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Effect of Melting Temperature on the Crystal Growth of Diopside
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Abstract: Diopside ceramic material has good mechanical and chemical properties, has been widely used in building ceramics,
daily ceramics, glass-ceramics and other fields. Systematic study of the factors affecting the crystallization and growth of diopside
can provide a theoretical basis for the crystallization mechanism of diopside ceramic materials for processing, technological
design and application. Diopside crystals were prepared from natural rocks by melting method. The effect of melting temperature
on the growth mechanism of diopside was studied. X-ray diffraction (XRD), field emission electron probe microanalysis (EPMA)
and differential scanning calorimetry (DSC) were used to study the crystal growth process of diopside at different melting
temperatures. The results show that the microstructure of diopside is different with the increasing of melting temperature in the
range of 1210~1250 °C. The morphology of diopside gradually develops from skeleton crystal to dendrite, and the degree of
automorphism changes from semi-autogenous to autogenous. When the melting temperature is 1230 °C, the crystal morphology of
diopside shows different evolution trend, this is because the solute enrichment in the melt is not uniform during the growth
process, columnar diopside crystal surface instability, the formation of cellular interface and growth along the unstable interface,
and finally the formation of dendrite.
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Fig. 1 XRD patterns of the raw materials and additives C-Calcite D-Dolomite G-Garnet R-Riebeckite S-Sanidine Q-Quartz
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Tab. 1 Chemical composition of the material (wt.%)
Component SiO, Al,O4 CaO Fe, 03 MgO K,O P,Os SO; MnO Na,O SrO
Raw materials 81.40 3.11 3.09 7.60 3.65 0.75 0.23 0.01 0.12 0.04 —
Additives 40.82 7.24 30.24 13.39 4.40 1.87 0.12 0.63 0.48 0.77 0.04
2
Tab .2 Size distribution of raw material
Particle size /pm <10 <50 <100 <150 <200
UDp/% 3.34 22.04 58.19 77.64 87.77

1.2
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Fig. 2 Differential thermal analysis of samples
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Fig. 3 X-ray diffraction patterns of samples at 800~1270 °C: A-Andradite, D-diopside, E-Essenite,
H-Hortonolite, M-Microcline, W-Wollastonite, Q-Quartz
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4 (a) 1210°C (b) 1230°C (c) 1250°C (d) 1270 °C
Fig. 4 Microscopic photograph of the sample: (a) 1210 °C, (b) 1230 °C, (c) 1250 °C, (d) 1270 °C

5 (a)1210°C (b ¢ d)1230°C (e) 1250°C (f) 1270°C
Fig. 5 Electron microprobe backscatter photographs of samples: (a) 1210 °C, (b. c¢. d) 1230 °C, (e) 1250 °C, (f) 1270 °C
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Tab. 3 Electron probe microanalysis of diopside (wt.%)
Sample 1 2 3 4 5 6 7
Sio, 48.98 49.17 49.94 48.36 49.16 53.37 61.78
TiO, 0.26 0.28 0.14 0.22 0.05 0.31 0.20
Al,O4 3.43 2.37 2.01 2.73 2.54 4.03 6.36
Cr,0; 0.00 0.00 0.00 0.00 0.04 0.01 0.00
FeO 15.69 12.12 9.90 12.27 12.06 13.76 9.22
MnO 0.16 0.15 0.09 0.19 0.15 0.19 0.11
MgO 10.19 12.62 13.39 12.12 12.90 8.58 5.34
CaO 21.99 23.03 23.57 23.28 23.26 19.80 15.34
Na,O 0.28 0.20 0.18 0.20 0.19 0.36 0.48
K,0 0.25 0.05 0.04 0.06 0.03 1.00 1.72
Total 101.23 99.97 99.26 99.43 100.36 101.40 100.54
4 (WE.%) BT B as A X0 Rl E T
Tab.4 Electron probe microanalysis of glassy phase (wt.%) EEL lElEMSE}{%%%?%%(c iﬂi)’mﬁiﬁ YN
Sample 7 8 9 10 PR AR (KI5 S R 1A A= W B sS4, IR I 4
CaO 20745  17.283 17453  17.672 R AR, PR AR X, A BN
TiO, 0.653 0.012 0.303 0.257 A kA E S g kal g R AR, Rk
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MnO 021 0475 0167 0.19 12 5 eI A R 7 o e T L
Cr,05  0.006 0.003 0 0 Fe PR IR LB YRR RS E B A AR AR I DX, fe A
P,0; 0.114 0.122 0.084 0.088 AEnZ 54 Kidf, AATRIEATER, K
MgO 0.484 2.974 3.354 3.467 PREAF I AT . AT, DK Rl I B T o I
T it R, et R K, e S ] A
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SRR, Feo S EBWIE R . BTN S
BHEARRL, TR R, MgO St & FTh#E

P PR JEE R ORI b S8 MR AR I, i
WEAT 25 LU U B A O O IR ZE R
S R BRI, SRt — 2D
B, BRARYIHE AR S SO, LR B
FOERRRE A Ao, A I A B AR
7, WA R EIR ., SRR, B
JEREZ 5400, Je A b AR KT 2 AR Y HOT 5
AR T L SRR R 5 T B ) 4 2 e K R

A UNPSERESSIE NN e T i

3% i

AL AT AN A TR R T B A B RRAE
KOOSO RRIE, A T 45 A Kt .

(1) %5 I 5 %o 385 W A L P 2 A I 3
Wi, CYEEREE LT 1100 °CHf, 35 A A 9,
TR = T 1100 °CH, EARHT H b Al LB
AN E, HHERRET S, SEAA AR,
A1 BE AR A

(2) 15 Rl IR B X3 W AT R A SO S A (.



- 983 -

RN, 1210 °CHEALIRE T, HIESZ MR
1230 °CIERLIRIE T, AvASmZ WA s RHE
R = /N 2 YN ] PR A= b W i BT e e & S (1)
Bidh; 1250 CIERIEE T, A7 %, =90
IRACIR B AR, 1250 °CHARIREET , ke
2 R BB, R R RCIRAS AR

) B A AT A . Bl B A

LAY 22 5 A P A O RZ A o AT TR 7 1 4k
ZiA A, DO SR R AR A AR B, BE Ak E
JIA it o

SE

(1]

HoRdL, mBE, SRORTE, S5 SRLEMEA R BT
iE K AR Ay Tl i fi%e A4 R B I FH RIS [9]. 7 bR T
1985(2): 36-42.

LV Z K, GAO Y, ZHANG C Z, et al. Jilin Geology,
1985(2): 36-42.

W&, S, wEM, & BA-ERAKREK
TEARF VS S50 T S IRA AR FE[]. 5714, 2009,
29(3): 17-22.

BAO L M, TAN J, CHI Z K, et al. Mineralogy and
Petrology, 2009, 29(3): 17-22.

HANGREN L, SAIYU L, WENCE X, et al. The
mechanism of the crystalline characteristics of
spinel-induced epitaxial growth of diopside in CMAS
glass-ceramics [J]. Journal of the European Ceramic
Society, 2021, 41(2): 1603-1612.

TIELEMANN C, BUSCH R, REINSCH S, et al.
Oriented surface nucleation in diopside glass [J]. Journal
of Non-Crystalline Solids, 2021, 562: 120661

FT, XUPE, PRI, S5, B & T B

HRIGHFSE[I]. 44846 T, 2019, 48(10): 2199-2201+2205.

NAN N, LIU P, SUN Q Q, et al. Contemporary
Chemical Industry, 2019, 48(10): 2199-2201+2205.
Kz, £, e, 5. BT -CRT YR &
CMAS BB RIS [J]. RERRERE L, 2016, 35(2):
511-517.

ZHENG W H, WANG Z, ZHAO H, et al. Bulletin of the
Chinese Ceramic Society, 2016, 35(2): 511-517.

(7]

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

FhndE, 2, EIEE, S5 mpk AR R
PO B A AR AR AR D). TR e, 2020, 56(11):
44-49.

WANG R X, WANG Y C, CAO P F, et al. China
Ceramics, 2020, 56(11): 44-49.

MA J, SHI Y, ZHANG H, et al. Crystallization of
Ca0-MgO-AlL,05-Si0, glass ceramic derived from blast
furnace slag via one-step method [J]. Materials
Chemistry, 2020, 261: 124213.

Tkams, XSEaE, F, S K- R U ST I Y
&/ LAERED]. MOEHRLE 5 TR A4, 2013, 31(6):
896-900.

ZHANG Q P, LIU L Q, JING M, et al. Journal of
Materials 2013, 31(6):
896-900.

afG, TR, PINI. B A I P R R A B HC AT
FRIERTFE)]. BUREORIEE, 2016, 37(5): 349-356.

SI W, DING C, SUN M. Advanced Ceramics, 2016,
37(5): 349-356.

BB, I, SRR, S OBy A A TR
T K T IREE T[], APRMAEFR 4R, 2012, 33(5):
10-14.

YAO SY, HAN Y, ZHANG W W, et al. Transactions of
Materials and Heat Treatment, 2012, 33(5): 10-14.
L, BT, WM, S5 PAAL IR )X 7 A
FRIBH LA IE BT T L BR 1 52 0 [T AR 5 2
2, 2020, 34(3): 209-216.

LI H X, LI B W, XU P F, et al. Chinese Journal of
Materials Research, 2020, 34(3): 209-216.

ZRR. A0 R AN MR iz RS I]. LB,
2019, 29(12): 27-31.

GONG Q. Foshan Ceramics. 2019, 29(12): 27-31.

Pri e, HLA )AL M dEa: A2 ol i R,
2008.

SRS, W, (U5, S R AR R AR A
[J]. #53&EHR, 2012, 33(9): 1074-1077.

ZHANG J L, LI S X, HE Y, et al. Foundry Technology,
2012, 33(9): 1074-1077.

Science and Engineering,

N A REE S EORM]. JEat: Bl il i,

2010.

(@t

A



