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NaAlSiOy, JF e 5 A K & A F [ B (T7 FE (4)~
(10))o A T T LRI, K N4 NaAlSiO,4 [ R EUE A
1o ARGEL AN & 24k & Wit 3T 2 Hi U 5 3
Y RATAE IR R AN ik &R 5 x 04 0.05.
0.25. 0.35. 0.45. 0.55. 0.85 [¥J Na, Al ,Si,O, JAil
PO RAR AT TS, Wk 1 Pros.

NaAlSiO4+0.6/1.15Ca0=—
1/1.1 5Nal,15A11,15$i0,8504+0.3/1 15C32$104 (4)

NaAlSiO4+1.8/1.45CaO—
1/1 45N31 45A1145Sl()5504+09/1 45C32SIO4 (5)

NaAlSiO4+2.2/1.55Ca0=
1/1.55Na, 55Al; 55519 4504+1.1/1.55Ca,S10, (6)

NaAlSiO4+2.6/1.65Ca0=—
1/1.65Na; ¢5Al, 65510350411.3/1.65Ca,Si04 7

NaAlSiO4+3/1.75Ca0=
1/1 75Nal75A11755102504+15/1 75C328104 (8)

NaAlSiO4+3.8/1.95Ca0=—
1/1 95Na1 '95A11.95Si0_0504+1 9/1 95C32$104 (9)

NaAISiO4+2Ca0=NaAlO,+Ca,Si04 (10)

h TR () ~(10)FERE L 2 A v AT 1, THE
T AR B RN A E R4, Wi 1 Py
TRo SV (4)~(10) 1) 5 A W H EH g 3 BEIEL B T =
B, et SMELEEIEE Y, HES N B, XEREA
[ EE R E x &y 04 0.05. 0.25. 0.35. 0.45. 0.55. 0.85
1) Nay_ Aly-,Si,0,4 F4J 1] LIt i Bl v 5500 K1 s A
B, HAH N Ak R B O A L T PR, R, B

F1 Na, Al Si, 0 FIH S 225
Table 1 Estimated thermodynamic data of Na,_,Al,—,Si,O,

“looy \’\’\’\\\
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Fig. 1 Gibbs free energies of reactions (4)—(10) at different

temperatures

B LGP GO, A [RIELRE N SO () 35 A 5 B g
B AR #, U WAk R B m i, OV A3 B
Na, Al ,Si,04 T LA S CaO ZkLE N, [H)f: REULH
FEMNEAT, B RONAE R RN AR A . By
rigzs T s A f B Rk e g i fe v, A mT e
TEEE LB LA R, HaxX— R R A2 i B 5
5 LY IR 52 M o

2.1 SRIGTEH

B 0 ) S R R B W (p (N, O)=
230 g/L, p(NayOy) A wi AN BE s ou=2, o NI
T A B S R IR 0 7 L) AE 260 °C TR O 90
min FHIHL/S=5), W 4iKETIRIGAE 50 CHET
AL ZE T T, BV 1) B R 23.52% Na,yO.
30.29% Al,O3+ 28.15% SiO,+ JA¥A 14.07%, H XRD
AP 2 B, A R 3 B LT A TS ATAE,

*AHzgg/ 7AG298/

So8/

Compound (kJ-mol ) (KJmol")  (Jmol K™ “ b ¢
Nay 15Al 15Si0 5504 2107.67 2008.03 127.61 ~38.04 4222 28.53
Nay 45Al, 45Sio 5504 2175.48 2080.67 134.27 ~73.36 537.99 36.31
Nay 55Al, 55Si04s0s 2198.08 2104.88 136.49 ~85.32 576.92 38.99
Nay 65Al, 65Sio 3504 2220.69 2129.09 138.71 -97.03 615.39 41.55
Nay 75Al, 75Si0 2504 224329 2153.30 140.92 ~108.83 654.05 44.16
Nay o5Al, 05Si0 0504 2288.50 2201.72 145.36 ~132.50 731.46 49.40

a, b, c: Empirical parameters of heat capacity at content pressure (cp=a+1073bT +10°cT%, T is temperature).
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2 HEER) XRD (260 C, 1.5h)
Fig. 2
(260 °C, 1.5 h)

XRD pattern of sodium hydrate alumino-silicate
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(SX—6-16 B!, KIPRIZFEN M ABRAF)N KA 2 h, A
JE ¥ BEHERS 42 600 “C 5 7 ICE 30 min, B
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g/L, p(Na,Oc) N LA ERENAAAE ) NaO WKRSE, ou=1.8)
A B S NS A R (AR 150 mL)H, SRS R
IR R <<0.3 mm 2K 10 g, IIAZANGE, 5
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PR B RN NS, T 75 C R X
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Na,0-ALO;-Si0, Befifd R, ZEHYYIAHZ k5 Ak}
HRER L DIAH S, RS AR L&A R, B
K584 RV ) NayCO3 Fl ALO; 4k, S AT 43 51l 4630
x4 0.05. 0.25. 0.35. 0.45. 1 ff] Na, ,Al,,Si,O,
FIWIAH(XRD Fr#E 755308 49-003 49-004
49-005. 49-006+ 33-1200), AN[HIHC e a2t 1) 3= 22
YIRS B o L S ROk >+ L 6, H A AR
HRERC LG R, AR x [ERDD R, IXIRUF T
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Nay Al Si, 04 AN REF AR T HR RN 10 BRI LN
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Mok K E WO A AL, NajssAlissSigssOq Al
Na, ¢5Al; 658103504 M FF fIE AT 55 W 3% A1 A& 46,
Naj 75Al, 755102504 il Naj 95Al, 955100504 IR E AT 5 g
HK. 4it NaAlO, fEBEH v @rE R, nrBAA
h U U R x<0.25 B, Nay Al Si O 7EE R
WP A B RIS AR TR RE, X — B R T
B2 BRI AR BT RS O R I NAT O B B4R
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Fig. 3 XRD patterns of synthesized sintering
) clinker and leaching residues (*—Na,COs; v —

Clinker

Al,O3; 0—NaAlSiOy; @—Na, 55Al; 558194504 v—
Nay g5Al1 6551035045 O — Naj75Al) 758102504; © —
Na1_95A11_95Si0_05O4): (a) NAS:111, (b) N:A:S=
1:1:0.5; (¢) N:A:S=1:1:0.25

Table 2 Composition of synthesized sintering clinkers and leaching residues

Sintering clinker

Leaching residue

Phase Mole ratio
(N:A:S) d e f d . £
NaAlSiO, 1:1:2 v x x N x x
Nay 55Al} 558104504 1:1:0.58 Xl v x v N x
Nay 65Al; 65Si0 3505 1:1:0.42 x N J y J J
Nay 75Al;1 755192504 1:1:0.28 x N \ o N y
Nay 95Al} 958100504 1:1:0.05 x x N x x %
NaAlO, 1:1:0 X X X x X X

d—N:A:S=1:1:1; e—N:A:S=1:1:0.5; £—N:A:S=1:1:0.25; V: Detected; x: Not detected.

3.2 HEEE AR
3.2.1  BRESREE RN
K AL G e g i hb FAR 1 B R Ve B B AL AR

I, Ok A B R 5 U RS 1) A RS Y. B0 4 I e
BT A, e gl il T R P I AE 1100~1200 C 2
], MR 2RI, R A K e 1) I N AT AE
BRI W AT, HOA AR E R AN [ 4L R
Nay_ Al Si,04 2E BB FAAN ], DA TG ZE WA 5 St

HERARMA MR EREH T 750~1200 Cit
JESCE R MR 5 IR IRATS — A /3 e 4 M S VAT g, i
BELEA 2, SRR 2h, AR N BRI X
AATHI R 4 Pros(ETECESEE R 2.0, R4S A
2h).

HE 4 w50, ARG L AR RLEAR R 4 1F T
FRE5AS B BB AR A AT B S, Blbe SR
JEH 750 CHHEA 1200 °C, #kld Na, Al ,Si,O,
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Fig. 4 XRD patterns of sintering clinker at different
temperatures (e—Na, ssAl; 55Sig4504; Y—Na, gsAl| 655193504
0—Na, 75Al, 755102504; ¥ —Na, 9sAl; 95S10.0504; #—NaAlOy;
¢ — CaCO;; v — Ca,Si04; 0 — Nay 5Al 158108504 m —

Naj 45Al; 45510.5504)

1 EBEAAAEIE S HEB W NaAlSiO,, BTN
N31A15A11Alssio8504(750 DC)’ Nal,45A11A4SSioA5504(800 °C)’
N31A65A11A658i03504(850 DC)’ Nal,75A11,7SSiO,2504(900 OC’
1000 C), NayosAl;osSinesO4(1000 C), HI NaAlO,
(1200 °C), kPRSI )3 LLSURERRES Ca,SiO,
TEARAAAE,  HIRFAEAT SR Ve (1 5 FEE Bt e 45 et B T v
B . I ], ERREE A K e il R,
Na,_,Aly,Si,04 5 CaCO; 5, CaO Z MAF{EHE B AR
2R, OVl BBk, AR RS EOR, WAt
Ui, IO U RN A KRR A, v L
Na, AL Si O, WA, 44 3.1 AR x H
Nay_ Al Si,04 [ H P REZE S 0FIT, O =g A0 %
R Nay 75Al) 7581025045 Naj 9sAl) 95Sig 05045 Al NaAlO,
I, TLASEIUER A G R U, B SR e 4 %
HI7E 900 CLA L.

AR T H A5 X AN [t B2 e SR ¥ 1
PEREREAT TRIFT, AHINES HOE I A R oRk vh 8 b
T H R HTEE FAy i 5 R 6 B W& n] 4,
ML R 750~850 CHY, %t H Nay Al Si,04
1553 71 L Nay 15Al;15Sipss04 « NayasAly 45Sioss0s K
Na, 65Al1 65Si04sOs JERSAEAE, 5 RBMREF— 2 begh
WA 900~1200 CH, ¥ HE T Nay 75Al 758102504
Naj 95Al, 05Si0 0504 F NaAlO, [RIEFEATH 16 58 41 K o
R UL W] TR 5 A K e A R N A B 1
Nay,_ Al Si,04 TE T 5 i i 26 9 it K ¥ & I
Na, Al Si,04 — 2, M x<0.25 I, HFM@IERER A

Ak, AH1F 900 Cilih 8 L F il 45 1 20k T DL R & ()%
fifFRR RN R R . Ak, BR 750 C KL i
FEAEI CaCO, fTHT AL T i R 58 42 2 il b,

800~900 °C #kls th i v FOB LK CaCO; WAH Y.
N RIG I ES CaO SESIR AN P 1 B FR AR AE H
BT B 6 Firs S AN [ i e Ao 45t B 2ok i) Hh 28
MPREEIEIE N 750~850 CH, BRI RN
33.6%~41.5%, 1M 4 B H2 5 % 900~1200 CJ, Ak
ERA R T R T & 82.8%~90%, 11 BVRE R4 Ak i
W B A3, REREREE ) 900 C LA
I, AR R 84.5%~92.8%, X FHAKGE
T EiRkT Na,-_,Al,-,Si,04 gEM) 5 REZE T TS

v 750 °C
vy v ¢ YVey Ve vy

n * v 5
! e, oy 800 °C
| vy %ﬂﬁmb&whﬂmL%kww
Y ¢ Wy 850 C

viv v v VYye ® VVVY y

% :
| vwt M e Wen e g Mzi?f)wcﬁ
o 1000 °C

v_ 1Y P, S

10 20 30 40 50 60 70
20/(°)

5 ANFEGEARU I BVRHA A K XRD 1%

Fig. S XRD patterns of leaching residues obtained from
clinkers sintered at different temperatures (v—NaygsAl; ¢s-
Sig3504; 0—Nay75Al; 7581025045 ¥ —NaygsAl)95Sig05s04; &—
NaAlO,; ¢—CaCOj;; v—Ca,Si04; 0—Na, 15Al; 155195504, m—
Nay 45Al} 45510 5504)

100

90 |
80 -
70
60 [

50

Leaching recovery/%

= — Alumina recovery

40r e — Sodium oxide recovery

30

700 300 900 1000 1100 1200
Temperature/C

6 GREEIRL N A R AN AL B L A IR S
Fig. 6 Effect of sintering temperatures on alumina and

sodium oxide leaching recovery



1230 hEA SR R

2018 4 6 A

322 P LEI

Feah A R B R S R bR L S L,
TWHEREOUR,  ECES LR L B e i R b SRk Al
R SR R 5, BRI S R R A IR e L
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N E B S NIEE RS . SERRREAN R B4 L (1.0~2.5) 1 A=
BHE 900 CHREbE 2 h, AN VENT) X G ERATH 3B 25
S 7 FroR(E R RRLEERE 900 °C, eI 2 h).

V.
v VVVVV. K [ 34 )ed vy ® C/S=1.0
VivwyWw vV vY v WC/S=1.3
Vvvv v I vw vY vy V"C/s:1.6
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0

DA
1Q(Vvth IS Wy o a C/S=2.5

1 1 1
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7 ANFIHCAES EE R be Sl BORHE) XRD %
Fig. 7 XRD patterns of sintering clinkers with different

calcium ratios (®—Na, ssAl; 55Sig4504 ¥—Naj g5Al; 655193504
0—Nay 75Al1758102504; ¥~—Nay 95Al; 95Sig0504; # —NaAlO;
¢—CaC0O;; V—Ca,Si0,;; 0—Na, ;5Al 158103504, A—CaO;
*—12Ca0-7Al1,05)

HHIE 7 140, AR LA T, s A K
FRA AR AL G )1 0 SRR £ (Ca,Si0y), Bl
LS EL(C/S)M 1.0 B8 K E 1.9, FRERR R A X
WK« Nay 55Al) 55S10.4504(C/S=1.0), Naj g5Al, 65Si03504
(C/S 4 1.3~1.6), Nay75Al, 75Sig2504(C/S 4y 1.9~2.2),
Naj 95Al, 05Si00s04(C/S A 1.9), H4RCAS L4k a4 K 2
22 F12.5 1, YA L NaAlO, Fl 12Ca0-7ALO; I
FRAEATS 0 o X Ui B T 7oA 5] PR R il B R A2 i (1]
ZAFN, ESLERRE R M AR A AR AL B T 2R OC
TMAEM, 4 RER 1.9 B Er, 2k d
Na,_ AlL_Si,O4s W) x ¥WAKT 025, XERWLE
900 CHURIRRTRESAE T, ] LAE i o 4840 Lo 2 il 4
B ERE Rk, B 8 B AN RIS L gl
RBHERRLU T A& TR BN A R, 5t
HIAI A AT AE B8, MBS L 1.0~1.6 1, Bk
A RN 39.6%~47.6%, FALENE H A
45.5%~ 57.7%; ECES LR 1.9~2.5 I, Atk
B H R AT T2 82.3~88.4% 5 83.1%~91.6%.

100

80 -

Leaching recovery/%

40 = — Alumina recovery
e — Sodium oxide recovery

30 1 1 1
0.8 1.2 1.6 2.0 24

Ca to Si ratio
8 MO bt SR AL AR A AL A R )

Fig. 8 Effect of Ca to Si ratio on alumina and sodium oxide

leaching recovery

4 g

1) SN2 R I R $ x 4 0.0.05.0.25,
0.35. 0.45. 0.55. 0.85 [1J Na,_ Al,_Si, O, (L& Y34 T
DATERE S 4 Nl ki S50 K IR VAR 2, JFid
RESEH S EG AT THAE, R T M x<0.25 I,
Nay Ay S1,04 Zy AT 5 A I B

2) ANIEE A KBS ) Na,- Al Si,O4 1) x {E[F]
I 52 S il P S5 IO AT L s, it v S N BE R C AT L
BIRAS x fH i MR TR AR, K bediii B 900 C, 45
Lo 1.9, VI 2 h, 40 NS 210 2RI 41 f5 T
70 CEEE N AR R Al R 48 ((p(Na,0,)=80 g/L,
p(NaOc)=10 g/L, a=1.8)%tH 30 min, KA
WA 85% L F, TS RAT B TR AR AT A L
RBEETEBARTT R 5 W o
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Phase transformation of
sodium hydrate alumino-silicate in alumina sintering process

LI Xiao-bin', LIU Jing-hui', WANG Yi-lin', ZENG Lu?, PENG Zhi-hong', LIU Gui-hua',
ZHOU Qiu-sheng', QI Tian-gui'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. The China ENFI Engineering Co., Ltd., Beijing 100038, China)

Abstract: According to the thermodynamic calculation, the multistage reaction and the product composition of sodium
hydrate alumino-silicate were proposed in alumina sintering process. The presence of Na,_,Al,_,Si, O, and the differences
of dissolution performance were confirmed by the reactions of sodium hydrate alumino-silicate under different conditions.
The results show that all the Na,_Al,_,Si,O4 (x=0, 0.05, 0.25, 0.35, 0.45, 0.55, 0.85) can be formed in the alumina
sintering process. And the composition of sintering products were influenced by sintering temperature and raw material
proportioning. The silicon coefficient (x) of Na,_,Al,_,Si,O4 can reduce from 0.85 to 0 gradually with the sintering
temperature ranging from 750 ‘C to 1200 ‘C (mole ratio of CaO to SiO, is 2), or the mole ratio of CaO to SiO,
increasing from 1 to 2.5 (sintering temperature 900 ‘C). The dissolution performance of Na,_,Al,_.Si,O, was determined
by the silicon coefficient (x), and the Na,_,Al,_,Si,Oy4 can be dissolved in sodium aluminate solution with x<<0.25.

Key words: sintering; sodium hydrate alumino-silicate; lime; silicon coefficient
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