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Preparation of cellulose/ferric alginate @ polydopamine composite gel beads and
their performance in photocatalytic reduction of Cr®'

WANG Wen, HUANG Zu-giang, ZHANG Yan-juan, HU Hua-yu"
(School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, China)

Abstract: Cellulose is pretreated collaboratively by mechanical activation and FeCl;. lon exchange method and
polydopamine (PDA) modification are adopted to prepare cellulose/ferric alginate@ PDA composite gel beads, which are
used as catalyst for the pthotocatalytic reduction of Cr®.The stability and visible light absorption properties of the gel
beads are characterized by SEM, specific surface area, porosity analysis, compressive strength, and UV-vis-NIR. The
effects of the initial pH of solution, Cr® concentration, and catalyst dosage on the photocatalytic reduction of Cr® are
investigated. The results show that cellulose/ferric alginate @ PDA exhibits a porous network structure with excellent
compressive resistance and visible light absorption ability. The prepared gel beads exhibits the optimal -catalytic
performance for the reduction of Cr® under the conditions that pH = 3, initial Cr® concentration is 20 mg+ L™, and

catalyst dosage is 1.5 g-L™".The removal efficiency of Cr*" can exceed 94% ,and the main active reducer is - CO,.

Key words: cellulose; ferric alginate; polydopamine; photocatalytic; Cr®*

BEA Tl i PR & e, & e A& Ml iz hi;
FIT 4 SRR UE | P 8 R A 7 ot e A R
IR K I R R R o AR E 22
LK TE A B, G IR G 500
i EHE O B O RN ™ SRR
W B ECE i T 25 R L (AR e A i SRR
FUIMA BRI HE L, JF & sk A
T TR FR S Cr® K AR AT

RN BA R B AR AR |l A o
WAL, TRRMBI RS T IR G BT
BB Na" 1] 5 Fe' /R B 7 B A, ilid G HITHE
HRHERUE S A b S = g2 1) A3 AR

PEALF) BRI B Y Fe®* B TR RBIA R, S8k
SMATRE . B AR IR m R R e
Rz — Li %0 B0k Ba® 51 ARG s R/ BN
T ( Alg/PAAm) I i BaAlg/PAAm /K EEZ,
P I B TS Bk Al Fed BUR R I i &7 4548
BT 015 3] 1 22 BE Y BaFe— Alg/PAAm 4% H:
FLA T B e p o B AR RS, oo, T s R kAR
AT AE 2L AT HAT 3R A Wt RE T, (A X
F ] WG WS RE A B, A A b S A T 7 1R 4k
BT, v WOEAE Ak 20k i mT AR TR
P& 1 A AR T DGR IR BE g T L S 3 i AR S
B 1o FH A AR

%5 B #A.2021-05-20; 1€ B H #:2022-03- 15

E£WA . HKARPHEEL L% B0 H (22068007,22008041) ;)7 P8 A SR FHF# AL 40 H (2019GXNSFDA245020,2017GXNSFEA 198001 )
{EER A R (1995-) , % T-HWF5e A, WF9E 7 1) 75 K AR 3], 1511071695@ qq.com; BT (1972-) 5B Wi+, #c4% , WF5EJ5 16 g 5 /K kb 3 36

IR N, yuhuahu@ 163.com,,



2022 %F 58

U F AR E S W AEY R, A
AR Y TP A, T LA Sy 3 ik A 42 v T 0
PR ERBE R S5 AR E M . SR E 2200 F 1 Tk
I SR N 45 2544 BRI T AR AR T R R AR 1 17
ST L, BT R PRSP R FeCl, £
RIFALBELF A2 BEIR T A4 R 1953 T8 o TN A
SRR ZE R FRAR T R A FERGS G AR 4 R A
RS N LRI T NaOH/ JREARFR T,

Z % ( Dopamine, DA) | B} 3,4 - — 33K N
JH | J&—FSEALL A R B 2 1A/ E A R 5
BRLPE SR T, 22 B e T 6 4 RL 2% 148k F R OE iR
Z B (PDA) WZ™ . PDA A B HA 5 1) e #4
AR VERE  E IV AR Ik 40% , AT — 20 iR
SRR

M BTSSR PDA B ) 45 £ 4 2/ g
MRk @ PDA B A BEICER, X E A BRI 25 1)
FA] W CEOPE RE HE 4T R AF 4047, FEBIF 52 A Ry 4
PRI AR B Cr® B HERE

1 RS

1.1 #et5iRH

HREELT 4R, 778 H AR R ARl A FRA 7 R
7 AN, IR A 1Lk 2E R A R R AR T
KGR TR AR A, T A
RAEBRAF A= R KRR R E U A
K OB RS TRER | R SRR WE, [ 254 A fh A
B BRS VAR 7 NI BRRR ER IR , iR TR Rk
F 5 BRA F AR P R, I Al AR e
FROS R A 7= 5 DA A R0 28 R A pr
1.2 {NERIEE

S—-3400N YAl 7 B3B8 (SEM) , H A H 57
SEIAE TR ASAP 2460 AU LT AL FLBREE 43 BT AN,
FEE 2 e AT BRZ 7 A 775 UV3600 #1484k -1l UL -t
LLANMPEEEE T (UV=-Vis=NIR) , H A& 8 H 8 5 4
77 ;Instron DNS—-100 %177 GBI AL, o K A il 50
BLAHE 5 T 2 575 28028 A28 4h — Al UL 43 OG BT, A
JERTALER A B2 7] A2 72 s Bruker EMXplus 7Y I 7 34
PRI AL, A & 5E (dbat) BHECA R A A AE
ESCALAB 250Xi % X - £k 6 il T B 1 (XPS) , 52
I FEER QR B A B R A 7= 5 A3 AU oy
IR, AL ST B E FH A ES A BR 2 Rl 4R 77 CEL -
LAB500 B Z A Ak 2% ) i , CEL-LAXS500 BT
HIE ARG, L b & IR A FR A 7 A 7 DHG -
9070A BIA TR TR, b 840 i 1B A B

25 4R/ BERKC RIERSCHRBURNHISREELER Cr° gIItaE - 127 -

A rE  HLMETE R3S &, [, 2 SR 107,
2 XIEAHE

2.1 BEREkEIFIF

5 10.0 g ZF4EZR A 0. 4 g TC/K FeCl, ALK
AL E AR 5 mm A4S ER 300 mL, 7E
309 \500 r/min %3 N ALAETE 1L 1 h, $ 90RHEA
100 H A rf A7 3Ok 53 85, AT AR 45 15 40 21 1Y
U R, TE 12% NaOH/T% IR ZIRZHPIMA 2.0 g
TAL PR LFHE R FEH IR T LA 9 000 v/ min A5 $5
$£ 10 min, B RN BRI AEZER ., RI55 3%
T RETRAVK I BRI m (PR cm (MR IETRAN) =
/3 MR L FTIR G R 8 IR PR Fk 4 h KR A
WG IMAR] 5% CaCl, W P22 BEEfL 3 h,
MK PR 3~5 W, PRI HAE 0. 1 mol/L FeCly
HACHR 12 h, HZRB K PR S B7 i Im A ZHA T L
1:26 MK/ CEHRG W T, ¥ 1 o/L WK%
VAR 2 18 I A B R S, P EE R 500
v/min, TEFEMBEFME TN 12 h, Zad g MZEE KL
U, T=50C R N VR T, 19 30 41 4 35/1f5 3R
k@ PDA BEICER,

2.2 EHFREXR

B 50 mg/L () Cr® L, 50 P & 7 el
FH o FRECG— 2 5 A A A0 70 T B B 4 1) G W,
TE 25°C T, 500 W AT (>420 nm) 15 cm &biEAT
AR i, 7615 A A ] [ By B ¥ 9, SR
FEBRIE — JWF o3 Y66 B 1R DN A2 V5 W AE 540 nm A () T
JCEE PR G AR SR AR IR
G RE T S VA 1 R VA B R R AT e, A
B5oPAT 3 RECEEIE . XA 64T M A
TEMEERCER RS . RN 25 R s WAL,
B FRIB VRS, KRG T HRE MR,

2.3 BEREEZhHZ*%

43 R P — 2 D G Bl Ty A R Ak A
JEI R AT AR LA, O R W) B TR B VR N
20 mg/L MEALFI BT ERE R 1.5 /L pH #8253,
RIS IER 2.2,

3 H#R5IE

3.1 EERIKHYRAL
3.1.1 SEM %#7

TSR (2T 4k 2R/ g IR Bk @ PDA YK 1T N
HEERIE A 1 s, mE 1 Rl LA T
FREREEIER (14 02 1h0 1 R A4 9 BOAR P9 AR o



- 128 - LA 4L L

PR ZALIPREEY 27 4 2/ Bk @ PDA & &
SR TR 1) &2 R JES A, PR AT 2 BRSO AR 1Y
KL IR A5, 38 3 TSN T2 3R A D 3 iR AR (5
JECER A PN R A5 H B I S8, PDA JRJR ¥ 5 A0
TEBE IR R T — A48 i B R RS E 1, T
HAL S B E AL TERE

30 um

(d) 4t £/ Rk e
PDA |1

(c) Y Z/ R Y@
PDA #Ifi

M1 RN SEM A

3.1.2 WER@BRFIIERE SN
FEG Y LR T AR fLAR A FLAAR BRI TR 5 3
X B A R BE A — E B 520, S5 2R N5k 1 K
2R, MR 1B 2 ol DUE Y i B 1A e ik
PLK PDA BRI S5 1 525 8 e R 1Y) Lo 26 T AR 24 Ay v
BERERIY 2 % X FEE N SRR S LT 4E R N
BERCERAAL T 5 ML S5 s HOR , 2 CRAE SRR
BRFMEAL R AT AL PDA )2 0T DL S B Bk 1Y
FE AR THIAR ; A AL AR Y 1 DA M) 3 IR A 44 1 110
SR AEALTE PR Y E— 2D 4 5 5 T 8 TR Bk )70 T 2 B2
9 0.22 MPa, it AP 4E R DL e PDA Btk )s , Kbt
SRS I 6 A, BT 4 AR G SR AR A A
PR BRI PUENERE . X EUR LT R 51
BERRPIR G )5 JeAE CaCl, VR BUY , Pl i FeCl,
EWCIEAT B 725, WUE RTE R 7 3 i e 4 5
TEGEIRPUEYERE DL R e e, R, A
F1 HmOLERER ILES % FLERM
HERESESH
LRI, AL/ LR PR/
(m*-g™") (em’+g™') nm MPa
TR ER 68. 98 0.13 1425 0.22
LR/ IR @ PDA  153.44 0.51 16.81  1.24

R

FaEESH
400
» 2
£ 3201
240
B
S 160}
o= 1
& 80}
g M

=]

04 06 08 10
MXTESI(p/p,)

() Ny PR 6 — ot 257 iy £

0.2

0.035
; 0.0281
"0 0.021f
i@ 0.014f 2
S ~
T 0.007f
2 M
~

0.000F . . . .

0 7 14 21 28 35
L& /nm
(b) fLAE > 1

11 BERR R  2—2F 4 /15 BETR Bk @ PDA

B2 f B N, - R i 2 A
STl

FEEEHC R T PDA TR 2 1 4R B —Fe™ S %t
BECER (o FesE T B — i Tk
3.1.3 UV-Vis—NIR & R 2 #

TGO R GRS RE 7 2 R b R (e
BEIR S, R UV =Vis=NIR 28600 EE TR RE 5 1
W GRE I HAT oA, A5 RN 3 Frs . B 3 AT
VI TR Bk B RS IR e 2 ot i B B L = 1
WIGRE T, Zad 2P 4 K VL K PDA S5 - 4 R /1
WIR@ PDA & 4 B ERTE W] WG I Bt B AT 8%
SR ILEE JT, X 5 2F 48 R /16 3R £ @ PDA B i
BROHBE R RIEMRA — R, 1k T H 2 HEi
SRS, iX 5 SEM o Hr &5 R —5, [, 524 B
BROCIR I RE 1 1 i A R T R 2 5 e IRk
TER] WG X T4 8 B kiR )i,

1.0

0.8}

0.6}

R

= 04f
02}

0.0 3(I)0 6(I)0 9(|)0 1200

K /nm

| —EBERR B s 2—£F 4 2/ B M k@ PDA
B3 RFHRERA-T LR sty
R



2022 %F 58

3.2 BERREKXT Cr BT R Ik RE
3.2.1 pHatk G %k

VSR pH X £F 4k R/ 3 R 2 @ PDA ik id
J5 Cr® HsE AN IE 4 (a) iR, I 4 (a) ol LIE
e Cr R BRFBE A pH 1S K FEAR, pH = 3 B
Cr® {2 BRRAE 120 min NIkF)] 94. 4% , 24 pH 5K
Z 9 i Cr* B EFRERTE 120 min NFEE 51%, X 2
i Cr® 7R pH 45048 N 19 R 2R AR HCO, , T £F
YL R /G @ PDA FRifi & A T 67 1F FL A
A LA 3 A L R O R A Al £ R R R R R B T, R
HERERIAT Cr® B AR S5

A pH 5 FARFEN A Cr i Fe BT 14 5
R AEAE O 4(b) fs ., BB 4(b) P LA
il e R 25 R AT, Y pH =3
BF VR Y S Cr G R Cr™ 1Y 5T 1 VR B A1 1R
W LF 4L 22 /10 3R 4k @ PDA 7EA% pH 4548 R X Cr®
(ARG SR BE T A s 2B 2 A T, PR R e HE %
DL RS R R R B S OH B il i )2, 45 4k
R/ R @ PDA F T 1 FLE5 4 w4 26 5 8L
A TR N B A

LOR

Tz

0 30 60 90 120
B} [8] /min

1—pH=2;2—pH=3;3—pH=5;4—pH=7;5—pH=9
(a) pH XF£F4E 2 /i BEFRER @ PDA 2255 Cr®* RO RZ IR

12

AR —1 | =
n \ to
o120 ) 19 £
< o N\ — -
il N 3 16 £
oL\ ><2‘ Ig
g — )
B3k \ 13 =
& P . 4 B

o 7 I 0 &

33 4 5 6 7 8§ 9
pH
1—i Cr;2—Cr** ;3—Cr® ;4— i Fe
(b) pH XA Cr b2 7 Sk v J3 FNAK IS 1 A 5% 1)
Fl 4 pH Xt 4F 4 %/ ¥ 3% B 4@ PDA
£ G W EE

3.2.2 BRI R E RN KR O e
VBRI IR o R R X 2T 4 R/ 1 PR 2k @ PDA

B C R & 5 s, mE S el LLE

Cr® 119 2 55 5 i V25 Y90 s JO o Yk 2 1) 348 R /)

IE2F LR/ BERKC RIERSCRBURNHISREELER ¢ By - 129 -

WA TR BE R 10 mg/L B, Cr™ 19 22 B AT L)
L] 100% ; 24 9] U 57 vk B 38 K 3] 50 mg/L B,
Cr® 2 BR AL 31. 8%, 3K A2 PR A I W I
Jo rR v FE BAIG A, Ce® BT LA 78 40 Ml 5 Ak 751 A 30
A7 a5 2 e, Bt 5 VA R A0 O A B ) A
T 2 O A A A S BRI T G A, R i 2
BRI TR, RIS, Cr® 15 V) B 5 2 ViR 38 1Y
PEEHFE Fe™ /Cr® TELFYE R /1 M FR k@ PDA 1A
W8 2 A DL S B A, BRAG T H i
¥, ITiAm] 1 Ce® 1k i

100f s
801

¥

g 60t

# ol \i\
20

10 20 30 20 50
Cr(VI) B &t ¥e B /(mg - L)

HS5 WMBFRERESNF %L/ %% 4%@PDA
EWh G B

3.2.3 KR ZRESNS LR G e Fa
PEARR) 0 a2 Tk B X 2 Bk G B sZ i & 6 T
e HEL6 ] LLFE 24 A Ak 50 B i Wk R
0.5 ¢/LIEINZE 2.5 g/L B, Cr® W B R 2 5,
MR R R 0.5 o/LIINZE 1.5 o/L i},
Cr™ KBRACR W F 1w, LBREH 61. 7% & 2
94.3% ;T G fEAL ) BT W E N 1.5 /L =
2.5 /LB G AR T2, X2 b
L1 2 R/ FERR ER @ PDA J VR FE (A 388 T, 36 P67
SUBCEREIN, T B O 2R R, (H SRR
o R R 4 0 B — 2 R, G T 2 A I A
RUREIRRLIR A | A 70 5 ek Tk B 3k R Bk G
WA R R BRI, PR I A Ak 500 A e A3 o o ¥k B o
1.5 g/L,
100

80

60

ZBr%E /%

40

201

0 .
0 30

90 120

60
A [ / min

1—0.5 g¢/L;2—1.0 ¢/L;3—1.5 g/L;4—2.0 g¢/L;5—2.5 ¢/L
W6 “HhE/1EHREKS%@PDA REKE
Xt B Cr By B



- 130 - FAX AL L

3.2.4 KfgshhEF

K —2 A Z 3N 1 SR A A sk
FEHATEANEINS , PR R AR R/ G ERR K@
PDA B Cr™ FOFE LI,

Ph—Bh 12 TR

In(C/Cy) == kit (1)
=R 12 IR
1/C = 1/C, + kt (2)

th—2% =B 12 a4 R E 7 i,
7 AT LUE W P — B3 D12 3 TR y =
0.021 8x-0.3(R*=0.995 9) ; th 2 sh I #Hl &
FFEN y=0.006 9x—0. 058 4(R*=0.923 8), Xflt
PIE BIAHSC R IESE T G B AL A B 72 o A
G —G ) )2

-0.6 *°

_-lap

3

O -1.8F  y=00218x-03

= R?=0.9959

-24

-3.0L s . . , LN
0 20 40 60 80 100 120

s} /8] /min

(a) Dh—GLRf s 1 2= 2k

0.8

y=0.0069x-0.0584
R?=0.9238

1/C/(mg - mL™)
(=
~

1 1 1
0 30 90 120

ﬂ‘]’rli?;)min
(b) th =Gk fin 5 712 i 2%
W7 4%/ BEBR%@PDA £ G L
B 7 5 iy %

3.2.5 MR 69 F AR AR

JCAEALIR AL B Cr® S5 J5 R BE I Bk 57 Hh
EB KRB BT, SR 5 HEAT T — U fidk 52
B, CRAEHGRANER 2 s, R 2 PRl LA
FESR T IRAGER IS, Cr® 19 25 BR R A - H5 7E 87%
PLE T2 AR IME G | 2T 4 R/ 1 iRk @
PDA XJ Cr® 1y 23 BR AR IH DR FF 4 e O AL TG 1 3
2 PRUOR I IR R T LA 3 LMCT AL AN iy A pld i
b H L (- COL) Lo Cr 380 JE (L 06 1 A3 1
TEIRSLYR 25 R LW, 2P 4L R/ R Bk @ PDA & —
Tt eE BOHEALTEREDE B AR,

x2 EMEFAREITER Cr' BRI

TEAEL 1 2 3 4 5 6 7

Cr* E£B#%/% 94.6 93.5 91.9 90.6 89.6 88.9 87.6

FNEESH

3.2.6 XPS 4#F

X NI I R T 4 25/ 1 BE TRk @ PDA BE e 3k
PEAT XPS 437, S5 A0 8 s, MIE 8(a) Hal L
F i, BERCER R LA )RS B Cr 2p W, U8B BEIE
BRAGPIES A T H B ER . AR 8(b) haf LIE H,
X} Cr 2p #ATHIA G /R T Cr 2p,, Fl Cr 2p,,, GH
T S5 HE 577. 4eV F1587. 1 eV AbJy Cr** FARE
W2 AT 4 R R R Bk @ PDA B T
FELL et B A AE

BRI/ (a.u.)

800 700 600 500 400 300 200 100 0
ZiA8/eV
1—i8 R 22— B

(a) &1

RBE/(a.u.)

(b)Cr2p
W8 &K/ #ikE4k@PDA TR
Al JE By XPS H

3.2.7 Y&/ R Q@PDA BRI AR ' 8y
WUEE AT
FERT DWEVERTR 1 SRR ER BB S A2 AR Fe™ | 3X 1]
DUHT LMCT HLA R i B, st (3) Frst™ ek
FAHLECR B AT Fe™ R, T30 Fe’ IR JFN Fe®
FHAE pH =3 BERBIER T Y GO AR T
W SRR Fe™ Bt Cro iR 5 Cr s (4)
fiws, AR (3), RS T, MR A LMCT
B AT A=A e oty [ B 36 (- C05) L - COs A&
—FR JEE R A A F A e ie
JFEFEYAL SR E R E
TEFRHERE T, E*(HC" 0,/Cr* )= 0.94 V  E°
(-C0,/C0O,)=-1.9 V,[HIlL AE°=2.84 V, F£WHi%
RNAERR TS T 2 B 2T, - CO; T LK Cr®
WA C = (5) B,
Fe’* = SA + hv — Fe** +- CO; - SA (3)
3Fe’" + Cr®t — 3Fe’ + Cr't (4)



2022 %F 58

3-C0; —SA +Cr* —Cr*" =SA +3C0, (5)

- CO; + Fe’* = SA—— Fe* - SA + CO, (6)

R T L UL YR R /R Bk @ PDA AR

W CO; Y P24, L DMPO iy [ i 48 28 5], %

ESR XA R T - CO; F H3EHEAT TRz, 45 2R dn &

9 iR, M 9 Hal LLE W, 4 4 K/ Rk @

PDA R Z 0 1 BB & HL 5 B2 A 7] /9 DMPO - - CO,

U | TTIE S i M &R on] LAL7= Az - o5, I8 Ji 25
B Cr®

RAAANANNANAAANNNA | AN A~
2

3480 3500 3520 3540
w316

1=l WOl ; 2— RIS

WO %/ RBKS%@PDA £ LK
& Z Tty ESR £ &

4 Zig

(1) A i 27 2 22 8 J5ORE, SR LA A D3 (7]
FeCl, TIAbIE Y £F 4 25 S 1G58 4H , PDA IR )2 0 )
B, il £ 27 2 R/ B R k@ PDA B A BEICER
A BRI BR ) A1 3 T REURE B2 45 , 5 1 S BUR AR E
(R TCHLIN PR 2548, 52 G BE AR 11 LU 3R T FRUR 1 3
FREKI) 2 A% 22 A, FE0 e o B 2 W s R K 119 6 1%,
[AJ IR, &2 A5 TR S BR (%) T AL Y W A R 0 AR G I 46
RCE TR =

(2) 7€ pH =3 Cr™ VIR T E R B R 20 mg/L i
TEFIFRRWE N 1.5 o/L BRAER N &1 T, Cr™ 1)
EBRFAE 120 min WIKF] 94% L b 24k 2/ 3%
fREk@ PDA A BEREERNT Cr By CARAIA I 5 R AT
Eh—sh SR O AR R/ RS e
PDA & ER b r=A T A R, 138 i AL I s b
HA o VRS e XA e, R
7 Wr SRR 1E 85% LA b, BEIEBR 1Y 45§
FEME RLAE

(3) £F4E % /1 W R Bk @ PDA BE I BROG A AL i
JE Cr® FUALERAT & IR ER 1) LMCT #L, 254 ESR
SRl R, 4 R/ Rk @ PDA fE1LIE R
Cr™ () E B - CO;

&% 0k

[1] DuJ,LuJ,Wu Q,et al.Reduction and immobilization of chromate

25 4R/ BERKC RIERSCHRBURNHISREELER Cr° gIItaE - 131 -

in chromite ore processing residue with nanoscale zero-valent iron
[ J].Journal of Hazardous Materials,2012,215-216(1) :152-158.
[2] Deng F,Luo Y,Li H,et al.Efficient toxicity elimination of aqueous
Cr( VI) by positively-charged BiOCL I _ , BiOBrI,_. and BiO-
Cl,Br,_, solid solution with internal hole-scavenging capacity via
the synergy of adsorption and photocatalytic reduction[ J ]. Journal

of Hazardous Materials,2020,383;121-127.

[3] He D,Zhang Y, Yang S, et al.Development of a strategy to reuse
spent Cr adsorbents as efficient catalysts: From the perspective of
practical application [ J ]. ACS Sustainable Chemistry &
Engineering,2019,7(3) :3251-3257.

[4] Goh C H,Heng P W S, Chan L. W.Alginates as a useful natural pol-
ymer for microencapsulation and therapeutic applications[ J].Car-
bohydrate Polymers,2012,88( 1) :1-12.

[5] Li G,Zhang G,Sun R,et al.Mechanical strengthened alginate/poly-
acrylamide hydrogel crosslinked by barium and ferric dual ions[ J].
Journal of Materials Science,2017,52(14) ;8538-8545.

[6] Zhang S,Li F X,Yu J Y,et al.Dissolution behaviour and solubility
of cellulose in NaOH complex solution[ J].Carbohydrate Polymers,
2010,81(3) :668-674.

(7] FtiZe. JEUL 5 JCET 4k 2R R 5 5 sk B S A e it S P
[D].FT ) TR, 2019.

[8] Yan J,Yang L,Lin M F,et al.Polydopamine spheres as active tem-
plates for convenient synthesis of various nanostructures| J].Small,
2013,9(4) :596-603.

[9] Liu Y,Ai K,Liu J,et al.Dopamine-melanin colloidal nanospheres :
An efficient near-infrared photothermal therapeutic agent for in vivo
cancer therapy[ J |.Advanced Materials,2013,25(9) :1353-1359.

[10] Huang Z Q,Xie X L,Chen Y et al.Ball-milling treatment effect on
physicochemical properties and features for cassava and maize star-
ches[ J].Comptes Rendus Chimie,2008,11(1-2) :73-79.

[11] Lv C,Li L, Jiao Z,et al.Improved hemostatic effects by Fe** modi-
fied biomimetic PLLA cotton-like mat via sodium alginate grafted
with dopamine[ J ].Bioactive Materials,2021,6(8) :2346—2359.

[12] Park D,Yun Y,Park J] M.XAS and XPS studies on chromium-bind-
ing groups of biomaterial during Cr( VI) biosorption[ J].Journal of
Colloid and Interface Science,2008,317(1) :54-61.

[13] Sun X F,Yue M, Liu X W et al.Sorption and detoxification of chro-
mium ( VI ) by aerobic granules functionalized with
polyethylenimine[ J].Water Research,2010,44(8) :2517-2524.

[14] Chen J,Browne W R.Photochemistry of iron complexes[ J].Coordi-
nation Chemistry Reviews,2018,374.15-35.

[15] Cruz A, Couto L, Esplugas S, et al.Study of the contribution of hom-
ogeneous catalysis on heterogeneous Fe (Il )/alginate mediated
photo-Fenton process [ J ]. Chemical Engineering Journal, 2017,
318.272-280.

[16] Zhang W, Liu F,Sun Y, et al.Simultaneous redox conversion and
sequestration of chromate( VI) and arsenite( Il ) by iron( IIl ) -algi-
nate based photocatalysis[ J]. Applied Catalysis B: Environmental
2019,259:118046.

[17] Ren H,Hou Z,Han X,et al.Highly reductive radical CO; deriving
from a system with SO and formate anion ; Implication for reduction
of Cr( VI) from wastewater [ J]. Chemical Engineering Journal,

2017,309:638-645. 1



