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Abstract The effects of complexation-UF process on the interception, separation, and complexation competition of Mn** and Co>* in
aqueous solutions were investigated using sodium polyacrylate (PAAS) and polyether sulfone (PES) hollow fiber ultrafiltration ( UF)
membranes. The results of the experiments of single metal ions indicated that with the increases of m(P)/m(M) (the mass ratio of
PAAS to metal ions) and pH, the interception of Mn>* and Co™ gradually increased. With increasing the temperature, the interception
of Mn** and Co™" first increased and then decreased. The maximum retention rates of Mn>* and Co>* were at the temperature of 20 C
and 25 °C, respectively. At the optimum operating conditions of pH value=5, m(P)/m(M)= 4, and 20 °C, the maximum separation
rate was 64. 70% , at which point the complexation competition effect was the strongest. The addition of NaCl weakened the competitive

complexing ability of metal ions, which was not conducive to the separation of Mn** and Co>*. The mixed metal ion experiments showed
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that the separation rate was 57.41% at optimum operating conditions. Fourier transform infrared (FTIR) results indicated that both

Mn>* and Co™ could be complexed with PAAS. However, Mn®* and Co®* had different complexing affinities towards PAAS owing to the

differences in hydration heat and electronegativity. Under the same solution environment, Mn®* preferentially complexed with PAAS.

Keywords complexation ultrafiltration (UF)

B R BT RE VR ) AR TR UR  E F AT ML AT AR ]
HBURRIMEF Bl BT AEJR | w5 o i 3k 45 7 P e
R ARG L 9 R RV | Bl 2 ke 7 AR
PR R K BRI 2 R K h A me/L 2%
B Mn™ | Co™ 7 JRA R B R AR AR BE R, A
FEL 0 K 43 B Tl Mn®* | Co™ |, A B IR &8 3% iy
(B A8 eE SRR .

Be A B AR IR & W1 i/ U8 ( PEUF) , & F
R & R s gk AR AR T &R
B 5 R REWY KRS BB Y8 D AR
B JREE A 4 R BT R K B AL B B AT % £
A, MTERE TN REUAIER AR 2
5B A - R AR EA S B R A
WL AR UOR TR IR - D R BRI L R 4 (PMA)
HECAF, AR pH om (P)/m(M) (R &Y/
BB T ) MANNE R E, LB b 5 Zn*
43S . SRR ZEAR pH B, R Y [ Ce™ 5B
PHTR (PAA) WECARE N 25, C T Y 5 Ce™
(R REIE 20 B

FEHT2EH WS RRSE h AR E SR X & e 5 1
Sy EPERB I RZ I | A 6] LA 58 4 22 57 M 1 N A D R
AT R, R LR NIGE IR (PAAS) MHELA
FIFFH E S G RN PAAS [ B R B AT
AT 5 R C A — 88 BB AR o B AR A0 H b P K
B Mn> F1 Co™ ,#H9E m(P)/m(M) .pH R LI M ER
FEXT Mn™ I Co™ #K B4 R 153 B3 F 15 ), B 2 Foe £
PRS0 7R LR X PAAS PAAS-Co BE G 5
PAAS-Mn Fit & W5 T L09MERE 50T 5 T S F K
FE3 5 B H M AR B X Mn® F Co™ R A7 % L 4
Mro ACZAEHT T Mo™  Co™ 5 PAAS ML A
T 2 St XS R H PR K 43 B Mn™ Co™ HA fi
1 e A %

1.1 RSN

FERX) : fit R (2 A AR 2 R A R
Al RS (RETT A 25 ) 5 3R (I 24
A=A BRA F] ) 5 SR (EI 28R A b2

sodium polyacrylate (PAAS)

competitive complexation Mn**  Co™

ARAF]) ;PAAS (KB SCEAE AL THFFERT) , Al
X F R ECE T, 3208 (C,H,Na0,) o
FEALLR : UV-2550 284k - 0] WL 43 606 B2 11
( H7 SHIMADZU) ; NovAA350 Ji W IO ( 4t
[ HR /N 7] ) 3 DDSJ-319L A, SR AN (v [ |- kG
BRI A FR A )  PHSJ-4F 8 pH 3 (FPE
TG R AL ER A PR 7] ) 5 Nicolet iS20 8 HLI-£1
AN ( Thermo Scientific)
1.2 REEERSTMLFE
1.2.1  HuEis e i
AHFFE RS 2 B AN 1 R, R EEI(PES)
rhas 2R A RS A (R RS R R AT BR A A ) B
PERES BN 1 iR,

1 R
Fig.1 Experiment Setup
x1 PEAYHEIEHESE
Tab. 1 Parameters of PES Hollow Fiber UF Membrane

T H ARS8
A It PES
711 (MWCO) /kDa 20~50
JEFLAZ/nm 6~10
i i AL/m? 0.2

1.2.2 BlEHEIER R

DIBL R 4 B R A B 1 1 000 mg/L 7 Mn** 5§
Co™ MY fiti 75, PAAS fiff FH i 7% T AL B8, J7 2% D 3¢
kLS TRAD BT R PAAS YR B FH 28 40— 1] L4t
FSERETNE . MG m (P)/m (M) B, R o
ARG E AT PAAS FALFRZA AN 10 mL fif %

— 129 —



AT, RO, SRS, A

R BRI — B I8 T 20 B HLI B K Mn™ F1 Co™* I

Vol. 43, No. 12,2024

VAT, J5 TR AK E R ZE 1 L I Mn® 5 Co™
JEE VR BE I 10 mg/L, WA pH, F8 40 4 4
0.5 h, FFaihah 2, i e N 6 L/h, #1745
U8, EIESFRE L m(P)/m(M) pH RSN
AR BT 6 R B R R R S A BRI X
TCIR A KFE AR A LA AL BREA TR U8 08, UV TR
H Mn™ 2 Co™ R EEY R 5 mg/L,
1.2.3 PAAS iS5 & 5%

Boil 1 L BB 9 100 mg/L ) PAAS AW,
FH 0.24 mol/L ML PRV W AT 2 . FH L3 340
DL A8 Ak, pH TN W pH, 0 SR IHFE
MR AIARFL, I B AR E pH F—CO0™ i Fb R
(PAAS 1—COOH ‘F fE H1 % & 5 S8R 3 B Be A1 4k
w2 ) [ ()],

R7COOH = 81 — MH x 100% (1)
B no B
HA R yoy— —COO i TALFERE
C— A 72 1 2 10 55 T2 W) T 1) o vk
J£ mol/L;

V,— i A R T TR FR AR, mL s
V—# %€ B X BL pH fT I #h B AR R,

mL;
n—0.1 g PAAS 1 B TC & o7 21 S 4K
H, mmol,

1.2.4 il e Jr ik

BUEWT Mn™ | Co™ ¥R B FH IR W KOG 35430
FE, Mn™ Co™ #EFKITHE M (2),

Co - CS
R= x 100% (2)
o

Horr . R—— B %
Co— LUK HE 2 J B (19 40 i o vk
B meg/L;
C——8B B WP & m T i wkE,
mg/L,
HEREERR Mn™ Hl Co™ W 4r BB EE , S 54 8
AT IR (3),
S, =l R »-= Rl (3)
Horpro S, — B
R, »——Mn™ # 8%,
R Co™ #i 1 % ,

— 130 —

28 =0 B, Mn™  Co™ WA 4B ;2 S, =100%
ff, Mn®*" (Co™ 52429185
1.2.5  £AMeiEmEL

PAAS-Co it &%) PAAS-Mn BCA Wk & 7 5
FICHRNY . KBr FE A, A BER B 4 em™, PEBCH
400~4 000 em™", 5 8 HL 21 S 63 AL 2% 3R A4
PAAS PAAS-Co PAAS-Mn B/ B H-21 41
2 BRE5ITR
2.1 PAAS BikHBEESHEIXKE

PAAS 5 Mn™  Co™ [T A& BUpe T Hor T4 I
FIME— ) B BEA—COO0 ™, BF 5T PAAS AYBR B 451 5
AR AR A2 . FHERFRIA WM PAAS ¥ Wtk
T A SR I pH 2246 1K 2 Fios, b
LR S R IN, W S5 H 41,03 pS/em &
340.00 pS/em, FHRHEHR 0~3.2 mL B, 53
BERARA /N AR I 3.2 mLL B B SRR
AR GEIRAS A, Bl ER TR F B B T, % pHL A
i 9.47 B2 3.20,

350 10
e mEE /
300 % —s—pHfE )

200 -

150

HL G/ (pS-em™)

100+

50+

0 1 2 3 r 5 6
HBmAEH/mL

Bl 2 PAASHEMZ
Fig.2 Titration Curve of PAAS

T E AR TF IR IS VM 5% 0 41. 03 pS/em, pH
H] 9. 47, /2 PAAS BIfFES 5K X (4) . (5) ]
SHW, RN 0~3.2 mL B, B FREERN,
s PAAS H1—COO™ 7K i [ =X (5) ] F1I—COO0™ i+
= (6) 1HLFFE R, HERRAH TR 3.2 mL B,
LR IE Y ) I 2 F 0 2 2 0, PAAS
M—CO0 Ca a1k, MMM 3.2
mL B, T —COO0 ™ B F-1k , Fi S b s AR e )

HF H Cl RN,
—COONa = —COO0™ + Na* (4)
—CO00™ + H,0 = —COOH + OH™  (5)



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 12,2024
December 25th, 2024

—C00™ + H* = —COOH (6)

E M R 24 T pH 5—C00™ i T b
FER SRR, —COO™ i AL R JE /R M s T pH
1 pR L, W 3 R

100% -
90% |
80%
70% |
60% |-

COO R T1E#

30% |-

20%

pH{E
3 PAAS B FLREEERE pH EAR Tk 28

Fig.3 Variation Curve of PAAS Protonation Degree as

a Function of pH Value
iR F W], PAAS BT HL MR A 100 mg/L B,
PAAS Jii FALFE BEBEA W pH A BRI TH S . pH {E
/NT 4 B, 2 —CO0 # BT F1k., PAAS T pH
{E°H 9. 47, ILHFH 2 —CO0™ [ F1k, i FALFE R Ny
27.8% ., B PAAS W pH B3/, PAAS (i

BT AT 58 EE TS .
2.2 PAAS-Mn** PAAS-Co” AR HIBL & -8 I8

2.2.1 pH X B A3 B3R5 0
BWRRE N 18 C m(P)/m(M)=3 K m(P)/
m(M)=4 2T, pH X Mn®*  Co® # B 5 K 3 55 %

100% ~ —=—Co®', m(P)/m{M}=3

BB T EE

v [ = Co?', m(P)m{M)=4 W
0% L —a—Mn¥, m(PYm(M)=3 ___./_'/"-f*
80% + ——Mn¥, m(P)ym(M=4 ,_.‘-'-_-','”'"-f »
¥ 70% e il e
! P e o
& oo, - v e /
& b i / -
;H;E 50% /,»"
I 40% - / v
A 300k V4
2“U'0 L ._fk-—_;-_
0%+ w
1 A 1 L
2 1 5 6 7
pH{iL
(a) HATE

RsZIn s R & 4 froR, HE 4 (a) AT, M F
Co™ ML B R MV pH T Mz Wi K, pH {H7E
3~5 W, Mn® (3 B 3R IGE H Co™ (9 #K B 32 K5 pH
{EAE 5~7 BF, Mn™ (98K B8 23 1 THIR I ZE , Co™ 1Y
BRI KRR I, 256 & 3 Kl 4 A% AR pH
BF,PAAS i 1L &, A3 A0 BC & 7 55 20, Mn™ J
Co™ B A AL, B pH Fhimi, PAAS i F LB
B ARELA AN SIEZ  Mn™ J Co™ i bl
B, HIRKEE G Y, Mo XF PAAS ELAA BT8R 14 5%
FJr, B 4(b) 259K, 2 Fh b a5 4 3 Rl
pH FHEs e Tt &, M5 2 s/, pH A =5 B, &1
DEREK, LA, pH =5 Bf, Mn™ [ Co™ 4
BRI
2.2.2 m(P)/m(M) %} B 2R A3 B R 5
VW EE N 18 C . pH fH =5 B ,m(P)/m(M)
XoF 4 T B 18R R Mo B R S 45 R L 5
Ko B 5(a) ATAT, Mn®  Co™ I B RFf m(P)/
m (M) B RIMTZEHTIE R, m(P)/m(M)1E3~4 I,
Mn* (R EA R | Co™ MR AR R IM IR /N, {H M AR
BRI Co™ IR R K m(P)/m(M) KT 4 B,
Mn* A 238 Co™ AR EA % 1 TR BB K, Mn™ 1)
R R ST ERORF A . m(P)/m(M) 3
K, PAAS HBE N, v AR AL I 2 s A 7 A
BRI, RN, Mo 555 PAAS 3L
Bl fimgs A, B 5(b) R EW, Mn™  Co™ /35
BT AE m(P)/m(M)= 4 BHEAR K, Z 5
m(P)/m(M) FBE KN, L5 5 HE, m(P)/m
(M) =4 B}, Mn* Co™ /3 B RUR s i, 1A 25 14 F i
KAy EHH 51.16% .,

50% F R w— (P m(M)=3
/ *— m{ Py m{M)}=4
%t/ X
30%
20% F =~
.

10%

1]

pH-ﬁ
(b) 43 E5 A

4 RFE m(P)/m(M) T pH {EXF 48 & T35 M5 3 R AW
Fig. 4 Effect of pH Value on Rejection Coefficients and Separation Rates of Metal Tons under Different m(P)/m(M)

— 131 —



AT 3, AR, RIS, 4

RIEIRENIC S — I8 T 20 B LR /K h Mo F1 Co™ I

Vol. 43, No. 12,2024

100% -
90%
80% |-
70% -
60% -
50% -
409
30% -
20% L

10% -

e I B R

2 3 4 5 6 7 8 9 10
m(Pym({M)
(a) MR

50% -
40% |
B
&
R 0%+
Mo
&
%20%
10% |
{] 1 1 1 L 1 1 1 1
2 3 4 5 6 7 8 9 10
m(P)ym{M)
(b) e

B 5 m(P)/m(M)%t4:Jm e 75 R0 B R AR

Fig. 5 Effect of m(P)/m(M) on Rejection Coefficients and Separation Rates of Metal Tons

2.2.3  EREEXTHR A A B R

SRR K S A SR, S - RE L
M AL A P A FEIEAS , B Mn™ Co™ AR, &%
B 10 J7 ¢ BERR R AR A 7 PR K AL BRI H  Na™ it it vk
FE R R 20 ~ 1 000 me/L (4 5% Y 2k B Ny
0.87~43.5 mmol/L) , I NaCl F481EE B8 A 520 | 3%
WRIE R 18 C .m(P)/m(M) =4 pH =5 i,
NaCl ¥k BEXT M | Co™ B B 28 1 7 5 32 1) 52 i 45 21
w6 frzs, M 6(a) AT, Mn™ 5 Co™ RYEL I R
HRFE NaCl e B2 38 KT 80 /1y, Mn®* F) A BA 258 o8 it ¢
Ko A NaCl, % B iR BE3E I, PAAS XUHE )2
BEEAR 85 Na® FE A 53 T5E P 2 T £ H o 2 0
AU e e HE R VR FHUBEE , PAAS %l B4 | B 1A
T B A AL S8 PAAS FEG BB T TR,
[ C17 H,O A S I ECHAAEH , 55 PAAS 365
fil 4 Mn® Co™ , 58 Mn™ Fl Co™ BB R T, 53X

100% -
90% |- —a— Mn?
80% | L
70% |
60% |-

0% F

SEETREE

0 20 40 60 B0 100
NaCIH B /(mmol L")
(a) iR B4

HRVT R SEHEL, HIE 6(b) AT, 24 NaCl ¥ 5 Y
HERIEAE 0.0~5. 0 mmol/L, 43 B K& IE 2% 18, NaCl
WRFEXT 43 B SRR /)N s 22 J5 Bl NaCl e B2 38 fin 43 25
R NI IEAR R ALK, NaCl — 3 2
FEEISS Mn™ [ Co™ IBL & RET) , AR TFMH 8, 52
BRARER FL It R 7K R Y Na™ X 1 35 40 B R /N, {5
JEXT T £k oL R K, R Y Na® 2520 Mn™
Co™ M43 B 2R | eIk i FH M 250553
2.2.4  JREEXTE B RN B R

W pH fH =5 .m(P)/m(M)= 4 B, ik JE X
Mn*"  Co™ #K B8 28 e 43 85 S8 () 52 i 45 SR an &) 7
o BB 7(a) WA, 15~30 CHf, BEE R E T,
B e B L B T v e T S N, RS 20 C
Bf, Mn™ 19 R B 3 3K 2 Je K (89.93%) 5 1 B
25 CHE, Co™ B R IL B K (50.74%) . W EE
FEZ AT T R WA R R THR A R T4 R B T

0%

$a
=

)
&

ey

=
©

=

ERETHEE

(]

=

B

=
T

0 20 40 60 80 100
NaCl# BE/(mmol L)
(b) S

=

6 NaCl ¥ J8 X <52 Jm 15 180 B S5 R1 70 B R AR 5

Fig. 6  Effect of NaCl Concentrations on Rejection Coefficients and Separation Rates of Metal lons

— 132 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 12,2024
December 25th, 2024

100% -

90% |- _
8{}0'.6 = /\ s
T0% b

60% F
50% |

0% | P

SR THEE

30% b i
20% L o—"

10%

0 1 1 1 1 L L 1 i
14 16 18 20 22 24 26 28 30
BT
(a) B R

T0% ¢

60% +

50% +

40%

30%

ERE T4 EE

20%

{} 1 1 1 1 i
14 16 18 20 22 24 26 28 30
B/ C
(b) 2B 5

B 7 IR B AR B AR AR

Fig. 7 Effect of Temperature on Rejection Coefficients and Separation Rates of Metal lons

Oy FIGB Bl AR B A BN AT 5 T 75
(L 5K, 52 IS8 119 8 B8 A5 s THIR A 5 SO
RN, /Ny FHEA S &S HEIER, K 7(b) %
KT, Mn® | Co™ 1Y 43 B 2 B i B T2 56 38 i
B TR N TR R 20 °C AR R IOKR,
H64.70% ., 25 & bR, WO EE N 20 °C B,
Mn*" | Co™* /B RUR e bt
2.2.5 REESRETHELR
RESERA B 5 BSRRE TE m(P)/m(M) =
4 WA 20 C W AT, #64T pH 25
pH X Mn** [ Co™ 732§ % # B 3 (5% i 45 SR 1 5] 8
iR, HE 8(a) ol A, iR pH T &, Mn™* Fll
Co™ # F B Wit . MRl 8(b) W, Bifis pH Ft
15, Mn** Fll Co™ 43 B3 RSB Wi T 5 , 1 e 38 /)
pH{ =5 B, IBG WS, LR 8RR KN
57. 41% W&/ R 244 19 B 4 g i 08 5 B, 8

100%
oo [ T Mn? _m—
——Co?

80% |
0% |

60% -

ERETREE

5 5 6 7
pH{iL
(a) H R

Mn* X} PAAS 44 538 (1% 5% A1 7, AR AT A 203 4 1Y
Co" 524, pH H=5 0, IBA RS Mo™
Co™" M5 43400 Fie i , 55 A4 T B i 48— 3K
W pH om(P)/m (M) &5 W Bl A — 8 8 1 72
T Mn®  Co™ B 54y B RN G, 5 H
7 SR H b R 7K R [T 43 85 Min™  Co™ | o 4
PR SRIE Y pH 5 m(P)/m(M) ., &%
R B ROERE R pH m (P)/m (M) 1] LA 24 7
1R 5 A T e R K A3 B R A T T TR AR R IR R AE
pHE=5,m(P)/m(M)=4,
2.3 BARSHMNSH
2.3.1  LLAMEIEAG I
PAAS M B 2L ANk &l 9 firs, 3 423
em™ by O—H MR 2 i, 2 927 em™ Ak
S—CH,—X R A 45 4 2 W s 76 1 635 em™ 55
1 454 em™ AbH—COO™H C=0 AYARXFFR 5 XFFrfif

70%
60%
50%F
40%¢

30%

e TR R

20% ¢

10% -

0 . " : ,
3 4 5 6 7
pHIE
(b) SrEs s

8 RGBT pH {ED0T 4w B 7 B 70 B R A

Fig. 8 Effect of pH Value on Rejection Coefficients and Separation Rates of Mixed Metal Ions in Solution

— 133 —



AT, RO, SRS, A

R BRI — B I8 T 20 B HLI B K Mn™ F1 Co™* I

Vol. 43,No. 12,2024

FRPRBHIE | 3X 2 ANIE K PAAS (HURRAENE T W4 1,
AR 22 H (Av) )4 181 em™ | 1 407 em™ AbH
C—O ARSI RN O—H 17 P4 25 il % 2y 04 11
HEIE,

B9 st
Fig.9 Infrared Spectra

Co™ 5 PAAS HYRRIERLAT i, C=0 A Xt R {1 45
PR 2T %%, N 1 635 em™ i F8% 1 569 cm™,
C=0 XFRMAEPR S 1 454 em™ AL E] 1 453
em™, BIE Av 25 116 em™ /T PAAS Bk Av,
FH PAAS i B Na' J5 IAUA TE R 5 Co™ it A7 A
Y OALF 522 em™ AR Co—O 4 4R B
Mn*" 5 PAAS URRILFCALIT , C=0 AXHFRMH45 5 3h
WEM 1635 em™ i F) 1 554 em™ , C=0 Xf FR {45
PRNEM 1 454 em™ ALE] 1 453 em™ ,HiH Av
101 em™,623 em™ b2 Mn—O f4EIRshIE > | 28
F,Co™ Mn* #5 PAAS e f, HARHESCHk™ 0
WA A7 A% i T IR R A2 I N5 55, 5
PAAS ZLANGIEAR H, PAAS-Mn 8 C=0 /A X} Bk fif
AEPR BRI FS 81 em ™, KT PAAS-Co ) 66 em™ | 36
B Mn® 5 PAAS FLA738 KT Co™ 55 PAAS, Mn™
5%e 5 PAAS Bl G,

2.3.2 BRI

BB TKE, &mE KK X (7)],
Mn**  Co®™* LA Mn(OH,) " .Co(OH,) " ML FaE
FETE . BT RAL BB iR TR K&
B R e, RESCERTY, Co™ MK AL R U
(-AH,) KT Mn™ W Co(OH,) " FaE M,
Mn** Co®™ 55 PAAS JE BT i Bic 4o S 75 ZE W 240K &
BT IHECA 5, AH R AT, M R
B/ RE Rt AT DA 24 IH e A 8, BT DL Mt e S

— 134 —

PAAS it 45,
2.3.3 ErHatEatr

&SRB FAE ALY [ s R 2B A7 K A S, 15 9
H M Co™ fEE LR R [ 20(7) 3K (8) ],

M** + mH,0 = [M(OH,), ]** (7)
[M(OH,),]*"+ H,0 =
[M(OH) (OH,),_,]"+ H,0" (8)

MARRERE T, &8 &1 iy i A s, i
51 0 T BE MR, O L F =% /N, M—O 45
J&, KT O—H BIEEREU/N , ILEE O—H & 5
Wigd & A K, Co™ FLBUE R T Mn® , #EAH R 975
WA, Co™ A Gy Kl , 3L Co™ BME S PAAS
Bl .

3 Fig

(1) XF PAAS #EATHLLFIHL 5% %€ , PAAS LT
FERREERE pH BYW/INTTIG N, pH {H = 4 B, T4k
AR 100%

(2)Mn> Fl Co™ FEFE W75 25 57, E £ fe A 1 4
YR, PAAS PG —HIEEARAT 70 B h Mn® Fl
Co™ M BE .

(3)m(P)/m (M) pH il B Fl NaCl ¥k fF 3 %L
JEIE AR T M R Co™ Y 5 4 i 6 58k i 52
2 PP B T4 B . VU Mn® R Co™ MY L
BIEPRAERE pH om (P)/m (M) i B 34 K5
SR S 855, 7E pH H=5.m(P)/m(M) = 4 JEH IR
JEH 20 C I, 38 4R fie 5 . NaCl B — & F
B F 055 4 s B TR BC G BT, AR T Mn® Fil Co™
MBS

(4)Mn®* Co™ ¥J5 PAAS it &, Mn>  Co™ 7K
RS AR, S BCS PAAS BLA 2%
FUJIARTE . A R R T, Mo™ BL & 5e 48K
7 5

S 3k

[ 1] EBL. KR PN S 0 FhEE  SEE 1 R it

JE& APAE R B R BT [ 1], M B, 2019, 93(6) .
1189-1209.
WANG D H. Study on critical mineral resources: Significance of
research, determination of types, attributes of resources, process
of prospecting, problems of utilization, and direction of
exploitation[ J]. Acta Geologica Sinica, 2019, 93(6) . 1189-
1209.



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 12,2024
December 25th, 2024

[10]

[11]

[12]

JERIMG, W, BB MK = o8 B s o Il O A
[J]. {BEEIR 4, 2021, 40(6) : 465-468.

YOU D H, ZHANG J, HE A P. Recovery of Ni, Co and Mn
from spent ternary lithium-ion batteries[ J].
China, 2021, 40(6) : 465-468.

Wi, #E. R+ BB+ MVR T2 A3 = ST AT gk (4 %
KBFSEI]. olkskAREE, 2019, 39(8) : 100-102.

LIU T, XU X. Study on treatment of ternary precursor wastewater

Hydrometallurgy of

by stripping+reverse osmosis*MVR process[ J]. Industrial Water
Treatment, 2019, 39(8): 100-102.

QIU Y R, MAO L J, WANG W H. Removal of manganese from
waste water by complexation-ultrafiltration using copolymer of
maleic acid and acrylic acid [ J]. Transactions of Nonferrous
Metals Society of China, 2014, 24(4) . 1196-1201.
COJOCARU C, ZAKRZEWSKA-TRZNADEL G, MISKIEWICZ
A. Removal of cobalt ions from aqueous solutions by polymer
assisted ultrafiltration using experimental design approach. Part
1: Optimization of complexation conditions [ J]. Journal of
Hazardous Materials, 2009, 169 (1/2/3): 599 - 609. DOI:
10. 1016/j. jhazmat. 2009. 03. 145.

SHAO J, QIN S, LI W X, et al. Simultaneous recovery of nickel
and cobalt from solutions complexation-

aqueous using

ultrafiltration process [ J ]. Separation Science & Technology,
2013, 48(18) : 2735-2740.

PR, B, EER, B SSOBIEBORBE B 1L
SBPEK[T]. ToLAHKSBEAK, 2013, 44(5) : 14-17.

LI F Q, ZHAO H, REN Z H, et al. Advanced treatment of
heavy metal wastewater from mine by complexation-ultrafiltration
technology[ J]. Industrial Water & Treatment, 2013, 44(5) .
14-17.

TANG S Y, QIU Y R. Removal of copper ( Il ) ions from
aqueous solutions by complexation-ultrafiltration using rotating
disk membrane and the shear stability of PAA-Cu complex[ J].
Chemical Engineering Research & Design, 2018, 136. 712 -
720. DOI: 10. 1016/j. cherd. 2018. 06. 030.

MENG Q, NAN J, MU Y, et al. Study on the treatment of
sudden cadmium pollution in surface water by a polymer
enhanced ultrafiltration process[ J]. RSC Advances, 2021, 11
(13): 7405-7415.

JAVIER L, RAFAEL C, ANGEL P, et al. Polymer supported
ultrafiltration as a technique for selective heavy metal separation
and complex formation constants prediction[ J]. Separation and
Purification Technology, 2010, 73(2) . 126-134.

FENG C L, LIU C, YU M Y, et al. Removal performance and
mechanism of the dissolved manganese in groundwater using
ultrafiltration coupled with HA complexation [ J ]. Journal of
Environmental Chemical Engineering, 2022, 10(6) . 108931.
DOI: 10. 1016/]j. jece. 2022. 108931.

AROUA M K, ZUKI F M, SULAIMAN N M. Removal of

[13]

[14]

[15]

[17]

[18]

[19]

[20]

chromium ions from aqueous solutions by polymer-enhanced
ultrafiltration[ J ]. Journal of Hazardous Materials, 2007, 147
(3): 752-758.

Boluss, BRI, WA, PURR - SRR L R 4 2% A
JEST B KR R PO R Zn™ OSCIRBRST [ T]. dba k4R
(HAFERT) , 2014, 50(3) : 542-548.

CAOG L, LI ZS, BAO L C. Separation of Pb*>* and Zn** by
using polymer-enhanced ultrafilation [ J ]. Acta Scientiarum
Naturalium Universitatis Pekinensis, 2014, 50(3) : 542-548.
PR 4eA - IR A R 2 B R RN B T RS [D .
I IR R R, 2012.

HE Q C. Studies on separation of yttrium ions and cerium ions by
Hunan

complexation-ultrafiltration process [ D ].

Xiangtan ;
University of Science and Technology, 2012.

Rl 45— B R BRSO St B AR (1) MBS
[D]. W WIRPHRE, 2013.

ZHANG ] J. Studies on separation of palladium ( Il ) by
Hunan

complexation-ultrafiltration process [ D J.

Xiangtan ;
University of Science and Technology, 2013.
kM, Moo, EEE, & BRNERMNS SR G R K&
FORPEREL ], A MR AR B R, 2016, 33(4): 11-14.
MA ZM, XIAO W Z, WANG Z Y, et al. Synthesis and absorbing
performance of silver complex of sodium polyacrylate[ J]. China
Synthetic Resin and Plastics, 2016, 33(4) . 11-14.
FRAEIRORIBE A 23, CHTREIR BT Tl B /K A B AR 5 7 B AR
BRE ) (ESR B WA ) 2RI [ EB/OL]. (2023-06-
01)[2023-08-01]. https://www. tthz. org. cn/upload/file/
20230802/6382656752852774173893356. pdf.
All-China Environment Federation. Compilation Instructions of
Technical Guidelines for Industrial Wastewater Treatment in New
Energy Battery Lithium Iron phosphate battery ( Draft for
Solicitation of Comments) [ EB/OL]. (2023-06-01) [2023-
08— 01 ]. https://www. tthbz. org. cn/upload/file/20230802/
6382656752852774173893356. pdf.
XU, THE, Bk, 5. BT mEX WHA LTy
BRI ()], (T RERE, 2020, 40(6) ; 3239-3257.
SUN L X, WANG P M, YANG ] H, et al. Research progress on
the effect of ionic strength on the removal of organic pollutants
from wastewater by adsorbents [ J ]. Chemical Industry and
Engineering Progress, 2020, 40(6) . 3239-3257.
WTERE, HREEEE, 7SS, R RAEL G - BRI G AR Bk
BT TIPS ], REIRE A, 2010, 31(6) : 1532-
1536.
XIE Z W, SHAO J H, HE Y L. Removal of lead from aqueous
solutions by complexation-ultrafiltration with chitosan [ J ].
Environmental Science, 2010, 31(6) : 1532-1536.
PRER, KT, m KRR RIE[T]. AT
REEZE . AARPBIERR, 2000, 28(8) : 67-71.

(4% 179 W)

— 135 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 12,2024
December 25th, 2024

[15]

[16]

[17]

[18]

[19]

175.

YU X, YANG Q, ZHAO Z, et al. Ecological efficiency of the
mussel Hyriopsis cumingii ( Lea, 1852) on particulate organic
matter filtering, algal controlling and water quality regulation
[J]. Water, 2021, 13(3): 297. DOI.10. 3390/w13030297.
RICE E W. Standard methods for the examination of water and
wastewater[ J ]. Washington, D. C.: American Public Health
Association, 2005.

AN, BRI & ZRIRSR I T IR R X 8 8 3R Aok ik
MIEBCR[T]. HEES5 iR, 2005, 27(7) : 505-508.
LI'Y R, CAO J S. Purification effects of floating bed plants on
eutrophic water body under low temperature in winter [ J].
Environmental Pollution & Control, 2005, 27(7) : 505-508.
WHER, EF0. BOKAEWEBE R BieS5MA[M].
Jemt: APEEFRGERRA A, 2006.

SHEN Y L, WANG B Z. New technology of wastewater biological
China

treatment: Theory and application [ M ]. Beijing:

Environmental Science Press, 2006.

R R TREMEY S M]. dEaG B2 Tol iRk,
2012.

YUAN L J. Environmental engineering microbiology [ M ].
Beijing: Chemical Industry Press, 2012.

[20]

[22]

[23]

HE S Y, YANG L Z, YU Y L, et al. Differences in the
treatment efficiency of a cold-resistant floating bed plant receiving
two types of low-pollution wastewater [ J ]. Environmental
Monitoring & Assessment, 2016, 188(5): 1-11.

PSR, wi, AR, F MRS T A AEBFERR
GRS JeoR AR B AR B ST (T]. 19K HEBE, 2015(1) .
76-81.

HAN X R, HUANG H, ZHOU D Z, et al. Performance of
integrated ecological floating bed for purification of micro-poliuted
waters under low temperature condution [ J]. Water Saving
Trrigation, 2015(1) : 76-81.

ME, fifma. HHOREESTFIREERRGR]. 7
BiRH, 2014, 27(1) ; 52-57.

DENG Y, NI F Q. A review of ecological floating bed in polluted
water restoration [ J ]. Environmental Science and Technology,
2014, 27(1) . 52-57.

R, SRR TR IRAE I K R A8 5 P B A R B AR BIT 5
[D]. HPK: EPK¥, 2019.

YU L J. Removal effect of strengthened ecological floating beds
on the nitrogen and phosphorus of urban sewage [ D ].

Chongging: Chongqing University,2019.

(L% 135 1)

[21]

[22]

[23]

[24]

CHEN J W, SHEN J R. The characterization of superabsorbent
of South China University of

polyacrylates [ J ].  Journal
Technology ( Natural Science Edition) , 2000, 28(8) : 67-71.
BOGH, Booot, RO MR _HRSHRE ST A RS
WPERELI]. B WS e Ak, 2015, 32(5) : 94-97.
ZHAO W T, YUY Y, WU W. Synthesis and characterization of
phthalic complexes with Ni ( Il ) and Cu( I ) [J]. Journal of
Zhoukou Normal University, 2015, 32(5): 94-97.

KB, B A5 e S A B AR AL R0 ol 2 S PERERT X[ D ]
KR ALk, 2022.

LIU M. Preparation and performance studies of cobalt based
catalysts for alcohol amination and amine oxidation[ D]. Daqing:
Northeast Petroleum University, 2022.

EML — SR - BRFE A 5 IR SRR R A ] 8 S AR
BRI HID]. BB BB K, 2018.

WANG F. Preparation of manganese monoxide-carbon based
flexible composite film and its application in Li-ion battery[ D ].
Nanchang: Nanchang University, 2018.

Wl BT EE BT 1 A AR i AL S B i )

[25]

[26]

[27]

B ST TE[ D], RO RGBS, 2020.

YAO W. Theoretical and experimental research on enhanced
flotation separation of calcium-bearing minerals based on grinding
media and metal ion assistant depressants[ D]. Wuhan; Wuhan
University of Science and Technology, 2020.

FRIE. AT R4 )8 & T KR T]. sMR
TERZF AR (HARBEERR) | 2015, 24(5) : 431-434.

WANG F Y. A mathematical model based on artificial neural
networks to predict the hydration energies of metal ions [ J].
Journal of Yunnan Minzu University ( Natural Sciences Edition) ,
2015, 24(5) . 431-434.

XA, bR BChifk2E[ M. 2 pR. JEaT. A% TR
#k, 2018 47-48.

LIU W S, BU X H. Coordination chemistry [ M ]. 2nd ed.
Beijing: Chemical Industry Press, 2018, 47-48.
. AR E R [ D], K%, REH T R,

2012.
LI M. Electronegativity scales and their applications [ D ].
Dalian; Dalian University of Technology, 2012.

— 179 —



