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Table 1 Adsorption characteristics of modified synthetic polymer adsorbents for heavy metal ions in strong acid systems.

W e 751) SEEG pHAE HEE Wt Bff 25 5 (mg/g) S SCHk
2.0 Ni(II) 64.20 [23-24]
PAPY
1.0 Cu(Il) 87.04 [24]
PMAA-PD 2.0 Ni(I) 90.57 s
PMAD-PD 2.0 Ni(I) 101.07 [25]
PABPY 2.0 Ni(I) >59.00 [26]
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Figure 1 Research trends of natural polymer adsorbents in the field of heavy metal ion wastewater treatment.
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Table 2 Adsorption characteristics of modified natural polymer adsorbents for heavy metal ions in strong acid systems.

W B 51 SEES pHAE HE)E W B 75 i/ BB R Z R
BHAB-3 1.0~2.0 Cudlh >130mg/e [29]
Cr(VI) >150 mg/g
Co(II) 700 mg/g
S CMC-Al 1.0 Ni(ID 425 mgle [30]
(Cell-g-PAA)/KF 2.0 Cu(IN) >90% [31]
PPy-cellulose 1.0~6.0 Hg(II) >92% [32]
AR R CMC 0 Hg(II) 23 mg/g [33]
CC-GP-D 1.0 Fb(ID 200 mg/e [34]
Cu(1l) 65 mg/g
CNP 1.0 Cu(II) 32.6 mg/g [35]
FCIEH AL CS-g-AOPAM 2.0 Cl.l(H) >0 melg [36]
Ni(Il) >60 mg/g
TCS 30 Hg(II) 18.71 mg/g [(37]
Cr(III) 5.97 mg/g
PYCS 2.5 Fe(IIT) 66.20 mg/g [38]
S-CDPP 3.0 Pb(II) 576.92 mg/g [39]
FRIHG e Cu(II) >80%
A EDTA-4-CD 2.0 [40]
(B-FRHIIHS) Cd(1n >80%
S-CCWB 2.0 Cr(VI) 206 mg/g [41]
SA/PAMPS / Pb(II) 2042 mg/g [42]
DSA-AAD@Ca?* 1.0 Hg(II) >80% [43]
PETA 1.0 Hg(ID) 175.8 mg/g [44]
TR PR AN A= 3.0 374.2 mg/g
Cu(Il) 117.76 mg/g
PEIPD-CaA 1.0 Ni(IT) 77.29 mg/g [45]
Co(1I) 41.89 mg/g
FWNS 2.0 Pb(II) >80 mg/g [46]
EPI-WS 22 Cr(VI) 76% [47]
PRI T Fe(III) ~28 mg/g
SESD-PAA 2.0 (48]
Zn(1I) ~30 mg/g
HLSs/PAA gel 3.0 U(VI) 661.01 mg/g [49]
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T CS T i 1 2R W B 7] PR AP 50 AR AT B
ST PAHR iRy CS 75 R PRV VR Ak 2 A e
AR, RIESEERAS ZEAMLS Gtk
G 70 SEME W Bz ARG 2, T S5 e G B g
7152, AfR gz, N RRR R A
7N CS AT AW, 1 1: Zheng 55134
i) 2% HY — B IR 200 0 i AR AR I R 6 4
CS % (CC-GP-D) Wi, wI4E pH=1.0 B S I}
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Table 3  Acid resistant advantage modified functional groups and their structures.
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O
HSEREE I
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S
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HN NH
T g ik SH Hg(ID)B3)
i
T IR ik _O_T_OH Cu(Il)~ Pb(I1)BY
OH
TP EEEM 0
I ik —!|>|—0H Cu(Il). Pb(II)2! 36
OH
i —— COOH Pb(Il)~ Cr(VI)#7
HOw e " (- Crvh
FrAk OH Pb(Il). Cr(VI)i47
Pb(I). Cu(Il) )& W B, WP 25 & 0 N Tang SE0OE A8 i fi5 A B RG E l — FE 51 N CS, BR

200 mg/g 165 mg/g; Wang SE05M %% 1 L IE T RE
R BCIR Z 1 CSERCNP,  FE¥H 5 R ne b CS
TR CN 34T XT b, 45 3R 7R CONP 75 58 B2 VR ¥
(pH=1.0) 71X} Cu(Il) W B 45 5 v] 1k 32.64 mg/g,
HAE g B H N R 3 5 TR EH

Dyl #& tHoBT Y CS HE M B 75 CS-g-AOPAM,  Hi#E
pH=2.0 I %+ Cu(IT) A1 Ni(IT) W Ff 25 & 1] 49 5313k 5]
50 mg/g f160 mg/g, 5| NMBEER % A v DL ES,
HATEMpH TR ESEE ¥

GINEEA B TR 1) D R KL Y i 2 1 B
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B U LN . Maity SB75@ 5 CS L
FMGe A SN NEEW SE ], Th A Y3 -CS
3D 4% K EEIE (TCS),  HAE pH=3.0 % ¥ 5t
Z R R Hg (1) R 2 A E 18.71 mg/g,
T X0) A B4 B S 7 T LA B, IX =R A
N Hg(ID) A LA TCS 3R TH FR L P fic i Ay
FEIE AAS R M TG AL S5, T HLiEny S )
S J& 7 F1 Hg(11) 50 E-30 40 & DL R 2 i 5 Heg(1D)
KW G, 3t — 0 W5 7 B AL 245 0 A2 e Tk .
Zhang S8 £ (RIEIE SOME AN 2 — ESC TR IR CS IR
B 75 (PYCS) 7E pH=2.5 251 T X Fe(11T) [ W it 2%
= A[IA 66.20 mg/g, H AbHESZBRIR M K K (pH=
0.5) I XJ Fe(IIT) 12 Br 24 98.9%, 1fi % Pb(II)
FTAS(IIT) 1) 25 B AU 34.5% F128.6%, X1H3%4
FukngE R A5 Fe(I) AT DUE RS E RIS . 47
LRTR, CSBEOTEMMEFAT T/, (R S5HR
R ERIE, FAEERRA], A SR
SRR TR VATV P D PR A R A
322 #RYEER RSB R

Y (CMC) &2 — M RREMm T RE

AR BRI BB GT T oS R B 7 A R R 1
AT AT E &R B TR AR, HIRR
PR HAE B 2R AR &R P B W P #E 7 . Essawy
SO F B R R A A0 Y A BR SR [ 21 CMC, 19
F| (Cell-g-PAA)/KF, & ¥l H1E pH 1 N 2.0~3.0
WP Cu(ll) B Bmik sl (Eh%E
>90%), X} Co(IT) FINi(IT) ¥ T Bt 2.
#h, Hanif 53258 i SO 5K & £ CMC W 2% i

(b) 1200

Y, 3TN (CeH 00s),,  H S-D- M IR 5] 22 i
BAGE I B-1, 4 BET RE R S, 7E CMC 4y
THE L, BAEEEESA 2RI, 1/MA
F2 3 DA B A AR I [543k Syl 3 A R A AT BA
FE53 A1 F1 31 N TR OR RS (R S B R 2, fil
CMC H A Re et e s i eEsn &, 1 H
REAE IR B AL 5, JE IR BT DLYE A AR 1 1)
R AL, SINTE SRR, 48 & LR R
651, SRT, EAZFIH CMC W E 4R 3 R
ROREZE, JUH R AERIR KA T LT3 2 W Bt
RE 77, DR 7 N 03 6 CMC #E 47 4 2 2
PR, GINS ZIE 1 S A 2 v L P 12k o

Yang Z21LL CMC AR R, @i 2 ki
HL PEMEMR, RIS T XZ ek (BHAB-3),
7E pHAE N 1.0~2.0 B5F,  HXF Cu(11) 1 Cr(VI) I
B2 B T 150 mg/g. Li Z5B0E i ) B ) 58
B L2 T i CMC AT AL(TIT) 21 1% F4 38 Y £k
MR W% Bt 7 CMC-AL 1 i) % 77 75, CMC-AL X}
Co(11) A1 Ni(IT) 9% b 2% & 7E pH fH 4 1.0~6.0 1)
0 N IR FRE R E K, BEE7E pH=1.0 98 1%
TR, LI B 2R B AT 43 Sk 31 700 mg/g A
425 mg/g, WE2 PR,

BB po(in)
RRRY Ni(I1)

1000 4
B coin)

30
pH
2 (a) CMC-Al45HK); (b) A[F pH 2644 K CMC-ALXT Pb(IT) Ni(IT) AT Co(IT) [0 Ff} 728 51331,
Figure 2 (a) Structure of CMC Al; (b) The adsorption capacity of CMC Al for Pb (II), Ni (II), and Co (II) under different pH
conditions 331,

% R £ 2 2 JE R PPy-cellulose, FL A 7F pH
BN 1.0~6.0 [f730 Bl 4 X He(I) fR£F 25 B %,
%F T2 Hg(I)« Ni(I). Cu(Il) 1 Zn(ID) )5 2% 5%
K (K FE %15 100 mg/L), Hg(Il) % & F Al & ik
96%, T HAR B 1 L BRI A E 6%. Takagai
SO £ 1) A0 2K R LU CMC MR, 1 pH=
0 ISf X6f Hg(11) F9 W Bt %5 & AT 3k 23 mg/g, 1% 3
fib 14 Fh 5 42 B T (Ru(ID) F:4h) I TEM B RE
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WEBETREN (SA) A& — P M EE S SR IR R AR
R T 20, 773N (CH,ONa),, 75187
tH A BN 30%~40%. SA R EE A A
PR, BAAEMMAEN. EVrTREM. v A
LSRR, TS SMERE TFEUN T B
RCH AR AR, BEDE AR “E-mT e,
SA T8 LS HEEMREMBE, T
HxtE 4R E TR, 2% ik
DA AT O DA — 2D 5 i R B B2 T R R

Shao ZF4213E I i #ASEAN R BRI A7 %, R
SA 5 2- 4 I Ik i 55 -2- L TR -1- T B R (AMIPS)
2 1) (R ) 4 SA/PAMPS BBk, WFFE &£,
SA/PAMPS & J5 Bf W B 14 B8 J L7 AN 52 pH E 52
Wi, X Pb(ID) A = B 5 & (2042 mg/g), 1H
RN W B 3 B B VP A o Shi SELKG SA g
e Bk © R —BF (AAD), R )5 FIF R IR ES
HEAT RS, Il 7 B RS ) SA T
Fft 77 DSA-AAD@Ca2", HAF pH = 1.0 [ 3R R %%
R Hg(1) 1% BR%E 8 80% LA L, i Cu(Il)~
Cd(I). Pb(ID) 125 B 3 A 2 40%, HLELSHT 3R
B, WHFIPUREMGEREESE SRS I
HEIER VLR Ca MBS T HAE I N E T Gao
SV I R T O E AR A B R A (BRI L) 1
Y G 7 A P 2 FLE SRS o/ IR e
SAZK (PETA), HAEpHE Y 1.0~3.0 (76 A 0] H
& )& B 1 1 B R 384G He(ID)>Pb(ID)> Cd(1D),
M 5 8 HF SFES=27.00 (pH=3.0) fl SF{2=8.71
(pH=1.0) 3K F&, PETA /R Hixf Hg(1l) KU1
By i Bk, X AT DA FR SR R B B 18 (HSAB) il
. WIRRE, B pHAE AL, HakEeihmg
FEPLER th Ak 4454k : 7F pH=1.0F, PETA 5 IEH
fif, BT HAER L BN, FEEER
pHAETF = E3.0, BB 1R 220 by
i, S&BEE T RAETBRI, HBRHF
FEM—OHN—N—C=SEH5& B E T K4
BAE RN

Liu 50 1 5 20 Wi 5 2- H B b iz 3k R
#h N A BT —Ff R R I i 2K 5 S ) PEIPD,
LLIEMT 5 s 4l ik PEIPD 5 Has 2 SA i1l
KT Y R L I g i S i R B SA UK kIR PEIPD-
CaA, J.7E pH=1.0 5% {4 T % Cu(Il). Ni(Il) A1
Co(Il) ) W Bt 45 & 43 7 ik #] 117.76. 77.29.

41.89 mg/g. 4 Cu(I). Ni(I) Al Co(I) % %l 5
Zn(1l). Pb(Il) &5 3L47 M, PEIPD-SA &R X 3 #
5 — ik £ 1 R BN T 0.86~0.93, A1 WL
3B TAiFEAE85% UL b BFRLFEM, 3R A
BT e B 45 7 2 PEIPD 0 XU e PR e 3 1]
BRERT DML R AERM, XAT LS HAh A
LB N fiE4K (K H PEIPD) 1 O AR (R H i 2 R
YR B A (B 3). BB AT CAUR B, 7E I B A4
b rb g NI e Jik [ AT DA vy G T R A A W Bt ik
Pk, HIERA LR 3 A (1) ek B A
TR, AFAFN T 906 BT Lewis Bl Ik
559, (ERRER A NAELAS Tk (2) MHEEER 2 NI
PEIR, $EINThREE M2 RGP, AT 5 4 ey
TIERAREC A BB &7 (3) E&EE Tt
WE IR BN R RO, AUCH LA 2 4 F
gk, O &R BRSO, MR TS
FaE e, JUIIE F L e g by, FLrptbng
(1 W B 2808 R R T A Ji 2 ) e FLHE R AR
fdE e AU pK B FRAR,  7ESRBRIN I T i 45 4
FRERNRAEY), BAEHEERMERESEET
(178 17

3.2.4  FRRIDRE FE U IR B )

IHIAS (CD) A& FH o N 1R 78] 2657 B B e 21
BRI R AR RS, AT LU B Rk 1 2
GRS EE T, B CHBIK. AhEKY
VDT, CDAMNRTH K B SR /KR T DL 4
R UL R, R A LS AR S
(R FE LKA G, AT TE 5 2% 1) 43 1 45 44 LA
e AR LA S o S 5 R L S
NI ESRE WA . Hilw LK CDA
a-CD. B-CD. y-CD 3 F, 4rJlH 6. 7. 84
o-ML W & M s e e, Hob, B-CD T2
JF &1 HAR P A BRI A )32 B 81,

Sun VR H — 84 vk & R T — Bt R A
B-CD-T 1% £ W% [t 751] B-CDPP,  HAE pH=3.0 i}
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Table 4 Multidentate chelate configuration and structure with excellent acid resistance.
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Review

Research Progress of on the Separation and Removal of Heavy Metals from
Strong Acidic Solutions by Modified Organic Polymer Adsorbents

JIANG Yan-ni, ZHANG Wei-guo, WANG Li-ting, LIU Fu-giang”
(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University,
Nanjing 210023, China)

Abstract Adsorption method is the key to solve the problem of resource treatment of heavy metals in strong
acidic wastewater, the core of which is the development and application of new adsorbents. Acid-resistant
modified organic polymer adsorbents containing special functional groups have high adsorption capacity and
selectivity, which is suitable for the treatment of strong acidic heavy metal wastewater, purification of heavy
metal waste liquid and other fields. This paper focused on two types of organic polymer adsorbents, modified
artificial synthetic polymer adsorbent and modified natural polymer adsorbent, and systematically compared and
analyzed their characteristics and mechanisms for separating and removing heavy metals in strong acidic
solutions. Comparative analysis found that natural polymer adsorbents are low-cost, environmentally friendly and
have abundant coordination groups. They can be easily grafted with functional groups with strong affinity for
heavy metal cations and low pK, values, so they can give full play to complexation and electrostatic effects to
enhance their acid-resistance and selectivity, which is an important development direction of acid-resistant high-
performance modified organic polymer adsorbents.
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