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Table 1 Major technologies for the treatment of heavy metal pollution

%1 BANESBBENEEZAD

50]

Theory

Advantage

Disadvantage

No Name

1 Chemical
precipitation
method

2 Electrolytic
method

3 lon-exchange
resin method

4 Membrane
separation
method

5 Bioremediation
method

6 Adsorption
method

By adjusting the pH of
aqueous solution, most
of heavy metals form
hydroxide precipitation.

The redox reaction
happens under direct
current.

Heavy metal ions are
exchanged by
ion-exchange resin
based on the selectivity
to anion and ion in
solution.

Separation and
condensation are
processed based on the
perm selectivity of
membrane under the
effect of impetus.

Heavy metals are taken
to aquatic plants
through the heavy metal
accumulation property
of plants. And then
heavy metals are
removed from water
with the reaping of
plants.

Porous solid adsorbents
are used to adsorb one
or more component to
surface of adsorbents,
and then the separation
and accumulation of
heavy metal are
accomplished.

Simple process, easy
operation and low cost
of treatment.

It requires simple
device, convenient
operation control, and
harvests pure metals
from recycle, such as
gold and silver.

lon-exchange resin
provides large BET
surface area, short
distance of
mass-transfer, fast rate
of adsorption and
desorption.

It is a new-type and
exhibits high
efficiency, and
excellent treatment
performance.

There is no second
pollution. It’s the most
complete method to
remove the heavy
metal in aqueous.

It’s efficient,
recyclable, energy
saving, and
environmental.

The generation of
second pollution and
disability to decrease
the ion concentration
of waste water to a
very low level.

The process is
susceptible to many
factors, such as pH,
voltage, current
density and anodic
passivation and so on.

Application range is
limited, and the ion
concentration of
effluent liquid after
exchanging is
difficult to match the
strict environmental
requirements.

Membranes should be
cleaned frequently, as
it’s easy to be
polluted. The cost of
membrane
preparation and
equipments is high.

This method requires
specific plant, long
treatment period and
the follow-up
treatment is difficult.

Some kinds of
adsorbents are high
costing and exhibit
poor stability.

2HFRCUATELRE T EANR
G K R R T A it BB PR G, AT K S e e R - A e
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Table 2 Comparison of ion adsorption amounts between different adsorbents

BET Heavy

Temperature Qm

Adsorbent Type /gt metal pH /oC I mgg Ref.
Fly ash-based Powder / Pb** 5 25 134.95 [53]
geopolymer Powder / cu? 6 25 96.8 [54]
Pb** 100.00
: cu** 54.54
Particle 65.7 2 4 25 [55]
Cr 10.15
Metakaolin-based Cd* 75.74
geopolymer Membrane  39.66 NiZ* 5 25 43.36 [56]
Porous Pb2+ 13198,
53.95 5 25 57-60
sphere cu? 52.63 [ ]
Powder 9.65 Cu?* 5 25 43.48 [58]
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HTEEEWM . S AR HEMSE, IR Bk, 248K, ToAUBEEE 2 A% 2 R B 711 o
L2 HH T SCHERRGE I —Le A aE R, — e R R A AR RTIR W R .

(1) ¥R : Cheng 5Bl ik A S5k, KB IB A ISR FIH S B SR, iRk
T T W LR AIT BB PSR AR S T/ A v 2 4 R POV B, i Cu* PR (i B 43 31134 1] 54.54 mglg
A1100.00 mg/g. Nikolicc 5™ b AR 2 I UG b J5 , 3L B A 1 FH R SR 45 1 T 1 48 1 5 3
Y, WEFHEREA PO® I EAAE T o R BLNURIE AL FROR R 1] 45 1O L5 58 A5 k) PR (1 i =
BRG] 26 (3t R SR S AT, MR R A IFLBR AR SR e, PO™ IR H IR th PRI

(2) BRIEMB7: Ge B Dlflmyld £y JKIEE N R ERL, @i S AR (K12)
BEAIK (Ho02) 1B NARIF, SRR TF A5 i 8 3K 2 FLERTE PR 1) o BRI PR 751 f Bl 3R T A
# 53.95 m*g, W T RIAC T 26 4F T R0 AR 57 (9.65 mP/g). iZERFEMR B IR Cu®™ Al Pb™* ¥4
B IR B AR, B 430 ik $) 52.63 mg/g A 131.98 mg/g .

(3) MEIEALER: Xu O3 DI g - R B3 A R 415 2 8 SO LR R S YL, FPRHRIH



- 262 - E_EF HFReMBEEEE SR EANE FHNA ¥ 37 %

JESRZATIA 20 MPa, fL42K/NA 20 nm ~ 100 nm, SF402K AlLOs LS A #] 100%, A Ty
AKARER . Ge POV DI g0 A K B3 N JFURH 45 A SO R R AU T A BE 428 NI,
xF NiZ* WAy 450 mo/l fRE, W BB AT 35 51 44.36 mg/g.

K FH O v 0 ~E B M R A D S o) PR RS 7 TP B P BB 0% AR e . & M2 N,
MG BRSNS 4 S8 B 124 e R B H T (IR P B o 12 (R R b JEURLAR B (1) i AR B30T, £ 2N SiO;
FTALO;, Az U T 5 AW I S FE 0 LUz, i Ja AR R b5 SR 038 D = 4 I 28 4514

M 2 FTLAE Y, AT AS R B R0t 28 45 W B RE 0 BT AN, W B 0 M st 380 55 it 57
AR ERL . ZALER. TCHUE . 7EE SRV, R AR SRR A 755 A Ak (1 SR T AR K
REAS R B s B B AL B8 22 VG PR AL i, IR B LA T AS TR B AR, R AR BB 47, (EAR] T3
AT S AL BN FUSC . TENLBE AT B ISk Ab 3, 7R Bt 8 42 J 55— 1) [R) IRk m DA BE 25 B 2Ryt
VIR BT Gl (ERE X T4 AR ORI PR 771, LR B 7 5 B & SR Y VR I B RN e 7848, S
B BRI AL p A IR S0P R B 510 1) B i W PR I, PR B SRR FH SR AR X iR . 2 9L
BRI B R A 2% T B Tk kb, (BT RIG T H T 2 fLERE R R AIER, WEE KEAL
W, A R SR TR 2 R S, RO, SR AR AR e o,

2.2 M RERE VIR BRI B B 2
R RAT FPR IR < i e U b SEREER AL S ) SRR (NaOH YA R BUK IS AR) #2108 —E fo bR
FYISTERREL, Ba—E &M (KT 100°C) Fr4P B RI AT i & 43 2B R 5. KR &
AR RHIRE I B S RIS 2R AFIRGURL IR R 77 o 859 A R SR R B 77— ROV B S IR BT Y
B PR T B v v, IR PR A e E AT I SR . Dy 7B ORI R A AR, — MR R R AT
PEAAN . EUR R B0 o SRt 4, DU AT R AE A R A AR, S ) P T R B A7 At A R 791,
il % 22 SLBRIR B 770 7 AR ORI R (G e B R RN AOUAEK) BRI FLRRE A<, FE i
LR B A AR . ZAUBRARARECA Bl S B I T2 T4 . 2 fLBkn] T Ak
B, AT AR S T, A ER R, AT ™,
H SCHE TN U SOBHMB [ € AR IR B it AT SR 4 BRI A 2o ToAUBE T A R AS R AR
BRI SOAR S EIR BCREFTEAR . AETEHUIR /OB AN OL T, AT 3 5 He sl 0 25 SRk 1) 42
AL B R . B ST RN U/ T2, 4k

100 100 FURRUR, 25 518 Tolk A3 3 KAz 597,
90 .\.""'E—

. ‘“‘*ﬁ&*\ﬁh " 23Rk

§ oo oot otecioney o§ TR AR WE 7 iR,

S o e /x/r”/’ wd RV LSS TIAKEEE 10

T ml BRI R . BRI R

e & Ths, FBRTERRAR, LB B R 7
L : VIR BER AR R B 7T BB 75 43
T e concentiation pom R A8 5 SR B V0 £ B8 08 . BV

B 7 Atk B Cut £ R EBBR (R E: 25°C; VA FEE T v, VR B 0 ) B AR B 1 o, EL— 5 7]
NE=A S N - [54]

FF::; u:re67; Ef]ljeft :ofztr?e{ Ii;n iilﬁisiljr:tr;tzi gn”:)': )Cu2+ SEHUIRAVRESE G BLA AR, LA

removal efficiency (Temperature: 25°C, pH: 6, dose: JER B TIREAEE W AT, RERFE TR L g

2 g/l, contact time: 120min) R BRI, AT LA B 2 R AR
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pH 4&: 7EMRIHE RS, HsO" RE S SR THRGE WM, B mE SRS TRAERE,
FITEA pH B P R B T R . WAl 8 P, X pH fEAE 1 ~ S VRN, BEE
PH {EL RT3t /5 5 MR RS 70 < o oy O B B S 8 7 pH (AR 2614 T ¥ ) HaO”
VRPZH R, RIS IR PR 70U R R B IR P (82 A A HaO™ 4, S BOTH T B R I s M i s b, B
JE R TR > . B pH ERIHIN, R HeO IRIEFEIK, SEEGRE TSR R,
HERE AT EFMA, KREESRE 7R R SR, Wil R B T IR R
B, 55T, BEE T pH NS 6, W INE SR T4 515 OH 454K Ph(OH)*,
S b 55 2R A VG B 7 2 R R B AR,

100 100
— =
80 /./ 8o}
® / -
o 60 7 o g0
: 2
L 40 / =
=] ‘ R
20 // .-
ol ] A - -
0 1 2 3 4 5 6 10 15 20 25 30 35 40 45 50
pH Adsorption temperature / °C
Bl 8 pH B *f Pb £Fx @y v (W4 Z:100ppm;  E 9 mEXME2BRW K NEZH (pH=4; Eo
M E: 25°C; #E: 0.079; #ALE[E: 120 min) B3I B® TR 100ml; #FEE A 0.1g) 5
Figure 8 Effect of pH value on Pb uptake (100ppm Figure 9 Effect of adsorption temperature on heavy
concentration, temperature 25°C, dose 0.07g, and metal adsorption (pH = 4, heavy metal solution 100
contact time 120 min) % ml; geopolymer: 0.1g) &

RRRE: WENESEE TRt e B . R MEREAR, ESEET
RGN (B 9). A EilEAR TR iy Bussh, M s N R 71
FH T 1057 28 A o) B 4 R 25 1 TR I B D IR AR S BT, T e I it R A e I8 ~F- 48 [v) 1 Jse 32 7 Tl % 3
W RSIRRRE, MR TR T b,

ARANAE: TESEETFRE—ENHBEOT, $m M ET g EER P ESE ST
EBpE R, KR AWPFIHERG N, RO E SRS, ATREE SN ESEE T, M
e 7 EBRF, HE, WmE 10 For, EEBRE R FHEmEI, A0 b i R RS, B
B BRI R 26 T %o BT ATEMR BRI A, AR AE 45 A 2 s S50 AR B 741) B e A o >R e s TR f 7711 71
wAEHE. AEREASEREM 0.7 g/l ~ 3 g/l A%,

A2 fel b 1A o A [ PR A TR B A [ B S S P R S R BTN TR AS R o AE DG TR I A R R
ORI Cu®t B BRI A B R B, B 15 min J5 Cu®t IR B ERE, 15T 81.26%,
5 2B AR E R BT DU G SR B2y 18] /9 120 min, & DME SN 7855 750 TR K
b 5 SR A W PR R0 P ER R BT AIE 7T ), ZE 840 30 min, Pb* EERFIAF] 80.24% (& 11); 4k
SEHENE 1 h, EBRERERMEA, WOz iR 2R Bl 5] 5 120 min. 76355 15 B PR R 52 o,
i e Uy b 5 S A 22 FLER R Cu HOMBRAE 36 h A3k 31 P-4

T8 30 W BRET- BT, PR 551 P e R 0 25 1) 22 B 2R 3 P ARkt , 3 = B PR O R B T A
KERM RO, BESRE T EREZ R AR TR, Bk R 2 I A7 8 =
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B 10 #5734 A B 2 Cu* £ i 5T B 11 B bt A X Ph? R Th R (RIHE K E
(pH 1&: 5; 4146 &« 50 mo/l; P kBt 5. 48h) 100 ppm; I8 & : 25°C; #&: 0.07g; pH 1E: 5) %

Figure 10 Effect of geopolymer dosage on Cu?* Figure 11 Effect of contact time on Pb®* uptake (100
removal (pH = 5; initial concentration 50 mg/I; ppm concentration, temperature 25°C and dosage =
equilibrium contact time 48h) &7 0.07g, pH = 5) B

BIEET AR, IRBAT AR E SR T R AL L, SO B 7R AR B R A 2 R A n 4
18, JRZEE TN, TEBINR TG o oy AR IS PR 7T 0B BT~ 18 BT 85 22 £ IS 1) R L A 2 FLIR S 771
FEHE o 7T e e PRI A A W PR 7712 T )95 P B P o7 i e AR e AE VR A T, < 0 7 O 9 HICRE 0 42
7N BB S e S A A B o B e B PR O L S U o T 2 FLER L 2 LA,
FerR I IR R L RO KB AE T 2 FLERA BRI FLIESS /T . SR B 1 MR 3 A 3
LB L5 G B o IRy BRRE /g, eid — g W RE AN 5Ot 18] o DARH USRI P51, 2 FLERIR
PR 7511325 BB BT~ 48 PO I TR

2.4 NNFERIRIFHR

WA AR WK WE— B R B 1 AR SNk R AT RS AL T S DA 9 R B
R b A S REMLE . SCRR IS ST b 5 B A W MY B S S T R P B AT T TS, S RAIE
B, TCIe e K IR A2l i 08 T, 1 o SRS A PR R ) B 4 i S R B I R YA B A S A )
B 1R . HE B )1 R R TR W P R S A S B AT LB ), D A IR B RS B 5 2 T
B TR ), it th T A, TR SN AR T A LW AR . X E & B
TR B R T DUE Y, TEAHE SRR, s 0 2 1 S IR B 77055 2% 8 - (O M B e 2 A
A (Pb? > Cd* > Cu*>Cr®), X5&BETHAMN. Kb AL &R E st x5,

%88 MitA2: Mohammad®SZ ] Langmuir A1 Freundlich BE70 %o W it e AT ML, 3@ 1 HL
FHIE R EAT LAAFH, Langmuir A7 i AH 5C R %00 5B 5 T Freundlich A7, i H A Langmuir #7115
PRGN BB 5 5206 R R . Ul D AR BT SR A Cu IR AL A7 4 Langmuir
WS Bt AR A, R B SA B  E W B, R O 5T B R B SR I B AT R A AT . AERT A EE 42
JBET (Pb?. Cd*. Cr*") BEAT WL IBT 7t POl 15 3 1 A R B 45 5

A F A5 Mohammad® L&t — @it A FIWE BRHERE R IO E . M. 7545 307 1 R Re st
W Bt AR AT T IS AT, SR WIER 3 FR. KB WSEICONIEE, AT E ek A T
E RN, XU SRR R, IE A E I R AT, AR AT R A, BT
BEZ R R ISR CuPt MR I S R 1 AT T, 3 A 357 1 e REE 15 kd/mol ~ 30 kd/mol 2 [i],
Tt B Z I B O, 2 A2 RN
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Table 3 Thermodynamic parameters of copper adsorption on geopolymer 4

H AG* [ kJ-mol™ R AH* / AS*
P T=208K  T=308K  T=318K k}mol™*  Jmol™K™
4 ~8.00 17.37 1857 0.958 19.49 119.66
5 1721 -18.48 ~19.75 0.961 20.63 126.98
6 ~19.15 ~21.12 ~23.09 0.984 39.49 196.78
2.5 IR M B

W2 B 70 B B 4 i S AR — e SR N AEATRI AT S R R o AT RITE K. BRYEVET (BhER. HER).
VRS (EDTA-2Na) HadhAT, {88 5 4 J B MW B 770 A 2 e B o A FH 75 1 7 A b 38 AR R
%, N 1% ~ 13% AP, Tl b e B T LUR s e . MR VE I N 3R IR . TR IRV B )
fRNT SRR, TR 100%; X FERFABRERT KRN Y SELEETHHRER. H AE
BEKAL E e, BER Hp R 1 E A B B . (B R KR, HY Re B R S B AR
AP, TR HUR R A IEA G, EIXMIE LT, RN IS (K35 3R S R AR e T R B B
fb. HUBUEAWITE pH < 4 I3RS R AP JFOAVAH, SHBDOR, R tEargatel, oy DU mva Wk i
Mo BB I, N3 G RIS R R B, CEORUEW BRI S5 A AN B IR B RT3 NI et 8. A
F] EDTA-2Na VR BT RRHNT, il 2 1T 1k 31 95% %, EDTA-2Na ¥ B4R bk, (¥ EDTA
BHEHITTLLS Cu® B4, ¥ Cu® MR BT 1 H EDTA-2Na I8 A, AL BlRm i 7
fREET AR

SH&ERIE

AL E NI R SCHR, BRSO R AR LK [ A A Tk R AT T 2RiR
FFAE EATAT T MR SR S PR B U R S IR S AR L, R B AL EEREAT TR

b5 S W0t R PR B T BN SRR, PR R D B R AT IR RN, AT A
R SRR TR A R TR S AT, SRR . BT S E SRR TAEE SR, B
PO 4 pH AR TR R R . S5 G CHORE,  H AT B 2R U . pH fE. EE)R &
TURPE TR PR FRI ) B X W PR SR IR M 220 PR AT 7T, (HR 22 R 2 1 b5 3 & R PR 570
Bl TP ERE, REEAT 2 EE T SE SR RT3 A T IR BRI B A A A B T D
TEDR—Fh A T AL BEASE R AR, e 8 B AR OR 5 T (R R A R ) LR e e
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Geopolymer: Research Progress and Its Applications
in Removing Heavy Metal from Water
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Abstract: In the study of geopolymer, the researchers found very early that the end products of
geopolymerization have zeolite-like structures. Because the Si/Al molar ratios and alkali component
contents are not fixed in different geopolymers, it is difficult to determine the zeolite-like structure in
geopolymer. As can be seen from the numerous studies, both the geopolymer and zeolite have
similarities in composition and structure. This article identified the structural heredity characteristic
between the geopolymer and zeolites, in order to provide a theoretical foundation for exploring
geopolymer and broaden the application field of geopolymer. Nowadays, extensive studies have been
conducted concerning the potential applications of geopolymers in adsorbing and immobilizing heavy
metal in wastewater treatment based on its zeolite-like structure. As a green and low-cost heavy metal
adsorbent, geopolymers have excellent performance on Pb?*, Cu®*, Ni**, Cr**, Cd* adsorption. The
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initial ion concentration, pH of heavy metal solution, adsorption temperature, and adsorbent dosage
have significant impact on the adsorption amount of adsorbent. The kinetic and isotherm researches
show that the adsorption process of geopolymer is fit to the second order kinetic model and is proved
to be Langmuir adsorption, which is monolayer adsorption. There has been detail researches focused
on adsorption conditions of geopolymer adsorbent, and excellent adsorption performance could be
obtained under optimal condition. The adsorption amount of geopolymer adsorbent is obviously
higher than 4A molecular sieve. It fully demonstrated the feasibility of using geopolymer as heavy

metal adsorbent.

Keywords: Geopolymer; Zeolite-like structure; Heavy metal wastewater; Adsorption; lon

exchange; Water treatment.
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