28 & 552 1 L5 Vol. 28 No. 2
2020 46 H JOURNAL OF SALT LAKE RESEARCH Jun. 2020

DOI.:10. 12119/j. yhyj. 202002013

R 3 B R T ML ARG R S T 5

e S UL B L 5 T AR 7 S 10y
EUNS S SRE- S N S S

(1. PEAHZREFELENFL, PEAHFRENTRESGHANAELEEE, F4H BT 810008;
2. HEHEBEEHATRESARNIEFRAF S, FiH HT 810008;
3. FEHEEBMR RS EEEZRE, FiF BT 810008; 4. FEAAFKAS, LT 100049)

W OEARBRHRRMANGRZTAEY G RINEL T RGBT, WAL R K IKIF 46040 & iR P T
AL GIFIRBREORHNELIBPLERNARE T IR, 2RBGERLE SR T RO P0G S8 LT Rk
T A BB B IR R B0 RN S B R TR T OAS B R BRAG A, R 44 BR 4R i pH
et ik, BREA KRR B LM 404N iRk pH =8, RO iR B 30 C, & & AT 16 h, Hit H ik &
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B Na, CrO, HUR I 1 Si0, . A SCE AT Nay GO,
LIRS, TUE T H, CrO, ik Na, CrO,
R TR 2 S 7 HL R pHL R IEIRE
7B T P HE X S0, 22 B A A B0 % Lo T
LA B il B e 19 Na, CrO, HB 3 JB Y, 3
KA JEE BB 5 1 Cr O, 72 it i

2 S

2.1 EEAFEMF

] : CrOy, Tl iy, 2858 — R H 45 s Na,
CrO, , 3ol KT H A4~ 1R A BR 2 W 5 Na,
CO5, Ml KAt b 2150 — s NaOH, 73 #y
o, R R iGRl ) SR T K O IR
TR FHR T 18.20 MQ + em) o

1% :SHZ — D R RK X E 2R, LT
AR A BR DT 22 7 5 SevenMulti 1 pH i,
HERF I —FE R 2448 (1) A PR 7] HH -S4
T E AE TR YR 80, S SR A AR A BR A 7] 5
RCT basic TR 1 438 4, 18 B 30 R 4 1
ICAP6500 DUO 1 45 B 5~ & i e i AX , 56 [ P e
23wl s Epsilon3 B X SO EETAN, 117 22 A4 R

VNEIR
2.2 ZWERESHAE

2.2.1 B RA

Na, CrO, FLf# W : 4 10 Va B8k Ak 2 A Ak
Y e YR A8 HIGE 2 A A 5T
W, VTR B 5, R G PR K 2 s S il g 0
29,153 Na, CrO, LW , >R FIAL 27 20 BT RN 2% 53
B e AT AL, Wk 1,

1 Na,CrO, f il il A K

Table 1 Main composition of Na,CrO, electrolyte
2H 1% Na,CrO, Na,CO, NaOH Al Ca Fe Mg Si0,
Wi/ (/L) 281.61 70. 17 40.60 34.78 x107°14.76 x10™° 22.60x107° 1.54x107* 638.00 x10*

H, CrO, ¥ Wi: FR L 250.00 g CrO,, & F
500 mLgE A Hr, HT IR £ B 7 K i, % A
500 mLAERN S, H I EBE Tk BERZE,
$55) . (NH,),Fe(SO,) i & 74T, e HEmf ik
EH4.948 1 mol/L,

PIF2 1 45 19 Na, CrO, HL i ¥ Na, CrO, |
Na,CO, \NaOH ¥k [& 2 27% , 43 5| H1 43 Hr 4l 125 i
il e )3 2 280 ¢/ L 7247 1) Na, CrO, 70 g/L Ze 4711
Na,CO, .40 ¢/L 45 ) NaOH V57 .

2.2.2 W Fk

Na, CrO, ¥ &£ 5% I (NH, ), Fe (SO, ) , 1% & 12 ;
Na,CO, % NaOH ¥ i 5% 1] HCI 75 W i 22 25 W 45
Na, CO, #1 NaOH g1, Jil BaCl, J5 HCI 45 ii% &
P05 NaOH Y Ji2 , 38 5 113459 5] Na, CO MR E

HLf W Y AL Ca Fe Mg, Si0, ¥ F£ % ]
ICP — OESIUE , I 5 25 5 BOSUREF- B8, U 5 2o
FEFE T ANAR B TE 80% ~ 120% 1 [l A, FR1iE
ICP — OES 73t &5 R iy Al Sk

Cr, 0, 7 4L R F XRF 23477
2.3 A%

2.3.1 A& LH

HER RS U R AR 9 2. 2. 1 45 114 Na, CrO,
HLfi# WL . Na, CrO, ¥ WX . Na, CO, % i % NaOH ¥
W5 E T 4 TR BEbR P i 1 ik
o TEARWITFER 0T 5 4.9 mol/L 1 H,
CrO, VA VR0 28 2 5 20 T o Jn 8 e AR b Y ook
PR AR H, CrO, 1 V000 T Jon T8 38 R 408 Pl ol
PRUEBERE P IR AE S 1) B PR A 3950 pH 3T
0 SR A AR TR TR Y pHL, R IR S S5 R 430
2] 4 AN TR) I VR i o it 2k
2.3.2 H,CrO, Btk s 52 36

H— 2 1 Na, CrO, BV, FEBEFE I SR F T,
] H R 4. 9 481 mol/L H, CrO, ¥, P47 VA TR
pH Z SIS (8, B T H 5 IR K, ik
N (BRI ) —BE AR i R A B — e i
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Si0, ZERFR,

(pi x Vi +p, xVy —ps x V3)
(pr x Vi +p, xVy)

Nso, = x 100% |

(D)

A (D), ng0, IR SI0, Z5BRA (% ) 5p, BREEHT
LI Si0, B (mg/L) ; Pp, H, CrO, %
Si0, HJE (mg/L) 5 p, BT S5 HLAR I P Si0, ik
J& (mg/L) 3V, B fik /iy i S WA AR AR (L), v, g H,
CrO AR B (L) 5 Vs BR 1 Jim L A T A0 1R A
(L)
2.3.3 Cr,0,89 % &

1E 2Bk Si0, )5 1Y Na, CrO, B fif i P A
(1 C, KRS B AC AR 5E 2 280 °C .6 h, Ik 1Y)
283 VR U T A TR TR BE AR T MR e, AR AR
Cr,0,,

3 FRSihe

3.1 HEMLZ
H, CrO 3 A2 Na, CrO, FLFEI Na, CrO, 759
Na, CO ¥R [ NaOH JRECIRAR LA 1 AR 2,
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Fig. 1 Titration curves of four solutions

R2 H,COFBIMAMFRE Na, CrO, B pH BISC R

Table 2 Relation between volume of H,CrO, solution and pH value of Na,CrO, electrolyte

Na, CrO, Hif# Na, CrO, ¥ ¥ Na, CO, NaOH %
75
/mL /pH /mL /pH /mL /pH /mL pH

1 0. 00 14.31 0. 00 8.90 0. 00 12.01 0. 00 14.23
2 5.00 13.43 0.10 7.82 0.37 10. 81 4.70 13.10
3 5.70 10. 84 0.23 7.59 1.27 10. 11 5.19 10.01
4 6. 60 10. 01 1.72 7.09 1.83 9.80 5.21 8.50
5 7.00 9.79 17. 86 5.59 3.10 8.94 5.28 7.63
6 8. 46 8.92 20. 50 1.30 3.37 8.55 5.72 7.06
7 10. 00 7.68 22.50 0.54 3.71 7.56 10. 26 5.59
8 43.00 5.40 4.21 7.06 11.68 1.27
9 46.54 1.29 13.18 5.58 16. 40 0.50
10 50. 00 0.49 15.08 1.30

11 19.13 0.53
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K125 T H,CrO, 75 W E Na, CrO, HLFIR
(HHZE 1) \Na,CrO, 5 (#hZk 2) \Na, CO, 35 ( Hi
28 3) DAL NaOH i (fih2k 4) id 2 FHig i pH 5
H, CrO W AINAR TR Z A 1 G 3, 3R 2 4 i 1 ]
1 4 2500 E It 48 6 5 L 83 S Y pH 5
H, CrO, /MR, T g i B rh R A i 2k
R I (1l

H,CrO, + 2NaOH = Na,CrO, + 2H,0, (2)

H,CrO, + 2Na,CO; = Na,CrO, + 2NaHCO,,

(3)
H,CrO, + 2NaHCO, = Na,CrO, + 2H,CO,,

(4)
H,CrO, + Na,CrO, = Na,Cr,0, + H,0,

(5)

XTREE 1 ORISR 2 BB, e i e th e 1 A]
1, H, CrO, 35 WM A FRAE 5. 00 mL 2ZHij, %
pH M\ 14.31 FEARH] 13. 43, A {05292, i 2 i 4%
ML — N EEIX, B H, CrO, UgRSEIA 75
pH P T %, 24 H,CrO AR 5. 70 mL i},
T2 M2 B3 05, MEEHA W pH = 10. 84 5 482277
I H, CrO, W, %5 pH 2L T F%, 24 H, CrO, %
T I 2 10. 00 mL B ¥R pH 25k iR B 2
ARSR A 26 L B Y 45 A, B A TR
pH =7.68 . AkZLiE M H, CrO, W, ¥ ik pH 2218
REARG, T 5 Ml £k th BR2E —ANF &, H, CrO, i A PR
FI7E 10.00 mL ~ 43.00 mL 2 [a], %W pH M
7.68 [ ik #] 5.40; H, CrO, fin A 1K B
43.00 mLA, %59 pH PR B, H, CrO 3 WO A
PRFIMN 43.00 mL #4105 46. 54 mL, %% pH M
5.40 B £ & 1.29; H, CrO, fin A & B8 it
48.00 mLA}, %5k pH A8 4k 2218 , i J5 pH # T4
FE T 2 A — TR

BT i ek 1 2 S HE 3 SR E
M AT X LY, 25465 3% 2 28, v UAR DU 45
o

1) Na, CrO,, FLff 8 175 2 M 4 36 AC 1 nT LU
YERHE 3 2% M £ 0 A, R[] a5 2 A4S
B 1 TR B

2) NF 2 %l mT LA FI By H, CrO, i % Na, CrO,
FL VR et P o, LA R Y NaOH (Na, CO, % H,
CrO, A, i M2k 1 76 pH =10. 84 1 BLAY 5 51

& Na, CO 8 H F, 5 W A7 AE Na, CO, — NaHCO,4
ZEuh,

3) 4 H,CrO, W0 it 8. 46 mL B 1K
pH >y 8.92, X 1o 1% 2 Hh £ th 30453 055 B A A H,
CrO, WM AE R 54 2 f H, CrO, 43 5 h Fl Na,
CO, % (3. 10 mL) F1 NaOH %7 (5. 21 mL) J14#E
H, CrO,, 35 Y 2 AH X R, H 4 17 F A Y 114 Na,
CrO, FEA B A B AL

4) 4 H,CrO, % i 2 10. 00 mL i, 3% & il
AP A, AT AT th & BT & iR
Y Na,CrO, \NaHCO, [f]f} 5 H,CrO, J2 i . 1RH
IR P A7 TE Na, CrO, — Na, Cr, O, . NaHCO, - H,
CO, I ZE MR R

5) ki H, CrO, i A & 1A Wi s, 7 W
Na,CrO, 55 Na, Cr, O, % & [ FLAE R W/, R TR
BRI Na, CrO, — Na,Cr, 0, ZZ ik & # H,CrO,
MR, W pH M\ 5. 40 PR % 1. 29, Bl f5 21
T S = A & IR AW WE A Na, Cr,
0, - H,CrO, ZZ 1A &

TE Na, CrO, HLf#I (3RAE ) o, fELL Na, (H,
Si0,) MIERAEAE o A H,CrO, i 2 1 A H
b 1,810, R A, i R LR (6) B
SEASCHRT 1 ] A i 22 R S A RO IR L2
B pH A 6, 7N [) 2R A 7 Y00 R P P Rk i e
XTI VR ) R A TR AN AR TR 1) o

H, Si0, >~ A, H, SiO, ~ A, H, SiO, A,
H, Si0, * . (6)

454 H,CrO, R AL Na, CrO,, FL - ik 2 i
2, AT LAHIKT 25 Bk Na, CrO, FLf% W H 1Y Si0, 1% pH
A HRERAE 7.5 ~ 10 Z 0], 4 pH < 7.5 B,
FLf# R A T Na, CrO, — Na, Cr, O, Z8 Wik %, H,
CrO, JHFERIE I,

3.2 BMW Na,CrO, BB fRE P Si0, EBEE

3.2.1 Na,CrO, ¥, fi#i& pH st 509 %5

H1 Na, CrO, H fff ¥ 1) 3 7 i 2 T 0, H, CrO,
RRAGHL A Y pH 4267 7.5 ~ 10 Z Ja], H, CrO,
AHFERR B o OB UETE E Ih 2k p 2521 (i€ pH
X Na, CrO, FLAF I T Si0, 2 BR B S2 0 , $25 1 52 17
HEE Sy 70 °C S f(a] 2y 16 h 2544, % %¢ pH
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Fig.2 Effect of pH value of Na,CrO, electrolyte on
silicon removal rate

H &l 2 AJ 1, 7E H, CrO, 2 {6 Na, CrO, H fif
A FE, BEAE Na, CrO, HLf# U pH HYREAR, bR ik 56
R JF W/, S pH = 8.00 B, B ik R i
Ko A KE 1 ik 1 o] A, & f# W pH 7F
8.00 ~9.00 Hf, kST T Na,CrO, — Na, Cr, 0, Z& it
DX, SS9 5 W pH JH AR H, CrO, 8870 i
EERR A ME I ERE " Wl 1, 24 Na, CrO, HL fi# i pH
F£5.00 ~ 11.00 B}, &2 R A 1F FH LS & H,
Si0,~ 5 H,Si0, R4, & L ny — R W LUAH [R] 5 #L
BN =R M 2R, 2 LU R B .
£ H,CrO, 24k Na, CrO, S 2 h , i3 pH

T0F
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8
M 60F
1
&
5k
50p
45 [l Il 1 1 Il A
20 30 40 50 60 70
FRIREE /°C

3 RN P X B A AR B S

Fig. 3 Effect of reaction temperature on silicon removal rate

1£8.00 ~ 11.00 B}, p (H,Si0,~ ) (H;Si0, ™ AY ¥k
) >p (H,Si0,), K& H, CrO, By A, p (H,
Si0, ) B, REMR SR G 3 BE1G OR, B ik 38 5 2%
W pH =8.00 B, W p(H,;Si10,7) =p (H,
Si0, ) , kMR A5 3 FE i K, BR B 58 e K5 4R SL R
16 ,p (H,Si0, ™) AW )N, fE IR 55 3 BE W/ , B
FERI/ N

3.2.2 BW iR JE AT, MRk T AR B0 % vh

il Na, CrO, HL % pH h 8 | S5 IV i 6] 2y
16 W28 F T, 25 5 SO I B2 X B Ak 8 1 5 0, S50
R ILE 3,

HIFE 3 AT LUK Y, B b Si0, 1Y 25 B 4 b
SIS R T i MR . 24 EE S 20 ~ 40 C
I 23 it Tk 32 v e AT B8 O 5 MR8 Dy 40 ~
70 CH, BEAE I EE R T m , B Ak R B R, R
TEZ R T BRAE SR B, I AR5 SO IR BE
30 °C. A SCHRHRIE , 15 EE T, Ak R B H R v T
HREE TR R A AR RO [ R A 2
R AR 2R T A A AL T R
fRZ I ) [ Bk 32 R kR Rl 2 A7 R 2 AR R
Wi, FERZ IR ILAF 2T, R A H, CrO, 1 %
Na, CrO, H ¥ pH Z2BR HL AW SiO, , B ik 8 B
TSN T e i AT o
3.2.3 BB A) A o AR P Ak 2R 04 R

2 il Na, CrO, B3 ¥ pH 24 8. 00, S W il J& 4
30 CHAMET , HEFE NI ]G] L v R e 1 52
Wiy, 4 R LI 4

66 =
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T v

BREER /%
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Fig. 4 Effect of reaction time on silicon removal rate
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p P 4 AT B O Bst ] A E K B AR I
REFRWIE A, 5 52 B i [E) 2k 16 b, F A v R i
TR, LR R R A DR
eGSOV R T 16 h, fERR SR
HUikE R Toe 4 . Nt H,Cro, H A Na,
CrO, HLfFWL Z3 R Si0, 2 i I [] i 42 il 75 16 h 22
Mo
3.2.4  FEAFik AT AR IR AR F AR

Na, CrO, H1 f# % pH 4 8. 00 | 2 )i i & A 30
C, B Epn P10 AR VR R A 2R A 5 ), 45 2R L
K5,

SN ES IR o1 N R =i & ST i by NG R 8 S
REFRSEIG R E T P42, i B i i 300 rpm
e ST b IDONEN (8 R = RS ZS IR S 4
M, FE Ak R R G ok B b, d PR B W Oy T A
RN o Ty TR PR R R ik s e, (T R
BB BE R IN 5 3 — T T N OR8] B A SR
AR R 3R G B Je E AR 3 AR
FH SO RE AT RERR RS 3R, BREERIE
3.2.5 H,CrO, Ba At ¥ i i ik a3 2 35

MAHE i pHL L 5 07U BE 0 B[R] K ot
W 4 A RH RS EE R0 A, H,Cr0, 3
WD Na, CrO, HL i M 2 B i W vh Sio, 1y p ik
AR IR AL JS B A W pH = 8. 00, S ) i
JE 30 °C, 2 B[] 16 h, 45 3 B 300 rpm,
TE R Ak 45 18 7T %) F i IR R S 50 45 R I
%3,
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66..
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Fig. 5 Effect of stirring speed on silicon removal rate

R3O BREEFTS AR IR N LR T BRI TR AN
Table 3 Major trace elements in sodium chromate electrolyte

before and after removal of silicon

it/ (mg/L)
Fe BreiER/ %
Al Fe Si0,
1 13.86  25.68  913.88 -
2 0. 00 3.72 198.87 75. 64

&3 P 1 Na, CrO, LRI, )75 2
h H,CrO, FRALBREE J5 /Y LRV . 7% H,CrO, R 1k
BREECALZRAE T, Na, CrO, U P AY Si0, KRR
KF 75.64% , B RE S R R WP SIO, W E N
198.87 g/L, 454 MR 2 50555, H, CrO, 2 1k
BRiEvA RERE Na, CrO, HL AR 1 Si0, 1 2 FEAIL R
200 mg/L AT, RS %& B H, CrO, 1 #l% X Na,
CrO, HLf# RO Y AL BN Fe HAT [RIRER) Z2BR1EH
2R AL B 25 5553 100, 00% , Fe ) 225 %
4 83.79% X J& K s Y AL F Fe #n] LIAE
B i AR R R R S R TTREAT

3.3 Na,CrO, BB EX Cr,0, FRRENE
fg)

PLFR 4 I BRAETT IS 1Y Na, CrO, H A J
A TEARTR A S50 26 T, SR IR PRGE i — e T
‘Eér&ﬁ'J% Cr203fzﬂ% ,Fﬁﬁlgﬂjﬁm‘%@o
F4 BREERTIEAY Cr, 0,7 4 1K
Table 4 Composition of Cr,0; products before and after

removal of silicon

T/ %
5
Cr, 0,4 Si0, Others
1 98.98 0.43 0.59
2 99.43 0.05 0.52

F A4 PP 1 BRI LR A5 Y Cr,
O, 7%, JT 5 2 R BB S 1Y R A B 45 1) Cr, O
PR 2% 4 BUE R, 2R A [ 0 7K BG4 S — e i
BB AT, BREEJS 1Y Na, CrO, H ff W 1 4 1)
Cr, O, ZFE W 4 1y, FHASBRAE 1Y 98. 98% 44 1wy %]
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99.43% , EE HAFHR AL BUR 9 Cr, O, By 4l 5 22
R(=99% ) 5 I Si0, & WL R FEAL, th EREERT Y
0. 43% M%) 0. 05%

4 45 g

H, CrO, % FR Ik Na, CrO, HL i 007 72 il 2648
/R T Na,CrO, U 5 H, CrO, 4 52 AILER, X iz
febRE pH 82 SR AL TKHE . H, CrO, Rk &
I Na, CrO, HL i ¥ Si0, 45 7% J5t 4 Ak 25 1
il HyCrO, FRALJ5 W pH = 8. 00, 2 [ it J&
30 °C, RLEAF[E] 16 h, FedEiE 300 rpm, FEIL S
£, Na, CrO, H ff# ¥ 1 1Y SiO, ¥k B B AL =
200 mg/LLLF e Al Fe 45 & S A7 2% ot [7] :f
BR800 % LI 1o H,CrO, MR AL 1Y) R R 7K
PO JF— 155 R 4R 5 i 25 1Y Cr, Oy 77 i 21 2 Oy
99.43% ,IFIGURIZL Cr, 0, 8HFEZR (=99% ) .

RICAEARGI AT B EY R R T, 2
T Na, CrO, M W AL R 2= 09 H /Y, A R T4 77
I FE PR E I, BIF 5T 2 S0 02 2 % Ak L A AL
s B AR 0 7L AR A B A A a0 R S P A
Mo
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Removal of Silicon from Sodium Chromate Electrolyte by
a Chromic Acid Neutralization Method

YE Xue-mei'**, TIAN Sen'** | DONG Ya-ping'*,
FENG Hai-tao'*, LIU Xin'*, LI Bo'*, LI Wu'"’, ZHANG Bo'?

(1. Key Laboratory of Comprehensive and Highly Efficiens Utilization of Salt Lake Resources, Qinghai Institute
of Salt Lakes, Chinese Academy of Sciences, Xining, 810008, China; 2. Qinghai Engineering and
Technology Research Center of Comprehensive Utilization of Salt Lake Resources, Xining, 810008, China;
3. Key Laboratory of Salt Lake Resources Chemistry of Qinghat Province, Xining, 810008, China;

4. University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract; The quality of subsequent series of chromium salt products is directly related to the quality of the
basic material of sodium chromate. Soluble silicon in sodium chromate electrolyte obtained by electrochemical
oxidation technology cannot be removed from the system during the preparation of subsequent series of chro-
mates, which remains in the final products and affects the quality of subsequent chromium salt products. In or-
der to improve the quality of chromic oxide prepared from sodium chromate electrolyte,, we studied the method
of removing silicon by adjusting the pH value of sodium chromate electrolyte with chromic acid as acidifier. The
results showed that the optimal reaction conditions were obtained ; pH value of sodium chromate electrolyte was
8, reaction temperature was 30 “C , reaction time was 16 h and stirring speed was 300 rpm. Under these con-
ditions, the concentration of silicon dioxide in sodium chromate electrolyte was reduced to less than 200
mg/ L. The purity of chromic oxide prepared from sodium chromate electrolyte after removal of silicon was as
high as 99.43% , which met the purity requirement of pigment grade chromic oxide ( =99.00% ).

Key words:Sodium chromate electrolyte; Chromic acid; Silicon; Chromic oxide



