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Abstract: Boehmite was precipitated with seeds from sodium aluminate solution intensified by NaHCOs, and the
influence of seed ratio (Sg) and adding NaHCOj; methods on precipitation process and products was studied. The results
show that NaHCO; can intensify the precipitation process of sodium aluminate solution and the precipitation ratio can
be enhanced by 3 times under the same condition. When Sy is 0—1.0 and the amount of adding NaHCO; comes to 151.2
g/L, the precipitation ratio is all higher than 80%. XRD and TG results indicate that the products consist of boehmite
and gibbsite, and increasing Sg or slowing down the initial rate of adding NaHCO; can improve the mass fraction of
boehmite, which gets the value of 80.4% with Sg=1.0 and adding amount of NaHCO; of 0.21 g/(L-min). The boehmite
and gibbsite particles are inlaid together to form aggregates with Sg of 0—1.0 and NaHCO;. The sand products can be
got by gradually increasing the amount of adding NaHCO; in the precipitation process.
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Table1 Experimental conditions for sodium aluminate solution precipitation

Experiment No. p(ALO3)/(gL ™) MY Sk 6/C Ry/(g'L " min ") t/h
0 101.7 1.5 1.0 90 0.00 6
1 101.7 1.5 0.0 90 0.42 6
2 101.7 1.5 0.2 90 0.42 6
3 101.7 1.5 0.4 90 0.42 6
4 101.7 1.5 0.6 90 0.42 6
5 101.7 1.5 0.8 90 0.42 6
6 101.7 1.5 1.0 90 0.42 6
7 102.5 1.5 1.0 90 0.21 12
8 102.5 1.5 1.0 90 0.42 6
9 102.5 1.5 1.0 90 0.84 3
10 102.5 1.5 1.0 90 Increase(0.21—0.42—0.84) 7
11 102.5 1.5 1.0 90 Decrease(0.84—0.42—0.21) 7

1) Mr=n(Na,0)/n(Al,05) in solution, R,, is adding velocity of NaHCOs;.



9520 FH 12 0] s 48, S8 WSIN NaHCOs SRALSR IRV WMt — K Ban 4 2447

(a)
0.8} Increase
=
E o6r
g
of 041
0.2 1 1 L 1 L
0 20 40 60 80 100 120 140
myf(gL™")
(b) Decrease
0.8F
=
_os 0.6
e
of 041
0.2 L . 1 1
0 20 40 60 80 100 120 140

m],.-"{g.'l," )

1 BURVS I NaHCO; 3% 1) 5 =X
Fig.1 Method of changing addition rate of NaHCO;

1% ALO; 18 B 5 JEWH P ALO; Bl b, 4 it i
t1 1T NaHCOs [ 3 530 (K AR AS 7 8 2254k,
JIT LA i e T a5
n=100(mg—my)/my (1)
Kby WEBREEREE, % my KSR
BRI RIS, g my MRS B R A
LB TR, g

H T A NaHCOs VORIV I, 51 NS 8L
(SR B TR N 1 NaHCO; Jii i,
gL YA Ry (NaHCOs VAR IV s, B8y s i
N AR IR ¥ NaHCO; i it 5 g/(L-min)).

1.3 EREm A%

(IR A HT SR ] Dmax—2400 % X SR 4B
(FHARB2E AR, Sl r= ) s 4 2k 2 R ] ZRY 2P
Sy T A 52 (R RSP ACRR T, R 43 BT R
LS13320 BUHOGRLE 73 A A (35 [ DL be 2 — R /KR 2
), FES MR TSM 6700F 437 % 5 L1394 5 4%
Bi(HAHBTAH),

2 HR5E

2.1 NaHCO, MaE& s R 57 R8I 520
LEANR] A RS T AIFFE N NaHC O, X 5H 1R B4

WA A, A R 2 P, HIE 2(a)n]
FNCEK D 5 A 1 P RES 0 F16), NaHCO; 1 LA
FHPR MR, AE Sx=1.0 M# 6 h )T, M RRILF|
87.9%, LEAHIRIZAT FEARM NaHCO; N4 T 3
1% o tH &1 2(b) ] LATF H (S50 4 5 2 1 IR 1~6),
H 5E NaHCOs [ INEE%E Ry N 0.42 g/(L-min), §hFh
ZEL Sp £ 0~1.0 YU N, NaHCO; X 43t 1) 5 i &
A 24 NaHCO; 8 I m, AN T 50.4 g/L I, Sy
R, MRy, 154 NaHC O, 3 Il it my, 1] 75.6 /L
L T 8T S 0~0.2 I, MR EURITH R, A
10%42 = 2 50%7c A7, 1 HAD Sg B (1953 fil 2475 LA A3
AR IE . 1 NaHCOs ¥ Il my, 4y 100.8 g/L I,
ANF] Sg NI REFRIR, 25, k% NaHCO; [f14k4:
N, o B AT (38 R 38 0, 45 NaHCOs %3
omy B 151.2 g/L I, il m T 80%.

AR AV ) A A AR AT b2 — AN R4S B T
AR, RNVEARBAH T S TR A B A, oW Bk

100
(a)
o BT e—Adding NaHCO,
S =— Without NaHCO;
g 60F
=
2
s
a 40F
o
£
20
0 2 4 6
Time/h
100
(b)
a\‘f 4
E r”/\'\—)
= + y
5 60 =—m=252 g/L
E_‘ e—m=50.4 g/L
2 40Fa— m,=75.6 g/ !
b v—nm,=100.8 g/L
& *—m,=126.0 g/L
20— m=151.2 g/L
4##fr”’7H#HTH#A

0 0.2 0.4 0.6 0.8 1.0
Sk
B2 &R RSN AN NaHCO; W45 R U R 2 1
A0
Fig.2 Effects of adding NaHCO; on precipitation rate of
sodium aluminate solution with different seed ratios:

(a) Sz=1.0; (b) Sg=0~1.0



2448 v A 4 2 AR

2010 4% 12 H

A A R BAT AN, 4 2 PRI AR 2 1 58 O
FABEFH DAL, S IA 43 S (¥ T e A0 ] e
PRI INTO, I NaHCO; B 5642 5 v
P2, ORI I B, A B T R, B R
W2k i FE, T LRI NaHCO; 1] US4 fif % i 35 48

F] o

X T Sp=0~0.2 (W73 i B, 40 I dl sl vt A
IR, AR SOV 4T, 4 ahid R
JUT-BA AT, DR BRI A o5 5 A it s 1] f ¢ T
kIR, FEURZMELL AR AR, B AR
FE AR/, Bfi%E NaHCOs IR, #5t
WRETE &, SRR AL TR T RS, bt
Mok [ AT DR A, 5t Lo KRS I, i EL AT H
() FURARAS N B LE AR, H AT AR (135 1 A
W B BE U2, BTHT AR AL AR FE R IR A v B
MO, oy iR T TS S KIB RN . 1Kl
Sr K 0~0.2 I, 73 fift F AR AUIC 5 R BRI s i) S I

2 Sp A 0.4~1.0 I, I INA— KB Al A R
WA EE TSR, LI S SO 2 AL, BRI RS T
W AR SRR RS TR i b, ARG RS, s
TKERERAT ditkes s it PR 22 v DA AL R s ok s A Bk %2
LA iR s . NaHCOs [FI4E FI 5 R0 T S50
Pemah ahEN Iy, B R o il R AT . )
s AT T ORI, BT H A R A A A
AREXESH, BrLlbEE NaHCO; AN 23 il 4 LA
SRS 1 A

FHOME T T, A A TR AR T IV & v T R
NaHCO; {233 [ Nk ifi sE e 45 i, 10— 7K RS AT dh il
CELFE 23 FR T N TR S R0 2 A OB b HE 1 D
ARG SRR SN, I NaHCO; Rl it
[Fi) 1 FH e BRI s L ) 3 R R

T E i P R EL Sr=1.0, 48 NaHCO; (1375177 2
WL MR BRI W il R, AT s e
i3k R P SE A NaHCO; [V IR mifh . & 3
Fis HAEANT] NaHCO5 %8 s 30T 1 73 Al 22 (S92 56 2
SO TP 1), 25K, fEfEE NaHCO; i
TR Ry VAN 0T 22 800 23 il 5 1, VR NI %200 0.21
g/(L-min) I (K20 L 0.84 g/(L-min)i 7 7%, A
A NaHCO; HJZS I my, 293 151.2 g/L I, IR g
4 0.21 g/(L-min). 0.84 g/(L-min) 7 T i1 18] 23 51l 42 12
H13 h, WA S B s o o il f g A2
PREIRNE NaHCO; S I AT, 7EAN IS I B A [+
FE AN 23 i e 5y, —H BT e (al38oh 7 h, i
JE O R . R, R 2R SO [ I R P A v
I3 E L NaHCO; s IN&A HHOCR, 1 NaHCO;

(3N RIS 7 3R 23t 23 R S WA AR 5 ey - fi e
TRJAN ] 3 Fs 1 o

(a) ]

80 1
= "— Rn=0.21 gf([.‘min)
9; a—R=0.42 gf’([.'min)
5 60 *— R»=0.84 g/(L*min)
=
h=
£ 401
=
8
T 20t

1 1 1 | L | 1
0 20 40 60 80 100 120 140
mp/(g'L"}
(b)
80+
"—Increase

§ 4 —Decrease
2 60r
e
g
g a0f
=)
(5]
2
~o20f

0 20 40 60 SIU I(IJ(J IéO I4|{)
my(geL)

B 3 NaHCOs; iy 2O BRI il 4 (R i

Fig.3 Effects of adding NaHCO; methods on precipitation

ratio of sodium aluminate solution: (a) Constant R,; (b)

Changing R,

2.2 NaHCO; X [E#8 7=4148 i B 82 Mim

Kl 4 B 405 RN NaHCO; I =4 (#) XRD i .
HE 4 W50, ZEARIN NaHCOs I, 204 ok — /K ik
A, HaR s BB A W WE s I NaHCOs,
W, PR R KRR A XA KA. B
NaHCO; 23 ¥ O VA e Tt iy, i R B e 1
RN ZIKEAER S i Bl

Kl 5 s A ] it 22 RS I NaHCO; %7 4)
() A0 R R S R s . B S(a)nl %, — /KK
B R =K A A I BT R 3 53 00 0 15.0% 1 34.6%,
IV I NaHCO; I, P10 i it e T % 2 ),
HARFP R E S MK, H 0 iR AR RS, &
5(b) o R AR YR A R BT I e A R, T B
A, KA E bR Se MBS KT . 2 Sp=0
I, PN =KARAT: 2 Sp=1.0 I, K ERER AT A



5 20 4 12 ) s 48, S8 WSIN NaHCOs SRALSR IRV WMt — K Ban 4 2449

Adding NaHCO,

Without NaHCO,

W

10 30 50 70 90
20/(°)

4 [P XRD
Fig.4 XRD patterns of solid products

1—AIOOH
2—AI(OH),
3—5x=0
4—5,=0.2
“25F5—5,=0.4
6—Sz=0.6
7—5;=0.8
8—Sz=1.0

Mass loss/%
|
7

3

1 1 1
400 500 600 700 800
Temperature/'C

1
100 200 300

Il Bochmite (b)
3 Gibbsite

100

80

601

40

Product composition/%

20

0 0.2 0.4 0.6 0.8 1.0
lS'R
E5 ARG RE T NaHCO; W =) T 41 2k % S 4 i)
AL
Fig.5 Effect of NaHCO; on mass loss (a) and products

composition (b) at different seed ratios

5 80%LEAT o YNHT S ATIR A IN &= A 2 I, NaHCO;
I AT ER BRI W AR A A AN e, K =K
EAZ AR, RO = KR A R R B R AT RS AL

&k 50~59 kJ/mol, 1 — /KA AT (RIS L BE RN Sk 89
kJ/mol, ‘3BT 2R B8N 7l b Hh ) =K R
BB FE, SRS I 2 SR I 4 o R 2
A LA EE 2 1 A KR s B O — KRR A, bl —
IR B b Sk 3 KM T
Kl 6 sk Sg=1.0 I 24 NaHCO; s 77 2474
(oA R AR . 25 KW, NaHCO; (W nJ7
AW =P — KB A& YEE
NaHCO; VR A R, I8, RIS, F=)rh—KERER
TEEZ, BN NaHCO; s i # 1,
FEA AR . AHIZ D IR NaHCOs 73 g Z FiiE
SEA A 0.21 g/(L-min) N P H BT, —K¥EA
TR AN 78.2%A1 80.4%; XA YE M NaHCO; 78 il
R FMEE RN 0.84 g/(L-min)i, P4 i,
—IKIREE A SR N 75.0%H 74.4%, Byt
— KA A RN = KA A (R 2 R s A — s R R e
TEAHHT B NaHCO; [V I 22, R b s ik % 8,
PR KRR AT B i . LRI NaHCOs ¥8 i
R, A R R R e, AR K

S 14 %&_‘.\;.
S 16k f,\:'\
-5 g 10 RO\
e E_]gh K""%.:-.:*--..._
2 S\, 200 | mRRES
z 101 W 460 500 540
ﬁ R, /(g*L " *min") *—g_,;’ Temperature/C
S |56 0.21
= ----042
“20F === Increase R
--=—= Decrease TS Zisss
_25 1 L L 1 L L
100 200 300 400 500 600 700 800
Temperature/'C
82
b
®) Il Bochmite
I Gibbsite
& 1r
g
8 N
E- ?4:5 I . I T
S 26f
2
=
2
& 22r
18

0.21 0.42 0.84 Increase Decrease
R, /(gL "*min™)

6  NaHCOs #s iy 068 Wi K 5 K 2L Rl ) 52 )
Fig.6 Effects of adding NaHCO; methods on mass loss (a)

and products composition (b)



2450 hEA SR R

AR AEAE, AE R TG A R A = KR A A
W25 PO Y, SRR A BT
ify Had R s i =K a2 . 25, Hrif
(K9 =K B AT ST AR DAy Rt — K B A iy P 3L ) 35
Sadh, FTLUR LG NaHCO; IS I, P4
SREBAE RN . R, RGN NaHCO; #s g
PN/ SR/ S /S ERes Y

2.3 FPEHIRYRLIE B AR

B 7 Fros RN NaHCO; S =L 5 43 A7 1K) 5%
Wi EHIE 7 WAL, BRI NaHCO; I 92 B A
HkEAR /N T 10 pm (R BURE B SR K H 60 um Z247, 1
VRN NaHCO; =y n 7 K RA2 KT 100 pm
(R, SEYSSIECQ %1 "l t i b 8 K
{ER A5 1EBER R e R 3 2L E vT DA B
RIORE . FEDRIEFEF I NaHCO; 2 7o 1l
FHPE T, AR B SR AT, DRI R T R4 KT 100
wm FIUR (19 T 8 o

2% 2 Py s NaHCOs 8 17 U =49 AR g
IMi. 2 2 WIS, NaHCO; %077 30l = ki
FE AT B IR o E ROV I FE FPE 2 NaHCO; %
DI Ry W, VS IEENS, = P 3RiAe R, BN
PR NaHCO; 75 I 56 LU 12 S5 Uk i I (K17 4 7 34 ki A7k
50 um Zid7, BUABE SIS NaHCO; IR g R, 7~
YRR /N T 10 um (R0 2RI 22 o T8 kR 3 A
HAE TR, PR ORI 43 At EE T NaHCO; 2
LRI R INTE A, IR TN IE R, PR A2 AT .
DR A G A ) 1 S R R B e e, R I
NaHCO;, fFil IR sE i, TR E /N RL, [H]
I 33K 2 R R 2R RSO 800 KUK i 75 5 DRI BB
PEL ORI L ) B ek A TR, BT LS
FEPAEAE KRR /N T 10 pm (0L, [R2Z, WIS
FHIZE S I NaHCO, I ATE AT 3, U4 R 4k
T LATE A ISR, Bl B RIEA T R0 43 5 1) T e
BT ARy SR G RORL AR R 22, s TR e i

3R 2 NaHCO; # s 2Ok i B 73 A1 (152 i

2010 fF 12 H
— Seed
. 4 --- Adding NaHCO,
£ |~ Without NaHCO,
8
ER
2 ’ \
g2 "
; I‘
= "
0 o N
1071 107 10! 10° 10’

Diameter/um
B 7 N NaHCO; X7 MPRi B 53 A (R 5% 1)
Fig.7 Effects of adding NaHCO; on particle size distribution

of products

RITFE DA R R O Ay 72 [ A (R AR 5k
HRETFU TR B o b it o e B S i I DR 1 630 CO, il 45
THIRI A A . W NaHCO, i inJ7 20A CO, S
i FEE A S 1A = A 5 T B A ARABL P A o

Kl 8 Fizs AN NaHCO; IN =¥t SEM 14, 1
2 H L A R B R R . BB 8(a)FI(d) T4, 525
RIGHEL, I NaHCO, I, B Sk T Kok, A
A NaHCO; ¥ 0 VR B T iy, i Jok PR 3 2 it A
AERIHES) F7 . BF(Db) (c)FI(d) W AEE NaHCO; 731
TR Ry 4 0.42 g/(L-min) AN [H] § PP R L Sk F =10
TS, DR A B T A it A R A — /KBRS A B A TR
BT A=A 25 5 o Se=0 W}, F=Hp¥ 0 —IKEA,
P SR AR FE AR A3 A fE 50 pm AiA s BEAE Sk IR,
FEY KRR AT S RN Y Sp=0.2 I, W] LA F|
miRL 2 NSRRI KA, A EDUB AR —K
B, it HAS R R A NS IE R, U0 SRR S
JEAE SRR R MY Se=1.0 I, PfERAAE T
2 /N (1) — K AR A R, =Kk A 04
. 25 BPTIR, ] NaHCO; SRAL S B4R VA W 43 ik

Table 2  Effect of adding NaHCO; methods on particle size distribution of products

o Particle size distribution/%
R./(g'L *min ")

Mean diameter/um

0-10 pm 10-30 pm 30—45 pm 45-100 um >100 pm
0.21 22.54 5.33 5.78 18.80 47.54 117.43
0.42 28.24 7.08 5.29 16.37 43.01 102.46
0.84 33.73 18.73 6.11 12.70 28.75 76.17
Increase 24.23 8.41 7.61 20.31 39.44 106.27
Decrease 45.85 11.56 7.23 15.41 19.95 50.22




20 B 12

sk 4R, SF: WSIN NaHCO; SALERIR I WM AT H — /K ER A 2451

B8 =¥ SEM 1%

Fig.8 SEM images of products: (a) Sg=1.0, R,=0; (b) Sg=0, R,=0.42 g/(L-min); (c) Sg=0.2, R,=0.42 g/(L'min); (d) Sg=1.0,

R;,=0.42 g/(L-min)

B, P AN T =K A R — K R AT A R LA £
. P FAY IR Sy SHR AU U

3 4ig

1) 545 BNV 00 Vs o o R o £ — K SRR A 1
A A NaHCO; 384650l , NaHCO; 51 kK
A AT . RIS, N NaHCOs fif
afEESEE T 3 A%, AR Sk £ 0~1.0 JEHE N
NaHCO; ¥Rl 0 151.2 g/L IN /i35 & T 80%, 15
JE Sr=1.0 I}, NaHCOs 73 11118 5 11 73 fiff 8k s o

2) NaHCOs 5 Ak 43 il R 790k — 7K B4 A F =K
A, AR A IR T Sy A NaHCO; A2 4R T B
(VR INIE R . Sp(0~1.0) K1k NaHCO; #EUAS N id %
g, KB A SRR, Y S=1.0 H
NaHCO; R I 24 0.21 g/(L-min)itf, —/KEE &
A F] 80.4%.

3) NaHCO; IS IIMEEE T K42 KT 100 pm Hi0k:
(T2, NaHCO; 8 i 77 2 A5 25 52 W P R RLJEE 43 A
TS G V% Ok 2 R = A R P AR A L SR P 2 A0 R
NaHCO; ¥ I & (1 77 AR T3 Bk = . 724

T 2K BRI = KR A A EL R A R 4L

Rik.

REFERENCES

(1] Heipsc, T S LEM). deat: s Tkl
#t, 2006: 162-186.

BI Shi-wen, YU Hai-yan. The technology of alumina
production[M]. Beijing: Chemical Industry Press, 2006:
162—-186.

[2] FILIPPOU D, PASPALIARIS 1. From Bayer process liquors to
boehmite and then to alumina: An alternative route for alumina
production[J]. Light Metals, 1993: 119—123.

[3] DASH B, TRIPATHY B C, BHATTACHARYA I N, DAS S C,
MISHRA C R, PANI B S. Effect of temperature and
alumina/caustic ratio on precipitation of boehmite in synthetic
sodium aluminate liquor[J]. Hydrometallury, 2007, 88: 121-126.

[4] MISRA C, SIVAKUMAR T J. Boehmite production by
precipitation from sodium aluminate solution at elevated
temperatures: US 4595581[P]. 1986—06—17.

[5] SKOUFADIS C, PANIAS D, PASPALIARIS I. Kinetics of
boehmite precipitation from supersaturated sodium aluminate
solutions[J]. Hydrometallurgy, 2003, 68: 57-68.

[6] PANIAS D, ASIMIDIS P, PASPALIARIS I. Solubility of



2452

hEA SR R

2010 4% 12 H

(71

(8]

[9]

[10]

[11]

[12]

boehmite in concentrated sodium hydroxide solutions: model
development and assessment[J]. Hydrometallurgy, 2001, 59:
15-29.

JOANNE L, CHRIS V, MELISSA L, GRETA B. Boehmite and
Gibbsite precipitation[J]. Light Metals, 2005: 203—207.

WACHI S, JONES A G. Mass transfer with chemical reaction
and precipitation[J]. Chemical Engineering Science, 1991, 46(4):
1027-1033.

LI Yan, ZHANG Yi-fei, YANG Chao, ZHANG Yi. Precipitating
sandy aluminium hydroxide from sodium aluminate solution by
the neutralization of sodium bicarbonate[J]. Hydrometallurgy,
2009, 98: 52-57.

WRJE oo, 1 5 B 5L B O 5T
St REF AL, 2005: 88-159.

CHEN Qi-yuan. Basic theories study of nonferrous metals——

Wk M), b

New methods and new developments[M]. Beijing: Scientific

Press, 2005: 88—159.

W ERE . R B VAR A R A R M. bt 3R Tl AL,
2003: 20-22.
XIE Yan-li. Seeded precipitation of sodium aluminate

solution[M]. Beijing: Metallurgical Industry Press, 2003: 20—22.
AR, S > S A B PR (MR S5 SE Rk 0], AT
4 )&, 2002(2): 16-19.

REN Yun-xiang. An approach to improve quality of aluminium
hydroxide in carbonating decomposition step and its practice[J].

World Nonferrous Metals, 2002(2): 16—19.

[13] AUDET D R, LAROCQUE J E. Development of a model for

[14]

[15]

[16]

[17]

prediction of productivity of alumina hydrate precipitation[J].
Light Metals, 1989: 21-26.

ZR, AR, AP, R, XA, RRKCE, TR,
Z= W, XNV ER R BV TR IR AL 43 A T 2 0], TR
A 5458 2741, 2003, 13(4): 1005-1010.

LI Xiao-bin, LIU Xiang-min, GOU Zhong-ru, PENG Zhi-hong,
LIU Gui-hua, ZHOU Qiu-sheng, DING An-ping, LI Ming, LIU
Ye-xiang. Thermodynamics of carbonization of aluminate
solution[J]. The Chinese Journal of Nonferrous Metals, 2003,
13(4): 1005-1010.

SEYSSIECQ I, VEESLER S, BOISTELLE R, LAMERANR J
M. Agglomeration of gibbsite AI(OH); crystals in Bayer liquors:
Influence of the process parameters[J]. Chemical Engineering
Science, 1998, 53(12): 2177-2185.

SEYSSIECQ I, VEESLER S, MANGIN D, KLEIN J P,
BOISTEKKE R. Modelling gibbsite agglomeration in a constant
supersaturation crystallizer[J]. Chemical Engineering Science,
2000, 55(23): 5565-5578.

FRMET . ST AR /> T 22, B4E, 1991(3):
7-11.

ZHANG Jiao-qing. Study on fine seeded carbonating process[J].
Light Metals, 1991(3): 7-11.

(4wl FHBLD)



