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Abstract Based on the up-to-date research literatures, the research progress in the preparation of polyaniline and
its composites and their adsorption properties towards heavy metal ions is summarized systematically. The sorption
characteristics of these materials are emphasized. It is pointed out that polyaniline and its composites have shown
excellent pefformance including low sorptive concentration limit, rapid sorptive equilibrium, and excellent desorption.
When mercury ion solution at a concentration of 83 ng/L was fed to a column packed with polyaniline particles, the
enrichment ratio of mercury ion was found to be up to 120 after a cyclic adsorption/ desorption operation. The detection
limit could be extended down to 0.05 ng/L for mercury ion if the preconcentration of the mercury ion solution was
conducted with the column prior to determination for concentration in a cold vapor atomic absorption spectroscope. The
polyaniline and its composites have demonstrated a bright future in efficient enrichment and sensitive detection of heavy
metal ions.
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TREAAETXHINE, M2 RERRFRE 8w
ERIMEAE' (L AR 65 2 38 I T 45 P 5L % Y R Bt
B, B, RER M E SR Rk 8B BT 5 8 i
ARRZ—, BRI, REHMEHAFEERE T
MBI RNNES HEAMNCLEI TR
EBAENRMAE R . 30K EFE R LA
EHAMRERERLESYNAEESRE T HRH
PERERF R R A

1 BEREAEABRMANG &

S 2% iz R ot 50 A o %
RERME BT BB iR Ema i
FEAERMH, HPhEELEERRFTRRAA™
ERJEXKAIFTHERZSHRA FEERME
MRYERARFOWENE, EEREREN.
n7E B &4 T A E AR (N, ),S,0,.K,Cr,0, .
KIO; \KMnO, & & MW RS R R FN ™ E A
70%—90% """ , Hit, N T XBBIFHBMKR,
TR0 A4 B e OB 1T BT B A O A 38, A3
KEMAKRBER.
1.2 BERRE A WHH &
AMEARREEEHRAESERE TR,
WX — S RERE SRR TR, @
HHRERSHAAEE KRB ZNERYEST
WIGEM B H HEREA R TR 2 — B R B 7
FEAEEMNE EATUH#TIE FXHEANTHE
EREBEFHEENE. BRIANRERESYAER
% B-R ¥ Z % (PAN-PS)™ | B % B&-48 K (PAN-
SD)! ¢ BER-HEFRHEMAT RER-HL
(PAN-SIN™', X F A YR ETHMILBURER
MRE/BIEN,
PLWSE R %
RER-REIRECYREIH —EREN
RELHRBETERMANENES REEAGE
FTERREZBYSMBTHRERNBRERE
BEFRP, BHEREEZRBTY, MBEERK-ER
EEMEXHAFEAES BB RERERBRN
FH 0.5 mol/L NaOH 438 2h Bt T . REH EZB W

1.1
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BHTHRERMARZERNRER S, BEHFBE
Eh B AMRERREZRUBRONBELSY
ﬁﬁ[ls’w]o
RERESHEHE RN PERE BRI .
EHEESEALYNESRERERWILRER P
TR AR EEARNEE T RAED
HEGTMABIRERYERER D, TBHRA
BKEZRTHE 24h, ZEHBHERBERE,
YeHMTE EATERALE 2h B ESYHERH
B, BEZET SRBIREAN 125 m WES
VIR
1.2.2 FuREHEBE®R
RER-ELESYRESIRMNALEEMALRES
HBEEWEN, HAKSRY . K —CSYHEERED
BB MA B — %A (NH,),S,0, FiiE+ B KA
EMAST,ECREFHEZGT . FREVRE
B 2h, T AL RER T, BARAERE
BR-EIESYEN, EAYTPREBANEE S
EEREENEE,FA/DMELFENFSE &,
B THENNER,ERTRZN 63—200um KB
RERER-ELEAETHR™,

2 BEBRERAEE SRR R

BHESER
REREIHAGYNERELREFERAER
AR R, UARERE XA YR ARMEET
REAHERESR. RIFIBTREREAEZSUX
IMREAESRE FHRMERE, TUEHRERE
BEREESGYMNBEAELREAEREHRME,
SEHRREFERBR X 10 mol/L A9 R’ R RER
BT 996%™ . W TR R {8 R % B R, T H %% B
FUBHBAWRNER, XFREXLBHAESE
SRREFEMAEZRABGAEFEANNARNR,

FRBHE T FRERE, M RERET P
SIATRAESIENEFZHNENBRRE
A, St R RS EMBEERN 6x107°
mol/L B9 He'* P W, X SR 2 T B9 R 3 h 85% , 1)
FiZ5 A 510 mg/go T X /MTF 1.0 x 10 > mol/L. He®* ¥
MR B RRIE 99.9% LA L, EALIT LR, 7EM
IR B 44 T Guptal™® 338 B9 R Mk R R 0 R B T
R RMART] 4%, XRPBRENIIATRK
B IR BE R, BT KRR A T R AR,
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Table 1 The adsorption properties of trace toxic metal ions on PAN and its composites

sorbent

dosage metal ion/ initial conen. sorptivity adsorption

(mg) volume(ml) (mol/L) (%) time(min)/pH
PANL! 100 Cs* /10 10°% 84.0 60/5.78
PAN{1! 100 Hg?* /10 10-7 68.5 40/3.8
PAN{2] 25 Ru®* /10 -10°° >96.0 15/5
PAN-PS™) 100 Hg?* /10 1072 79.1 40/4.12
PAN-SD!3] 1 000 Cr** 150 10-¢ 100 1071
PAN-Sil %] 500 Cu?* /50 1.6x 107 100 120/6

2.2 RBP4 st )

REBREHESYNEESR YR ERY
RAALERMERREAMREERFHES, BE
R EE SV E R B —REB7E 1L IR, H
RHRA L 4. PAN-PS ES YR AR & EB
He'* % ¥ - 45 "% B B (9] 39 9 40min'* , PAN-Sil &
AR Cu' BT 450 AR 20min™ o 382 R R B
Ru’* B4 0 ] 2% 10min'"™ o B8 3 fik B0 O Bt
Hg'* 7l CH,Hg" B F45 AT [E % 2 A Smin'"", ERH
FTHREEEFWHEERL, EEXREARESYS
KA FHERMPIR,FLBE TRIFHER, B
FRUREZEERERESYAEMBN T E . BBNTE
TKALFRIR B AEAE T 2 22k

Gupta 2" " )\ 3 J1 3 75 T Xt B RE VR B Cs”
H' A ELSRABHT TR, XERHTEY
AE—MERSTRE:

log{ e, — a,) = loga, — k,¢/2.303

AH o RABRMATERME, o, R ¢ B 2B
FRRHR, kBB EREH., AN, 088
ERETXERMIBRRERNER.
2.3 R B v AE BE R BE I T % o

ELARHAER, REREIEESYRRHE
FEMBEATTE M, REREXBEZHAR. &
o - R B et 1R A — SRR A B AR AL, BB IR
EROARYHERA T HREFOREER, XAEE
HTHRRBENASGMET — &[R4 R0 R 5
B, nl ot A BE 30 2R 4 o B DL 3L, B 2= W] B {5k 0% B R

2 3K TEERERAESYRMEI H2ER

REFAE-EHFHREEESF L, Z—FE, RHE
BEMNARGLIEERPE TRV BEEMR, 6
HERHHNEEEPONBBEILSHEE ATHRE
THRRHERE M,

X T=303K B8, XF PR ERN &, 23R
1.47x107% 7'M 2.02x107° s7', HHBHBERK
%t Hg'* .Cs" RIVR B R IEILABE AE 2510 12.32 +
0.31 kJ/mol 1 12.57 + 0.21 kJ/mol, i & tE 8E B T %
B g —— 3R Z 4 kW I 4 Bk XUBR AR AR 303K R B
KEFR E 28.23x107° s, 1&4LBE AE H 10.4
kJ/mol'™ o X 3 4R KM I 15 4L BE AE R 3
AR R IR BRI & R E FRRMEERARREL
BORK,HEBEANRNMSBEMNTUEERTEER
T, B, RINTUEMREREEE S5 YRE
BEZ2RBEBFIBERE-IPBRHBARMNT R, Gupta
gl o E N X RPN AR ABRISHEERA T
X—H. X—HEE5R1,8- B %k . BE KI5
SHEE T 408 FRRE G RERBTEE -,
£ 2 PFIH T PAN-PSH A YA RERE MK 485
TFHRRNEER. TR, =M REIENBETE AH
Y90 TE AR, 3 158 B 52X 42 % o 8 28 R VR 9 SN, TG R
M IEILRE AE #R7E 10 kI/mol 2245 , 136 BA WRt Bt i 78
LB, EZRB TRBVES HIT. X LR RN
KB HEZEL G RHE, B LR R N A DL E%
BT ARH#T. R KM AHEEXRREME, XK
HEAFLRE T3 R E A DI R
MaBEP, RNERNETFEEHEMT .

Table 2 Adsorption kinetic parameters of PAN and its composites at 313K

adsoption system AE (kJ/mol) A6 (kJ/mol) A H (kJ/mol) A S [J/{mol K)]
PAN, Cs* ¥ 12.570.21 -6.2310.11 26.81 +£0.79 105.6

PAN, th {10} 12.32+0.31 -12.12+0.23 11.8910.15 79.2+0.3
PAN-PS, Hg?* () 9.47+0.03 -6.05+0.10 16.3+0.1 71.4
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WM pH EELBE LTI EERETH
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E A E AT RE RS A A F B E AR 82
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R PAN-SD TR B C** BRI ', 24 0% B W 0
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3 100% o BB & ¥ W% 1) P o, pH L FH 5, RBHE 38
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C* AR ABMIEM.
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Effect of pH on adsorption properties of heavy metal

RUREEF#E LNBRAETF(EEH A )S5ER
FAHABTFREBFXBRHITH. Bk, ERMEF
BhBESHEERT BT R XBHEHHE
TR pH EZR WA RE S oF, FA B
SHERETHEBRLE, Bk, TR 6 %H
RWFFHDE TR, T Y BB DTS, BE K
EREBEABEARBRS. XN REKFHE L
EXBEABFESBRRPHAETFHTRS, KU
EEMBMREL TR, R, pHEMNTLEERE
B C AR R, W 1 8 % w0 B
G WRMEES. REY pH> 1 B, KFH ¢ B
HCO, BAFAE, TSR EREETHNB I -
HETBTRE,

B S R B 3R SR 69 pH {E XTI PR I 1 B B e
R R, BT LUE o 0O TR B pH E 30 T L 8
EWRMANENRERE TR ERE, £ EZHYH
BRI &R TR RBRASE, HE,
PAN-SD Xt Cr** i % B 0 8 R B 4 F 8 2 o8 i B 28
BEWH pHEXRZAN,. MEHAXNKESRE T
HImEHERE, b— B E LAAT pH X &K
FwEmwm, EEAEREREMANE G 5
Cs* \Hg"* \Rv’* \CH,Hg" .Cu* FHBE FARM
AR FEBSAT R, R8T R R e
pHEB A RMERE—ERE THEEERMN.
2.5 ZBRRHEEESLER

EEKEEAGYNEEF LR R AEAT L
BHRRBENORRHATHER, MERBERMBE, X
3FHTREEERREAYNILHEELRNBK
RURFANERBE. NEITUFBHEEREH
HAYMAEERTOBRBER. ELXSHTR
N EEEEHEAYMBRTHELSREETH
BT BRZINEFFESREMOE R, ERKM
W, XEEBEER FRELEMREARBRSCER T
VR R M Ap&RE 7Y% &K, T PAN-SD
B O I BRRENBRESNERERESAB TR
ABTFXBRER, B, RHEFEA 0.1 mol/L
NaOH iR B X BREHEREZBRIE, R
MRS FhRFS TR RERE,

ETREEERESY &R EE. 8K
PERE IR 5 B 47 A0, X 26 TR B R 42 4 B A T 3h 25 TR B
W3, AT AL Sppm Ru®* 75 W A9 B8 3 i "R B,
%S KEM S RRBEIFRE, REEEERSE R
R m™ , RIS — R AR, TRk F
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Table 3 Desorptivity of PAN and its composite adsorption systems

HERBRELOWILE, ZMA*x g, BRER
MR REREE LIS W BH R — KRR,
XX AL 485 LA B8 A O BT 47 B ) R B B R R R

sorbent adsorbed ion eluent desorptivity eluent vol enricl
(%) (ml) ratio
PAN[) He?* 0.08mol/L HCl + 0.026 mol/L thiourea =98 10 2
PAN!' CH,Hg* 0.08 mol/L HCl >98 10 2
PANU?! Ru** 4.0 mol/L HCI 98 20 0.5
PAN!! c*, cu?*, Ph?* 1.6 mol/L HNO, 100 20 0.5
PANU! Sb** 1.6 mol/L HNO, 75 20 0.5
PS-PANL™] Hg* 0.1 mol/L HNO, .diphenylthiocarbazone 47, 712 - -
PAN-SpU's- 161 o 0.1 mol/L. NaOH =95 50 1
PAN-Sn** phosphate!'”  Hg?* 0.1 mol/L HNO;-0.1 mol/L NH,NO, 100% 50 —
Fa4 RHEMERAEESROEEMLGE
Table 4 Enrichment properties of trace toxic metal ion onto adsorption column
sorbent/ adsorbed ion column size flow rate volume(ml)/ adsorption eluent enrichment
dosage(mg) (mm) (ml/min) conen. (pg/L) time( min) volume( ml) ratio
PAN/501"] He?* 30x2 2 1 200/0.083 600 10 120
PAN/50!'!) CH, Hg* 30x2 2 600/0.166 300 10 60
PAN/200!?! Ru’* 50x4 2 800/5 400 20 40
PAN-SD/1 000" ot 150 x 10 5 300/50 000 60 50 6
PR,

3 REBERASSHRMANEA

ERREEREELE SO E FE LR & TR
HERERIZERE b, 5 % FL 0% B T PR v BE I ] 08 2R 4
FASHEREAR S, AT R R B B A th 47 THRA
MR,

3.1 XTEEKA SR

E 5 25 e BOBL R S R OB R (8
FA% A 38 5 1 09 W B K 3 1 000ml 1 ¥ B T80 5t 14 B
Kb R’ #HAT TR A, REHEH 20 ml 4
mol/L HCl #1T#E R, MHEE KT Re'* ERER
595% , EEMBPEBT 505, AR EAKFEEH
“CeBZr”Nb. PShERMHHETE L —EBRE LB
—FFIRHE . FEVRF HE* #1 CH,Hg' KB R B3R
K K K TR A T K 8K S B
KRBT THESRM AL, 45 R KR F R M
Xt 5 fKEEFH He' #1 CHHg' MR M Ry & T
95%" , MHEEHAKKEFRMEEETFHKRET
BFREEABAE 0.001 mg/LHIETFELRFAAKE

3.2 AR EELE

{5 P 3 M U 3 LA VR BRF A X 1 200 ml B
100 ng Hg"* MK B WA THERH, B 10 ml
0.08 mol/L HCl F1 0.026 mol/L iR IR & ¥k & B 1%
MEXTHER, EHERRSHERIBFRNBAE
MNF 2%, REFHEEBEEDT 12048, 4
[ # 1E & 1 F W i A X+ 600 ml &7 100 ng CH,Hg*
HRMEEFRBADT 60 1%, HHX— KM
Bo & & BF 0¥ IR 7 MR WO6 35 0068 R, B 15 0
FTEM AT Se 2 o TR B AR SR AT UM 48, PT LUK R A9
WA THREED 0.05 ng/L", BEENE, M TR
RREEXNMRMEINRORERRHAE, T
M{E A 0.08 mol/L HCL (XX H o CH,Hg" BB T
¥k, MAREH He'' B TR, B, a4 4 A HQl
UL B HCl Fi AR 1R & ¥k 38 W03 17 4 WOk ok, AT 35
¥ CH,Hg" He" BE MBS BEEENEN,

4 RE
I I AR 5 #3004 DL R b B D RE M
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