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Table 1 Main ingredients of the spent electroless

nickel plating bath

KBS JRIR LA PR TR BRI B R
pH {H 4.3 11.5
B/ (mol/L) 0.3 0.28
FRBERR AR B T/ (mol/L) 0.05 0.05
B8/ (mol/L) 0.13 0.007 x10 73
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Fig.1 Removal rate of SO; ™ and productivity
of BaSO, obtained at different pH values
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Fig.4 SEM images of BaSO, obtained with different molar ratios of C,H,0, : Ba’"
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Fig.5 Removal rate of SO; and productivity

of BaSO, obtained at different temperatures

K6 g AR T T 5 BaSO, (1) SEM &, M
6 FI I R BRI , il 45 (9 BaSO, BRI/ [N
il FE AR I, R T PG S g, A R T R A R A
J, TR A0 B 22 DRiAR BN BaSO, JikL . [l
MR AT R, BaSO, JRUA% 3 R I 2R K R I A I
B R AR A /I H B 38 3 AR A T 3R L 2R

(b) 40 C

SE T YRR K 55 C L il 45 19 BaSO, UKL K
KA AT ST ER T BURE , A& 6 () Bk o B
R BEARSE T R I, S D SRS IS PR i R S 1]
A, BaSO, UL BR P JEEBAC 2 , FURE RS ok
R, mE 6 (d) ~ (e) frane I, 27455 JEBLIR
MBS T LBRAR BaSO, L4 5 1Y BEFEFESE N R, B
55 CONIE R VR o
2.4 &z il B0

PEHIFT BRI B T SO TR R 123 R
PRZ pH =9 SV 55 °C, WIS SN ] X B R AR
BT RBRAH BaSO, 7 A RL M, 45 R AN 7 I
AN SR ) A5 BaSO, 1Y) SEM [EI40IAT 8 fr7m

HIPE 7 R SO IR ) X B R AR B 1~ L BR A
WK e SN 4 h e i R AR B8 1 L Bk R B AT ik 3
99. 1% 5 ) i 10 h J5 , i R MR B 1 25 Bk 4 15 %
99. 7% ; SO 5K I (4], B PR AR B 25 B SR i
o AHS SIS )X BaSO, M0k A TE A W1 A (1 51
(F18) o JIEAFIE A 4 h i, BaSO, L 2 MM ERIE
RREARN 0.5 ~2 pms LN B )3 03 7 b B,
BaSO, BURLALAR AL K SV 10 h Ji5, BaSO, AL 14 Bk
TR iy KA e 429 50 5 B S I [ Y AR 2R 5 S
BaSO, MUK KL L W 2 35, R4z o A A f5 AN 2
P, 255 5 TR BB AR 2 1 L BR (BaSO, JEFL 51y
REFEAEAE N 2, EH 10 h Sy i B S R ]
2.5 fRHFHETEE BaSO,HIRAE

H1 R IE Al DABR RS BB PR RO R TR

I

(c) 55 C

@70

& 6

(e} 85C

ANTFEEE T B BaSO, 1) SEM [4]
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108 - b OE G L e

ZeFHSIRMR

1021
-=RR

| —-pP

961

sl oo
2 4 6 8 10 12 14 16 18 20 22

il /h

RR and PP/%
CRCECE =
NER-E=-

B7  AEIN T BB AR B L ER R BaSO,
e
Fig.7 Removal rate of SO; ™ and productivity of

BaSO, obtained at different concentrations

(@4h

() 15h

b)7h ¢ 10h

U ION JEURE, SR FH T i o ol 4 B R L 10 DG 1
REFNFE R E T 5908 YRR 1:3,

VAW pH =9 I IELIEE 55 °C I 10 h, 7EIL
A ARZET , 5 B ER YU AR RHE XRD F
EDS %5545 501 9 Fpd 10 fions. fild 9 a4, A
ity B BRI S A TR AR, S b - (JCP-

DS 24-1035) —— X 17 , 22 B 4l 4 149 7 by TF 52 iy
Z BaSO, iAo i & 10 w1, RS S B T
TLE BTG K W BE GG, FUHZM AR & A HifhZe
JRTEE . 11 BRI AL AR s BaSO, KLEE 4y
TPl , 250 BaSO, WURLI L BE 52 IE 284070, JE B4, OF

(©20h

B8 A[FEE T T BaSO, 1y SEM [&]
Fig.8 SEM images of BaSO, obtained at different time

SR (a.u.)

B[

JCPDS 24-1035

L s IIIIIllllllllllll.JJ_lIlJLl_.l
10 20 30 40 50
20/(°)

B9 AL T i BaSO, /Y XRD [&]
Fig.9 XRD pattern of BaSO, obtained at the

optimal condition

YpRife ok 2. 893 um, 7= f T GB/T 2899—2017"

3 inb

BEXT B AL 25 B A B R S TR
BEUR A ] FH 1 TR 8L, 74 SCORI) b 2 4 0 0 v v e
A R TR AR B X B0 B - 1) 2% 1 FH 1 A B B
KA, IR 28 T pH M TR R B 5 O 1
JEE IR FE IS 5L AR S 07 s TR X S 6 45 SR ) R ), 75
PP EELL,

1) DARBRER b 27 B B 2 V00 R I TR 00 YR D e
il B B BRAU A Y e T 2 A AT B IR AR B 1 5
I -FY A RL LG 123 (pH =9 JREE 55 °C (B[] 10
h FEBL A5 PR T, R P B PR AR B 7 25 R 3R A #
99. 7% ,BaS0, " Z&3k 5] 98. 9% ; L % 1) BaSO, ¥}
IREERERIE AT =, SRR 2. 893 pum , 7= S 41



2024 4E 10 A4 5 =2

{5

P2 R B P BRI AR (ELAE O B R LR T

- 109 -

400} B,
S
Bl
S 00} L
Bl
b
bob
5 10 s 2
B eV
B 10 Ll T Brfs BaSO, 1) EDS

Fig.10 EDS of BaSO, obtained at the

optimal condition

14r
12
10+
g gt
X
iy
ig 6r
4._
2»
1 L 1 1 L 1 L L 3
0 1 2 3 4 5 6 7 8 9 10
B2 /um

11 fRACZRAE T TG BaSO, BHLEE 73 A1 4]
Fig. 11 Particle size distributions of BaSO,

obtained at the optimal condition

F“GB/T 2899—2017" ,

2) BaSO, M4 1) AR s B 22 I3 2% 5 DLTE 1

W, O T SRR E 7455 [ Ba-Y [ 455
Yy, R B AR S 115 45 5 W SO AR R BaSO, . 2
AR 14 S L3 3R NS g PR B 5 A I A 1) )
PRI BaSO, JUAL, A TR RAR B 1 A7 AL, St
AR A G IS 1 PR iR BaSO,

3)IZ L AL PR oy AR A B S,

P2 AR IR PP BRI AR 5 1 1) g (EL BTV AL A e 4t

(1]

E=3CN
HU Linna, WANG Guangxiu, CAO Rong, et al. Fabrication and
surface properties of hydrophobic barium sulfate aggregates based
on sodium cocoate modification [ J ]. Appiedl Surface Science,
2014, 315 184 - 189.
LI Jie, LIU Dandan, JIANG Hongkun, et al. Effects of

polyacrylic acid additive on barium sulfate particle morphology

[J]. Material Chemistry and Physics, 2016, 175 180 - 187.

[3]

(9]

[10]

[11]

[12]

[13]

[14]

BALA H, FU W Y, ZHAO J Z, et al. Preparation of BaSO,
nanoparticles with self-dispersing properties[ J]. Colloids Surfaces
A: Physicochemical and Engineering Aspects, 2005, 252 129 -
134.
RBL, $MF, A, 55 EDTA 2 - BRI il 4 20 IR
BaSO, [ J]. mififb2f TR :4, 2019, 33(3) . 732 -738.
QI Qi, SUN Qing, ZHANG Jian, et al. Synthesis of barium
sulfate rod-like particles by EDTA complexation-ball milling[ J].
Journal of Chemical Engineering Chinese Universities. 2019, 33
(3):732-738.
HU Linna, WANG Guangxiu, YANG Chun, et al. Fabrication of
submicron barium sulfate aggregates in the presence of
ethylenediaminetetra- acetic acid anions[ J]. Particuology, 2015,
22. 157 -162.
ZHANG Ming, ZHANG Bao, LI Xinhai, et al. Synthesis and
surface properties of submicron barium sulfate particles [ J ].
Applied Surface Science, 2011, 258 24 -29.
SKWY, i, WS BH, 4. EDTA 455 % & s BR 9UOkE
[J]. hEAGEEAR, 2009, 19(8) . 1511 - 1516.
ZHANG Ming, LI Xinhai, HU Qiyang, et al. Synthesis of barium
sulfate particles by complexation method in presence of EDTA[ J].
The Chinnese Journal Nonferrous Metals, 2009, 19(8) . 1511 -
1516.
JONES Franca, JONES Phillip, OGDEN Mark I, et al. The
interaction of EDTA with barium sulfate[ J |. Journal of Colloid and
Interface Science, 2007, 316 553 —561.
e, XImiE, XL, & B—kife BaSO, ORI & B M
FERT]. Kignib T, 2018, 35(10) ; 1641 —1646.
GUO Xiaoyan, LIU Lixia, LIU Yuejiao, et al. Synthesis and yield
of BaSO, microspheres with uniform sizes[ J]. Fine Chemicals,
2018, 35(10) ; 1641 —1646.
CHEN Q D, SHEN X H. Formation of Mesoporous BaSO,
Microspheres with a larger pore size via ostwald ripening at room
temperature[ J ]. Crystal Growth & Design, 2010, 10 (9):
3838 —3842.
NANDAKUMAR N, KURIAN P. Chemosynthesis of
monodispersed porous BaSO, nano powder by polymeric template
process and its characterization[ J]. Powder Technology, 2012,
224 51 -56.
SUN Yingying, ZHANG Feng, WU Daxiong, et al. Roles of
polyacrylate dispersant in the synthesis of well-dispersed BaSO,
nanoparticles by simple precipitation [ J]. Particuology, 2014,
14 33 -37.
XUT R, VR, MRt , A5 UCREIR Eh R 2 PR R b Pt
FFEERELT]. R TReF B, 2022, 32(3) : 61 - 68.
LIU Wanmin, XU Wen, YANG Hongjian, et al. Research
progress in treatment of hypophosphite-type spent electroless
nickel plating bath [ J]. Journal of Hunan Institute Engineering,
2022, 32(3): 61 -68.
LIU Wanmin, HUANG Qizhong,

HU Guorong. A novel



- 110 -

T E A & s A

Ze T ASIME

preparation route for multi-doped LiFePO,/C from spent

electroless nickel plating solution [ J]. Journal of Alloys and

Compounds, 2015, 632 185 —189.

[21]

Express, 2022, 9. 065507.
SHI X, KEY J, JI S. Ni(OH), nanoflakes supported on 3D

Ni;Se, nanowire array as highly efficient electrodes for

[15] XGRS, &4, TR, %, — b= 880 i a2y asymmetric supercapacitor and Ni/MH battery[ J]. Small, 2019,
. CN201910955178.4[ P]. 2019 —12 -20. 15. 1802861.
LIU Wanmin, QIN Mulan, WANG Weigang, et al. A treatment [22] WEREAK, |7, BA, & AYLEDTIE L H & B R A 1L
method for a spent electroless nickel plating bath: BRHFAELT]. BRI TRERA2AR, 2022, 44(2) : 165 -169.
CN201910955178.4[ P]. 2019 —12 -20. HAN Peilin, SANG Zirong, CHEN Jie, et al. Preparation and
[16] WANG Haoyang, LI Qimeng, CAO Canzhu. Preparation of characterization of spherical nickel hydroxide by organic amine
nanometer nickel powder from spent electroless nickel plating precipitation method [ J ]. Journal of Wuhan Institute
baths by using thiourea dioxide as a green reductant[ J]. Journal Technology,2022, 44(2) : 165 —169.
of Cleaner Production, 2014, 84. 701 —706. [23] ZHANG Xianghua, RUI Xianhong, CHEN Dong, et al.
[17] LI Liuyun, TAKAHASHI Naaki, KANEKO Kelichi, et al. A Na;V, (PO, );: an advanced cathode for sodium-ion batteries
novel method for nickel recovery and phosphorus removal from [J]. Nanoscale, 2019, 11(6) : 2556 —2576.
spent electroless nickel-plating solution [ J ]. Separation and [24] LIANG Longwei, LI Xiaoying, ZHAO Fei, et al. Construction
Purification Technology, 2015, 147 237 —244. and operating mechanism of high-rate Mo-doped Na; V, (PO, ),
[18] LIU Peng, LI Chaolin, LIANG Xingang, et al. Recovery of high @ C nanowires toward practicable wide-temperature-tolerance Na-
purity ferric phosphate from a spent electroless nickel plating bath ion and hybrid Li/Na-ion batteries [ J |. Advanced Energy
[J]. Green Chemistry. 2014, 16 1217 - 1224. Materials, 2021, 11(21) ; 2100287.
[19] XITRE, EAMANI, 422, & —Fi a3 el nohl & [25] WANG Han, HAN Yongsheng, LI Jinghai. Dominant role of
J7#s: CN 201910954398.5[ P]. 2019 —12 - 17. compromise between diffusion and reaction in the formation of
LIU Wanmin, WANG Weigang, QIN Mulan, et al. A snow-shaped vaterite[ J]. Crystal Growth & Design, 2013, 13
preparation method of Na; V, (PO, );/C: CN 201910954398. 5 (5): 1820 - 1825.
[P]. 2019 -12 -17. [26] ADITYAWARMAN D, VEIT P, VOIGT A, et al. Precipitation
[20] XU Wen, YANG Hongjian, LIU Wanmin, et al. Preparation and of BaSO, nanoparticles iIn a non-ionic microemulsion:

electrochemical properties of Nay V, (PO, );/C cathode materials

from spent electroless nickel plating bath[ J]. Materials Research

Identification of suitable control parameters [ J ]. Chemical

Engineering Science, 2005, 60(12) ; 3373 -3381.

Value-added utilization of sulfate anions in the spent electroless nickel
plating bath into barium sulfate
WU Hu, XU Wen, LIANG Yong, QIN Mulan, LIU Wanmin
(College of Materials and Chemical Engineering, Hunan Institute of Engineering, Xiangtan 411104, China)
Abstract: The rational treatment of spent electroless nickel plating bath is a subject of environmental protection and
resource utilization owing to its large emission and complex composition. The recycling of sulphur, sodium,
phosphorous and carbon elements in the spent bath is seldom investigated. BaSO, powders were prepared by a co-
precipitation method from the spent bath where nickel ions were removed, using the complexation of citrate anions
for barium ions. It was investigated that the effects of the molar ratio of citrate ions and barium ions, pH value,
temperature and time on the removal rate of sulfate ions, barium sulfate’ s productivity, morphology and particle
size distribution. The results show that under the condition of the ions ratio of 1: 3, the pH value of 9, the
temperature of 55 C and the time of 10 h, the removal rate of sulfate ions and the productivity of barium sulfate
reach 99. 7% and 98. 9% , respectively. The obtained barium sulfate consists of narrow-distribution uniform-sized
high-purity spherical-like particles. This route achieves the high-value resource utilization of sulfate anions in the
spent electroless nickel plating bath, which conforms to the concept of green circular economy.
Key words; spent electroless nickel plating bath ; sulfate anions; barium sulfate; citrate anions; complexation; co-

precipitation ; value-added utilization



