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Abstract: The adsorption efficiency of TI( [ ) on §-MnO, was investigated, and the influence of
water environmental conditions on adsorption was explored. The results showed that §-MnO, had good
adsorption effect on Tl ( [ ) . The adsorption equilibrium was reached within 5 minutes, and the
adsorption capacity was up to 581 mg/g which conformed to the Langmuir model. In addition, the
adsorption process complied with the three-layer surface complexation models. Increasing pH of the
solution was conducive to the adsorption of TI( T ) on §-MnO,. However, the existence of competitive
cation was adverse to adsorption effect, and the influence of bivalent cation was greater than that of
univalent cation. In addition, natural organic matter like fulvic acid and humic acid had a slight
inhibitory effect on the adsorption of TI( I ) on §-MnO, surface.

Key words: 8-MnO,; thallium; adsorption; surface complexation model; influencing factor

HEE£UE: BEXREAMNEESEHMIAE (51608067 51878092) ; BRI RARMEIFIE (CYS18029)
BEEEZ. 2EH/)ME E - mail ;hfxl@ cqu. edu. cn; 5ZE E — mail ; majun@ hit. edu. cn

- 53 .



F35% #oMm

b OE 4 K HE K

www. cnwwl1985. com

Tl & —fp ANRIELTF T ER, HEHE K, XA
N5/ NEAEF A 12 mg/kg (AR JTT &, anfal & Rk
PR AP R TL R — I A 15 i e fy PR 0
PN R—FIT 2 AN E SR Lo, m
B A A AR AR L R ( <2) (BER Y R T R
D e T R 1) £ L R I B BB AT, o — X 4
Ja 85 - ELAT R AW B P A DL SR B R . B AR
AT RMEGHAL BT TIC 1) £E 8-MnO, K IH
IR AT R, I 2558 T 7K BRI 25 A X W B 2 e 1 52
M, & 7E KR TR & T1 A KB IES %

1 MHE5 7%
1.1 Kgik 7

T8 T FH 3750 4 4 FH 8 4l 7K (Milli-Q ) B 2 i
file FEERRRER (AR) W T REEHAb 2= 00, B Uit
MM (AR) E AL (AR) BRIRZU4N (AR) (RHIRES
(AR) 32 (GR) MR 84 (AR) (Fh RNk (AR) |
ETREN (AR) (EALES (AR) S ALR (AR) Tk SR
BI(AR) 2,2 —BRA - (3 - &3 - R IfmEmk -
6 — B %) —#&Eh (ABTS, AR) ¥4I T [ [E 2545 141,
B (MOS ) Wy T KU Ak 27 1550 23 W), DK R (HP)
14T Dikma A F], & b4 (GR) Mk Z i iR ( MES,
GR) .3 - (N - gk ) pyfifi iz (MOPS, GR) It F 3¢ [
Sigma-Aldridge 7> 7], & HLI2 | J 58 /R >k U5 T [ Br
iR S
1.2 §-MnO, HIHI%&

8-MnO, i MnCl, 7E0§M: 2544 ik it KMnO, i
857 ¥417. 811 g iy MnCl, - 4H,0 T 200 mL f#
AR R R O 18 T A A 9. 49 g KMnO, Al
4.8 ¢ NaOH {500 mL #4i/KH ., L4 000 r/min f
BEE B0 3 R CEFR S min, BRFSH 200 mL A2 47
I A ENTAR LR IR E T 5 L@k hiEs £
PR 24 b, ELENIN 1 A9 %58 0. 20 pnS/em,
P Zh IR SCHOG R BE AL A5 §-MnO, 1Y ~F ¥ R0 42
858.4 nm . Bk —57.7 mV,H pH {ii Hy 4. 18,
1.3 MR A

i 1 R CIFERHEAE A BESE 8-MnO, X TI( 1)
PR . e A TIC T ) SE4r BB+ LS
FATR & LR (1) 2R LM A — € #E Y 8-MnO,
VWL, (AT SRy 40 mL, H] 2 mmol/L (R 2 14
W pHAE =2, Hg 5 pH (5351 th SR G2 vh i W
(pH{H =4.5) MES ZZ#p¥%5# (pH {6 =6.0) .MOPS
Geop W (pHAE =7.0) (B2 R 22 i W (pH M =

8.5 8¢ 10.0) #44t, 7£ 25 CHEIRKIB ST, H
W6 7 5 R R, SO BT G W 7K R B R 41
HEPEK (0.45 pm) B8 IR RR [ E , A 27K
Pl 4 o B TR BEAE O ~ 100 pe/L ST, R HI
TR 55 8 T BT I F A (ICP — MS ) A & vh
REFNER VR TE . ik f0 2 IR HAH TR 2 [m] i 57
AL ZR Y T ROV, e B R, 2R S5 R = AR A T I A o
1.4 SHhAE

T1 Mn ¥ FZ 5% 1 1ICP — MS 5, R HIR].0 Jie i
FALAS CRAEHEALAE N 1 mm , SRAFEGREEDN 7 mm, #
WHEALAE R 0.7 mm, HAD FZESHNT A
R 0.92 L/min, 2546 % NIRJE Ry 30 C, 558 114
WA 17 L/min, SRR 1000 W, 57 545 B
K7 x1077 Pa, IS N 1.2 L/min, £ 5 0942
THEAN 0.5 mL/min, FERBEECH 20 YO R4
) AR R B, A RE R 3 U, BRI EL

D I, ER T4 T A8 A W 7T RE E A 251k Al H:
SR8, PRI ORI 0, P47 S 45 TR J5 B 4 mL
FEd, 0,45 pum 7K R SR 21 24 8 Sk 3 0k, D Bis 1k
Al REE I 1Y MnO, 26 45 5%, i i A /D 2 6
R M P WA H I, IFKF 1% MOS Gk s i m A
UG WS pH A <2, DMEXTEE BT 0 R T .
2 #R5#®
2.1 5-MnO, Xt TI( | ) A0 Bff
211 TI( 1 )45 5-Mn0, T 9 Bl 122

TEpHAEN 7.0 TI( 1) W IR E Ny 25 mg/L,
8-MnO, ¥ & &7 500 pmol/L ) £ 4 F, 8-MnO, X
TIC T ) BRI 1 s .

100me s w = = " "
80
60
40

TI( T )W b /%

20

0 160 2(I)O . 3(I)O 4(I)O 560
/min

E1 6-M0, %3 TIC | ) BORB B

Fig.1 Adsorption of TI( 1) by 3-MnO,
mHE 1 AT LLE S, AT, TICL) 7
8-MnO, K T 1Y W B S — A PRt iy ok 7, 35 39 e
R R 2 5 min, K FRFEE 100% , Ui B
8-MnO, & — i A7 R4 1 6 W BT 7] T e O B ot



www. cnwwl1985. com

RAED, F.5-Mn0, s+E4 % TI( ) B M AL B R £

#35% %9M

T A AR A PR R T 25 A i 33k X g o 57 7 52 B T 7
g o AR H A
2.1.2 R L

1€ pH {H =7.0.8-MnO, ¥ & 4 500 pwmol/L
BEFEHE] 7 3 h (9554, 8-MnO, X TL( T ) (g b 45
TR 2 FiR. A, B TLC 1) MRBE 34,
TI( 1) 7E 8-MnO, 2 1 Y W% BfF & o 38 . R
Langmuir I Freundlich 3¢ > 25 HL % 0% fif 455780 335 4 7
LA, B 2 T RLA 3 R BT Rt A
IR 4E S, {2 Langmuir #58 f9 40045 (R® =0.998)
LT Freundlich #£7%1 (R* = 0. 812 4) , Langmuir
BT A 15 5] §-MnO, Xt TL( 1) 446 F1% B 42 h
581 mg/g, FEUGEM §-MnO, XFF TI( 1) &—Fil
KA R, 5 8-MnO, A H, AE A K & Ak
SR TLC T ) BB R/, 354 mg/g™* | AT RE S
il 5 KA T EARER I B T R AR R 1 A TG
PEOLI D, T BEAIR T LI R R g o A RS 4 i 4
AT FE B, 92K MnO, X TLC T ) B I B 25 e B
K, 672 mg/g" XATRE M 4K MnO, (2 5
/N, HE TR A, DT AT B 22 4 336 P B

=600 . N -

o0

I]IE-F 400

Ry

= 4 3-MnO,

& 200 — Langmuir

& — Freundlich
0 20 40 60 80

A e B/ (mg - L)

2 TICI) MR MR
Fig.2  Adsorption isotherms of TI( [ )
2.2 3-MnO, Mt TI( | ) BRI E =
2.2.1  pH {HIYE
1€ 8-MnO, XF TI( 1) FyME B = v, — e, %
T pH {EREAE §-MnO, 15 fh ik B e 1 H fof 5 53
— 5T, W pH E 20 TIC ) BB, ik
S 8-MnO, Xt TIC T ) MBS . 76 §-MnO, ¥
J& 4500 pwmol/L TI( ) #IUAHEE A 25 mg/L (4
R, Z22R A pH X 8-MnO, W TI( 1) 5%
M), [ EF SR MINEQ #4: ri1) = J2 2 1H 2% A A AU 41
ARG LS, WK 3 Bk, AT TR pH (AT
AFIT 8-MnO, XJ TL( 1) By M. 4 pH {HikF] 8
ik, W R E R I 90% , 4k T pH E, W B R 3

JONBHE 24 pH {E > 10 B, e B R4 100% . 75
A IETMESAE T, = 2 2 M0 4SO HR S0 B85 1
AT, TR R S A LA (M 2 TR IR 25 2

100
i 80 —BA ML
= Sl
=
— 40
=

20

0 2 4 6 8 10 12

pH E

B3 pH{ExF 5-Mn0, M TI( | ) 9250
Fig.3  Effect of pH on adsorption of TI( T ) by 8-MnO,
J T T TIC ) # 8-MnO, W BB hY
PITEAIL , 1o er i A I 5 52 o6 ok 2 v 4 W B2 1 A2 £
oL, 55 4 FrRs o

6

Mn*/(mg- L")
o = N W A&

N

2 4 6 8 10 12
pH {H
B4 pHEXEE S0
Fig.4 Effect of pH on dissolved Mn®* concentration
YT MnO, 898 1 Ak 1, MnO, 5 TI( 1) 7E
TR AT B2 S A2 T AR T S
4H™ + TI(]) + MnO, ==TI(Ill) + Mn(Il) +
2H,0 (1)
M 4 AT, 24 pH =2 BF, Mn® " 5 H 5
Z ;Y pHAE N 2 ~4 i, BEE pH (HBY B I, i 4R
WRIE SRR [ > pH (E =6 I, JLFTCiE 5. 78
SRIRVESRAT T, 8-MnO, Y E AL MERL R , PRV T
S /DR AR ORI 10% £247) .
XA A S R, — AR AL T KR TS Mo
AR PEAL, 57— T T, R SR A Jo vk B R R
Thm 2 IS A, BRI RS T TLC 1) iy
B, PR, oM 0 e P PR B8 A T 8-MinO,
XFTICT ) By RN 255
2.2.2 [HEFHm
Na ™l Ca®* J& R AR KA 8 WL BHES 7, B 4]

- 55 -



F35% #oMm

T OE 4 K H K

www. cnwwl1985. com

AIRESXT 8-MnO, W B 5 B ™= A58 i, Rk, 78
8-MnO, ¥ & Jy 500 wmol/L TL( T ) %) &k B g 25
mg/L 25T, 43 0 A Z2 H s IS [l ik B2 1Y) Na ™
(10,100 mmol/L) FI Ca** (1,10 mmol/L) , £ N
3-MnO, % TI( 1) By BRACKR LI S s AR R B, 45

e s s,
Mn'* TICL ) Wb
-~ % o

= Na'=10 mmol/L
-+ Na'=100 mmol/L

4 Na'=10 mmol/L
- Na'=100 mmol/L. _

100 10
T 80 -
e O
Z 60 &p
= E
® w0 :
- =
= 20
0
pH {H
a. Na*[t) 52
Mn?:
By
100F * Ca®=1 mmol/L 410
E§ -+ Ca*=10 mmol/L
@_ 80 8 ~
- —
§ 60 6 o
2 neOwHE | £
. - %5 e
= 20 <o Ca*=1 mmol/L | 2
= Ca®=10 mmol/L
0 1 1 B -
2 4 6 8 10 12 0
pH fi

b. Ca™ ) &1

BE5 Na*#nCa® xF TI( | )R Mt 28 3 HY $3 R BE B 82 0
Fig.5 Effect of Na* and Ca’* on removal rate of TI( | )

. 2 .
and dissolved Mn~" concentration

Wk S (a) Fros, Na™ A7 EAF T 3-MnO, X
TLC L) SRR, H Na™ 9 8 BOR, MR T TICT)
A R 2 B, FEISLAT T AEJE: Na™ HIlSS T 8-MnO, )
LI RE T o BT S (a) i AT LU H FERR TR BR 55
T, Na" FEAE B INAR B0, HL Na ™ # B2 MUK,
Bl A R, X AT BB T Na® a0 I A
8-MnO, By 1HI BT 8. {H pH {H > 6 ZJ5, o4
R, WITEE 2R T ILP A TIC ) g,

HIEL S (b) AT M Na ™, Ca® X TIC T ) 1%
BAE 3R A9 52 Wi B0 S 2 A R B AR R, A T
mmol/L ) Ca " L REAR KA FEAR TIC T ) MR 2%, 3
B 0 BH 5 — i FH B 9 I B 5 2 BB 0 B9
{HARTEREYJE 75 pH 60 2.4.5.6 I, Ca” " (1500
BN T 8-MnO, X TLC 1) A9 B, 3 nl B2

DRy Ca* B W B AEATF VE F 8 3% T 8-MnO, MOBES,
AT ] DA A A 2 BR BT 22 TLC T ) o AHR ML, 2
pH (R 2 4.5 B, 46 0 i /b, nT e RN
Mn®* g —IFEH M ERR T, 24 pH {H > 6 i,
8-MnO, 36 PV 5 £, AH EE T W BF SR A% 4 F i 75
Ca’* [T B 5 4 o7 B N 2, ML IR R AR T
3-MnO, X TI( T ) BYEIRR
2.2.3  JEFHJTHY

B A 2 R AR KA i UL Y AT e 2 X6 o 4 R
LR AR Y — 2 T, b DUE LR RN B R
AR, HI, 7E 8-MnO, ¥k 3k 500 wmol /L.
TIC 1) WIS H 25 mg/L 24, A TIC T )
BF SR Min®* 5t B O T 48 T A X §-MnO,
EBE TLCT) fysgm, 25 Rk 6 Fs .

Mn?:
- %EH
100F 5 mg/L & LR 110
< o 5 mg/L JiF FE R
w80 8 ~
= 60 6 o
= INIQ@L S £
— 40 -1 14 =
= 5 ~5SmgL g R |, =
=5 mg/L B HR
0 0

pH &

E6 RKANWTI( ) BHMERRHENHM
Fig. 6 Effect of nature organics on removal rate of TI( | )
and dissolved Mn®*
6 0] LLE 24 HL R R B R AT 7R B
8-MnO, X TL( 1) Ao i 22 1y A BRI, 3 5 PRS2
RTHIXH40 K MnO, PR FE s R —20), T Re R h T
JEE B BT BTE 8-MnO, KIS, 5350, a4 pH (A
FAEN BB T AEAE RGN T AR AV A, SRR T R
& & HLR M AR & A —COOH . —OH 2548 51k
REMT, 3X Se 28 GV BE A BE % 1 5 26 5 DA T L o
RO RCOD . AN, KRB EE
B SR PR AT AL R e A ] BB §-MnO),
B BE T A AR AR AV R AR B, E W pH (A%
P, BV 58 B A7 AE A 0 S AR L 1A S %
H, ULEH 8-MnO, 7EfME: 2514 T Ak BE TR 55 , #E 1k
6 ) ¥ L P BT 7 A A Min® * AR
3 4
@ 8-MnO, fEFE 5 min PIKEXS TI( 1) A%
BRFSEAT , 11 H. 8-MnO, XF TI(C T ) B W FfF 75 5 7] L3k

concentration

- 56 -



www. cnwwl1985. com

RAED, F.5-Mn0, s+E4 % TI( ) B M AL B R £

#35% %9M

5] 581 mg/g, Toit ML B 30 3 2 7 S DA I 75 k>
i ,0-MnO, HRZA R TIC 1) WEHHHI, REGS R H T
B KAbE T, 8-MnO, XF TIC T ) AW B 245 &
SRR AR,

@ 4@k pH A F T 8-MnO, Xt
THC T ) AR B 2 60 5 A Ak v 5 4 T 5 7 P A7 76 AR
FITF 8-MnO, Xt TLC T ) BIWE B 1%, H M & T
RIS AT — 1 P S T 5 SR AT BLID o L 8 o 9
Bt 8-MnO, W BF TUC 1) A5 %% GO ol £ 11T, 33k
8-MnO, 76 5B T P R FLE AR

SRk

[1] Huangfu X L, Jiang J, Ma J, et al. Reduction-induced
aggregation and/or dissolution of MnO, colloids by
organics[ J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects,2015,482 :485 —490.

[2] Huangfu X L,Ma C X,Ma J,et al. Significantly improving
trace thallium removal from surface waters during
coagulation enhanced by nanosized manganese dioxide
[J]. Chemosphere,2017,168 ;264 —271.

[3] Saratovsky I, Poeppelmeier K R. Characterization of the
manganese oxide produced by Pseudomonas puiida strain
MnBI1[J]. Geochimica et Cosmochimica Acta,2003,67
(14) .2649 -2662.

CATUER -

[4] Wan S,Ma M, Lii L,et al. Selective capture of thallium
( I) ion from aqueous solutions by amorphous hydrous
manganese dioxide[ J]. Chem Eng J,2014,239.200 —206.

[5] Huangfu X L,Jiang J,Lu X X,et al. Adsorption and oxidation
of thallium (I) by a nanosized manganese dioxide [ J].
Water Air Soil Pollut,2015,226.2272 -2278.

[6] Waite T D,Wrigley I C,Szymczak R. Photoassisted dissolution
of a colloidal manganese oxide in the presence of fulvic acid

[J]. Environ Sci Technol 1988 ,22(7) :778 —785.

EFRE N AR (1995 - ), 2, W) Je A A4
FEA WG 18] by 4l oK FURLIE 5 5l g 2 K H
TEZKAb FGS FE R BN o

E —mail:s20133171@ 163. com

Wr#s HH#B:2018 - 08 - 13

81T W RBER G ISR B8 B AR BEARGR BT SRR R T B T

2019 44 A 23 B @3 F KRB KAEATRBE TR R AL ASERBRITHHELREE B
o HAAR—AT4/6 2] % AR GBTFARFER PO ARG8T T G R ARA RIS F i
FEE SR, BOR)TRIK T L 106 FUR Rkl | & = R & G L AT Sk SRIAAT, SF AT 4
BRG, REKEOZ ARG LEMES, RENABRRNAE SAFH AAETE AL T, K& A3 EG IR
BEUREEXBTERRAEBINAOTELG 2%, FNERAE BHRE ARRERERARIRE R AW
FH, 8L FEER GG BRBREFTEFARB TR AETFOREFEERERATAZI—F,

2015 Ak BT B RRA G AR R A RIR S A RARTE” A a0 )6 T 106 TR K AR
MEBHFER,F Z AR (KT EIA, ZEDRERK KRR ARSI WMERK
FERKEIR, KRS IR, REAMLIEERE, A K EEGEEARRELATATRE
G, BEAKREEIAEY T Bk AR NORK T L ST & b %W ERAKARAIRE P,

2019 38T B RARAN S K E S FHBIT FTBAAEK) (R) T EIAEFRREHE % T4, #FX
AR K ZIEE R G R, AT MR EGE 161 N2 E R 6 BKE & 5 iE kA KR T3 4, ki
A 234 AN RAEKE M Ao BT HE 52 A ZRBEKIRGE, MR KRR AR L —F 7 EEIT T IR
R 74 By X s An 05 By K AL X, 37 7 H B AR Ao KA 114 &, 3R] B 485 5. 09 127,

(AT 4%EH0)

- 57 -



