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1.1 SeMSEERNA R E

LLorHT4ll NaAlO,. NaOH Fl1 Na,SiO;-9H,0 4 JR
B, BCHIA R IR L oy )R 148.6 g/L, AALER
WEE(pao)h 1047 gL, —EAMIERIE(pio, )N 4.9
g/L, HiPEH (e ). HPaitEmk. ALO; Fl Si0, W4y
S9N 529 EDTA 48201 i AR A

EE DGR E o PR o #(1)TH5E
o =1.645x LK (1)
PAo

1.2 KERREERINAYHI &

AR AR 2 S T, B 100 mL 1
HLF B e NSl B BRIV IR E R
145 °C, %38y 100 t/min, A 43504 154 30,
60~ 120 F 240 mino W56 B HEAT [0 98 53 2
THTRAIT p ~ pao T psio, IRBEIF TS REAR IR
W Si0, A, L Si0) RN (77510, )% 3((2)
TR WA 5B 7K seid, T .

Tsio, =221 x100% Q)
Po

Kf: py MR Si0 IRIE; o, T XN G
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1.3 kKEREERMNMRIE

AT H B 7K B B A TR B [ AH BE AT XRD( B
XRD-7000 , Cu K, % 4% ). SEM(SHIMADZU
SSX-550). }i i (Mastersizer Hydro 2000MU, 4 H{/
JA KA FT-IR(&3: IRAffinity—1 78 (i BLIH-27 4 A8 i
A T

1.4 FEERWARIEE R

LL %> #7 4l NaAlO, Al NaOH & J& B, M 7
pr =1442 g/l oy =1.44 BERIRBAV, F3 s K
B BRI B 46 TR A TR N TROBIT HE 0 BRI
5 gL, WHIRMNVIRES 95 °C, HFEHEA 100
r/min, £ ITE Y 300 60 120 min I3 5HUEE 2
WTIAH B T AR RN WK R R o IKAEZR (n )i%
KB

U:MXIOO% (3)
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HHEE 1 A, WP ALOs Fl Si0, W
TEJ Rt S I ] PR S 28 0T B A1 15 B 2 B B ] g
BRI TR A BN B AR e SN I (] B
Si0, V2 (196 i 18] 1 (T 2238 7R Si0, H & Y 3
VIR o tHE 1 AT el %, G820 A S . A2 HT 30 min
W SER, Bl S5 RN [B) R SE R S10, RN 2 18 T

F 1 [ SN TR AR ER AU o (R AR A,
Table 1 Change of concentration of sodium aluminate

solution at different reaction times

Desilication P/ Pao’ Pso, !
time/min (gL™h (gL™h (gL™h
15 145.0 102.9 1.62 2.34
30 144.9 101.5 0.69 2.35
60 144.6 101.1 0.53 2.35
120 144.2 100.9 0.48 2.35
240 143.9 99.7 0.45 2.36
95
90 . = *
85t
c\\c
$ 80t
<
75+
70
65 1 1 1 1
0 60 120 180 240
t/min

1 BRI Si0, N S IR ] 6
Fig. 1 Relationship between reaction rate of SiO, and reaction

time in sodium aluminate solution
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BT Si0, IRFEAR &1, 2% IRV HES) Ty, itk
SN IR IEAT o« BEAG I R ZE K, 5 Si0, W
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X AN [ S IR 8] 2 BG4 ek R A A T 21l
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S TE) 2B B PR 7K A5 AR AR R B PR £ A B AT ARAH
L, AR A B IR T FRTAE A, 48X T, e 1 5t JEE AT
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e 240 min
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260/(°)
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Fig. 2 XRD patterns of desilication products with different

60 70

precipitation time

R2 AEINTH IS TR A - rh R 5 AN 45 R L
Table 2 Content and crystallinity of crystalline desilication products at different precipitation time
Desilication Zeolite A Zeolite Sodalite
time/min Content, w%  Crystallinity/% Content, w/% Crystallinity/% Content, w%  Crystallinity/%
15 5.6 73.3 74.7 82.9 19.7 96.7
60 — — 78.6 83.2 21.4 99.2
240 — — 78.5 84.9 21.5 99.6
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Table 3 Cell parameters of desilication products at different precipitation time

Desilication Zeolite A Zeolite Sodalite
time/min a=b=c/nm V/nm® a=b=c/nm V/nm® a=b=c/nm V/nm®
15 1.2340 1.8790 0.8979 0.7240 0.8989 0.7263
60 — — 0.8981 0.7244 0.8990 0.7266
240 — — 0.8986 0.7255 0.8993 0.7273

240 min

1200 1000 800 600 400
Wave number/cm™!

B3 AT I R P 25
Fig. 3 Infrared spectra of desilication products at different

precipitation time

1100 em ' PYSATHR SR IR B 17, T A B 4R 3
LTAMETE IR A5, RIS RIS 10 A R P JBE e 4 3
B AT, IX5 XRD M4 8. 4 432 em!
A N REER)SEEE Si—O(AI—O) 12 ifR3hiE, 7 559
em ' AL SRR AN DU A& T XU e PR B, E 625
em Ab St Al—O—AL BSR4 IR 1%, £E 691 cm™
AR JEREES N B DU AR Si—O—Si 8 (X B4 4 5h
W B3 TLAE YRV 240 min B, 7R
559 625 694 cm ' Kb (U 5 A B I AR A
IS T) A2 K A B R P RS I PR D s, IR fh T
X3 A B0 N SRS E VU TR G548, R BH B SV B
8] (R A KAT T 25 R RRE « AE 991 em ™ b R4 9 11
VY44 Si—O—Si B SON BRIP4 Rz . I 3 7]
B, ARSI TR 15 min B, 28 oK A4S RERR BN £
AMELE 881, 1048, 1089 cm ' AbHIBL I T fryig, I
1048 F1 1089 cm ' &bk Si—O—Si it [ X R A iR 5]
e, 7 881 cem ' Kbk ek A D THIAAS(Si0.) A o FR A1 4 4
B, IXIERUNTE R AT A BUPhAT AR ) S
B SN TR ZE K, A BB AT 2k, X 3 AbFTR Y
(R 2, Xt 5 XRD % A0 41 45 ) 4 .

2.3 B iE) RSB EE A SR RO 22 0

H T BRGUAS TR I 0] A= i 7K £ B0 ek TR B 1) A0 2
I, W R B (SEM)XT SO TE] 8 15 60+ 240 min
A LRI KA BRI RR AN AT 0 i, FLEE s 4 .
ME 4a) (c)v (e)PT LAE i, ANIA] e M) B A ek
B R RR A 1) AR TE SRR, 38 0V 2 R/ MBI« B
L7 AR . B CRBLH R AR H
VF 22 [AC R 15 R &5 e [ 2R A — T B ) o %) EE 8]
() (d) (DFTHN, BlA VI IER, T8 kg
o) JEL P ST 18 R (IR Z1 75 1404 180 nm). {E]
4(b). (d)~ (D “FBLH]” BaRLRI ERILE R
Shdn TG e A, LA B I JA) R T P
5 XRD b4 R—80. M NVEECY 15 min B, 7
SEJTATEAR I SRR B ERTE iR (R 0, XRS5
PREEK R A R4 ITREAT IO A5 AT, A= b
A BT, XIS PR RS R e R H AR DB, %
SRR N EAR — B, 1K 200 950 nm. 7F 60 min
1240 min [ [ NP T PANAEAESI T AR R, KT A
RO AT UAE SN A I Bl S NI TR e, A 7R
AT R, R HTEE F XRD YA M 45 A — 2

X AN I 18] A2 K A B R BN E 31T EDS 4>
M, HotZE Mg Bk 4 Prm. Hbh 1 A Bk
FYIAH . AR 4R, 05 3. 4 H IR AR IEA
FHIFA], R AT S 60 min J&, K EHRERR N )
ARSI fr i Ad e, ROV CIAR AT, Hk2
OIMTEE R 8. AR R) AR K B AR HE IR B 2y R
Na,O 1 ALO; FIELEWNN/AY /N T 1, 3K TR &4
TR PR B[ AT 43 S5 AE TP AR FLIR, mT DA B b
PARIRAR B 1o Ll 1 A9 N/A BT 05 20 3. 4
1), S56 s E T A R TR, A Bk A S AR
IR K B4y 45 R b ) FLIA A AR K, U A LA
AT DAWR B 5T 22 R ERTR AR 8 1, 3R] A R O 1 AR
AFE, WETEAR . AN [EIIN ) AR BOKA BRAE FR A R oy
T Si0, F ALOs FIELAE(S/A) /N T 2, XA T3l
D15 ARV T BUREBRAT (1 SRS BB o B 5NN TR]
A, AR~ s R REE W i, KA R R A A A
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B4 AFETHIN T BEE~ Y SEM 14
Fig. 4 SEM images of desilication products with different precipitation times: (a), (b) 15 min; (c), (d) 60 min; (e), (f) 240 min

%4 1~4 fUEDS REE TR
Table 4 EDS results of points 1—4

Mole fraction/%
Point N/A S/A
(6] Na Al Si
1 61.02 10.09 15.37 13.54  0.66 1.76
2 63.66 10.50 13.76  12.08 0.76 1.76
3 62.13 10.55 14.37 1295  0.73 1.80
4 62.63 10.42 14.02 1293  0.74 184
it inoe e, wEE AR ERG. PRI, S/A {HZHT
VAR D

Wof [ BT R 154 60+ 240 min 2E /K& 8%
BT RLE b, LR P 5 fZR S o, KEH
TR BNRL B SR A ), A DX A e A, 8

10

8r 15 min
o\\c \
g ¢l 60 min
23]
& 240 min
g 4T
=
s,

0

100 10! 102

Particle size/mm

B5 AT 1] b4k B o At

Fig. 5 Size distribution of desilication products at different

precipitation time
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Table 5 Grain-size parameters of desilication products at

different precipitation time

Desilication time/min do./pm dos/um doo/pm
15 13.26 35.84 66.01
60 17.36 43.34 78.87
240 17.93 46.69 85.13

FEPAE 35.84~44.69 pum Z 0o doy~ dosF dyo HRIZEHT
B, ULWARESS SN TR 30, AR TR SRR R
BRI AR, A OREFE BE O AR, I kL EE (1A
TR RE 8 AH N W /K A AR R IR BN R G

2.4 BREEFYIITA RIS EMERI S0

ANTR] S5 IS I TE) A= ol PR RO Ak = e R R B Vs T B o
PERZ I AT 45 RNk 6 FIEl 6 From. Bk 6 Al 6 v]
B, SNTE] R 150 305 60 A1 120 min A2 7K 5455
TR T B o B PR A VA YR/ A ) S A B T AL o e S
)24 15 min A1 30 min 22 %7K B8R R B0 A0 R
B R SR W Yk v 1 SIS TB] 24 60 min A1 120
min 2SR SR RERR BN . 2% IH B I Ak S5 I P 1] g
FEK, AR KA B AR IR AN T BE T B YA R /K AR P 50 i 1
RS

FESNAI, W Si0, IRFEIR R, 42 s N HE
B AR s A R E S NIRRT, AR T KRR G4
FERREN o AFUM I AR B 7K S AR I R B it ks A K AN 58

6 ANIFINTH IS TR] T R 10T R VA VLA 52 )
Table 6 Effect of desilication products on concentration of

sodium aluminate solution at different precipitation time

Desilication Time/ P! Pac’
time/min min (gL (gL RS
30 145.8 162.3 1.48
15 60 148.5 161.2 1.52
120 150.1 158.8 1.55
30 146.1 163.4 1.47
30 60 149.6 162.9 1.51
120 150.4 159.8 1.55
30 145.8 164.1 1.46
60 60 148.0 163.4 1.49
120 149.6 161.2 1.53
30 145.6 164.7 1.45
120 60 148.2 164.6 1.48
120 149.6 162.6 1.51

O 1 1 1 1
30 60 90 120

t/min
B 6 ANFIAT L I T Ak = Ao 0 IR BA VA VB K A 3 1) 5
Fig. 6 Effect of desilication product on hydrolysis rate of

sodium aluminate solution at different precipitation time

B, ORLEEAN RS AR AR, HA D EARER A
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3 Zig

1) 76 145 C'F, ORISR IR AR
€, WihE SOV AR A, KER K S AR R A A T 30
min PZERG B VI TR E RS, 3 Si0, R T
BRI, A2 S BAHES) JI 98059, itk B WVd e B Ik &
T2, RNAE 60 min JiGFEA K B

2) NI D A B, AR
IR K H ISy 1 S5 R P FLIR A TR AR K, Bt S o
IRER, A BOBATWE 2R WhA R4 ok =4 e
FEWIAH, Fh S kA .

3) AN I T AR s 1D e A = ) B A 0 A B SRR B))
LEANEE AR S, £ 881 em ™. 1048 cm ™. 1089 cm™!
Wbk A BRI MR  EAOES) “ B
L TRk, A B S T AR

4) JRNATH, KA AR RN, ik
SE AR IR, U AR R KA B R A T AR
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Precipitation activity of
sodium aluminosilicate hydrate during Bayer process

PAN Xiao-lin, JIANG Tao, HOU Xian-lin, WU Yan, YU Hai-yan, TU Gan-feng

(School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: The activity of sodium aluminosilicate hydrates at different precipitation time in supersaturated
silica-containing sodium aluminate solution prepared by analytical reagents of NaAlO,, NaOH and Na,SiO;9H,0 was
investigated through simulating the digestion conditions of gibbsitic bauxite, the mechanism of which influencing the
stability of sodium aluminate solution was also discussed by the XRD, SEM-EDS and FT-IR methods. The results show
that most of sodium aluminosilicate hydrates can generate within 30min and the reaction reaches equilibrium after 60min
at 145°C when the initial SiO, concentration is 4.9 g/L. The desilication products mainly constitute of amorphous phase,
zeolite, zeolite-A and sodalite. The zeolite-A, which is a cubic crystal with a larger unit cell volume than other
desilication products, precipitates at the initial reaction stage, and disappears gradually with the extension of reaction time.
The stability sequence from big to little of the desilication products in sodium aluminate solution is zeolite, sodalite,
zeolite-A and amorphous phase. The increase of the desilication time can increase the crystal size and crystallinity of
sodium aluminosilicate hydrates to reduce the activity, which improves the stability in sodium aluminate solution.

Key words: Bayer process; desilicication products; hydrolysis; sodium aluminate solution; crystal activity

Foundation item: Project(51104041) supported by the National Natural Science Foundation of China; Project
(N130402010) supported by the Fundamental Research Funds for the Central Universities, China
Received date: 2016-06-28; Accepted date: 2016-12-01
Corresponding author: PAN Xiao-lin; Tel: +86-24-83686460; E-mail: panxl@smm.neu.edu.cn
(HRiE T



