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Synthesis of SbSbS, in tartrate solution and
its lubrication performance

YANG Xi-yun, DUAN Xi-tao

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

Abstract: Sodium thioantimonate was prepared via sodium sulfide reacting with sodium antimonate, and antimony
trichloride solution is obtained by hydrochloric acid leaching antimony oxide, then, sodium potassium tartrate was added
to prevent hydrolysis. The aqueous solution of antimony trichloride can be stable at acidic, neutral or basic conditions
when the range of molar ratio of sodium potassium tartrate to Sb®* is 1.7-2.1 and antimony concentration is less than
75.24 g/L. Finally, sodium thioantimonate solution was added into the stable antimony trichloride solution to synthesize
antimony thioantimonate. The effects of pH value, temperature, reaction time and washing methods on the antimony mass
fraction of the product and antimony recovery were investigated. Amorphous antimony thioantimonate containing
65.38% Sb (mass fraction) and 34.26% S, respectively is obtained, which can obviously improve the load capacity of
lithium-based lubricant.
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TS P R, A P R S ke A
Bl TR SRRSO, 774 HoS A AR P 4 R
. %Fit, KING WGP HI(Lm)S, RH
SbX3(X & Cl 8% F)5 NasSbS, Wl 1145 & e A U8R
W%k, WA T H,S RUCE S Ak, Hales BT
1% BB IR B = i, (EAE FH A WL, ok T
[P ) . HANKS 255056 KING 5 1807 T ik,
FIFHRE I AALES 5 NasSbS, 7ERRIE S T RV, A
A I FIRE SRS, B TR RN 1%0)
BRACEEIRES, 7 RILF] 90%. FHH E2&0 g FBE i
SR AN B SN A BRARER RN, AR R R
A R A R TR L [FI INF 22 1 i A\ 21| HC1-NaCl-
H,O " N A A BRAR B R B o X7 VB TR R BTAR
BRI MR I, HERGE R, PRRE

WL Z DA RN VE S A, RIS b
B RAERCA RN, 3RAF T A S A P AR E
(LA, TR B A R B VA LB N B9
W, LEFIHRE S T A R RS R

1.1 BE=MEHERHE

fic s HC1 524 10.13 mol/L, NaCl #J¥ % 5.30
mol/L ¥ 1 000 mL, HT5&EFIREKE, a0
NaCl Al FREL 400 g =S B I 2R,
PR, BRI AR RS 1 600 mL, FHBRR =i
WO, BHEN 210 g/Lo

N T PR SOTES A A ERUBR I I AR e
P, R A R A TR N B Rk () A B v
ANWrEFE, F NaOH [EA TR 5% pH (0 6.5, Bk
£ 60~75 g/Lo

1.2 FRHERMEE K

e IR AL BN R FE 4 3.57 mol/L Y 1 000 mL,
IIFAE] 90 °C, A 200 g BREREA, 1E 95 C MHiH:Ik
I 3.5h, RMVJERMGEIE, MRS EIGE T, 53R
B A BN A, RO AR PR A 1A AR I 1)
PrBRiR R 70~90 g/L IR W IRV T FE N
NaSb(OH)s+4Na,S=—=6NaOH+Na;SbS, (1)

1.3 FRHSERHHEK

H 100 mL 8RR FEHy 72.07 g/L FIBRACEAIR B
L 10.8 mL/min [P E NI E] 109 mL B 54 72.69
g/L M= b I b, RPN fET, &

VAR ZR pH AE BT, 24 SN pH B B g
MM, A5 IR IABRAC B R AV, I ZD & () 2R IR 1
W pH . SNTERUE, UE, PeEE iR E K
BRIREE, THEBRTTIERE . A i AR RRER 1
75 Rk

Sb’ +[SbS4]* =SbSbS, | ()

1.4 S5

SR 122 v il 7 Y0 7 ™ ot S JEURb B 5
FH R W 5 7= AR 2 i, SR EE B BT AR
B, 7 A AR AL X AT BT, e
HFHE BT, IR A MRS—10A RIPUBRAL I
¥ GB/T3142 i

2 FHR51R

21 ZRUBRRMTRENE
AR BRI b I R R R 2R 5 K A
PELE, KA SN 5 FE Pl

Sb*"+CI+H,0=SbOCl | +2H" (3)
4Sb*"+2C1 +5H,0=Sb,0sCl, | +10H" 4)
Sb*"+3H,0=Sb(OH); | +3H" (5)

MGV AT E . =SB & A K s A
SbOCI JiiE, ¥l pH EFFK. H5EH NaOH 45 =
FALBRR R AN pH fH, J8CE — B a5 52 5
BRI WOEA HIUTTE, W pH 2T %, L pH
EFFAR T BRI AR RAE S AR e ko ) = S0 B
WA RN, B A IR 5 = S B R
IR (V) LA B ik B 5 — S B i v e MRS . 2
BRARE N 37.62 g/L, WHATREIEN ) = S BE BE IR LEXY
WS EE LN R 1 .

F 1 [CHO 5 Sb™ BEIR LUK g pH {8 152 1)
Table 1 Effect of molar ratio of [C,H406]* to Sb*" on pH

value of hydrolysis
Molar ratio pH value of hydrolysis
1.0 <0
1.3 6.8
1.5 10.69
1.7 >14
1.9 >14
2.0 >14
2.1 >14
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M1 ATEUE H, AR 5 = SRR K
LEA 1.0, —SUBREE pH (H <0 BT UR/K AR, #E ik
AFaE: HEEREEIE NS 1.3, ¥R\ pH 1H 6.8 JTH
KA, VLB BRI RO AR (s MR R L4k st
BomE| 1.5, % pH 1 10.69 FFUR/KAE, DiRHE R
TERRYE VAN SGHR AR R AR s A IR
SAACBREE R AR 1.7~2.1 YRR AT SRA e R .
PERBRNE S0 N # RS B =M BRI . 0 [R5
H OH . ClIMI[CH,04)>, 'EfiTHfAE Sb™ B F K
B, LA IRIZEE CIRI[CHLO6 WRIE . W
pH (A FR A iM% & . POKROVSKI 2510
OELKES 2" W5y R 0, 7255 MRIE i o — = b
Wb, FEAAAEH Sb(OH)s« Sb(OH),Cl FI[Sb(OH);C1]”
3 FhEEEC A4 . TELLA 25 U2 H XAFS(X-ray
absorption fine structure spectroscopy) X} Sb,O;
C4HeOg SN I EATIE , S5 KW, BS54 R
RS4RI Sb 5 CyH 06 IR EE N 2:2, J&—
FRRCALECA 4 FIXUZECE ), g tXanE 1@)PTR,
ifi WIJERATNE “51PRaf sl R w], sty
Sb™ L S IEA T AT ik, Wk 1) .

_ - o. F
0 %f§? 0 0
o 0 0] %7§
0 /0
N0~ o oo
s Sb ~] I}
= 0 -
(@ (b)
Bl 1 [CHO6 5 Sb™ Bl & i i G M RS i 45 1y
Fig. 1 Normal(a) structure and abnormal(b) structure of

complex of [C;H404]* with Sb**

KT RS ClU, A [CH06) B, S
e DGR G LM RIS AL, BB A AR IE,
HEW P BB R — PR S EARIRC &4, A fRrili— Dt
FURIE.

H T RRA W PRI L = SR B KR pH (H1)
REM, FEWAT RN 5 =S BREE R LE R 2.0 0
JEK 80 CEAF T, AR = EALBRIR I In
[ & NaOH 15 pH {E, SR IFUH/KAMEN) pH A,
SEIREE RN 2 A

M2 ATLLEH, 24 S IKIE N 37.62~75.24 g/L
B, RS My, (ERbE. R AR R A K
AR, AT EAEH T A R AR R . Bl SbIRIE
B, EARRETERE, KR pH TR B
BL, BRI EE/NT 89.23 g/L, AT RN 5 =S AL

F2 SOTUREHHBRUK AR pH {E 5
Table 2 Effect of Sb*" concentration on hydrolysis pH

p(SH*)/(gL ™) Molar ratio  pH value of hydrolysis
37.62 2 >14
48.77 2 >14
57.26 2 >14
67.86 2 >14
75.24 2 >14
78.86 2 11.85
89.23 2 10.67

/RGN 2.0, pHAEAN KL 10.67, AT LAASIFR 2 1) —
AR

BC A P AR O R ] AR 7R Ay
28b*"+2[C4H 06 ==[Sba(C4H,04).] +4H' (6)

MIrRE(O) RIS, (EAIF] pH 2605 T, 54 R
AR LR A R S R (6) T AT REAT, A S BT R
G~ RN TR T KA, I hedem Sb>
WRRUE L. 2R 1 oS RARW],  E A RARE i
B, TN I B AR, T AR AEAR ] o JEE
IRECARAETR, R SO™ R EERTIN, )2 i 25 1) Sb™ ik
FEREI, AR T3)~(5) RN A AT, fEE Sb>
KA, T LA ST U IRV AR e M S AT

2.2 TAKEEREEEHI&

AR R BRI Tl R rh, R AR I S Bf
T S A R B N AR IR B . AR
BN (0 TR FH s T PRI B A Bt R 10 Jl i
SE PRI A, EMOARTRTR, EE ERERAR
BRI 2 LR T I B M PN R
2.2.1  pH {EXP BRI RS S b (1) 5

FEIRSE 23 °C, JkHEE 10.70 mL/min, $5$15HE
fE 250 r/min, —ANBRWE 72.69 g/L, BB
72.07 g/L, P 20 min [40E R, H%E T N
W pH AEXTERDTIE R A i S i sg ), JLgh
Kl 2 P

MWK 2 aTLEH, SE RO ETRE pH EHR
6.5~8.0, BEIVIHER N 97%, pH{HHEL 8.0 J5, Vi
RIBWFET, 24 pH AN 11 1, POEE R 65%. X
NIRRT, AR pH (EE TG R, UL B
A AR T B R NI, G A B R B 1 S B
IR R A SN :

KNa[sz (C4H206)2]+2Na3 SbS4:
KNa3 (C4H206)+Na4(C4H206)+2 SbSbS4l (7)
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Fig. 2 Effect of pH on antimony precipitation rate and

antimony content of SbSbS,

KNa3 (C4H206)+2H202KN3(C4H406)+2N210H (8)
Na4(C4H206)+2 Hzo:Naz (C4H406)+2NaOH (9)

J5 77 R (8)AI(9) S WA [CaHa O] A2 2 SIS AT 5
X, LA R R, KNay(C4H,06)F1 Nay(C4H,04)
EKBARERREATAE, RABEAKRAE N T
T A7 1 AR R G B SR o« I [CaHaO6]* BT Ji5 11D
AR SR TN, SO I R AN K A Al —
AN H R TFHICH06 BT, ERulA RS 1 L
PRI T BRI, 7K A AR B 1 N
MBS RS pH B thah, i Taftes
e T W T IRE R, W pH R, B RIT
TRARER IR B, 38 U I UTIE 2 T

P R T IR AORERE 62.5%~64.0% (it 4>
), 5 pHEEAWHERICHR, AEEE LIRS
K. SbS; TSN 71.72%, GACEARE P ELS
4 65.55%. WIARAEE=midb — 8, B e
HAT 65.54%, HI S B AmAE A4,
Ui B BRACEERR AN B AT R AL i o SIEUG 45 S UL A A R
FREFIRERT pH AN F2 1 1E 6.5~8.0 Z [A], (KT Iy [H,
TRAREERR AN 7 i A SR TR, P S R, A
AT AR R N R BE s pH E T 8.0, T
TR ARER IR A IR 28 N I, AR T SN AR ORI H
2.2.2  IRFEXVERTTIE A S T B 5

PE I pH EA 7.3, JiEBEE 10.7 mL/min,
PSS 250 t/min, HEFEETE 20 min, —ANERKE
72.69 g/L, TiMNERIREE 72.07 /L (&R, 8Tk
O30 55 S BT R B T R R e, LA
K3 iR
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Fig. 3 Effect of temperature on antimony precipitation rate

and antimony content of SbSbS,

M3 FTRAE 1, BRI TR, BRTIER N
B, FemhhER S RS . AHTIAh, T2
JTCPRTIE fidf FEE A 2 B v AR RS (R B i B I, 45 st
FERR R IRI/K A R 590 E,  BRACER RS vl et B A
KV, P SEEhUTE R TR, HNE 3 A,
HEEEM 23 'C EFHE 65 CAAT, BRUTIE R LK 4%,
[IREHL, Bl SN ZRIR LRIy, b A A T
(P R FE A N, Pt A= iR 1t ol P8 4 s i A
B, AHRCRIFA
2.2.3  BRAREEXTUTE A ik B B 1 5

% pH Ny 7.3, WIEHR 27 C, RHEEEA 10.7
mL/min, HEFEEE K 250 r/min, HACBRINER S =
W BRI BRI FEAR RTINS, 2582 B0 R B0 B I v 38
R, R 4 PR,

105 70
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Fig. 4 Effect of Sb concentration on antimony precipitation

rate and antimony content of SbSbS,



532 A G A R

201442 H

SN DRI N 33 o/L 3803 73 g/L, BhDiE
HASFEARORFFLE 97% HAA G, =Pk & o1
SN ESE IS R 08 . H T R (7)Y,
HEEARPR, BRACEE IR T LUAE G, 2 O R
HERIREE,  AH IS [R] P9 = A2 B0 22 i A=), PiE i
PRGN B rh, LR & & . 78
SNSRI RBP4, BAIRIDTTE
&gy )T LURHE X (10) K 1157

g&)=(1-5¥§h]x100% (10)
Psb
e pg, 1 pgy, 7350l 27 IV Ji Ve HH B 1) 1A 9
JEE TN = A B B A B TR v v i Bk i . K
(L0) AT A, i AN ) JRORRA 25 A1 1 1R s VLI~ A 9k
% ps, AHIRL, BT CLER BRI00E 26 [nl B A N A0 R P58 T 34
e Sy—Jith, T pg, AR/, BFTEABR TR
il 5 N AR BE AR IEAN K
224 Pes7 FO0 P BRI

DL S AF SIS R 45 U AR HkL, pH Y 6.5~8.0,
PFE Y 20 min, BERUTIERATIAR] 97%, (HFTfH ™
an VR RLI I T I ER i, OV AR i
HHEEm, (EURsmd R R, el kB m, ok
K pH {EAWI Ty, BEKEUEEH AR B, 130T
TEY AT LI s Rt N, RAET KA, AT
e e 88, KK ICP-AES BE{T /00T, 2%
FUCERI T3 3.

R3 VUKPHELIUCRIRE

Table 3 Concentration of main imparity elements in washing

water
Element Concentration/(mg-L ™)
Sb 1.5
S 1.6
Na 22.7
K 46.3
Si 0.3
Ca 0.6
P 0.1
Pb 0.1

MW 3 HTLEH, Pk EAE. B BRI,
TR S EREE R LR 4.06, HEREBIREN IR S B LL
T, WA B AR BRIR AN B A 5245 IR N,
WA — o BEUTEYIES, (ERGTE fE R, B
FREETR AR AL T4, BT 4 UoKsE, 7o iheh o &
IR 64.5%.

AT R AT, BT KRS,
FHHANE pH B ROFG SRR VGRS, SR )5 RKERE = 1,
PTG ik S LK 4.

F 4 KUE pH A i S RS
Table 4 Effect of washing pH on antimony content of SbSbS,

pH value Mass fraction of Sb/%
2.0 66.47
2.5 65.93
3.0 65.38
4.0 64.58
5.0 62.50

MK 4 WTLVE L, BEAERYE pH (X0, 7 e
Y. RUE pH AR, 23 BB i
Na;SbS, 151 S N ) 5 RE AW T

2(SbS4)’* +6H'=SbSbS, | +S | +3H,S1 (11)

SN 77 RE (L) A4 el A 7 4 Ay i A R P
AU, RSP BTS20 SbySs 1 IAH
i), #2& 60.35%. fi [l A4 A0 R Bl i) 1 Kk
Na3;SbSy9H,0, BB/ 84 25.33%, FrLAHIRE
WU B B B T s BRUE pH e, BAREh
BN FRANSE A, RAREF=h, S EERY =AK
MPRYE pH (EHA 3.0, 2B BN 65.4%, ZifE
L=

MG DL FSRIG a5 R, e G s pH
6.5~8.0, B BRI AN RN 48 S BRI BR IR N 65 g/L,
AT A o A S0 A% T o % (R A PR
AT TR B B BRI BT, iR S.
PR RS RN 65.38%, BTN 34.26%, BT
/DR Cy K Fl Na, XEE503 BT ARG I .

=5 BUCBRRER M E R

Table S  Analysis result of antimony thioantimonate

Element Mass fraction/%
Sb 65.38
S 34.26
C 0.09
K 0.09
Na 0.05

23 PEEFEE. XRD K HAELE AR
X5 1 AT XRD Fil SEM 401, High 3
mE 5 6 Frx.
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Fig. 5 XRD pattern of prepared products

et s
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Fig. 6 Particle morphology of prepared products

MK S FTUAE P HRBURIAT S, BoR
H BRI TR, 22 B ST A7 R i A 45 4,
M TCE TEAS I o %A I SRAT S U - B3 AT 71 20
g 50, 17°, 25°, 32°, 53°1X 5 M Sb,Ss HUfE 23°
BT — AN RAT 0, JABA B HIA s 3 MR TR
HUfK) Sb,S; B ATHFIE 1 170, 24°, 29°, 32°Fi1 24°, 26°
PAFI I ATALE s SbosSis Al SbioSis HAE 10°HT 18°PHA
A7 I RATS 0E o JT LA AT S Ve PR 23 A 7 5 o AT
A A PIEA X UM RAC ) IR G, T —
B T A TACER RS P AR I, R
i, BEOTECN 65.38%, WirEN 34.26%, Smift
BRIREH A AT, 5 STRR1-71140E—2. Kl 6
FiR G =R g . Bl 6 R, =k i
JERURL, o ki R AE R

BORARER R BARY A I Z] 0 5 AL AR T AT
T PERE A, SIas Rl 7 iR, 24 SbSbS,
e AT 2%, sl SR AR A IR B = 1)
Hoonm s in, Ui PARACER R B B AT R S IR I b 4

1100

1000}

900

Oil film strength/N

800

700

0 05 1.0 15 20 25
Mass fraction of SbSbS,/%

7  SbSbS, ML K M
Fig. 7 Effect of SbSbS, content on oil film strength

T EST, FLETEHLRERR 1305 (/2 A R R
JRERE LA, BRACBRIR B A1 T gt st F o
Ol R, IS REBRR L ) Fe, S 5, M
MHE e T TERE . 24 SbSbS, K17 H kI 2%
Jo, MR R, X IR REJR K L SbSbS,
B ARESAT DB BB, AR IR AT 73 U A T
Wiy R R o BRACBR IR 1 X LR AT AR L (ke o
PEfE, AA KOS, GBI RERIIR . Y
TR MATIRGF R PERE, s 5%, H]
WY S g e 45 A

3 Zig

1) 6 =SBRSBI TREREN, Fa A
BN S SHY EE AR LTI Ry 1.7~2.1, BRIREE N 75.24
g/L, ATUAS IR R AR R AR e AR AE I =
HABEAW

2) pH /&SI BA D TTE 2 I E 2L 3, pH #Hil4E
6.5~8.0 YU [l 4, BHUTHE R W IL B 97% /A7, W LT,
BRUIIERA DV R, 1R FEXT BRI UTE 2 1 5%
T NEETS

3) Yo AR CBRR B S BRSO,
TG RN = AL B ARBA R B 7 i b ST 22 IR e, A
B I AR ML AR, B0. 4, T HR A TEvE 2.
LA R Ry, SRR ™ TR ok 4 S A

4) TR B R A W] Sk 4 va LV T el A ) £ A
71, BEGRACEERREN RN, SRR, M
L 2% LU W FFGR R .
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