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Separation of aluminum and silicon in clean production process for
potassium dichromate
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Abstract: The separation of Al and Si in the clean production process for potassium dichromate was studied. The
thermodynamic calculation results indicate that there is no produce of poisonous CaCrO, when CaO is added into
solution. When the amount of CaO addition adequately and reaction temperature between 70 C and 90 C, the
concentrations of Al and Si in solution can decrease to required value. The main product is Ca, g3Al; 97S1.6402.56(OH)g 44
when reaction without iron residue, while it is Ca;AlFe(SiO4)(OH)g when reaction with iron residue. The exist of iron
residue can accelerate the rate of separate reaction, and improve the separation amount of Al and Si from solution. The
concentration of K,COj in solution has no obvious effect on the separate reaction.
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BRI AL, SEIL T 04 25 1 I F AR PR ER, I
R T B AT T U i R A EA R I AR 2 Tl
7

FEV 45 ER AR S AL I KoCrOg i T &1 FE
i KOH LBAHTE XAFAE, B0 ¥ Fe #4040 B
Fe,O5 JG#EANWEAH, Mg LL Mg(OH), A7, #5r
Si MBRERR SR CHE N, FRA BRI o VLS
WG RIE AR, BEHTAR B, Cr FI Al DUES TR 2L
R A N, E85 Si it N . IR
AT, RNV FEA /N4> KOH Bk R AL 2 B 1)
KoCO; HENAH . RIE, 4385 H R 1) KoCrO, A b 4%
W7 R RNERE . TEETI. KoCOs LA AL R Si 55
Ao Al TR EVEMRIN, 23 AR 2 KoCrO, HE
o, HENJR SR T F, Vg i & 77
Ky,Cr,07, RV ARG Al Si 28R A Bis 4 s
USRS S A BRI B TR, DI A iR
HR P R B

B IRALG A 77 T 20, Si AEAR IR R E v b 5
AR (SIOy 0.5 g/L), X 27 Al s 4, i
ALO;IAH] 2~10 g/L. B Al F T 5 IR 58 IR A in i s
A RS R AR ) T 2 J, I R pH R
HRR A ALDUENT AT o 0, & b vt Ao T
ST I AH IR PRI AT, B R ALRTK,CrO,
DEBRIRAE 2 A TR &7 [ — A58 (b 55 ok
17, WP R N 28 1) pH AE, BT AL L
AI(OH); MR ITIEMT th e (HAE Sehrius T 24
T AL ST AEERIER IR 2R, 23 KCrO, &5
mi A B R T B, A L2 KoCrOy, 4 i
Y B LA T . Dk, ARSI Y
BOKs AL Si BEFR, A B ARIESEAN 5 82 T 2 A EAT .
TERS SRV AP T 2R B B, 3 vk B K3
1N : KOH 150 g/L, K,CO550 g/L, K,CrO,200 g/L,
Si0,<5 g/L, ALO;<18.9 g/L, ¥l ® 70 g/L. &
HORBRAR B 5, T pHE IR AE, 2R HAth 7%

FEAAER B, PR T2, RN
PIEES AP CaO. KA HRIRES . /K-GiEa e Al
IKE IR RRAES A E MR INF,  RENE I BRI I Mt ik 2
SRURL i CaO eSS, AR S AR R IR N A
FSCER R DAL 1T B X VA v I ok B A b B AR e PR
Rk, AR S At A T, o kde
TR ERAFE R 5] N CaO HEATHRRERI RS - A FH AL
5(CaO) g 5515 P AR AR 2E AR PEAL B M 1) 5
BB AT, EE A,
CaO+H,0=Ca(OH,)

3Ca(OH),+2KAlO,+3H,0=3Ca0-Al,05:6H,0+2KOH

3Ca(OH),+2KAIO,+1Si0y+(3—21)H,0—
3Ca0-ALO; 18I0 (6-21)H,0+2KOH

TR SEIAITST T CaO RIS SN I) L f i
JE BRHEEAT KoCOs & i A5 R ZOM ik (i B 11 5 M X
RS R AR O B R A R R R
PEUN NI

1 XIe

11 ERFIEE
SR P R EORE: A B BT 2l CaO 7E
850 CHke 1.5 h 152]; il K0-ALOy3H,0; 43l
ff] KOH. K,COs. K,CrO, } K,SiO3nH,0.
SRR E WA 1 TR
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Fig.1 Schematic diagram of experimental installation

1.2 $BERSWAE

T SEHCH— E WEEALE KOH-K,CO3-K,CrO,-
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FUSi (R BEARA . KRIFVET T 25 T2, BORZG)
H SO WIS 1 g/L LUK, ALO, WRE 4% 1.89 g/L
LR

SIS e 2 T BB S AR DK e 2 R A G, 1E
100~120 'C FHtT.

VW K BT A5 ] AH IR AL 27 43 B R B ICP-OES



1190

PR R AR

2007 4F 7 A

(Optimal 5300DV, Perkin Elmer Instruments).
[ FHIAH 23 AR F XRD(X pert Pro MPD, Cu K,
A, 40KV, 30 mA)

2 HEoDHh

PR W H S A2 (AR IR, I S B fn ik
(1 gk A e 2 A s R T R R 0 B0 s R A T A
B, B AN RN
Ca(OH),+K,CrO4,=CaCrO,|+2KOH

O A G IR R B SR RS PR Vs ik
P 1 fnge 2 st

FAEE A 100 C, CaCrO40.5H,0 ¥M#IE 4 0.8%
i, BP 0.8 g/100 g H,0, H Ky, H:

CaCrO,(s) == Ca’" + CrO3"
[Ca®']=0.8x10/156 = 0.051 mol/L
K,(CaCrOy) = [Ca*"][CrO; ]=0.051%0.051 = 2.6x10"°

T4 e s
Ca(OH),+K,CrO,~—CaCrO,4|+2KOH

x [OH]? _K,[CaOH),] 55x10°°

= == = 3=2.1><10_3
[CrOy ] K [CaCrO4]  2.6x10°

P E 13 V2 R
[KOH]=150 g/L=2.68 mol/L
[K>CrO4]=200 g/L=1.03 mol/L

[OH"]*  2.68x2.68
[CrO5 ] 1.03

Wi BT, e BRI R

bk, Q= =697, O>K, RN

w2 RPN MRL(LL CaCrO, it)
Table 2 Solubility of CaCrO,

R1 AR LR

Table 1  Solubility product constant of some chromate
compounds
Compound K, DKy,
CaCO; 2.8x107° 8.54
Ca(OH), 5.5x10°° 5.26
CaSO, 3.16x1077 5.04
CaSiO, 2.5x1078 7.60
‘ \A
3 #REiHe
31 SiO, BMEFEAEMBRENEESMER

TS ALO; fAAERS UL R, 1iHE CaO ¥ i
XA R o BTl R4 W . KOH 150
g/L, K,CO;350 g/L, K,CrO,200 g/L.

2017 N VR E 90 °C, AN[E] CaO HRINE
TR Si0, ¥R BB A AR 4 . 2 n(CaO)/
n(SiOy)=1 B, ¥ Si0, 72X M. 5 h KT 1 /L.
1124 n(CaO)/ n(Si0x) 4 3 A1 5 I, ¥ Si0, [k
7E NI TF] 30 min IS RIATFEARE] 0.69 /L, (H Y. 5 h
JEflh 4 0.6 /Lo AR E AH XRD #5%(1& 3)50 7 nl 4Bt
A= B PA 04 1.5Ca0-Si0,:xH,0, Bl CaO #INE N
n(Ca0)/n(Si0y)=1.5 W RIAIIAR| kR Si0, (1 H . X
VLI CaO ¥ ek & n] R ORHE A (1) s I B2, {HL el
XRD i Al i nf AE HH, CaO i & A K& 1)
Ca(OH), fEAEF=1h, LT CaO MR, K 2(b)fT
7K CaO VIl n(Ca0)/n(Si0,)=1.5 I AS[A] iz v
JE R Si0, W BRI (A1 1284k .t T LA H,
16 50 °C R Si0, R VIE AR, 70 ‘CFI90 C
RV I AR R e AHAE RNV 5 h ST S0,

Temperature/C w(CaCrOy4)/% w(CaCrOy4-1/2H,0)/% w(f-CaCrOy4-2H,0)/% w(a-CaCrOy4-2H,0)%

0 43 6.8 115 14.7

18 227 4.4 9.6 14.2%°

25 1.89 3.7 9.1 13.9%

40 2.6 7.8 12.5%

50 1.11 1.6

60 0.82 1.1 5.7

70 0.79 1.1

100 0.42 0.8 3.1
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FEHRT 1 /Lo WA VR 70~90 “C RN
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Fig.2 Effect of amount of CaO added(a) and temperature(b)
on SiO, concentration of solution
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Fig.3 XRD patterns of desilication products at different
amounts of CaO addition
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Kl 4 FOE 5 Fros o ROV A 70 “CHI90 'C, A
1] m(ALO3)/m(SiOL) i AlO; 1 SiO, [ it fe: Hh )i
ORI CaO Mt BRAS A (1 S50 45 A o B HUBALIE HHk
4%, WJEWR: KOH 150 g/L, K,CO;50 g/L, K,CrO,
200 g/Lo AEASEIGH, by 1 ORUE B ES Ak SN 78 73 BEAT
AR IS Brias 0 o LU B L I 20%.. BRAESLA7 5000
CaO NN 30 g/L, & LASEE ARG S R ALO; I
JE 13.4 g/L, SiO, W 2.15 g/L M UG 0
Cay 93Al1 97S106402.56(OH)g 44> ¥ I CaO 1L 5 20% A K
Pl T AR m(ALOs)/m(Si0,) N ARHE I ER s
B, VA T AR CaO MR INEL. HHscie g Fnran, i
hn CaO MiAEAE 70~90 °C, CaO WM& 30 g/L, KMV
W 2 h [T OL T, 29 Sio, iTF% % 0.5 g/L LR,
ALO; Al F%% 1.89 ¢/L LUK . 2 At B Az Balii e =47,
w(K)<0.4%, w(Cr)<0.7%, P4 b 5RnE i ss
Cay 93Al;.97810,6402.56(OH)g 44 N CaCrO, A A ?'f:/fﬁ
[d] CaO BN, BE#E m(ALOs)/m(SiO,) T, SiO,
FRT G Bk o T i, X RN BT AR B Cag o3A4 97 S0, 64-

14} (@)
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1
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2.5 *— 622
a— 432
- e — 243
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Qe
w
5 1.0 -
0.5F
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4 JPLFE 70 THEANF m(ALOs)/m(SiO,) i - A4S ik it
Fig.4 Experimental results of different m(Al,O3)/m(SiO,)
solutions at reaction temperature of 70 C: (a) Al,03; (b) SiO,
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Fig.5 Experimental results of different m(Al,O3)/m(SiO,)
solutions at reaction temperature of 90 C: (a) Al,03; (b) SiO,
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FENV I EhA% R s AR 7 T S A E AL B, 4%
B AR S A s B A b R AR R N .
B AR S T R ik, DI Bk, ROk
kit Uy BRI KoCrO, AR #5711 — 5 i
RN, IR L AR S A PR A7 X 42 HE R B e
)5 o

TER N 90 °C L i it 70 g/L(SEFRE R
PR ). RN CaO 20 g/L(LAFRIGE 1.2 57 0) %
PER, JEAT TR CaO I BRERFERL W 1) 5200 . I
PRAUL I HOVB 20V FE k- KOH 150 /L, K,CO;50 g/L,
K,Cr0,4200 g/L. & 6 Fizr k4 SiO, %A 3.43 g/L,
ALO; RPN 5.19 g/L IHERREREBR AR I 7 Fis i
SiO, W% A 2.34 g/L. ALO; K%K 9.09 g/L I 4RAEN
BRACR . A R ARSI R IR LS s v %0, Bk
W RIAEAE T LU AR A M B B Y. (TR, B i B e T
TR R

(a)

5 e — (CaO-+iron residue
*— (Ca0

P(ALO)/(g-L™)
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0 40

e — (CaQO+iron residue

— *— CaO
O
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él
z,
(=%
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6 BRIEXT CaO it BRI ¥ 52
Fig.6 Effect of iron residue on separation of Al and Si from
solution (Si0, 3.43 g/L, Al,05;5.19 g/L): (a) AL,Os; (b) SiO,
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éﬁ' 6
= 1— Iron residue
=} 4l 2— Ca0
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Y
2 n
0 30 60 90 120 150 180
t/min
2.4, -
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20 2— Ca0O
: 3— Iron residue+CaO
= l6r
"
[=1]
= 12r
é.
Y 08F
Q
04F
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f/min
7 PR CaO M BRETE )R
Fig.7 Effect of iron residue on separation of Al and Si from
solution (Si0,2.34 g/L, Al,059.09 g/L): (a) Al,Os; (b) SiO,
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Kl 8 Iz k24 SiO, KSR 2.34 /L, ALOs N
9.09 g/L T A BB AR AE ) 1) XRD 1. 1 XRD 1%
A, ERRE AR BRSO CaygAlor-
Sig.6402.56(OH)oas » A ¥ A7 7E I B4R 1E =4
Ca;AlFe(Si0,)(OH)g, 1M H# TG CaCrO, 2.
U, RTINS bR AR R, R AR S B
BT ALO; 1 Si0, RS, 44 A2 i Cas AlFe(SiOy)-
(OH)g [ B I ANAH N 1) CaO BT

@) . *— Ca, g3Al, 4781) 6405 56(OH)g 44

10 20 30 40 50 60 70 80 90
20/(°)

(b) + — Ca;AlFe(SiO,)(OH),

10 20 30 40 50 60 70 80 90

20/(%)

8 A LKA AL N B B M) XRD 1%
Fig.8 XRD patterns of products reacting with and without

iron residue: (a) Without iron residue; (b) With iron residue

34 K,CO; & &%} CaO BiRBFEHISEMN

B9 sk S NEE 90 °C . ¥s i CaO 20 g/L 4%
PER, ANA KoCOs 5 SEXTAN N CaO Mt BRASAE (1 521
HEITTLUE Y, 32 KoCOs B SR XA Il CaO
Jid g B ReE 1 B m R K . B B BR RE T A 2
Cay 93Al; 97810,6407.56(OH)9 44

()

+ — Without K,CO,
o — 25¢/L K,CO,
+— 50g/L K,CO,

2(ALOs) /(gL
I

0 30 60 90 120 150 180

t/min

(b)

+ — Without K,CO,
20F o — 250/L K,CO,

=~ +— 50g/L K,CO,
=
S0 15F
é“l
@ 1.0t
QU
0.5

1 L L

1 1 1
0 30 60 90 120 150 180
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9 K,CO; &N} CaO ISR a e 1) 52

Fig.9 Effect of K,COj; concentration on separation of Al and
Si from solution: (a) AL,Os; (b) SiO,
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