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Research progress of porous material applied in removing heavy metal

ions from wastewater
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Abstract Porous material is a kind of material with a certain size of the gap structure and a certain specific
surface area,according to the size of its pore size can be divided into microporous materials, mesoporous materials and
macroporous materials. Porous materials with a relative density, high specific surface area. light weight, good

permeability and good adsorption properties. The use of porous materials as adsorbents for the removal of heavy metal

ions in wastewater was focused.

Key words

2015 4F  SEHHECE TUZ T )ik #f 20 sk Aol AT
MEEERAERE S T5%E L. M. UZH5
RATGRPB—DTH . BRI 250, 53R ATE A
KRG G YA K5, b, i E & w5 79
A A KA G RLHG 3 1 e 2R W 1R A 1 AR R A A
Py o it 0 B A A R S e O ™ A B S ) R
— o ADRE B AT R SE T A R A AR K R R 2 2 AR
b2 AT W F) T B ) — O I 45 R K AR B R
JO7 328 T A2 33k G R R 0 B B R R B 1) e )
PR o ey 7 2 — Tl g 28 e 280 AR B R JC 75 7
4 22 FLI BT AR L 75 25 R R K v B9 B <6 S 1 B
FAH AT,

1 ZAMMIRMESEZERNE
Z LA RS — B R 1 2 0 5 AR

EE&WB :HRARB#ILELTH (51663012,51462021)
EERE A B 991, 5 Wi+, 8 NEZ MBI,

porous material,adsorption,heavy metal ion

P18 R . 35 AT 118 FL TR T 2L S0 P9 0 AR 235 g ey R R A6 K
DRHCAE A G 95 8 9 8 B B kL e SR T AR T LB
FARE 3 TR AR A D T DIE T R A % R B R A
P ORBESEE BT E Bk, 2 LA RE L BR OK T B
TIHANLUT R GRESRE THEAZIME
WL AR IR e BEA Z LA R R T, R A 2
FLAS BB AL BT . fe e 5 2 FL AR B i L BR
AR BTG R L R A S (IR L R R SR N
Wb

iz JH Z LA L BRI K i B R T R
JK HR Y 4 e R T RE RS DU Bk 2 LA A R T
Hoh AR — 803 1 8 8 B 5 1E 2 fLARL B9 3R T
S BB 25 R o 07 A I (1) PN 3K B A 0 5 T 22 LB
HEH PN R THIATS AT 3 A A1 s SR TRE R R T ) A /N 98
P A 2 i BUBR W B 22 . ot . 2 LA R

B R AERA97L) IS B A O, AT AL TR OF TR T E R A RREIEE HOR A AN I AR N AR

B IR & S0 H R0 BF5E



EoN WG T 5 2 FUARHE 5 R 8K T G T 5 T BT 5 © 4T .

B A, W B B R A 1 B I
W R T T AR R O IR A B £ AL b
HCAL P AR B BEL gt B 2 AN R e R i X
AN 73 14 W R e AR Ok F) A AR 250 AT X A
I ]

2 ZAMBEREKFEEEEFHHR
AR

iz Z FL B bR R K P i 4 TR B T2 N Ab
25 TS R BOSRTRT I 2 — o el R B 2L
e URE A 7R 5 A AR U P R SR R A A
T3 B AL 5 1) Z2 FL A RHE ] 3 AR T F 4 T AR
T8I T AEAE— € W R BR A S eF 2 0 598 N 6L 38
1 X% GE i Z LA R 2 AT T — 0 ik AR A
B PP AL R, DT — 28 EL A A X R e B RE T 1 £
FLARERE 2k g0 K ok, 3 8B I R 1Y) 2 FL A R B
AN TR B X6 Tl 2 K v 2% AN ) B 4 Je 2 1 S BR
EE T RAFEM.

2.1 EMER

TG 1 i 2 B L R R B RO , BT LA AR I K
AEBETFHER. EmREFERALASHAH
KALF LA, B A i R AR, e KR AL
1266~3256m” /g BFFE N B B R IS 2 sk
T RBR K i B A JE B, o i B T 1 ik
J AR R T Tl A 0 B R R DL A
AL BRI H 3 T 3 M e M A A X 8K
B 5t 7 5 Br P 2o #E b 32 B — g 1 BRI A —
SE 5T N 51 SR & i gl K 55 O i 45 B AN 1 T
‘@ﬁ[lsjo
2.2 BRAKE

1991 4FH Tijima &I AER AN K (CNT) , T
HoAJG S 0 1 R A0 N W SR T T . ONT A
AR K T T R R e R T
M K. CNT 40 Ry 2 Pl 28 B . B0 BE Bk 4 oK 4
(SWCNTs) Ffll £ BE B 44 K 4 (MWCNTs) ™,
CNT X EL )R T WML 2 4, L%
ATREIE N FE 4R B M CNT £ i g iz
6] 47 A6 25 0 W 51 g, LA K W B IOC B A Ak o i 4
HEAEHS,

B R UK S TR 4 0 3 A TR B0 45 1 W CNT 4R
ARfE AT ISR X B 4B B F AR M 68 7. Wang
DT R GE T R FRR 4K )5 MWCNTs Xt 4% 5
[PbCID) ] Y W B, & B2 4k 5 1) MWCNTs Xt

PbC I A ARt A W B 6, o 4 0 W B o 19 75. 390,
X T A EE AN MWCNT JE R T2 &
W 7). Pillay 889 SR FH T M ok T RE AL ) MW C-
NTs FARI L MWCNTSs 3 Ff A [7] it W ji 50 BF 5%
TXPE AR B W R RE ). BERAS R R T
REALFI A THBEAL I MWCNTs % 8 42 J@ 4% 1 6 90 s
e S 0 W B R
2.3 ABEFEMELAESE

A7 SR — B R B R T AL B N O A, 1B
CNT —# b B A SR A 4548 LA ) B R0k 2 v
B, BN H T2 . 2 ARk A B R N
ATERM K. G RHA S LEE KT
EEREF M THILREAMET L AENE
fiE AT DL o1& AR AL, OF H oA S B A R Ar ik
ERE M.

AALA ST LR BRI K T AR BT
A S VR E A A S 0 AR, E W M R
PR JHG 2 1 R bR T DA 1 At 1 R A L2
I H, 548, A REE BEEE S 08
K I Bl I FIa B Thaefe ., (H2 K Sk f
BRI RE AL IF B o R A T
BRI K,
2.4 {RBA & 7L AL R B 5

25 Tl B A RE 2 S5 H 9 22 LB SR A A X
Hrak By 5. QAT SR AI A A | R B 1A T 5 ) A
02 B4 2 R K ) T 4 S U B
i 5, Bhattacharyya 2275 5% I K 4R Rl ek i v 14 +
FSE A 6 JLRRAS W) T 4 J@ 85 1 19 W B 0 A7 T 45
F¥. Sud FR AR K FE AR S MR R T &
BREKTHESRE . Wan F 2R T RAML
PR AR A ok B BRE K P &R B T, Jiang
SEDUESE T O R U8 b P R4S AORE e ok R BRI
KHH PhCID) LCACID NiCIDHF CuC 1 & E 4R
B AR AR, JF B K Fe R W B & 7E 30min
AT DK B % K g PhCIDD B 5 19 25 BR &k
FHEKF] 90 % LU E
2.5 ETFTEWRE S FLAERR

R RS T A2 W) o3 1) 22 FL A BHAE Sk Wi R 550 oF 25 Bk
JE K H Y EE A S B — AN AE X B R R T BB
UESC R AR T A AT . A ) 5 R B R R A AR H
B T8, d5c T I R 0 AR R X R A . A ) T R
FVRE IS S A K T A R . BRI AR ) T
BRI 3 AR IR . (D ARA: A A W BT an vy fz R BT &



< 48 - o T BB ow AT &

R W AE B £ R 52 AR (2) WERAE T (3) T
A A BT AR TR L T R

B — TR I A A A T AR A A
J7Z . SEVFZFGE N G TE IS T 78 0 A 3R 44K )
Lo T HT 324 by A= Wi B 500 LA ) 0 | ) A
RS o R B R 7 ANOR RS BRI K S F 5 K
SABAE B N SC G B B . T L W B R Y AR R B
SRR TS ) R Ak 2 2 A A5 R
2.6 BEER

YERTE 4 R 1 15 T R A R R B
(CA) s =2 25 HEDI , %5 BE AR /DN, W BfFPE AR 5 . CA
T H DA AR OB AR R RO 20 A 7 XK )
EIRET LB EA B E ., Meena Y KB
CAXFEAKH CAdCI) Pl Hg (). CuCll),
NiC D) MnCIDF Zn D) & FE 48 B 71 2%
R A2 W B L pHL 422 fi BsF ] L WA SR 590 o R IR 45 R 2R Y
SO, W R A R 2 AIE ST T A R CA X 4w
B B B AT S AL R Langmuir {5 5, 11 H il
JE Freundlich R ¥, BI 76 W [t 57 SR w2 i £ )2, B
A P8R B 7 SRR

SR X CA By il A% Ge i & 7 s W M ik 1k
TRZEVRR RS TR B R AR SR AR E 145 A 1k
S X O T S 5 SR ER W A G L TE e T A o
AR BEIE AR 2k SO 2 AR VR AL, R — SR A
T E R TR MR TR R S H AR
F B 7 A WA Z FLRRIE B AL 7= . o — T T, DA
AP A= 1y CA BAG R 32 #2442 B BRI
XA e X 4 R B M R D I G R 2 —
2.7 HERILREY

2007 4F, B R 8 i LB AL R & Y (CMPs)
PRI AR AL AT 9, K B 3R T AR Ak 2 R Tk AR
PEUL S m- 2L 4 i 51 T AR 2 FBHRE A B G
FEL . CMPs 1 R FH 3 I 76 30 3 0 3 26 )3
(R AW N RN R N = 02 N ) [ SN e i
JCAR TR G L 25 . BEHBIF N D3RG 38 i 2 B A £L
RE DN B KM, LLRCEATTAE W /7K 53 8 07 T
N FH AR

F T 980Tk AT 4 L L R A I g KT
2015 4F, Yang % A T —F & LB AL R &
Yy KB fk A A 1607, AT DL %W B I K HR G R 4
J& BT A R LSRR DL R A ekt X At
BOIFL R A 0 76 W B o R v ) 2R L Bl T 2 L TR
B AR AT [ R R R, e Ah X Rl

AL R & W0 A [ 26 2 95 e Wy 14 25 B 28CR e LR
G A AT Gl AL R R R0 AR 2 4 B E B R R T Y
AWl AR o] 5 00 Uk 9 7 1 A Il

3 4HiE

KAE D9 N 26 A i ) IR R 7R A A 2L A PR B T
Jerb A2 R E R AL, TR TR B KRS
JeIuE . Bl PR OR L AL A A B f 42 0 58 35 L XK TS
ey if B g A A AR R TR RLE T L LA
AN TR A 25 BRI K TP 9 B 4 J 0 1 19 2 SR R
A HE G, A 45 36 VE B¢ IR ANOKRAE A1 8805
S AT SRR BRI B T AR W B 22 LA R L K
BRI R S . TE . BEE AR JC R
AN TEAWTTRA K A7 HORB 2 (1 2 £L AR AE &
W 2K T B0 R S T A R HE A R R DL
K5 e BURAS B B

&% ik

[ 1] Vilela D,Parmar J,Zeng Y, et al. Graphene-based microbots
for toxic heavy metal removal and recovery from water[]].
Nano Lett.2016,16:2860-2866.

[ 2] Aragay G, Pons J, Merkoci A. Recent trends in macro-,
micro-,and nanomaterial-based tools and strategies for heavy-
metal detection[]J].Chemical Reviews,2011,111:3433-3458.

[ 3] Kim Y,Johnson R C,Hupp J T.Gold nanoparticle-based sens-
ing of “spectroscopically silent” heavy metal ions[ ] ]. Nano
Lett,2001,1:165-167.

(4] 5 . WRMELE, S 2R 0N S &L MBS 41,
1995(2) :10-13.

[5] ParkS]J,Jang Y S.Pore structure and surface properties of
chemically modified activated carbons for adsorption mecha-
nism and rate of Cr(VI)[J].] Colloid Interface Sci,2002,249;
458-463.

[ 6] Nguyen C,Do D D.A new method for the characterization of
porous materials[ ] ].Langmuir,1999,15:3608-3615.

[ 7] Suriyanon N,Punyapalakul P, Ngamcharussrivichai C.Mecha-
nistic study of diclofenac and carbamazepine adsorption on
functionalized silica-based porous materials[ ] ]. Chemical En-
gineering Journal,2013,214:208-218,

[ 8] Hua M,Hang S,Pan B,et al. Heavy metal removal from wa-
ter/wastewater by nanosized metal oxides:a review[ J].] Haz-
ard Mater,2012,211.:317-331.

[97] Yuan Q.Li N,Chi Y,et al. Effect of large pore size of multi-
functional mesoporous microsphere on removal of heavy met-
al ions[J].J Hazard Mater,2013,254:157-165.

[10] Tsai W T,Chang C Y,Wang S Y, et al.Preparation of activa-

ted carbons from corn cob catalyzed by potassium salts and



7 WG T 5 2 FUARHE 5 R 8K T G T 5 T BT 5 .+ 49 -

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

subsequent gasification with CO, [ ]J]. Bioresource Technolo-
gy.2001,78,203-208.

Hayashi J I, Horikawa T, Muroyama K, et al. Activated car-
bon from chickpea husk by chemical activation with K;COj :
preparation and characterization[ ] ]. Microporous and Meso-
porous Materials,2002,55:63-68.

Jusoh A L, Shiung Su,Ali N a,et al. A simulation study of the
removal efficiency of granular activated carbon on cadmium
and lead[J].Desalination,2007,7:9-16.

Kang K C,Kim S S, Choi J W, et al. Sorption of Cu®*" and
Cd?" onto acid- and base-pretreated granular activated carbon
and activated carbon fiber samples[ ]J].Journal of Industrial
and Engineering Chemistry,2008,14:131-135.

Deliyanni E A, Kyzas G T, Triantafyllidis K, et al. Activated
carbons for the removal of heavy metal ions:a systematic re-
view of recent literature focused on lead and arsenic ions[ J].
Open Chemistry,2015,13:23-29.

Anirudhan T S,Sreekumari S S.Adsorptive removal of heavy
metal ions from industrial effluents using activated carbon de-
rived from waste coconut buttons[ J].Journal of Environmen-
tal Sciences,2011,23:1989-1998.

Tijima S.Helical microtubules of graphitic carbon[ J]. Nature,
1991,354:56-59.

Wang H,Zhou A,Peng F,et al. Mechanism study on adsorp-
tion of acidified multiwalled carbon nanotubes to PbC I [J].
Journal of Colloid and Interface Science,2007,316:277-283.
Kabbashi N A, Atich M A, Al-Mamun A, et al. Kinetic ad-
sorption of application of carbon nanotubes for Pb (Il ) re-
moval from aqueous solution[ J]. Journal of Environmental
Sciences,2009,21:539-544.

Kuo C Y,Lin H Y.Adsorption of aqueous cadmium( [ ) onto
modified multi-walled carbon nanotubes following micro-
wave/chemical treatment [ ] |. Desalination, 2009, 249, 792-
796.

Kandah M I,Meunier J L..Removal of nickel ions from water
by multi-walled carbon nanotubes[ ] ]. Journal of Hazardous
Materials,2007,146.283-288.

Odom T W,Huang J L,Kim P,et al. Atomic structure and e-
lectronic properties of single-walled carbon nanotubes[ J].Na-
ture,1998,391:62-69.

Rao G P,Lu C,Su F.Sorption of divalent metal ions from a-
queous solution by carbon nanotubes:a review[ ] ].Separation
and Purification Technology,2007,58:224-231.

Pillay K, Cukrowska E M, Coville N J. Multi-walled carbon
nanotubes as adsorbents for the removal of parts per billion
levels of hexavalent chromium from aqueous solution [ ] ].
Journal of Hazardous Materials,2009,166:1067-1075.
Novoselov K S,Fal'ko V 1, Colombo L, et al. A roadmap for
graphene[ J].Nature,2012,490:192-198.

Gopalakrishnan A, Krishnan R, Thangavel S,et al. Removal of

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

heavy metal ions from pharma-effluents using graphene-oxide
nanosorbents and study of their adsorption kinetics [ J ].
Journal of Industrial and Engineering Chemistry,2015,30;14-
19.
Chen Y, Chen L, Bai H, Li L.Graphene oxide-chitosan com-
posite hydrogels as broad-spectrum adsorbents for water puri-
fication[ J].J] Mater Chem A,2013,1:1992-2001.
Dong Z,Wang D, Liu X,et al.Bio-inspired surface-functional-
ization of graphene oxide for the adsorption of organic dyes
and heavy metal ions with a superhigh capacity[ J].Journal of
Materials Chemistry A,2014,2:5034-5039.
Bhattacharyya K G, Gupta S S. Adsorption of a few heavy
metals on natural and modified kaolinite and montmorillon-
ite;a review[ ] ]. Advances in Colloid and Interface Science,
2008,140:114-131.
Sud D, Mahajan G, Kaur M P. Agricultural waste material as
potential adsorbent for sequestering heavy metal ions from a-
queous solutions-a review[ ] ]. Bioresource Technology, 2008,
99:6017-6027.
Wan Ngah W S, Hanafiah M A K M.Removal of heavy metal
ions from wastewater by chemically modified plant wastes as
adsorbents:a review [ ] . Bioresource Technology, 2008, 99
3935-3948.
Jiang M Q,Jin X Y,Lu X Q,et al. Adsorption of Ph([[),Cd
CI[)NiCIl) and CuC Il ) onto natural kaolinite clay[]J].De-
salination,2010,252:33-39.
Apiratikul R, Pavasant P.Sorption of Cu?",Cd*" ,and Pb?’
using modified zeolite from coal fly ash[]J].Chemical Engi-
neering Journal,2008,144:245-258.
Apiratikul R, Pavasant P.Batch and column studies of bio-
sorption of heavy metals by caulerpa lentillifera[ J]. Biore-
source Technology,2008,99:2766-2777.
Meena A K, Mishra G K, Rai P K, et al. Removal of heavy
metal ions from aqueous solutions using carbon aerogel as an
adsorbent[ ] ].Journal of Hazardous Materials,2005,122:161-
170.
Jiang J X,Su F,Trewin A,et al.Conjugated microporous poly
(aryleneethynylene) networks[ J].Angewandte Chemie Inter-
national Edition,2007,46:8574-8578.
Li A,Sun H X, Tan D Z, et al. Superhydrophobic conjugated
microporous polymers for separation and adsorption[ J].Ener-
gy & Environmental Science,2011,4:2062-2069.
Dawson R, Laybourn A,Clowes R, et al. Functionalized conju-
gated microporous polymers[ J]. Macromolecules, 2009, 42
8809-8816.
Yang R X,Wang T T,Deng W Q.Extraordinary capability for
water treatment achieved by a perfluorous conjugated micro-
porous polymer[J].Sci Rep,2015.5:10155-10159.
Wrfs B #1:2018-03-06
&7 B #:2019-03-28





