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Abstract: Pb(Il) pollution in water constitutes a serious form of heavy metal pollution that endangers both ecological
environment and human health. As an effective sewage treatment technology, adsorption has been considered an
economic and common method because of its low cost, environmental friendliness and easy operation. Graphene oxide
(GO), an innovative material with superior properties, has garnered extensive research as an ideal adsorbent. Nonetheless,
GO still faces many challenges in practical applications due to its limited surface functional groups, suboptimal
adsorption selectivity and poor regenerative properties. Current main research focuses on developing various
modification strategies to enhance the adsorption performance of GO. In this paper, modification methods of GO and
their adsorption mechanisms are reviewed. Firstly, three strategies for improving Pb(II) adsorption properties of
GO-based materials are introduced, including N/S functionalization, morphological alteration and magnetization. Their
adsorption properties covering adsorption capacity, adsorption selectivity, regeneration, and other performance metrics
of GO-based adsorbents are evaluated. Subsequently, the adsorption mechanisms of Pb(Il) by GO-based adsorbents
such as physical adsorption, electrostatic attraction, ion exchange, and surface complexation are summarized to
develop highly efficient GO-modified materials. Finally, the future development of GO-based materials for Pb(II)

adsorption is prospected. This review provides novel insights for rational design of emerging GO-based adsorbents and

serves as a reference foundation for research and application of GO-modified materials in Pb(II) treatment.

K ey wor ds: graphene oxide; modification; adsorption; Pb(I); mechanism; review
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Fig. 1 Modification strategies of GO and adsorption
mechanisms of Pb(II) on GO-based absorbents
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Fig. 2 N modification strategies
(a) Schematic diagram of synthesis of phen-GO™; (b, ¢) Adsorption
processes of Pb(II) on (b) PPDG™! and (c) GOPU™**
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(a, b) Adsorption processes of Pb(Il) on (a) SH-graphene bio-sponges
and (b) MGO@LaS nanocomposites®"
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Tablel Adsorption characteristics of N/S functional group-modified GO-based adsor bents for Pb(l1){2223 25 28-31, 33-40)

Adsorption condition Adsorption Removal ~— Removal efficiency after . Isotherm/
Type Adsorbent pH, Dosage/ capacity/ efficiency/  desorption (desorption I‘:‘lgzﬁgtilso;ll kinetic
time/min  (g'L ) (mg-g™) % agent, cycle number) model
GO-NH,™! 4-6,10 1 71.89 - - SC, EA,IE  L/PSO
IAT-GOP¥ 5,30 1 124 92.3 >97% (0.4 mol/L HNO3, 5) sc L/PSO
I0GO™ 5,360 0.4 798.87 87 - (10% HCL, 5) SC L/PSO
GOCASPY 52,45 05 138.7 93 >50% (HCI, 4) - F/PSO
N MGO-EDTAD” 6.8,120 0.5 2113 82.83 - sC F/PSO
phen-GO*? 6.0,30 1 548 95 - SC L/PSO
PPDG™ 4-6,40  0.35 800 - 30% (0.5 mol/L NaOH, 3) sc L/PSO
GO-11P™! 6.5,30 0.5 40.02 - — (2 mol/L HCL, 5) sC L/PSO
GO/ZnO/CSP! 5,120 0.5 110.88 92.4 - - —/PSO
GO-SO,R™ 6.5,190 - 285 - - EA,HB  R/PSO
GOCs?! 55,30 3 383.4 - 74.26% (0.1 mol/L HNO;, 5) EA,SC  L/PSO
S SH-graphene bio-sponge™” 5.3, 300 101.01 90 >90% (0.1 mol/L HCI, 5) EA,SC  L/PSO
MGO@LaSP! 5,40 0.5 123.46 95 - EA,SC  L/PSO
Fe;S4/rGOB?% 6, — 2 285.71 29.59  76.88% (0.03 mol/L HNO;, 5) sC L/PSO
PVA/GO-SH*”! 6, 60 1 218.62 94.7 >75% (0.2 mol/L HCl, 5) sC L/PSO

EA: electrostatic attraction; SC: surface complexation; IE: ion exchange; HB: hydrogen bond; L: Langmuir; F: Freundlich; R: Redlich-Peterson;

PSO: pseudo-second-order; EDTA: ethylene diamine tetraacetic acid
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Fig. 4 TEM images of PGO obtained by different preparation
methods!41-42- 4. 46]

(a) Hydrothermal method™; (b) Template method*; (c) Oxidation etching
method!*; (d) High-energy electron irradiation method!**!
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Table2 Adsorption characteristics of mor phology-modified GO-based adsor bents for Ph(l1)!%5®

Adsorpti diti i ;
sorption condition Adsorptlon Removal Removal. efficiency a}fter Adsorption Iso.ther.m/
Adsorbent i . Dosage/ capacity/ ffici Y desorption (desorption mechanism kinetic
pH, time/min (gL™h (mg-g™) etherency/7o agent, cycle number) model
GO-sit*% - 1 347.2 - - EA L/PSO
GOCBPY 5,120 2 - - 48% (0.1 mol/L Na,EDTA, 3) PA —-/PFO
>93% (0.1 mol/L HCI, 3)
PGOC?! - - 99 - 81% (-, 5) SC -
NT-CGGHM 6, <30 0.1 470 99.9998 88% (0.05 mol/L EDTA, 5) SC L/PSO
BC/GOPY 5,90 0.4 224.5 - - SC,EA  F/PSO

PA: physical adsorption; PFO: pseudo-first-order
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Table3 Adsorption characteristics of magnetization-modified GO-based adsor bents for Pb(11)54+64

Adsorption . )
condition Adsorption Removal Remgval efﬁmenyy after Adsorption Isqtheqn
Adsorbent capacity/ efficiency/ ~ desorption (desorption agent, mechanism /kinetic
~pH, Dosage/ (mg-g ™) % cycle number) model
time/min (gL )
MZIF-8/GO21% 4-6,10 0.4 625 99 - - L/PSO
PPy-FGP" 5,180 0.4 93.2 85.7 85.7% (0.2 mol/L HNOj3, 5) - L/PSO
Fe;0,@C-GO-MOFP® 6,60 1 344.83 87 >85% (5% (in volume) HNOs, 5) sc L/PSO
MnFe,0,@Si0,-NH,@GOP”?  6.5,30 0.5 42.48  99.8 - (0.3 mol/L HCI, 5) sC L/PSO
MCGOP 8,44 0.5 372.24 93.06 68.9% (-, 5) EA L/PSO
MgFe,04-NGO" 7,120 1 930 99.7 83.6% (0.1 mol/L HCI, 6) SC, EA, PA L/PSO
SMGIP 7,60 0.4 1666.66 - 75% (0.05 mol/L HCI, 5) EA L/F/PSO
NH,/A-CD/NH,/-CD MGO'*!! 6.5, 75 - 296.16 - — (0.1 mol/L HCI, 5) SC F/PSO
P T —MAE RGO 1 4 Bh & Bifs & SPION [ Exolited 60
¢ PFe,0,GO

ok, BIIE I A G B I i R Bk (LD % 54,
7 RGO L Jifi & R R EL 7 ) SPION. H T 7E/
W SR AR i s (A AR UE 6 SPION A1 RGO 1)
R =TT T ot R 3T 1A R s A8
RGO-SPION & &k BA B 4714 BUSUR A2 1)
JSF o3 A, MR T S0 R0k B0 S B 5 S0
o RS X LA i) 60 ] SR 5 2 ) )

Yang 2570 Fe;04 18 N A R v W P 480 B 1 It
T IE B AT, GO GH2K IR HL 3R THI AR R AN Iy 2 R AR K
TV PR E BT R LT o Y IE HAAT ) FesOu(pFesOy)
TE7 AT I GO 4K i b AT # el 20 2%, MR
TR B 3L 5 B pFe;04-GO 9K AR R (B 5(a))-
TEZYUKAR R, pFesO4 9K BURLAT GO 442K A AH
¥, HREMT GO 90K F Z A n-n HEFRAN
pFe;O4 KR 2 [BIRES] 1, MR IEE T EA1%
H 3. de Andrade 2SR R A RT IR 1A, i@
ot S T - R R A T B AR R R 1 9 oK
SRR, PR P T B BROG (1 RE 7R A B, % TR B
PEIR B 7] GO-a-p-Fe,03-She GO HAEN a-y-Fe 05
YK IR B AR, B 1 T AR BRI R, X
AHFTHE GO Fr B RIFUIAL. DR e bk
(CMQ). FFEEEREN(SA)FT GO@Fe;04 M JE R} 4% 11
P B 52 A Uk S Bk (CMIC/SA/GO@Fe;04) AT FH T
W B 9 7K FR R Cu(ID) CA(IDAT PhAD) (B 5(b)),
%A B TR AT AR 25 5 Bl MR K R4 s ok, 3
HH#FIMAN GO@Fe;0, MR I H w1 Fa e . W)
P SLI0 R B, WL E SRR ER XS CuID) Cd(IT)
Pb(I1) F W BB FL — 2 AT Langmuir 55 i 26158
LIRS un e o 3 A R S TR U2 I
BMEREA S &8 3T 2 8 05 A1E k17 )
B Cu(I). CAII)FI Pb(IT) ) H AW b 25 & 2 ik
$]55.96. 86.28 11 189.04 mg/g. LAk, 4 5 KAEIF
J&, W AR ERR B AT 90%I[ 5 B R 1,
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Fig. 5 Schematic diagrams of synthesis routes of different
MGO nanocompositest®” ¢

(a) pFe;0,-GOY"; (b) CMC/SA/GO@Fe;0, (including its adsorption
process for Pb(I1))*”!
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K5 TR fr . Azam ZEUOF) B R B i 04
5 BB GO, H Xt Pb(IT) A H K W B 2 A
55.8 mg/g. IX—4E K GO 1EHN—F b ITE 4
JEE B8 W PR AT LA T E S AN, (HE— GO #
BB 25 AT A ST A (8. Rk, B AT AT
P GO HHAT SR HEE RE S B3 LA KAL), R
ERALT GO MM AR . SINEREE M T HL
RN EAL A5, AT S 3R T T WP A5 B . Lian 20
A ) GOCS 7E pH 5.5 30 min P X Pb(IT) W Bt
2N 383.4 mg/g(H 6(a)). IBILX GO AT FfLAib
] DA RO I S A R FE RS PR A7 B, AT
T+ Po(ID) W i 75 . Wang Z5U7RIF 3D 4T EN4E A,
FRINI T —Fh B A 5 R 2 fLAE 1) = 4R il i TR
5 /8 A AT 22 (3D CA/GO) B, 7E pH 3 %44 F
Pb(I1) ) 5 KW B 25 B 490.2 mg/g, Wi B 2% Sk )
99.8% (K 6(b)). LLAb, Witk CtEmREL 575 T Re
FH ANk 37 5 I PR 43 85 5 [mliie, 78 52 B B A A mp
R B R . Guo & PE I L PTIRERI%& T
— ot IR T R SR TR - S A A BRI (MC GO I e R
Y. seae s R, %M EE 44 min H X
Pb(II) f " [ o 93.06%, WifftZE N 372.24 mg/g
(B 6(c)). GO 1 y— P BUW B 551, 83 Th e fb &
g, KR A ES R 7 RERA . EmE
EESCHR[68, 71-82] 141 TE ) 2% SR B 7715 Pb(IL) )
KB 4), K I GO FEMR 7% Po(IT) 1 F
B TV 2 HARR . wihn, 28 —EHEE L
i BBI7(GOLAY. 3D CA/GO HINRIE et 8 AL,
B Pip@MGO) % Ph(IL) Y W B 25 & 4 5 A
505.8 . 4902 1 5582 mg/g, & = T KRR A
(14 mg/g) . Waki(46.7 mg/g)™'. Cu-Mg —J0ik
(57.7 mg/g)"®, WEMEFR(130.89 mg/g)" . B TR Lk
J16(173.6 mg/g)7*4% . GO FEM Bt 7142 22 B /K 1 Pb(ID)
(A 5O B 7, G P o 5 LAt R B A R 2 B D,
7] N 6 7 B 14 B ) PR S v 20
22 WRRHEREME

W o 34 455 2 o e B SR BB PR i o bR 2 —, 5
e B U0 T B S B I ANE SIS R, 7ERZ 4L
THOLR, SEhRE KT 2F ZMERE FHIE, X
BT25 B ARS8 B 1 3 4 WP 77 2 T P A PR R B
A7 AL, 55 R W B R B AR 4 8 B T R B
Ato IR SE R AT A B T3 — D B 5 A%
SRR LI . Liu 250 GO MR 5
(AA) I H I e (AM)ZE BE, K& A ) GO KRR
GO/P(AA-co-AM) AJ T W Bt 7K H T Cu(1D)+ Pb(IT)+
Zn(Il). Cd(Il). WFFCRI, 7E0Fh 48 & 7 ILA7T,

GO/P(AA-co-AM)XT & & 1 1) W i 75 = LU i — & 1
TEAERT IR R %, o, Pb(ID) AR B 25 S 7E 7 4 4%
PR T B R R 2 (29 50%)(B 6(d)), 33X 2 i T b
T S PR B A7 st A A PR, 5 7 2 T 6o PR B A7t 11
TG o SR A B FER. Yap 2P0 5t LB, SH-
S5 I AR D 2 0 47K H T Cu(IT) s Cd(IT)~ Ph(I)
M CoIDHFERE T HA RIFM L BREFEME, K
Co(ID4b, HAREFZHBRAEEL 90%((K 6(e)). H
W, POIDAEEEME . RE PbID 5K AR
HERE TAAMERIGES, (B Po(ID) EFR AL
F) 98.8%. A, BT &R S T2 MSE S,
(1) H 2 55 e W B AT A, AT SE A I B 1 . — 2
W Fe R B> 34850 R pH 260 R, W PR 57U 2 T B B
[, t1-NH,. —COOH %% % i 71k, S8 H' 5
Pb(I1) 5% S+ W B A7 25, AT BAR PO(IT) AW B 2505
BEI, Ph(ID)F 2L A 3 TR (W Pb> 1 PbOH™)
1P1E. Bi#E pH HITHmE, WWHh HRERK, S
Pb(I1)2 [8] (1) 5 9 55, WP 70T Po(IT) )W B 25 &=
Hahno SR, % pH KT 7 B, Pb(ID)2= 7Kl A BY
Pb(OH), JivE, T FFHAEE W 1R B, A
P/ W o %

BB ET GO HE M 71 5 A% 48 W B 750
Po(IDIIR B PERE, 45BN 4 Fioax. GO LML
RETE 2 ML A7 &R & FVa P IE B Pb(ID).
ML R, AR GEm pf )7 76 7980 S04 22 o 4> 5 1
AT 254 T PN B M BN A R « GO FE I B 711
ML mfE T HZAEM . FENEEE R LA
RS N S BEREFIZE . PoID) ] LU BRAIE R
T IO HE TR AR A B, T 5 IX R RE A
AR A E AP, HEI NS N S BRERIAE
3 5 GO LM 77 PoT) S5 A0 77, AT 16
RV BEAh, TESREEE N — R LI GO it
g, HEBRMA GO WIWHLLEH, WA X
H ] AXT Po(ID) B A 530k 35 14 45 & 58 77 1 B R 48k
FERAL A7 i, BT LA AE 32 v ok £ 5 T AR A
B ZH1E0 T, MGO F4E GO SRR K1 B4l
H&, a5 HAL TR &P RIAE T, BRI 78 42
e R B AR I RIS, IR RETE — B FR P LR I R
PEo =P 7V A RE R, T8 SEBR R IS R IR AR
I FEEH, et A I T PoID)k £k .

23 BXEM

ORI B SR S B B D) SE T AT, RO
Bih s 5 fIRRN R AT P AR R 7R AN AT kil 1) O B R
P o FRAE PRI B TR AN LR L 2% I B A B, SRR
A0S (R 0 PR R, AT 2 3 PR R AR, YR 2
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Fig. 6 Adsorption performance of different GO-based adsorbents

[29-30, 54, 71-72, 83-84, 87]

(a) Effects of contact time and initial concentration on lead adsorption by GO and GOCS™; (b) Effect of Pb(II) initial concentration on adsorption
capacity of 3D CA/GO for Pb(I1)""; (c) Effect of Pb(II) initial concentration on adsorption efficiency of MCGO for Pb(ID)™**); (d) Competitive
adsorption of Cu(II), Pb(II), Zn(IT), and Cd(IT) ions on GO/P(AA-co-AM)"*); (e) Selectivity of multiple metal ions for SH-graphene bio-sponge in
comparison with activated carbon and alginate sponge®”; (f-h) Recyclability of (f) GOLA, (g) GO-MBT®" and (h) GFC nanosorbent’®" for Pb(IT) removal

x4 GO EMRHH 5 EAMIRHFIXT Pb(11)2s B4 AE fY bk 25168 782

Table4 Comparsion on Pb(l1) removal performance of GO-based and other adsor bentd®® 7+
Adsorption condition Adsorption Removal Removal efficiency after .
Adsorbent pH Dosage/ capacity/ efficiency desorption (desorption agent, AdSEI‘pt.IOn k.Isojtherm(/l |

time/r’nin (g~L71) (mg'g_]) /% cycle number) mechanism kinetic mode
OSH!™ 8,70 12 6.1 - 87% (0.1 mol/L HCI, 3) EA F/PSO
Zeolite!"¥ 6,24 h 14 - - PA L/PSO
Calcined MCM-416% 5,120 18.8 - - PA F/PSO
Cug.sMgg sFe,0,l" 7, 180 57.7 97 ~90% (2 mol/L NaOH, 5) - L/PSO
AC/MIL-101(ADBY 6,90 0.6 241 - 92.6% (HCI, 4) EA,SC,IE  L/PSO
Ceramsite!”™ 6, 750 12 46.7 - >80% (0.03 mol/L HCI/NaOH, 5) IE, EA L/PSO
AC from peanut shells”” 4.5, 50 2 130.89 95 66% (NaCl, 4) EA,IE,PA  L/PSO
FmB!*¥ 6.5, 180 1 73.68 95 >41.2% (0.1 mol/L HCI, -) EA, IE L/PSO
PAANal™® - 170 10 173.6 - - IE F/L/PSO
GOLA! 5,20 0.12 505.8 - 90.6% (HNO;, —) sc L/PSO
3D CA/GOM! 3,240 0.4 490.2 99.8 91.6% (1 mol/L HCI, 8) EA, SC,IE  F/PSO
Pip@MGO'™ 6,27.5 0.7 558.2 - >90% (1 mol/L HNO;, 4) SC, IE -
FeGO-TiLal*? 6, 120 2 109.89 93 71% (0.1 mol/L HCI, 10) EA L/PSO
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FEAREKWY, @SRRI HNOs. HC). B
PRI (U0 NaOH) LA & #6774 — & DY Z B (EDTA))
AREE, W] LA R AT B PO GO FEMR 5] o 1]
411, Zhang “5"*SE FHF% HNO; 4 GOLA #EAT R, 2
I 5 YRR B - AR A I, Ph(IT) 2% B RCR AT ik 90%
PL_E (B 6(f)), EM T GOLA 2B Po(IN)f 7] & &2
FH AL 32 Fa 52 M . Bhardwaj 2557% H T I
BRI SRFE E AEtk GO-MBT W B 57k 4T 7 AT [l i ik
W9t . 18 0.25 mol/L NaOH W, Zit 5 UL ft-
FEWRAEIR I, %W B 7% Ph(IT) 25 B3 350 M 98.2%
B % 89.2%(El 6(g)). Vo P&+ 0.05 mol/L
Na,EDTA IEBAE ARG, Gid 4 DS I -
FRIRAE IR J5, GO/Fe;04/CS(GEC)X} Pb(IT)f) 2 5 Rk
REEMLL) 12%(18 6(h)). XL TR GO FEW
FIBEE PEPR A 3G N, WA RS AT TR X
AT BEAETE 2 AR R R Hp, R B 5L 25 F B3 0K B
FE VL% 4B B T AN 58 A AR B0 TR A7 a5 i ok,
RN, 5 CHRIE R H Al Pb(ID) W B 77 P AR
FHECELGR 4), GO FHEMR B 771 7E S I vy e B 2% = 1 )
AR R AEERE, ESLhRMHT EEE S
M5k et . Beah, IIANEEYEH 5615 GO LML b
FIRE 8 7E S WL A F T PR M 40 35 ok
faT 4k 7 W B R0 0 Rl UACRE R, 38 G 1 A% G B A R e
DA 43 B8 11 5 B0 S e el L
24 HthtEgE

TE R K AL IEFE A, W B 7] 140 B A R0 2 B R R
FE B FLORHURE Tl S ) R BRI R, AR AR 7= AR
e 25 B AR R PR R A i . B ALR B, GO
HE N B 750 B 88 FH T 25 Bk S BR/K AR (L HERT 7K S /KN
ALK Poanl. B R, GO & kB4
BRI, AR AT B REH . TSR RE A C P A
NEZ . REWIEER GO Aetg ik HVE T Pb(I)
I H A B I R b S (R AT H AR R 5
R 7 6] 45 PR A AR PR UL R AR U i )
AN A6 2E 5 1) 4 B0 M e U AL gE R (e 7, LA
BB Bt o GO FE IR B 711 i B 1R 2B 72 AR RN F 20 11 R
I S5 A PR i) T AR Tl b i R A AR R RN N
FE, s, 55— e IR b, B R A
FIRI B 75 o PRI BRI 205 e T S AR 3420, ]
Uk, $EE GO LM B A m AR M A B B ) A D
D BYRIR S BRAR A A B0s 2. feda, @it
REGFHA T 204, FEAREELNE. SAE
FEITE, IS GO &M 778 Tl 2 7K b 22 Hr
()32 A

3 WRBHHIIE

FH T T8 B 771 2 T 0 A 2 5 ) T 51 7,
IXAFAF LT DA 51 F LR 8 I AR A 1 20 (B )
IR AR R AEAE PAR IR, - R ER
(-3 o 224 % P 5 3 3 Y4 R 2R 37 0 S e 5 1R 43 T
VE 7740k Wk B 10 W B 5510 2% D I, %0 AR D ) B IR
BN 2 B R g e S R B R R, %t
TR =R o BRI A A e — PR B, 3%
AHTERE, BAELFRIERSIHR, AR
TEHARSE A AE 2 T BRI R T T 5 TR
BB FRAE TR . 46, YIEW e o
T A A AE (P O A8 TR i A 7= AR 1), DR el DL
JE VB AT DU 22 VR B, T A 2 R A A B A 2
SRR, HAE2 R R GO Xt 48 51 I B AL
P AR M FER S SR
EE 1), HhRmAEEEN LR PbADH R
FRE N iz, ABAE 52 B A G 78 A A o 2 b
WLEEM A .

3.1 4RO Rt

V0 B I A2 S B FF 70445 W0 o I PR P 281 2 T 9+ ]
€, HABERWM AR R . GO 5 Pb(ID)
2 1) ) A BRI B AL 2 B O Ly ORI AR, Rk
PE GO KM R IE LA N AR AL T BRI R H
FRURT=E 55 A A7 A, PO(IT) AT 7 B2 FL B 3 B ) Bt
B AR R . AR SH-A S0 A= i
45 T B B ) 2 FLAE ST PR At T TR 22 1 A ) ke ]
SEAI IR Po(IT), MIMTHE R 16 Ph(ID) IR R 2 R0,
£ P L i G vk 2 L R 0 e L1 % e |
YEF 73, IO B 1 D m T B B AR s e
FERT Po(ID). hn, R FH ¥ IR -5E A AR B M/
hE R P R R B A A AT SR IR (APSGO) B AZ
FB 572 8 B (CHI) W Y 751 (CHI-APSGO), it CHI %t
APSGO HHATA 24 h, 192 7 3R TR BE 176 14
AL Ri—NHo/=NH. &5 7 & F 1 K200 T Re &
Pb(ID 4 & L & IR IC &4, BRIt Ph(IT) # B Th Wt
Bto F34h, -NH, /] 57K FRR TR A5, 25
ZR B FITE K SRR S, AR T 5 Pb(D)
e, MTTHE R 7% Po(IT) B P 255 . szt 45 SR 36
i, CHI-APSGO ¥ fi 7I7E pH 5.0 I Xf Pb(ID) W Fff
N 566.2 mg/gP.

3.2 EFREKS]

b 22 B AR SR B 2B PR R i, B
HLIR 5 A 2R B AL 2 —, 28 7 P s 2 )
MEWR G S BT GO KHE & 2 ME R, v
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i BV T S 3 - A g /2 B B s QN SR R il
Pb(I) A AE BRI 5] i, i fh S 4 A 5504 (SGO)
HERFEEMEATRB(W-OH. -COOH
—SO;H), 7E pH 4 244, XREH e S HE -0 -
—-COO MI-SO5, 5 Po(ID)= L& H AR EAEHPY. 5
Ab, A R 5 R R TR e iy () £ e s
— 5% pH S2m% GO AT g pH AR AL T A IE
fif, 5 PoIl)/~ A EH AT, 1755 GO X Pb(ID)H) K
BEAT . betn, FIH &7 2 e SR e f vk
AT B YK E A M B (MGO@SiO,-APTES-IL) /F
WS BE 75, 2249 S S R R INE, Po(IT)3E it 5 2 ) % e
FH AR FH 328347 o R B 2800 VR B 7] b, e R R B 7% s T
ILF) 251.23 mg/g; YV TERFE T =i, Pb(ID)4b T FH
BRES, WHAIR IR BRI RER AR
RS YR PR, 145 Ph(ID)-5 W B R 2 T8 A
HAERWRES; ¥ pH KT 7 B, Pb(IT) LA Pb(OH),
RM Y, PR R AR, B, EAE
) pH 7 BBl 2 32 i1 Po(ID)WR P 20K 11 S
33 BEFXik

BT FER GO R ERA LME TS5
TP ) 4 B B TR AT A e, AT R 4 B T [ AE
GO LdfE, —fh GO Rl ERER L H 54
BB T2 A ), 1 BRI o B B gk B
AR EARREAR, sh 2Rk, L&
&R P A R e A )R e, R R A L
FIHIW AR, Husein 5% 4 47 S5 5L 4R 1L
MK AW AENG-CAO)H TR I Pb(IT), HJHFE =
B PR T B i A —COOH A1—OH _E A H' 5 Pb(I)
KA TR B, Po(ID)E B RIAE] T 89%. H 4,
Lalmi 25750 Fi BH B 58 i A 4 1 1 25 /K o 19
Pb(ID), = %2 Ji 212 PR B 7 42 44 IR & A il iR Ok
(—SOs;H). & H:(—COOH) B A ) 2 (—CeH,OH) 25 iR 14
SLH, Po(ID 5 iX SRS B H R A B FAc#t,
fERVE R IR PN B F2 BN b 455K, 18
pH 2.4~4.8 VB[l N, Pb(I) LR &, WIAE] 90%
PL L
34 FREEE

MR Y5 PO BRI (HSAB) B i, &)@ (LA T4
() % 2 R ) A1 G AR (B A 2 L == ¥ 750 1) 2% 5 20
i) 2 11T LS A B B 4 - e AR 2 OO
B, BRGSO SH-A S5 4 A A0 45 1R IR B SR,
BT Cd(IDE T %R, Po(D)E T ik 7 ik 5 iR, K
B S -SHOEKBR) ) SH-A S84 AE Wi 455 Cd(In)ir)
SO R E R, TR S BE A ERE, W
H B S BI45 B Lemma 25120 4 4756

GO W B FIME S A TEVF 2 R & B e,

AEFRIE . RILMILEIEL, X8R g ke B f 1
BURIITER, H 5 PoA) KA RTER S . Bk, #
PR S PoAT) AR B, T 7 EE A
B 73 T 1) 25 14 SR 8 v WO P 771 (2% & 397 0 ) 1 A
f#i 2 5 Po(I1)(#% 5 k) g i i 58 L ie 2. GO-4841
W2 E AP (GO-LDH)E A A KX Pb(IT) W B T
PLAr AN 2 GO-LDH E-& kU2 A 24k
V) (LDH) 25 44 7 1 J2 18] BH &5 7 T2 A% 1) 6 L 2 I 5
Pb(IDFEIT, XG5 GO-LDH H T KERIEAR
B R, R WA A K PbAD [E & TR
GO-LDH #[; BE%E RN AT, LDH 4553158
IR, 2 AR A3E OH M COy™ 78 I I 91 55 -,
KA TEYIE [V, A2 Fe 2 i Pb(OH), 1 PbCOs,
T LDH J2JIRE5HZH R, XLy iE MTe ik
JEAEREN GO H 2RI R TH 25 B AL s, 2P0 H R R oy
A U, 4, AR A RS R P R T
W A7 e R B RN & B T K &R . B EATAE
HPLEL, MRS H0K, W RE 7158 . 5 L& 8 S T
(1) R A7 R 2 — e W BT A Pb(ID>Fe(1)>
Zn(I1y>Mg(11)>Ca(Il). b & H e 38 n, &8 5+
X 22T OH 155 A1 77605 . Pb(IT) EL AT fxe e 1) B A7 1
FIVEE — R B, IR e ol W B 77 3% 1T B A o v Y
SR, AN T SRR R R EL A -

2 FPrik, EEJE Po(ID)M I HLIE E B2
PRI B FREIG] . B GRS, AR
PRI IEL A GO MERFE, £ 5 T AR
BEOATL, 5 7E S B B FH AR R B sk A8 3 B 22 AT
BEALEE LRI o B A ] etk 32 B3 2o i e I 5 | A
T AP SR RS . BT, phen-GO F|
phen M IE B 5 Pb(I) & A K 1 & & W Y
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