed 24|12k AR w7 A= e}

3) FAZAL, HAFH Fol A oJ£2] NaSr}
AshE| A Edte SHatel s, FAFHY (S,) o
0] (Sy7) o]l o2 As=Eo 24 HAE

4) HAFA ) Astel] 7 AXAYS Hihe Ak 643
7H2) 7} 7EA 2 b, AkskA)zke) el weh Az}

A F7HELS Fraskqlct. olad I

ATz A7H A10E (1997)

2
Bl A WEste SUxkY dFo =, AYFH F (S)

°]-&-2] F7kell
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