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Adsorption properties of tannin-polyethylenimine adsorbent to Cr( VI) in
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Abstract : Tannin-polyethylenimine (TAP) ,a new adsorbent, is prepared. The adsorption properties of TAP to Cr
( VI) in aqueous solution is investigated through batch adsorption experiments.Results show that the adsorption behavior
of TAP to Cr( VI) is significantly affected by pH value.The adsorption capacity of TAP to Cr( VI) reaches 73. 96 mg-g™'
when the temperature remains at 60°C ,initial concentration of Cr( VI) in the solution is 200 mg-L™" and pH=3. 0.The
adsorption behavior accords with Langmuir model and pseudo-second-order model, and thermodynamic analyses implies
that the adsorption of Cr( VI) by TAP is an endothermic reaction.SEM, FT-IR and XPS are utilized to characterize TAP
before and after adsorbing Cr ( VI).It is shown that the adsorption mechanism of Cr( VI) by TAP exhibits mainly
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chemical reduction and chelation,and the —OH and —NH, groups on TAP involve in the adsorption process.

Key words : tannin; polyethylenimine; Cr( VI) ; adsorption mechanism

FLARFREE h Cr 3l DL e (1) A Cr( VD) JER
FEAE, T Ce( VD) 3k b Cr (1) = B 5 e K h it
2 NN UGCE IO PN NI BN SR SRR
B AAE AN, R EBPR AN BUEY ', B
XFFr Cr( VD) BRK B Ak BREE AR 322240 45 B Ak 2730 i
B B TR B Ay B B A R W AR
W B A T 0 | AR | A AR % g, DR T oy il
AESR AN PR ER 4 B K B H I ik 2 —1 L SR
4 R O 750 TR o 2 /DN el R o 24 LS By

WO A 58 2 T 1 R AT 4 0 R 590 18R L = O F 5
e

TONAN 0

B R A R EBRERNLE Y, TEAT
TETHIPIRT AL SRR b, TR S
R E TR A G LS G RO, TS 4 8
BT REMOKIR R LR, L, BT AR —Fh L BR
R IR SRR T A AR, 500 H
17 U e P R [ E A AR K I PR R o A fE
VEIRALBEATRE , SRR IE , 1 2T 4 35 P 2% F Sio,

I #5 B # . 2020-09-09; f& = H #A:2021-06-11

EEWE ) 7 A AR5 4 (2020GXNSFAA259051) ;) P el Bl 24 Bk % S 3 4 10 F (RE4R B} 2020YMO8, 4B} 2020YM21) ;) PE AR B

2B AR 45 & A1 A H (FEAR R} 2015YT92)

EB BT O (1991-) , L0 B, BUBROIESE 5%, 5005 1) S BRI D REAT BHIE 4 1K 35 e 45 , duanmuzheng2010@ 163. com; 4215 (1991-)
5 B BYBERIESE 5, WIS 05 5 R A 7 i DR R BER S, 3l TR R A, yh_xing@ 126.com,,



- 134 - FAX AL L

SRR B T B T A A
RSN e e 1Y 24 T LA S N-Z SRS
FHLE B T IRe s

ROMWNE (PET) J&— Rl MR, A K
A i B FASU | X 4 R T BAAAR
SREGEEAVER . K PET B TR HE 4 530
LR HLBOME RSN A BR A T PET 7E 52 PR R K
R R PET S A Bl sl B e AN T
TR 3 5 b A RE ol FL B 4 i i R K Ak B
R,

SEH AT FIR M WRE R — Bl AN T K
I R3], L Cr (VD) 29 HBRT5 58, RGEITIE T
B 590 i et pHL IR RRF A5 T ) iy Jo e e 32 58 0 .
T =R LA WM WE FRE BE B R, i — 2B R BT -
ROAGWIHRS Cr( V1) B R 22 ERHLEE,

1 SLIEES

1.1 KFENE

R BT (M. W.1701,98% ) & 2.4 0 ( M.
W.600,99% ) FEEEFREY EhfR A LN Y o
Bral; S50 /K38 R 5B F K

{X3#% . BP310S AL+ KF S400-K I Z S 400
IRAY  Sigma3 - 18K &I =y i i3 VR 2 0L . HJ-4B #l %
S HE 1 Bt FE 7% L OLS200 KU H i /K 15 #5 R . DGX -
9243B-2 RIS X 1A R IRIBOGIERAL ( AA900T,
PE, %) 14 H 45 (SEM, Hitachi $4800, H 4%) |
R B I A5 3 21 A1 5 % A ( FT - IR, Thermo — Fisher
Nicolet iS50, 3 [ ) \ X i £k Ot HiL + RE 1% X ( XPS,
Thermo—-Fisher ESCALAB250Xi, 3 )
1.2 WFFIEHE

HERRFRI 0. 51 g BT T 50 mL 25 17K
o B 30 min 52T A SR 20 0 eV W A A
T ER G REBE R LRy 1.5 :3, 4k i #F
24 h e B WA BERRE & 258 FOKIE TR S
FLBRA N T8 A 3R AW T AU 1) T (AR AR:
BT 65 CHAFR I
1.3  WRPHFIRIRAE

FIH SEM-S4800 7 4 4 H 55 WL ZE A iy 3R AT B
;M Thermo —Fisher Nicolet iS50 i {d B - 7%
LTAMEIEACIN R FE b 2T NGRS, SRR R ik,
H v $h 500 ~4 000 cm™ s FIl | Thermo — Fisher
ESCALAB250Xi #Y X S0 H F RS o3 e i i
TR GTE.

F41EFESH

1.4 WRHKIE

FE 150 mL B oM A — 7 &t A 0 B 55 A
50 mL AR[RIBIEG B BE 1 Cr( V) W, TR 5 AT
pH 76— I & T KB B 5. W B 06 45 o
J&  ZHRA B T8, R P IO G A AT I
o Cr( VD) VR O T 5 43 BT . WA
X Cr( VL) B 28R 3 (%) FXF Cr( VD) B R & (g,

mg/g) BT H
(%) = [(C, - C)/Cy] x 100% (1)
qg=[(C,-C)/m] xV (2)

o VNI R, Ls €, R Cr( VD) B 46 5
W mg/L; C, WL ¢ B 20 Cr (V) A J5 v
mg/L;m AW g0

2 ZEREWE

2.1 R B 5 R B 1 B A B2 0
FESZEEE S 30°C , Cr( VD) VR0 i ot o vk 3
H 20 mg/L IERAARFLA 50 mL pH=5. 0 W Bkt a]
120 min 1 5&1F T, 2 ZEME BB A XS Cr( VI) &
BRI, S5 R R 1 s

002 004 006 008 010 0.12
B3R B A /g

1 R A T EX R R R

I 1 AT LU Y Bl W B 7 BT e A 0. 01 ¢
HOmE] 0. 06 g, W AIXT Cr( V) 1922 B Rl ol 41
B YRR B 0. 06 g BEL X Cr( VD) i EER R
K71 3%, 3K 2 B A B A W R SR ST R A 1S
Crr( VL) R B8 P4 A7 et AR Bl =2 386 , PRI I v 17 e o
FIXF Cr( VI) By 2BR3, MR M 0. 06 g 34
JnE] 0.12 g, Cr (V) B9 R BRFATI 71. 3% 34 i 2]
74.8%, DRI, 238 0. 06 g 253 Ao W JFF 59 o o
2.2 il pH TR EE B R0

TESESIRE R 30°C (Cr( VD) W) 46 Jo7 1 1k 3
20 mg/L % AR A 50 mL W B B AR
0.06 g WZFHFE] Jg 120 min BYF T, 50 pH
XF Cr( VD) BRI, 25 R & 2 fiis

M T pH 252 MW 4 & B F IR 2, T L
pH X &8 B T 1) L BR B MR K, X pH<2 B,



2021 £ 8 8
100 Ny
-\'
80 \
< 0 / \
%
& 40 T~
# ~_
20H
02 é 4 6 & 8

ot
/2 A pH X e de o

Cr(VI) £ Z LI H,Cr0, ¥ X A7 78, B TAP X
Cr( VD) M LBR3/N; 24 pH 7E 2.5~5 BN, i
W R E G HY 2l TAP % 0f [E 11k, TAP B/
—NH, .—OH 5 K& 1 H" #1245 & T i 1E B 1Y
—NH" —OH", BB W H By Cr (V1) 2D
HCrO™ [ Cr,0% #7481, R 1t 2 3 3t i el 1 ) R o
76 TAP Z%0f, T {315 TAP % Cr( VI) FO W FiH 1k fig
TR K, 24 pH =3 I}, TAP Xf Cr( VI) Y2255
RN 98. 2% ; T 4 pH =6. 0 B, TAP i T
AR FEE Rl 559 5 1IE HRL I —NH ™ —OH "™ Pt jdi /b | It
B Cr( VD) FE¥Wh A7 A28 R 225 GOyt
Cr, 05 i 7 TAP XF Cr( VD) BYMZBAE, 25 48 1 3%
AR DR, 7 5 2k S 58 R 3 00 4R pH IR
H3.0,
2.3 W Bt Bt 18 XoF B2 Bf 14 B B 2 Ml

TESZITRIE K 30°C Cr( V) % 00 18 o & e 3
h 60 me/L % AR 50 mL . W B A R
0.06 g.pH=3.0 MM, W fE EIXF Cr( V)
FBRRAF I, 25 R NE 3 PR,

100

8o} —

8 -
< 60

o /

& aold

+

40
20/

0

20 40 60 80 100 120 140 160
B8] /min

B3 I A P e B

L3 HR] LU Bl 0 B RS [) DA O 388 in #1)
60 min, TAP X Cr( VI) B 2% B 2005 38 i, 224 0
Af1E] 2~ 60 min B, TAP XF Cr ( VI) 1) 25 B 3R 35 )
87. 1% ; >4 Wi Fff i) [8) # 3 60 min J&, W B 51 X
Cr( V) i 2B e T 1A , 5 2 DRI R R B A7 A5 328
TRE A, PR I Bl Ao () ) Ak 2 3G i, Ce (VD) B9 2
BRI, BTLL, BERE A B B[] 24 60 min

BGEE T -R A RIRMIFIXSZKD Cr( VI) BYIRMTIEBETHSS - 135 -

2.4 MRFRER E NG E X IR B AE RO B2

F Cr( V) #8006 o vk B 2k 20 ~ 200 mg/L,
PSWARTCA 50 mL W B ) B 54 0.06 g ,pH=3.0
(25T, 25 5% S0 T ) B o it R FEE 6 Ce (VD)
LR SR ANE 4 PR

80

=)
=
T

S
(=)
T

—_—
——2
—a3
——a

W B Bt/ (mg - g7)
[}
(=]

=]

40 80 120 160 200 240
VIR R W BE /(mg - L)

1—30°C ;2—40°C ;3—50°C ;4—60°C
Bl 4 4046 & IR E A i B 3% FiE B 46 B9 % vE

FH Pl 4 W], VA VR WD A6 JOT VR BE T TAP T ff
Cr(VD) A W EEm, 78 30°CHF, fiE Cr( V) B
WIHA T FE M 20 mg/L #4115 120 mg/L, Cr( VI)
PR B B D 16. 36 mg/g T I i F) 60. 35 me/g,
ORI Cr( V) 06 ot s v B ik i, Cr (VD) JoT vk
FERRRE K, A% o0 o R s, T4 & T TAP X
Cr( VD) PRt L o A2 Cr (VD) ¥ W) 46 o e U 2 N
200 mg/L B}, BEZE IR 30°C T+ 2] 60°C , TAP Xif
Cr( VI) B2 it M 31. 54 mg/g THEGE] 73. 96 mg/g,
ULH] TAP XF Cr( VI) B B2 — IR A
2.5 WEBHEh A A
2.5.1 R HFHA

R T WA R AR TAP X Cr( VL) YW} 2h 71 2%
1720, % 2.3 w52 50 e SR 1 — G 3l ) 2 A A
FIE R Bh Sy BRI AT R MR, G A e
Bl 5 B, Wk 8l 12 28k 1 s, MR 1 A]
A EZ B 1 E T R AR DGR L R =0. 999 2,
HAR MBS 1 W B 50 47. 87 me/g, 55T
PREe R B i 45. 24 mg/g HH2E AR K, KB TAP Xf
Cr( VD) W BT 4 G E Z 98l Jy 2 il 2D
3 S E U

=)
T

In[g,/(¢,~9,)]
S = N W A W

20 40 60 80 100 120 140
B} E] /min
(a) HE—HBh F12%



- 136 - FAX AL L

w30

210 4]0 GIO 810 1(I)0 1120 11110 160
i /8] /min
(b)ME— B %
K5 E—RINFR_FH)FHENE &

#1 TAP X Cr( V1) BIMRFiZh hZESE

HE— Bl 1A WE R R

R
k/ ky/[ g ./
(mg-L’l) 1 R /g R qe
min~! (mg+min) '] (mg-g™")
60 0.04797  0.9846 0. 0027 0.9992 47.87

2.5.2 FBRAMHR

*H Langmuir , Freundlich F1 Temkin =
B TAP W B Cr (VD) B~ S8l 647 4005, 0
WML an & 6 i, &G S8R 2 s,
MFE 2 AT AN[ENEBE T A Langmuir W5 B &5 6 5 #2
LEMEILE ) R Y415 T Freundlich 1 Temkin WY ff} 45
5, FLEE 30,4050 ,60°C BT 45 A W Bt 425 43 31 hy
61.54 64.25 68.88.73.96 mg/¢g, 5 Langmuir % Rff
S5 7 B AR LA I A 1 W B i (62, 31.,65. 06,
69. 88.74.96 mg/g) FH 2 AN K, LB TAP XJ 7K ¥ i
i Cr( VI B BT M BB A5 A Langmuir W BRF 45 75 45
B O BTS2 R

2.5

2.0 5
1.5F 4

1.0

C lq /(gL

0.5

OO 1 1 1 1 1 1
: 20 40 60 80 100 120 140

C,/(mg-L™")

(a) Langmiur

2.0
1.8+
J16f
Sl
£ 14f
1.2+
1'0 1 1 1 1 1 1
-1.0 -05 00 05 10 15 20 25
log C,
(b) Freundlich

F41EFESH

301

1 2
InC,
(¢) Temkin
1—30%C ;2—40°C ;3—50%C ;4—60°C

M6 FREIEETH Langmiur Freundlich , Temkin

Z R BT DA dh &
Fx2 AEBETHRMERELZEEMESH
s LR s R/ C
H 30 40 50 60

Langmuir  ¢,/(mg-g”')  62.31  65.06 69.88  74.96

K./(L-mg™) 0.5143 0.6930 0.6540 0.6014

R? 0.9998 0.9998 0.9998 0.9997
Freundlich Ky/[mg-g™'+ 24,94  28.47 29.38  31.40
(1/mg) "]
n 4.45 4.84 4.58 4.55
R? 0.8668 0.8096 0.8248 0.8291

Temkin Ky/(Lemg™)  27.51 51.67 40. 08 44.56
B, 8.19 7.98 8.86 9.33
R? 0.9194 0.9208 0.9358 0.9440

2.5.3 EMHKHFFR
TAP XF Cr( VD) (W fF#8 7 228 I 38 3 B,
H12¢ 3 TI%1,AG /T 0, 2B TAP X Cr( VI) Wt
JEH R, AG B4 XHE Bl 2 R /Y T oA
W, 2R B B Ao 2 1) 1 e A T T v 1
K. AH=15.14 kJ/mol , ZH TAP *F Cr( VI) W& )&
T AR R, i R T AT R T R R A R AT
AS=68.58 J/(mol-K) , & HA7E WL 57 XF Cr( VI) 1Y
W R Ao 7 v 18 A T ) T A R R L RE 1 o, v iR
fE3E TAP 5 Cr( VD) Z 8] & A AL 2 7
£ 3 TAP X Cr( VI) BWRBi S8

iy AG/ (K] *mol™") AH/ AS/[]-
BRI/ (kJ- (mol-
(mg-17) 30315 K 313.15 K 323. 15K 333. 15K 11! K)~']

A 60 -5.63 -6.38 -7.03 -7.70 15.14 68.58

2.6 TAP HIZ5HFRAEFN AR B ALIE
TAP W Fff Cr( V) HiiJ5 B9 SEM B - 7 frow



2021 £ 8 8

7 AT IE W Ce( VD) AT, TAP Z5FFAHL
FRIRLEES , 73 A 45 K i /NBORL, R Cr (VD) S5,
TAP R 731 & K& H @R/ Nk, R B TAP &5
Cr(VI) BT RN,

o

(a) Bk Cr( VL) Hf

(b) et Cr(VI) 5
B 7 TAP %Mt Cr( VI) T & 1 SEM K

TAP W R Cr( VI) §iiJ5 B9 FT-TR S WA 8 fir
No M TAP KW R Cr( VI) B}, 3 352 em™ 4b H B
—OH M4 4 2 Wl i, 76 1 452 em™ 4k H—CH
IHZEIR SN, 78 1 345 em™ Zb H—CH 19725 fh AR T 4R
S 7E 1203 em ™ Ab B IE SR H C—0—C
PRB=HE1060 em™ BRI H B IR 15 04 R —C =0
B4R sh R Wi . TAP 7E 1 697 em ™' Ab# C—N
HERERIE MR )1 505 em ™ A —NH, #9725 RS
W, 24 TAP TR Cr(VI) JG,1 697 em™ 4By
C—N SHAYFFAE ST 25 1 505 em™ 2b—NH, 1Y
IR SR ITE A 2 1 503 em™" Ul B AE W fF i
Firp TAP Ef9 N LA C—N FI—NH, #H 25
TR,

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
/em™!

1— 02 Bt 2— W B
B8 TAP " Cr( VI)#T &ty FT-IR H

TAP W Cr ( VI) B J5 B9 XPS 3% B & 9 i
Ko HE9(a) AT, TAP FHA C.0 N3 fis
HFRHIELE S, R Cor( VD) J5, 7EET 9 (b) L AT B
WA E Cr () FRAF (520, Hoas A aels T
586.18 eV (Cr2pl/2) Hl 576.50 eV ( Cr2p3/2) [
Bo(ce) fim], HE 9(d) FralLLAEH, i T
398.57 eV F1400. 41 eV &b iy 454 fe w433 % by T
C—N FI N—H M, HE 9(e) AT LIAE Y, 7EW
B Cr( VD) J&, 45 & fe i iE 7% 51 399. 12 eV A

FHESE PP -R GBI AZIRMIFIXGKE Cr( VI) BTN IERERF ST - 137 -

401.01 eV, FHILFTAS  FEMREHS FEH TAP LAY N i
FLLC—N fI N—H 225 T i, HIFERKE
TAP |- f)—OH %A 5 AU B A R 38 1Y 8 Ji
P, Y Cr( V) 32k, KA FEH9 Cr( VD) 385
AR AU Cr( ), 33 st 55 03] 1 C—N
F—NH, JEH & A B AR K Co( 1) W 7E TAP
o B, TAP X Cr( V) 1 R BR 2R R 52 A

YE L [RVE R r 45
ol ¢
Nls
4
»”’\/\"AA\//'M/J/'\
1400 1000 600 200 1400 1000 600 200
258 /eV LR leV
(a) Wf Cr( VI) HT B4 1% 14 (b) Bt Cr( VI) J5 4 &

Cr2p3/2
576.50

Cr2pl/2
586.18

595 500 585 580 575 570 406 404 402 400 398 306 394
&k /eV B RE eV

() Cr2p 1A (d) Wt Cr( VI) RiTRA N1s 351

— N-H
399.12

C-N
401.01
N

404 402 400 398 396 394
ZEaRE eV

(e) WM Cr( VI) JE 9 N1s %18l
B9 TAP %Mt Cr( VI) #T 5 XPS &b &
CEn.ai A

3 it

TAP X} Cr( VI) EAT R A7 BRI, 76 1 B R
60°C .Cr( VI) ¥ BWI iR vk B 4 200 mg/L pH Ky
3BT, TAP X Cr (VI) B9 5% K W& B 4 Hy
73.96 mg/g, TAP W [ff Cr ( VI) Yy i 8 %5 &
Langmuir 25 i W FEA5% 780 7 — 2% 3 g 27 W A 7
W BRI 2 17 . TAP X Cr( VL) ) % B AL 761
FEUMIB T E GER N E,

S 3k

[1] Wen T,Fan Q,Tan X, et al. A core-shell structure of polyaniline



- 138 - FAX AL L

coated protonic titanate nanobelt composites for both Cr( VI) and
humic acid removal[ J].Polymer Chemistry,2016,7:785-794.

[2] Niu H,Zheng Y, Wang S, et al.Stable hierarchical microspheres of
1D Fe-gallic acid MOFs for fast and efficient Cr( VI) elimination
by a combination of reduction, metal substitution and
coprecipitation [ J ]. Journal of Materials Chemistry A, 2017, 5:
16600-16604.

[3] ZFil A5 T A 2 R TR RO B R Cr (VD) B W B RE D ]
BT TAR244],2012,67(7) :2367-2372.

[4] Fu F L,Wang Q.Removal of heavy metal ions from wastewaters: A

review[ J].Journal of Environmental Management,2011,92 407

418.

JEINS 24 P08 A5 OB R G T - LR 4R X W IR I 4% S i

FRHPERE ] 4 T 2441 ,2018,69(7) :3076-3082.

[5

[

[6] Liu F,Wang Z,Li G.Adsorption of Ag® by persimmon tannins im-
mobilized on collagen fiber[ J].Desalination and Water Treatment ,
2013,52:7172-7179.

[7] Huang X, Liao X, Shi B.Tannin-immobilized mesoporous silica bead
(BT-Si0, ) as an effective adsorbent of Cr ( Il ) in aqueous
solutions[ J].Journal of Hazardous Materials,2010,173:33-39.

[8] Ma Y,Liu W J,Zhang N, et al.Polyethylenimine modified biochar
adsorbent for hexavalent chromium removal from the aqueous
solution[ J ] .Bioresource Technology,2014,169 :403-408.

[9] Liu Q,Liu Q,LiU B, et al.Green synthesis of tannin-hexamethylen-
diamine based adsorbents for efficient removal of Cr( VI) [J].

Journal of Hazardous Materials,2018,352:27-35.

(E#E% 132 1)
EBRAKH Cr( V) BUPEREX & T algCa #RER, X J& 5
F algCa/TiO, JE 18 Cr( VL) W B AE H: 38 11 18 171
PSR R Cr( VD), #il 19 algCa/TiO, HA R
RGP FE EME, algCa/TiO, W R — YA AL i) B[R]
YEF LB Cr( VD) SRk A Ak 700 A e 580 48 U A
AP FHPRBET HAR SRR,

S 3k

(1] BBRTE:, F295 , sk, 55 etk 2 AL bR il 25 2 Cr (VD)
W S0 1] AR IE T, 2019,30(7) 1838 142.

[2] Ghasemi Z,Sourinejad I, Kazemian H.Kinetics and thermodynamic
studies of Cr( VI) adsorption using environmental friendly multi-
functional zeolites synthesized from coal fly ash under mild condi-
tions[ J ]. Chemical Engineering Communications, 2019,207 (6) :
1-18.

[3

[

Arslanoglu H,Kaya S, Tumen F.Cr( VI) adsorption on low-cost ac-

tivated carbon developed from grape marc-vinasse mixture[ J ].Par-

ticulate Science and Technology,2019,203(1) :1-14.

(4] &h/E XISChe 28 25 T RE Al 7 SR RE L ok 1 il 2 K G
X Cr¥t NIRRT ] B4R T, 2017,37(4) 63-66.

[5] Aziz H,Adlan M, Ariffin S.Heavy metals ( Cd,Pb,Zn,Ni, Cu and

Cr( ) removal from water in Malaysia: Post treatment by high

F41EFESH

[10] Gurung M, Adhikari B B, Alam S, et al.Persimmon tannin-based
new sorption material for resource recycling and recovery of
precious metals[ J].Chemical Engineering Journal,2013,228.405~
414.

[11] Gurung M, Adhikari B B, Morisada S, et al.N-aminoguanidine mod-
ified persimmon tannin: A new sustainable material for selective ad-
sorption, preconcentration and recovery of precious metals from
acidic chloride solution [ J]. Bioresource Technology, 2013, 129.
108-117.

[12] Yu J,Luo X G,Liu B, et al.Bayberry tannin immobilized bovine se-
rum albumin nanospheres ; Characterization , irradiation stability and
selective removal uranyl ion from radioactive wastewater[ J].Journal
of Material Chemistry A ,2018,6:15359-15370.

[ 13] EHUET-, G nae , 2/ Ve | 45 5% 0 T Jie 67 2 DO 4 1k = 4t W
LI PEREL J ] AR I 4 (22 A ,2019,40.:59-65.

[14] ZER #5777, BB, 5 ALATEI MR KIER T Cr( V)
MBI PERE T ] IR T AR 2441, 2014,8(9) :3776-3778.

[15] #aipBt, Femte , 2 W0 48 BebE AR W BT R Cr (V) 19 I B
PERELJ]. A (54 R 441, 2015,25(5) 1 1362-1369.

[16] 325 B2, B B A U PEREA LR 4E KA Gt Zn™ [ Cd™ 11
WM 5 B 0 2B (] AL THER 597 %, 2018,47(3)
1-4.

[17] Jia Y H,Ding L,Ren P Y, et al.Performances and mechanism of
methyl orange and congo red adsorbed on the magnetic ion-
exchange resin [ J ]. Journal of Chemical and Engineering Data,

2020,65:725-736.1

quality limestone|[ J |.Bioresource Technology,2018,99(6) ;1578-
1583.

[6] Li M,Hu Q,Shan H,et al.Fabrication of copper phthalocyanine/re-
duced grapheneoxidenanocomposites for efficient photocatalytic re-
duction of hexavalentchromium [ J ]. Chemosphere, 2021, 263.
12850-12860.

[7] Mugunthan E,Saidutta M, Jagadeeshbabu P.Photocatalytic degrada-
tion of diclofenac using Ti0,-SnO, mixed oxide catalysts[ J].Envi-
ronmental Technology,2019,40(7) :929-941.

[8] S, EUGAR, Wk— 22, S5 M SR MR AN UM A R B R SR [ ).
AT ,2018,38(7) :57-63.

[9] Kimling M, Caruso A. Sol-gel synthesis of hierarchically porous
TiO, beads using calcium alginate beads as sacrificial templates
[J].Journal of Materials Chemistry,2012,22(9) :4073-4082.

[10] SEFELBL, XIACZE, XIP), 45 PVA—SA 3% 41 My [ 5 1k 4844 g
U B MRk A M A ARR P [ ] R AB BRI R 2018 ,44(3) :49-57.

[11] Gopalakannan V,Viswanathan N.Synthesis of magnetic alginate hy-
brid beads for efficient chromium ( VI) removal [ J ]. Internation
Journal of Biological Macromolecules,2015,72:862-867.

[12] Li J, Peng T, Zhang Y, et al. Polyaniline modified SnO,
nanoparticles for efficient photocatalytic reduction of aqueous Cr
(VI) under visible light [ J ]. Separation and Purification
Technology ,2018,201(7) :120-129.

[13] R8T, Gif Wm0/ TiO, A Al B i & K&
JeHEALTEREL )] . P EIERSERL 2017,37(2) :570-576. 1



