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Fig. 1 TG-DSC results of CaO-SiO, system with different
N/S ratios: (a) 0; (b) 0.2
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XRD patterns of sintered products at different
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Table 1 Content of sintered products at different sintering

temperatures
Temperature/ Mass fraction/%
T -GS p-C,S CaO Si0,
1300 - 65 3 -
1350 12 51 - -
1400 32 36 - -

T2 ANFHEE T RS W b S WOAR - B8 A ERLR /N

R TR IAE FiRg5 e, @ik JADE X XRD
TEHEAT43HT, ST TS A1 Theta Calibration AbHE, 48
JE K H Rietveld A4 A35 70 BT & VAR AT 5 0
8. S EORSE BT 455NN S, B
IR AR 2 AR 100%, A &R R
(I EC AT AR X 8 0 o FR A AR 2 QPO B ok R T
(1), p-CoS+ B-CoS+ CaO Fl SiO, S 5 T Yk 9
(130)~ (121)+ (200)F11(200), P15 45 R FE 2 fiE 3
Fi7R.

K4
Bcoséd

X DS EHUR ST, nm; K23 R H 5 3% N 0.89;
AJE X BHEATHV K, nm; B & ¥H % FWHM, rad;
O NTH L rad.

B3 2 FTLAE Y, BERGGIRERIT 5, 9-CoS dhki
JA~FHT 1350 ‘CHI 43.7 nm B4 n%] 1400 “CHJ 76.1 nm,
o e RIS, p-CS ERLEHIE/N, FEvE R
WK, e dh RSSO . RAT R
TRk p-CoS dhi RF IR, IR T B-CoS ARk
~to FHER 3 AN, B e 45 IR 1 1300 “C £ 1400 C,
B-CoS ShIARBURET N B, BE SRR, XEHT
Na,O W FEURGE = CoS db B AR, K AEAFFE
FEE T A% AR DA S H IR R B BT, E T Na ')
AR AR S G PR, BRI, AR
H Na [ =D, IR B, B-CoS 1 9-CoS
HARKCEE N, BT

Bl 3 FroR ARG N R =yt
W, LM -C,S FFEEN N 931 em ™', 820
em ' 555 cm 'L 440 cm !, B-CoS HFFAEIEAILE 890 cm '
845 cm '\ 520 cm'. FHIK 4 ATLAE L, Bl IR B
1300 ‘CTHH 2% 1400 'C, 997 cm' kb Si—O H (1) fe st
Fras phiR s @R 5s; 845 cm 'AbA B-C,S HIKFHEH
P, RS SR B RS, UERRIREE T B-CoS &
B 930 cm™' Y p-C,S FHIEHHIREE NS, BEHERE
T, VERRFE R R IGGE, SHHRET R 9-CS S E
. 845~877 em ' P BN Si—O B R FR A 4RI

e

Table 2 FWHM and grain size of phases in sintered products at different temperatures

Temperature/ y-C,S p-C,S CaO SiO,
C FWHM Grainsize¢znm  FWHM  Grainsize/nm  FWHM  Grain size/nm FWHM  Grain size/nm
1300 - - 0.211 48.2 0.204 49.6 - -
1350 0.227 43.7 0.219 45.6 - - - -

1400 0.167 76.1 0.231 42.4
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Table 3 Lattice parameters of sintered products at different sintering temperatures
Temperature/‘C Phase a/nm b/nm c/nm V/nm® Total crystallinity/%
CaO 0.4812 0.4812 0.4812 0.1114
1300 74
B-CoS 0.931 0.6756 0.5506 0.3453
7-CoS 0.5073 1.1199 0.6744 0.3844
1350 81
B-C.S 0.9297 0.6749 0.5498 0.3451
7-CoS 0.5071 1.1194 0.6748 0.3831
1400 88
B-C.S 0.9303 0.6749 0.5497 0.3442
Cation vibration
o2
1200 1000 800 600 400

Wavenumber/cm™!
B3 AFBERE F R FT-IR 7 H7 i
Fig.3 FT-IR spectra of sintered products at different sintering

temperatures
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i, Na'7EHTAH S AZ I dn A K ROR BRI dh S IE RS 2,
TEBAAME AR, XT p-CoS HUZEERHISAEH - 1kl
HRETE R, B RIER, A Na [EE s,
C,S AR B HAETE 1, B-C)S ] p-CoS BEAL I
YERIIRES, X5 XRD 7 #Hras B —3¢.

4 P AR e S iR N e 48 = M i oW T
i HE 4 A1, fEIREH 1300 CHE, Begh =432
SHOR, BARETE 2R 2 A RN 4ks:
FHERE, HORF R HIL S BRCR, I SR
FE T AR Ok . X2 TE 1300 CHY, ks
FEP) B BRI Z I HOIR B-C,S, TRl IR T
BRAE RGO, ST Na AR, BRI
B-C,S 3 7] AR R AFIIRURLR p-CoS Bt o #E—20
UEIITH R A R T 9-CaoS A

Bl 4 ANFEBESIRE T Bed - M3
Fig. 4 Micromorphologies of sintered products at different
sintering temperatures: (a) 1300 C; (b) 1350 C; (c) 1400 C
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B-CaoS B 9-CoS K% o Ut B IE KRN (8] B T
Ca™ O HiL, INtRpess SRR, (2 ik [ A SR ) R
A, RIS RE -CoS BIAE H.
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Fig. 5 XRD patterns of sintered products for different

durations

35 XRD HHEAF AT JADE H () & R 124k
Bt S AR IR IS TE VS Y 0~90 min Be4h =1 5% WA 1)
iR, Hd p-CoS RS I TEECN(130), 20
29.78°, B-C,S MR ST RN (121) , 20 4 32.17°,
THR AR 4 FE 6 PFror. HRHEE 4 F11E 6 AT A1,
151350 'C, BHAEBIFMRER, B-CoS kiR~ 25Tt
RS, X% TR R R AT, BR
SErEW) R RN e, R Z, K 30 min,
B-CoS fm A T 5838, [FIR T Na AR, g-C,S
e MUAFRAR K, AEmPIORETIE 2, dn R IR AR
Ko B CRURET PR, RiE R =G, A
W Na [ I, B-CoS i FARFURIAE i 47 53 12 8 Ik
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2T
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Table 4 FWHM and grain size of phases in sintered products

for different durations

’ y-C,S p-C,S CaO
1,
min FWHM 'Graln 'Graln F}ram
size/nm size/nm size/nm
0 - - 0.236 41.0 0.183 58.5
30 - - 0.205 49.2 0.183 58.6
60 0.227 43.7 0.219 45.6 - -
90 0.180 65.0 0.278 33.2 - -
0.386
. ﬁ'CZS 'j/‘ 1 90
= 0.384F *—y-C,S
g 187 -
S 0.382f <
E 84 2
IS =
%‘ 0.380= la1 E
2 5
5 0.345} .
© 1 °
> =
0.344+
175
0.343

0 20 40 60 80 100
t/min

BEl6 AFETRURI ] N RS CoS MR b 2 45 it

Fig. 6 Unit cell volume and total crystallinity of C,S in

sintered products for different durations
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Fig. 7 FT-IR spectra of sintered products for different

durations
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Fig. 8 Reaction rate of C,S of sintered products for different

durations
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Fig. 9 XRD patterns of residues of sintered products for

different durations
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1) 7E Ca0-Si0, — e & H, CaCO; HUh 7 fftiR &
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Ca0-Si0,-Na,O K R, CaCO; 14k 43 i I K 21
702 °C, BEGEYIEEMMA B-CoS, Na,O EF| e
FIRIEAE C,S AL IAEFH

2) BREEPAIT B-CoS I y-C,S LI AN HERFAE IS 7y
WA 845 cm ' A1 930 em . HREIBESEIR T, {2 f-C,S
] y-CoS Hefk, FEAEHUR p-C,S & IZHIHL, 25
BUPERBORDIR p-CoS S BB Wi 2, 45 aE.

3) FEKARIRI EERE -CoS 1) p-C,S #1k, fiikk
SEPEITE A P AR E R s, p-CoS [EVA A LE
B-C,S VAR E .
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Mineral transition behavior of dicalcium silicate doped with
Na,O during sintering

PAN Xiao-lin"?, PEI Jian-nan!, ZHANG Can', YU Hai-yanl’ 2

(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;
2. Key Laboratory for Ecological Metallurgy of Multimetallic Mineral, Ministry of Education,
Northeastern University, Shenyang 110819, China)

Abstract: In order to clarify the influence of alkali on the sintering behavior of dicalcium silicate in the production of
alumina by the sinter process, the phase transformation, crystal structure and stability of dicalcium silicate (C,S) in the
presence of Na,O during the high-temperature sintering process under different sintering conditions were investigated by
TG-DSC, XRD, FT-IR and SEM methods, providing theoretical basis for the low-sodium lime sinter process. In the
Ca0-SiO, binary system, the main phase of the sintered product is y-C,S. In the CaO-SiO,-Na,O system, the
decomposition temperature of CaCOj is reduced by Na,O, and the main phase is -C,S. Na,O acts as the role of flux and
can alter the C,S crystal forms. In the presence of Na,O, the characteristic peak of infrared spectroscopy of -C,S and
9-C,S in the sintered product are 845 cm™! and 930 cm™', respectively. The increase of sintering temperature and the
extension of holding time promote the phase transformation of blocky S-C,S to granular y-C,S, decrease the content of
S-C,S, increase the content of y-C,S, and increase the crystallinity of the sintered product. The stability of the sintered
product in the alkali solution is improved, and the y-C,S solid solution is more stable than the $-C,S solid solution.

Key words: dicalcium silicate; sintering process; mineral transition; crystal structure; stability
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