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FAAER ERHE B EVRT BRI K Rl . R BRRR AR i 45 7
FE KL LZRMEELZ . KELZH LR EAL
PONBURRER ; WL T2 X oy NI YEAR RFIBR R R
FR A & LEAOK R AR, Bl R G2
REATEWNaS A R) . R (KOH) R B 1 A AL %
(NaOH) = Ffi. AJLLE H, IR LTy 35 R AE s 2 264 T
SRS . H0, B A ATIK Sh™ bl Sb™
1R BFEBRIR AN i, S PR IR LR LR 1.

12 KETZ

T ER BV SR T2 E SR Rk 26 1 F A R v A 1
LJRBE Sb,05 HF BRI KL T ZT. Bk, &
JE SR A 5 i R RS R TR A JE N L 5
FEIRFE 1000~1300 CAE Sb* 44k Sb™; Hk, KM
PPN LK P bR LR AN JE VR 4 B, MR P
PR T H W B R B i (NaSbO3) . FHER AN AL
DA h s B A e R, ARSI B AL 45 711
THERE AT, B T2 A 2= AR R 5

H T el A P R R A A A RN A SR, B AR
NOy A H M A, AL dh i B2 A5 e ™
Bk, HANZTiE Q2RI

AR R

T VE R A R 2% o) % £ B0 R A 3 SR FH SR 7K i
%o B, MR¥E SbCls Z i T EiBRVEIYERT, &8k
YRHE Eh R S /U AGIR Y, AR BL SbCls
TE 2tk N FLIk, R SbCls &5 T K i PR
A3 R P NN NaOH {1 SbCls 7K fift /™ th FE Bh R BN
PP e ZJTEAT LA BE & SR B . R U RO BT 45
S EERRL, SR AN [R] JEORE N H A A R O R e
A AF B,

DA< Je B JEURHIRE, 3 7 SRR VAR P R ol
RS NEALH], AR SOCIs T LR N IE K],
15 AR R VA VA RS L SbCL VAT, ARG AN
AR SOCLs I DIEBRI A J5RE,  SbyS; B SR
S LA SbCls TR NI, TR a5 10 Dy o o i

1.3

F 1 R L2
Table 1 Summary of processes for producing sodium pyroantimonate
Temperature/
Classification Process Material Oxidant Chemical reaction
High )
Antimony, 3Sb+5NaNO;=3Na;Sb0,+5NO+Na,O
temperature .
Pyrometallurgy dati antimony NaNO; >1000  2Sb,0;+4NaCO;+4NaNO;+0,=4Na;Sb0,+4CO,+4NO,
oxidation
oxide Sb203+Na2CO3+4NaNO3=2Na3SbO4+4N02+C02
method
2Sb+5C1,=2SbCl;
Sb,05;+6HCI=2SbCl;+3H,0
) Sb,S;+5C1,=2SbCl5+3S
Antimony,
Chlorination Sb,S;+3SbCls=5SbCl;+3S
Acid stibnite,
hydrolysis ) Cl, 80 SbCl;+Cl,=SbC(ls
system antimony
method ” SbCls+2H,0=SbO,CI+4HC1
oxide,
SbCls+2H,0=HSbO;+5HCI
SbO,CI1+2NaOH+2H,0=NaSb(OH)+NaCl
HSbO;+ NaOH+2H,0=NaSb(OH),
. . . Stlbl’llte, SbQS3+3N32S:2Nagsb83
Air oxidation ) )
hod antimony  Air/H,0, 80 Na;SbS;+4H,0,—=NaSb(OH)¢+3S+2NaOH
metho
oxide 2Na;3SbS;+70,+7H,0+5NaOH=2NaSb(OH)¢+3Na,S,0;
Alkaline Potassium salt ~ Antimony HO 20 Sb,03;+2KOH+2H,0,+3H,0=2KSb(OH),
system method oxide 2 KSb(OH)¢+NaOH—NaSh(OH)s+KOH
Alkaline )
Antimony
oxidation . H,0, 80 Sb,0;+2H,0,+2NaOH=2NaSb(OH),
oxide

method
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ANBEH . %, SbCls ¥ H NaOH ¥ $ fil &
pH=12~14, M= i W 73 25 . B Al R0 mT
A R BRIR AN o ALK ARE AR LA [ RHE R
SEFNPE SR A, R L 2K, W&
JE R L R SR 2 AR K B R

14 SRAEWMEAER
141 FEEAE

AR EAAE T DL R DARR A0 B B A B T A A
WS e R, EER Ty MER. W,
AT SRR A EEEE Na,S Al NaOH VR &AW R iR
fEm AL Bh I VA MR O AL B R VA O, B
ARIE B BRAN VA AT il R BN Hy0, 3 S, UliE
PPN I PR R TR SR AR B BR R N s e, R
b5 R S ZE DA AR BRI AR AE, Gad Al
PRt WRAEAISE e A BRI e

TEEER I AR 2, I NaOH &K 1 Bi
1 Na,S HIZKME; MR I BRIR AN SA L fE, R
F H,0, 1B NEAFIIS SN [EAY 1~2 h, WHR =S
S U 2 7 B 1) 75 KK 150 h, ARAIFEs A, 25
EEAIE TP SR} B % AR R R AN e i, L
AR R EERL, IR FRIE S B RCRAEE I (R,
BT AT PR, SFEESRN mRE &, H
K 2 E A TR
142 #Eh:

YRR 0 ¥ ) R R R B R A A AR P 1 22 )
Hil & FEBRIRAN I TV G, ISR % IE T K
T, 75 KOH Wl A H,0, AL iReh g, 4
Sb,0; AL AR BRI B VA M T s ik, M £
BRIR N ANTE T KPR BT, 1) £ B0 IR B VA VR P im
NaOH, & A4 5 57 fife [ S 46 AR BRER AN , [R1IF KOH
A JFIR BRI AT, LR R 86 . KOH. H,0,
F1 NaOH yJ5ikl, il i E A IE AN 52 50 fRDTTE AN IS
PR AR BB o AR VERAA P R B A 1)
e, HAZ R B 5 i KOH Al Hy0,, fAAEAEF A
FE AN A AR K 1) ) 7
143 Bl E

B SE AV R O N R VR B AL BT, BRTE
NaOH ¥ 586 1 HyO, S A AR 1l B B R Bl
At H T SR s s B 2 A B AR I F i 1
R, (EF3 RBP4 Sb™ S BTk, MOEE KA [E
(77 15 ABR AL B0 R Bk SRk v R AR 1 Tl
B, NaOH. H,0, NJEKL, HA T2 Mk
A AE A s, AHR T O R RE R, A AE ™ 5
B AR IR AN A P AR i

2 HEREESHESEEARREL

2.1 AREIEET Sb-H,0 % ¢o—pH

WIS EL ) TARERE T Sb-H,O R g—pH
K, w1 TR,

B 125 CH p—pH EI(ER AL LG H,
TABTERR IR RIE IR R, B A AAER Sb
B AT R S ST AT i = F,
Ry pH<4.16 K, SbO; A A REM A AN
Sb,0s, WZOFT7R: 5 = Fh2& 4 4.16<pH<14.91 K,
Sb,O; 13 A REH A A SO, WZE@FTR, HHXE
M AT PLAE B KSb(OH)g 2K NaSb(OH)s b 545 26—
FURAE pH>14.91 W], ¥ fEERRU: 57 H 1 SbO;, It
G ETA TR A A E M SbOs , LB FTR, HH
o 2l AT PATE il KSb(OH)s 2% NaSb(OH)g 16 &4 »

1600
1200
800

400

p/mV

-400

=800

-1200
0

B 1 AFNEE T Sb-H0 & o—pH K]
Fig. 1 ¢—pH diagram of Sb-H,Osystem at different

temperatures

HE 1 150 CHI o—pH E(L k) LG
H, MIEETHEE 150 CHE, Sb,0s MFRE X4 /N,
SbO; I SbO3 HIFEE XY K, JRAMLOD. @
HOHBFRELD. OMONME, RITEAHF pH AT
XoF ISP FLAE B S AR, 150 B B e R FEE AN AT ARG I
LR AE ¥ pH fE, 17 HL AT A5 e RE3EAT (1 3

22 MESEERRELY

BT AL G & T IR AR s, RS 1% |
R RAEAER Sb™ 4 1] Bl S <Ak b, (=
B T30 75 R R R, AR R A R A 7 U8
gt SBT3 IR 3 B
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=Fhigte: AR IR AT IR A BT
LA QL B R BT AL DT TE Y FR BRI B s 28
A2 AE KOH 1A & H A U S L I Sb,055 5=
il AE NaOH 44 2 A ] S80S AU T B R BV VA VLD LIE L
FEBRIREN™ dh o N SR AT 2 AR B ERAN IR s A
TZHRELA 2.

3 HRETR
31 RRESEHMESLE

B PRAEAL R R FE S TR, B M
AbER BB FAAR S TR EAEAE AR, AR A
FNSEEAEAL TS h B R PR, ASCfE
1 I A A A R o A [ WS T R A
T2, ZTERIARE . IR A IR 445 &
=ATR, W 2 RO+@+G IR, RIS b2
SEHAETRIE NapS R, B LR QL Bh IR T
AHENERG SR R AN s A6 7 QT 7

FEBRERENS T, AL AT 2 R A5 S A B R R
BN

T, SEEAEE S TE NayS I NaOH JRA
WA R T S A A (0 B R N
WR: Fe15.74%, S 17.68%, Sb6.30%, As 5.50%,
Si0, 36.58%, ALO; 11.94%, Au 58.8 g/t. XRD i
A ME AL B 0 B AN 4 0 LARE BT R B 2k A7
fE. WITHFRE T S EEAR LS NayS 17 it 2
AR AU R : NayS i 8 R % 1.2, NaOH ¥ 20 g/L,
IREE 50 °C, WEEL L/S=1.5, JMNEFA] 1.5 h, $itdkis
F¥ 120 r/min, ¥E/KL 1.0, BHEERBEEN 0.20%
FEA, BERR HRIA ) 96.64%, ] Na,S it &% H
SEIL T MEACER S BRI B R . SRR IR R
531N 0.18%A1 0.47%, Ui HITE NapS B &% tHid #2
IS B RE | S N

HR, BEa[ANENRINEERY, RXEs
TSR H R0 R S A i B A ST A Bl v P ot
TEH BRI U e TN R SR SRR A A
T B 90 °C, NaOH ¥ 20 g/L, 4k 0.4 MPa,

Stibnite Antimony oxide Antimony white
! !
| |
Na,S ! NaOH NaOH i KOH
vy v 3 v v 3
[ Coordination leaching | [ Coordination leaching | | Pulping |
H I
@, @ i
Na,S i
v v v v
Na;SbS; solution Purificating | Slurry
T ﬁ—
: ® i
| !
| !
: NaSb(OH), solution :
! |
___________________ .' [
: |
A4 A4 v
l Pressure oxidating |¢— 0,
: T
¢ @ i
e ———————— S ——
F g | NaOH
i I f
v v
Crystallizating Replacement reacting |
. I
®! ©j
: ‘ .......................
| !
v v v
Na3$,0;-5H,0 NaSb(OH), KOH solution

B2 0 A AT & FR R R A M v A T 2R

Fig.2 Flowsheet of clean process for producing sodium pyroantimonate by pressure oxidation
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WA 2 h, $EEEESE 800 r/min. EALE W L& B
PR 2 0.092 g/L, BHIFTTIEHILF] 99.80%. &4
AEAEN T EAERE 80~90 CHY BN A S ALk
150 h, SFALSER B & 29988 1.0 g/L, BHIPTTE
REAMUA 98.38%. AHLLZ N, i S A2 K e FE 4 5
T A

ISP i) XRD 541 & 3(a) s, kAL
FEPIRRFE IG5 AL BRI N (4 T30 NaSb(OH)s)RFiE I
FRVIE, YHUTE =Y BRI . IR
AR R a, W] DU HOZ R BRI AN ™ i i 2 58
SRR EE AL BT YS22—92 — 2% 5 I i &2 %
R, HZ SPTHERERAKT 0.10%. FEEERIT
SEM W& 4(a)ffizw, WTLAEH, FEBRRBVRLEL 7040
B—, HEAERSTH 50 pm, SIFRHER LR TEAR,
FIEA RIS

2 RIS )

Table 2 Chemical composition of sodium pyroantimonate

Sample Mass fraction/%
No. Sb,0s Na,0 Sb** Fe,0; PbO As,05
64.53 12.55 <0.10 0.008 - 0.0006
b 6454 1255 <0.10 - - -
¢ 6453 1252 <0.10 —  0.0004  0.0002

a— Pressure oxidation of Na3SbS;; b—Pressure oxidation

dissolution; c—Pressure oxidation of NaSb(OH),

B, AR R IR BRISE TN 1.5 glem’
B, PREFIEEE 90~95 C e #hvid ik DA 2 B B AN 0 i
FRENIR & di i, VTR A A0 45 i 7 AR R BNl 7
i, A NayS,05-5H,0 HIE =T 98.0%LL .

3.2 HEmMESLARE

YRGB Eh v ) £ £ Bh R B N IR 8 HL0,
TEREMF . BT Tk HO, 4% & 5t B H,0, 7 81X
30%, AMUSBUCE A, 10 BAE R ZK,
AFITFHR G . Bk, ASCfEE S B A0
JEEAH SRR T2, i 2 d@+©%
B, RITE S KOH ¥ Hh A A U i S AV Bk A1
FEBARR VA I\ NaOH & 2E 5 73 il S ST Ie A 1k
FRBRIREN ™ i, UIVE S OR [BL N R A R A

DL GB/T 4062—1998 #r#EH1 1) SbyO3 99.80% A5
Bl VEYNBEFCIRE . KOH IRFE . VI [a] . 48040 Al
PP PR 5 TR B I R R R R s, e T

BRI T4 F: KOH #KE 2.0 mol/L, JH/E
110 °C, %43 & 1.5 MPa, I} [H] 2 h, #i#3% f 800 r/min.
TR W] LLIAS] 111.30 /L, BRFIIR HRA]
LLUIAH] 99.9% LA I, 56 7E KOH ¥R Hoin i A ki i
Sb,O; & F[ 1T,

f'\/_\
—

(=3 ~

=3 S S

8 o6 o&g8-= 5
© = ad Sedle I
(®) |

Ll A M M WA

1020 30 40 50 60 70 80
26/(°)

B3 A AT % AR BERR A i S AR ME XRD #E0f L

Fig. 3 Comparison of sodium pyroantimonate products

prepared by pressure oxidation with standard XRD patterns:

(a) Pressure oxidation of Na;SbS;; (b) Pressure oxidation

dissolution; (c) Pressure oxidation of NaSb(OH),

FEBR S B R 2 R AE — MRS 2
W E 48 h i, WS ES N ETHE. Ham
JF o B R R E, R RARR R B B
W5 33.46 g/L F1 5272 g/L. ¥ FEBAAHT
JE BT R, 25 SRR BRI A IR K S 1 4T
N KSbO;. 1 2 A B IR A A R Hh B B e T —
WREEIS, VW ety 45 i 7K 1) KSbOs A, 24
IR PR P AR 2 B Rk, AE Tl AR =i 2
EEEBIRHERN D EN AR

FEBRIRERVAMUINN NaOH VIVES” B IR AN ™
mn FEHI AN NaOH A E AFIRE K] 0.95. IRAE
60 C. I[A] 1 h FIHEPEEE 200 r/min. JUREF=HIHI1L
RS> AT XRD B4 A ILER 2 HRAE S b ATEL 3(b) T,
LB H, DUV P WAL 52 1oy PR BRI AN 78 4 — 3,
HAFEIE 5 BT AN (7 13X NaSb(OH)e) FIHRHIE I 56
WA, SO YN AR S, HAE B,
SK IS BT 0.1%. FEERRANE SEM {Z401F 4(b)
Fiizs, ATLAE 07 & AR B R AN = i T 3
WORIESSTHAER, HAp A5, KA AE 3.14~7.31 pm.
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B4 EHIRINK SEM &

Fig.4 SEM images of sodium pyroantimonate: (a), (a’) Pressure oxidation of Na;SbSs; (b), (b') Pressure oxidation dissolution;

(c), (c") Pressure oxidation of NaSb(OH),

3.3 THERMNMESLE

RESRE 11 Hy0, EALIEIIETE NaOH 1k R B 3%
H H,0, b8 A il s AR BH IR, I 4 Re A 12 anili s
TNHEAEREEAAE G & BRI ? UL GB/T
4062—1998 FrifEH ] Sb,05 99.80% A JEEL, EWILG S
PRI 150 C . %4 K 2.0 MPa. #it#:#F 1000 r/m
FIE] 2 h B, BRE AL ERIE 2] 98.31%. [H SRR
B ST e BARRRRE 1L.0% /04, X2l To
B, SRR N Sby0s.
A BRI VA RS R R R AR A 7 2] 4 AR
FREAP= b o PR B BRI IRRE S 2 e A, R
P Sb,05 AT AR T = FE NaOH IR PR,

PEHTE NaOH 4 Z R FBC 613 H — i s S8 AL ) % R 86
BN T 222, 1 2 hQ+C+@E 18, 14k,
BB EALY FURHE B E NaOH VAW T IE &35 A 8
DLV BARRANVERIC & A, [EIS, EYSE e |t
TR NV Hok, BN NaS i bREras
Jis e, PR RATE i e R R A AL R R
BN T £ AR ER R

BRI R AL S B S N Sb 44.41% 1 Pb
24.59%, FHERRET LU EA I A AT A7
TE o W8 R Z AL A0 B FE e, i
2T AR : NaOH ¥ FE 9.5 mol/L, L/ 90 °C,
Wi b L/S=15/1, WAl 2 h, $tEEHEEE 120 r/min. 26
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Table 3 Comparison of pressure oxidation process for producing sodium pyroantimonat

. . . . T ture/ . .
Classification Material ~ Oxidant empféa ure Chemical reaction Advantages
Pressure Stibnite Sb,S;+3Na,S=2Na;SbS; Hieh
i
oxidation of antimony 0, 90 Na;SbS;+4H,0,=—=NaSb(OH)¢+3S+2NaOH - .g
efficiency
Na;SbS; oxide 2Na3SbS;+70,+7H,0+5NaOH=2NaSb(OH)+3Na,S,03
Pressure .
Antlmony Sb203+2KOH+2H202+3HZO=2KSb(OH)6
oxidation . 0O, 110 Low cost
) ) white KSb(OH)s+NaOH=NaSb(OH)s+KOH
dissolution
Sb,03+2H,0,+2NaOH=2NaSb(OH)g|
Pressure )
o Antimony Sb,03+2NaOH+3H,0=2NaSb(OH),
oxidation of ) 0O, 150 Low cost
oxide Na,Pb(OH),+Na,S=4NaOH+PbS |
NaSb(OH),

2NaSb(OH)+0,+2H,0—2NaSb(OH)s |

TR 2250 314 75.04%F1 37.78%.

ISR T NapS LB 24 A & - T
Na,S H& 1.O(CLRAR S B /R & 1T, T 80 °C, WY
] 1 h, #HEEE 120 r/min. 15405 R 0B R P %
iK% 034 g/L LAN, BYHIMERTE 94.04%; H/bREES
SEZRUTHE, BEMIVUIE RN 1.92%. 1$LER A=)
XRD 3% 5& B 3 3 R4 AL

I SR R AU R R, i T R
ML EEMW R KM 150 'C, %JE 2 MPa, ##
P 1000 r/min, MBI TE] 2 ho S80S BRI FE
P22 0.53 /L, BEMUTIE SN 97.70% - UTIE X XRD
AR 3(c)Fran, ARG 5 SBT3
NaSb(OH) AFEIE e W) £, BB UTIE P~ N B R
BN FRERRRIARIAGE O R 2 R ¢, TTRL
B, BRI N,
an i e Ak B A & /AT YS22—92 — 2
MR R ELR, o2 SO IS REAKRT 0.10%. b
TN SEM AR AN 4(c)FioR, ATLAE Y, EEBARR ANk
FEY AR —, SFHRIEN 10 pm, FEERIRIME

3.4 MESNHIZEBIRMEEARIIEL

Zi LTk, RIS TTIE T LU 26 A i AR B
FRENT dh o N S A I o R BA IR AR AR B R 3
FR e BAREBRIR BAVA U AL, TR 2
A, RIBRESRTE 7SI 1] 0 T SRR SR
AT AR AN BN 3 P R N SR AL TR AN IR, 1 rilim
e BT AU TR SE I Hy0,, ASUAT KR LA
BT RRAS, AR R R AR RRIZAR, T Ly
K AR DT 30, AR K A 3R A A B

4 ZEig

1) RFEEEE TR Sb-H,0 % o—pH EEW, 5
TR E AT DU R B AR U SR SbT
P& HHTE =P A [R 4 25 o 1) % A B3R IR A 7= ot BN SR FH I
AT B AL G R A AR IR 2L

2) B AR B R A I R o s A Ak 7 e
HABRER SN, IR 90 CHIS /K 0.4 MPa i, &tk
i) B 150 h 4546 28 2 hy B A 7E KOH ¥ s
i, 4IRE 110 CHIE SR 1.5 MPa i, ¥
BRI E AT LLE S 111.30 g/L. TBRERENEC & A iUn
JESAARDTTE AR W, M RBE 150 C R4
JE 2 MPa B, BEIIUTIEZA 97.70% . HE A 4 1)
PR AN = s 2 B A B AT AR ME YS22—92
— MR R, R SHTHIE EA KT 0.10%,
n B SE R, N SE T AR 2 o
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Clean technologies for producing sodium pyroantimonate by
pressure oxidation method

LIU Wei-feng, JIAO Ao-bo, LIU Liang-qiang, ZHANG Du-chao, CHEN Lin, YANG Tian-zu

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The advantages and disadvantages of the traditional treatment methods of sodium pyroantimonate were
summarized, and the ¢-pH diagram of the Sb-H,O system at different temperatures was calculated and drawn. The result
shows that the p—pH diagrams of Sb-H,O system at different temperatures indicate that Sb*" can be oxidized into Sb>*
with oxygen gas at high temperature and high pressure. Therefore, a series of clean technologies for producing sodium
pyroantimonate by pressure oxidation in three different solutions were proposed. Firstly, sodium thioantimonite is
oxidized with oxygen gas at high pressure to get the sodium pyroantimonate product, the precipitation ratio of antimony
can reach 99.80%. And the reaction time of pressure oxidation is greatly reduced compared to that by air oxidation
method. Secondly, Sb,0; is dissolved in KOH solution by pressure oxidation to obtain a KSb(OH)4 solution, then NaOH
is added into to prepare sodium pyroantimonate. Sb,0j3 is completely dissolved during the pressurized oxidation process,
and the product contains almost no Sb®". Thirdly, sodium pyroantimonate can be directly prepared from Sb,O; by
pressure oxidation in NaOH system, but the Sb>* content in this product is still among 1.0%. At last, Sb,Os; is dissolved in
NaOH solution to get NaSb(OH), solution, and then qualified sodium pyroantimonate can be prepared from NaSb(OH),
solution by pressure oxidation. The precipitation ratio of antimony reaches 97.70%. The pressure oxidation with oxygen
gas in these two systems is used instead of the conventional agent of hydrogen peroxide, which has low cost. The
pressure oxidation method provides a new idea to the development of clean production process for producing sodium
pyroantimonate.

Key words: antimony; pressure oxidation; leaching; precipitation

Foundation item: Project(2018YFC1901605) supported by the National Key Research and Development Program of
China; Project(201806375047) supported by the Visiting Scholar Project of China Scholarship
Council; Project(51404296) supported by the National Natural Science Foundation for Outstanding
Young Scientists of China

Received date: 2019-07-20; Accepted date: 2020-01-20

Corresponding author: LIU Wei-feng; Tel: +86-13548654403; E-mail: liuweifeng@csu.edu.cn

(%5

JOM,

M)



