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PR R BRI, LA N : Fe’', 70 g/L; H,SO04,

120 g/L(FRE FZMA B A1) o R IN 1 0.5 /L # Cr(II).
Mn(I). Ni(ID) & FAEARERCER . BHERCH S A
FAAL 2238050 W3R 1, VAR 258 1 /K L i o

T FCHIBLDUR BRAERAE Y 3 2R

Table 1 Main chemical reagents for preparation of waste acid

solutions
Chemical Purity Producer
FeSO, 7H,0 CR Beijing chemical works
H,C,04-2H,0 AR Beijing chemical works
NiSO,4-6H,0O CR Beijing chemical works
Cry(S0y); CR Beijing chemical works
MnSO, CR Beijing chemical works
H,SO, AR Beijing chemical works
CoH6N,Og AR Xilong chemical Co., Ltd.
MgSO, AR Beijing chemical works
FeCly CR Beijing chemical works
KCl1 AR Beijing chemical works
HCl AR Beijing chemical works
C;HO6S AR Xilong chemical Co., Ltd.

1.2 ST

H 50 mL B RRERE E T 200 mL #E I,
8% K x(HyC04)x(Fe) I N AT 75 &
H,C,042H,0, W HETE I REE IR KB IR 35 EIRG
(IR e BhYE Bl £ 1 °C)30 min AEYTIE L B4, 44 2™
A EGINE, A YE. BEALE 100 CRTH# 10 h.

13 BRPFEREFRESH

B3 5 (0¥ VRORE i FH 25 B 7 K A R 31 5 0 1 A%
K, AR S SR T R SO 1% (ICP-OES, 3 H
Pekin-Elmer /A, Optima 5300V)_E2>Hria i o % 4
J& T IR

1.4 JUEBEAFE@RSH

T R UUE B AR it 2 3R X B 2R e i
{X(XRF, PANalytical B.V A 7], AXIOS-MAX)LLK X
SHRATHM(XRD, PANalytical B.V /A7, X'Pert PRO
MPD) U 5 [ 44 T3 1 2 B DA K% Ak 4544

1.5 ARTEEBRENE

FRAE SCHR[17—18], K EDTA-Mg ¥ 1 HE il »
T pH A R VR BRSO I R R P
BB T HERLH] 0.2 mol/L EDTA-Na ¥

(pH=7.0), #RJEIAN MgSO, K N 0.1 mol/L. K
F 200 g/L HySO4 ¥ LA K. NaOH 5 30 71 V5 VR 1
pH=6.5 133 EDTA-Mg %k % H

BX 20 mL Ac ) 4 i) EDTA-Mg %, B 0.5 mL
FES, A 0.1 mol/L A5 NaOH ¥&W €, ELEIE
1) pH=6.5 B}, EL . WIEHFERIFRME NaOH %
T AR SRR S VAR i HOR B, 19 BRI EERD
VWL E R .

1.6 BRPERRNE

PR SCRR[19], K FH Eb (2l i ik J v h
B 1) HyCy040 A FH Fe [T 3L K M BR 2% B W ' i
H,Co0, 5 3G I BEAIS, WA 1 HoCo04 5 5
BAGPIRUTTR: 55 i) 0.5 g/L 1) FeCls ¥~
pH =2.1 ] HCI-KCI ZZMK« 0.5%fis 5 7K 7 R W F
2 g/L I Na,CoO4 bRtV . SRJGTE 50 mL &I,
JeJEMA 4mL 0.5 g/L ) FeCls %, 40 mL pH = 2.1
() HC1-KC1 2213, 2.4 mL 0.5%F#3E KB,
A 04 020 0.4, 0.8, 1.6 mL 2g/L 1] Na,C,0,
PR, I EBEFKER, R 20 min JGIEEIMT
HCEE AL SR B A IR A F], UV9I100) ET
B 510 nm AL EWRIERE . 2] HyCo0, R 5Tt
FEMbRAE 26, LG HPIE MR R, FHE 1 mL
REONEE S, 4% BaRJ7VE, TEAHR SRR e OB B,
I HyC,0, R T R B 26 1 ¢ Rt 5
H,C,0, i B FE

2 HER57HS

2.1 SRRRERN B EERIE Few Niv Mn #1 Cr

FEAS R R B R 3% AN A x(HyC,04):x(Fe)(Z &
Hih & @B HE, PRI Z/KEEER, =Zii T
PSR A KB AU, SR UTE R @)X
(O)itE, [BEIMESRITERILE 1.
p:MXIOO% (1)

0

KA My AEBETIRGRERE; M, h&RS
FAEVTE P AT R ) Rk .

HE 1 aTLUEH, B Hy,C,0, I E R38N, &
2 5 Fe [FBE/RELIE K, Fe. Niv Mn FIUTIE R K.
I HyCo04 F1 Fe IR /R EE A 0.5:1 £ 5 31 1:1 1,
Fe. Ni. Mn JUJEZE G K, Fe M 53.04%H5 K F|
90.73%-+ Ni HIM 63.63%3 KF| 95.19%. Mn )M
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37.24%H K F) 69.05%. kLN HyCr04, 7R
Al Fe HIE/R L, B Cr 4 =Fh & & I UTTe K18 N 2212 .
Cr FIPTIE R EBUE, 1 HEE HyC,04 I & HI 3 AR

AN S B UTIE I A Ni(1)>Fe(Il) >Mn(1l) >

> Cr(I1D).
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Precipitation/%
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x(H,C,0,):x(Fe)

1 BRI EX 48 B FUiE 2R M52

Fig. 1 Effect of oxalic acid addition on metal precipitation

“ & BB T, 4 Fe(I) Ni(I).Mn(ID) 5 C,0,>
BT T FHE 7 ()RR Bh 4, B &5 A3 N, T
PR B 1R SR VA AR B 4%, PARCKTER™E pH=6~7,
TG54 J8 B T AN CL05 TH R i 1A 435 5t B30 10 L 9 «
Mn(I) <Fe(I)<Ni(Il). [k, HARENTN: NiC0,
<FeCy04<MnCy04, XTS5 A B 501 = ¥k BE
H,SO, AR (I UTTE 27— HyC,04 5 AN
ElEETIEE %G RMANRQR), G)Fin, M Rind
J& TG F) T AN BIUTTE 45 i o
H,C,0,=2H"+C,0,* ()
M*+C,04" =MC,0,4 3)

BE% H,C,04 HIINAN, H,C,04 IIREZH K, &8
TIUTHE T 5 - &2 B UTUE 5 XA R 4 H,C,0, 15
BIRE AT TIFE ORI R85 & 8 UIsE T #E
E)FISEERE, 5k 2 i, aTLLE W, WERES
T EEIER R . I &R HyCOy TR 1:1 R
IRECHIZ B DDTIE, 4 HyCyO4 NI E/IN T3 IR S FT
FEMHEBHERN, H,C,0,EARE &8 & T (Fe,
Ni, Mn)ERITE, B4 HC0, IR ERMC. Kk,
Pl HyCo04 I S AE H F & LA, 1 BAKK kb
BRI HyCL0, IR 42 &

b 4 HERR ER DO, VP B R R T
Fe (@) THE, AIF HyCo04 IR ) H H
P I s R S A L 2

R2 ERETFULELFEF H,C0, R E

Table 2 Remaining oxalic acid in solution after metal
precipitation
) Remaining oxalic
x(H,C,0,): Mass fraction/% ) 4
acid/(g'L )
x(Fe)
Fe Ni  Mn  Calculated Measured
0.5:1 53.0 63.6 372 0.304 0.357
0.75:1 764 857 56.0 0.723 0.654
1:1 90.7 952 69.1 11.1 142
1.25:1 924 962 70.1 36.2 39.0
260
T, 240r
&
< 220F
.2
s 200f
s
S 180f
=
3
<+ 1601
o
2, L
o' 140
8
=

= —Calculated acidity after precipitation
4 —Measured acidity after precipitation

0 0.2|5:l 0.|5:1 0.7|5:l lI:I l.l|:1
x(H,C,0,):x(Fe)
2 AW E RS HyCo0, I & HI4L

Fig. 2 Variation of free acid concentration with oxalic acid
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H2C204+MSO4:MC204+H2804 (4)

S E HH HoSO, R BRI S A AR, 4
JE BT UTE 2R 5 1R R IR AR 2R LI &, mIT LA
TR [BI AN 1) e % BEAE PR3

HE 1 aTRUEH, Cr BIPTIEIRN(<10%), 1fi H.
bE H,C,04 IAEARA K, BFAREMPY, H,C,0, 5
Cr(IINER & pH(>2) FIERATEERC &4, 1K pH T
Cr(INAE HyCoO4 KA o R R A R P 55 =1 »
I, TEPRFRIR RN HyCo0, X Cr(II)EA 228508,
JEEEH ) Cr o] DATEDE AR S04 B vk B S 3k AT 43
TAREE, SEEG /b Cr MPTIE AT BE A2 B Tt E YR
W B S RS, H SERRGE AL i — DR T E 5L

FAN, WRERS S Fe(ll), FFE2S H,C,0,
TR AT B 54, v DL RN K Fe(IDIE J5 A Fe(1T)
HHATUTE BR 55

2.2 FREAIREEXT Fe. Ni. Mn 1 Cr PR EM RN
ANERNZBE LT ZAR, FFARNKRRE O
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U, &R B TIREARENEME T, MABERHTHR
H I HyCo04, ME 148 B FAEA FBR BN IUTIE 2L
ROLE 3). HE 3 B, BRATRERIKERE K, Fe.
Ni. Mn =Fi4 8 5 7 RUTE B #moh, M
H,SO, i B IR /N T 200 /L WHTIE R R RR2E1E, JtH:
#& Fe Ml Ni 735l NEIERRFE A 50 g/L B 89.38%.

96.07% I F& LA TR 4 200 g/L 1) 80.47%+89.14%,
NEMRELIN 10%. H)2, iih H,SO, i SR EH
2] 300 g/L B, &JEEFIITE R A BRREER T
F%, Fev Ni Al Mn PT0E #5050 R 46.65%- 65.19%
H5.56%, BIULIER R T, HoCoO4 UTIERR 2 M
& Je8 B IR R R R ek 55

100

80

60

40t

Precipitation/%

20

50 100 150 200 250 300

Initial H,SO, concentration/(g-L™")
3 R4R HoSO, i &k X 658 B T UTIE % 152
Fig. 3  Effect of initial H,SO, concentration on metal

precipitation (x(H,C,0,4):x(Fe)=1:1)

H,Co04 42 — P E5 IR , B A VA HoSOL K JEIE K,
Ky PE ARz, M T HaC0, KR, Fitk
WK T R ERIAARIE . R 3 BT AR EER L H,S0,
WRIE R UTRE T4 5 Vv P P HoSO, ¥R, FRlsE
TE&EETHRE . WIRER P E TR ERE,
HEM T A HySO, R FeCy0, M RIE (LI 4).
e [P 5E T FeC,04 FEAR R HySO, VW FF 1)
R, 15 CH25 CTRIIEE S ARSLIGTER IR T
(20 YR FIHME R T B 405, FeCy04 W E HEH T
Fe ik B 1H 545 21) . i & 4 7T LUE Y, 7677 FL AL H,S 0,
TR PESE P (150~200 g/L), SEERTS R FeC,0, AR
BAR T SCHRIRTE S5 R, (AR AT . 7P HoSO,
WRE/NT 300 g/L I, FeC,O4 IEARIER/N, Fe(I)BH
BRHIVITEZ

Cr(IID)FIDTIE R AEM 5 1) H,SO, ¥ FE Vi [ 4 3¢
/I, E R P 3 v A A R A . B RE R Cr(1IT)

3 YUEFHE HSO, SR ES GRS TR E
Table 3 Equilibrium concentrations of H,SO,4 and metal ions

after precipitation

Initial H,SO, Equilibrium concentration/(g-L™")
concentration/
_ H,SO, Fe Ni Mn Cr
(gL
50 207.5 7.445 0.021 0.182 0.536
100 257.5 9.280 0.034 0325 0.510
150 307.5 10.170 0.047 0.257 0.488
200 357.5 13.640 0.057 0.273 0.498
300 4575 37.120 0.259 0.637 0.770
100

a—Literature!??!, 15 °C
o—Literaturel?2], 25 C
80 e—Experimental value

60

401

0} /

0 50 100 150 200 250 300 350
Equilibrium concentration of H,SO,/(g°L™")

4 FeC,0, TEA[RIFf HySO, ¥R B W AR OV f P

Fig. 4 Solubility of ferrous oxalate in diluted sulphuric acid

Solubility of FeC,0,/(g'L™")

solutions (values obtained in this work and reported in

literature)

FERIRIE T A HyCo04 R AZZE A S, TTIE A G
AT RGN SO BRERIRIR E PR Cry(S0y)s
DM FeCr04 UTTEWR MY, AHSEPREE R 2k — DB 7t

2.3 REX Fe. Niv Mn F Cr BERAIE
FENINEE S B 1 HyCo0, SR 460 T, I E 1A
[P T 4 JeB R AU, IR R T VE SR (s 5 B
R), MUREM 30 CHEmA 40 CHF, Fe. Ni 1 Mn
IUTTE WA T, 7 A 80.47%- 89.14%F1 48.93%
THE A 86.57%- 95.36%A11 64.42%. FHAkLEIR R E
260 CHY, %48 IIUTE AN 546 a5
PR R UTE s LU 2%, T e R B2 T R 3K 5
Wi, — 2 HyCoOy MRS B s 2 4 A B R AR R TR AR
BEIRE T, HaCo0, R B RIS KP4, R+ & )8
g ERUTUE, T 4 @ R SR VA AR I IR T o T 1
KB, Sl T SR i . Hik, 7630 CF 40 C
Z I, R REARR T ESER, &R
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VERBSAE AN, TWI4kSEF R, P TH A R 3 A B
H, SRUERAFAHEMZN., CrdI)FTTE
FIE 30~60 CHIREIEENIEAN 8% L FH .

© 70F
=
.8
§ A—_‘
3 S0r
8 A—Ni
A~ =—Fe
30F *—Mn
*—C(Cr
]0 i 1 1 1 1
30 40 50 60
Temperature/'C

Bl 5 RN &R T UTE R AR

Fig. 5 Effect of temperature on the metal precipitation

24 LIS

TERSHL R IR BN, H x(HyCy04) : x(Fe(Il))=1:1
TEZW FULIE, 15200035 AL (LA 6),
XRF 522 [ 44 7 4 J8 i 2 (L3R 4), XRD 5 il 44
FE ) i AR ZE A (LI 7).

MK 4 s Femran, PliEiAh T ESRE T2
Fe BI ¥, 12 KOARAERE & )8 B 1 £ 208 Fe().
1T Ni FRUTTE 3R 48wy, AE VTV AR TR S 1 — 2 &1
Ni, Mn PTE AR, BEAETEEED. BT Cr i
DUE RN, ERAR A W E] Cr & . MRS 1)
DUUE ZN} [R5 B A BEAT it A TR 4, AR
2 Rl TH AT B 2 e A — B

MRAEE 7 (1) XRD 794558, 1530145 &b B4 3
BN FeCy042H,00 RENFEMBLT AR, BRI+
SR E T HR AN, B Fe B FIKEE R,

6 ULVERIATIRIG HIRE it
Fig. 6 Precipitate sample after drying

R4 UUEMEARLLRL XRF 73 H745 5%
Table 4 Composition analysis of precipitate sample by XRF

Mass fraction/%

Precipitate sample

Fe Ni Mn
Measured 96.74 3.14 0.127
Calculated 97.78 2.12 0.100

*— FCC204'2H20

* .

MJ\/‘/\/WW
10 20 30 40 50 60 70 80 90

20/(°)

7 UUEREAFE M) XRD 1
Fig. 7 XRD pattern of precipitate sample

DUIEAR B FeCoO, A1 8Ly, A7 AT REAE il 2% v Bt I
{E87= W JEEL, U LiFePOy Fe,O; BB, FeC,04
I A AR, T R 428 Niv Mn, Cr
SORMGSLA TR, B, 338505
iS5 AT DLE a0 RN LIRNSCRI A, AT 2 e
Ao B I P i BRI [R] S Y B PR R PR 85

2.5 QEBERRIBRNETRFA

AEF MR vk EE H 2B ERZNEMNL
JEU, R R B BRFE R o MR AR R B R, A
PR, RV CRERYT o Peidk i FE R A Wi 7
WHH, &EETFERRPABR, B bERZ
BB T, FRUEHCR TR, @% 200 /L FIPERR
FEVHFERE 40%~50%IN, &8 B i, P i
REMR, FTFEITAHED), S RERAE, SFE
TR DUE, B HRARRB @) i),
AL L R I V5 A s W P ] LA BB B (K, AT
PR WA BOR, (AR . AL
B R R AGA R BB 3R, 43 A 200 mL A
Ak (1 A B TR e V4 T B A T IR R R (R TR
WAL Fe(Il), 71 g/L; H,SOy, 125 g/L; Cr(Ill), 0.7
g/L)o F x(HyCy0,):x(Fe(I1)) 7314 0.5:1+ 0.75:1 A1 1:1
bR S IR BRI W AN R R il R 25 AR IR
N'S-0. S-1. S-2 Al S-3, PR INA 8 Fir.
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B2, FERRA A iTiE A TG i PR BRAG IR R F vk ik
ORI R, HEE H,C,0, 5 Fe BE/RELIINGIN, &
FRABH e BRI B AR L, RIS R T R B B
O iR R . AR AE ST s RO, U
x(H,C,04):x(Fe(I1)) A 0.75:1 MBI R BRVEIE o IS
WA CRAHENENZ, BEESCR R aIL 25 br A
PRI R, R AN FE Y, Hy,C,0, M E]
& T & BUtiE S A&, /> H,Co0, 153 1 7%

R

B8 ARG RERACE G P E R

Fig. 8 Comparison of different stainless steel washing effect

1) H,SO, ARIHIKIEZ <200 g/L I AEEINIR LR H
AN HyC,0, 7T LA 20255 Fe(1) Ni(IDA! Mn(11), 4
H,C,04 A EHE &R/ UTE IR HER, Fe(IDAIT
TER>80%, &)@ & T HIUUET A Ni(l) > Fe(l)
>Mn(II)>>Cr(I1I).

2) ULVE 5 A B B AR R E R A
FeC,0,2H,0, 45 5hEMal g5 m, HA W TR A
IV RE .

3) RREWH SRS TIEERFRERINE
R, AP S BRI LMEIA R, Se3l 1R IR
HE T IEA A A -

4) JRIRALBEIN , HoCy04 948 UTTE I ifs FI &1
0.75 &I, AT LAAUEF R B R CR, IRIRAL 5
HyCo0, FRAR T, ARIMAFWIITGRSR, hs
X AN AN 2 THT 38 T R AR

st AP BA SRR TR AT TR
PG RE EH, FTHEIL RGN k£ F 324k g 5
A,
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Behaviors of metal complex precipitation with oxalic acid in
waste sulfuric acid solutions from stainless steel washing processes

ZHANG Jian" 2, ZHU Zhao-wu' 2, WANG Li-na"?, YI Ai-fei""2, QI Tao"?

(1. National Engineering Laboratory for Hydrometallurgical Cleaner Production Technology,
Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100910, China;

2. Key Laboratory of Green Process and Engineering, Chinese Academy of Sciences, Beijing 100910, China)

Abstract: Sulfuric acid solution was commonly used for the surface pre-washing in the process of stainless steel
treatment to remove the metal oxide layer. Large amounts of waste acid solutions containing high concentrations of iron
and low concentrations of other metals were discharged in the process. Neutralization method was widely used in
industrial practices, resulting in high reagent consumption, large amounts of solid waste discharge and serious
environmental pollution. With respect to the typical waste sulfuric acid solutions, the complex precipitation behaviors of
Fe(II) and some commonly found trace metals, such as Cr(III). Ni(IT) and Mn(II), with oxalic acid were investigated. The
recycling of acid solutions after metal removal was also discussed. The results show that the metal precipitation decreases
with the increase of the acid concentration. As the initial acid concentration is less than 200 g/L, the precipitation of Fe(II)
still reaches more than 80%. The metal precipitation order is: Ni(II)>Fe(Il)>Mn(II) > Cr(III). After metal removal by
precipitation, the acid concentration in the solution increases, restoring the pre-washing effectiveness. The waste acid
solutions are treated using H,C,04:Fe (II) molar ratio higher than 0.75:1, good pre-washing effectiveness can be achieved.
Therefore, the waste acid can be well recycled after metal precipitation using oxalic acid.

Key words: stainless steel washing; waste sulfuric acid; oxalic acid; precipitation; recycling
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