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Removal of Cr( VI) from Water Using Green Synthesns Nanoscale Zero- Valel;\t Iron
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Abstract; A Lomposn; “material vith a high efficiency“of Gif V[) removal green. synthesis nanoscale zero-Valent iron stppoxted on Eucalyptus biochat (EBC nZVI)
Eucalyptissawdust-derived biochar (EBC)+as the support
) removal efficiency and récy clmg potdlual between the single material and“conposite material was éxplored. Some parameters affecfmg the

prepared by using Bliealypius leaf extract-synthesized nanoscale’ zero -valent ixén (nZVI) as the functionalody
material. The difference in Gr( M
(VL) remoyal were also mvestlgdted including the dosage and inifial pH. The chdnges in components in. Eucalypius leaf extracts bef(ne and after synthesis were analyzed
using 6(] MS. SEM- EDS FTIR, XRD, and XPS were used to charagenze the -malen&l and the removal mechanism was discussed in combination with adsorption kinetics
and isothermal .adsorptlon experiments. The results showed that Eucalyptus-leaf extracts provided biomolecules as reducing agents and capping agents in the process of green
synthesis. The EBC-nZVI had good dispersion and effectively alleviated the passivation of nZVI. EBC and nZVI of composite material displayed a synergistic effect, and the
final Cr(MI') removal percentage was above 99. 3% under the following conditions: pH =3, EBC-nZVI dosage of 1 g-L. ™", and Cr( VI) concentration of 100 mg-L ™" ; the
experiments showed that it had good regeneration potential. The adsorption reactions were in line with the pseudo-second order model and Langmuir model, and the main step
to limit the adsorption rate was the chemical adsorption process of the active sites with Cr( V). The removal mechanism was mainly via the reduction of adsorbed Cr( VI) to
Cr( 1) by nZVI and Fe( '), which then could be removed by surface complexation, functional group adsorption, and co-precipitation in the form of FeOOH, Fe, 0,
Cr(OH),, and Cr,0,.

Key words Eucalyptus; green synthesis; nanoscale zero-valent iron; biochar; Cr( V)

R P AR R . T 2 7 YA AT WO ik
FIRRIATER A 12 {EA% 5 )5 v 5 2 AT R Ak 2
FITFHFER B RE I, 2L Y nZVI 5 R AL, 3L
BN ARG, RT A A9y 93 ik 1) R 0 sl 3 vl 7% 17 71
i e nZ VIR ] UG Z7 1R AL A5 R

B4 g F 8L, Ce( D) A1 Ce( VI M B A4F

e, Cr( M) 355 , fliaa A7 7E X AR LT T2 5
B Cr(VI) iaEPEE Co( 1) ROBCA 1, T sh P o

BASUE . B AR s A2 180N, RN 2 1) R5 220

‘{fm Cr( V) 716 4 TR A M i 554l v )™

I AR R A LT YR K 3R
Cr( VD) ¥#ERTF 0.1 mg-L~ "o AR H
e & R R I R B OK R
Cr( VD) P B —HoR WG R 2 | BRI 4
A A s LS M B R BT L R R — Fh 2 T
Higt g 235 Cr(VI) M7 .
K E 4K (nanoscale zero-valent iron,nZVI)
AR IR B | e B T A R B ) AN A% B A S —
M RAFHT SR PMEE AR 7R Cr( VD) 15448

TSR A RAABCR A LY, X o Sk (05
SR BRI R . Weng 451 i 2 (545 W nZVI X}
HUBE K Cr( VD) H Cu (1) B2 BRARIBF] 58. 9%

s HER . 2022-01-25; f&iTHHA. 2022-03-04

EEWMAB: W5l HIRXEHE KL (20192D001 ) ; H K& S 6F
KR H (2018 YFC1800905 ) 5 b & 145 PR 555 78 15 B U8
FIFHE R E 2 S90S (T I K2 ) TRl R 4 2k
4:79 H (NNNU-KLOP-K1932 )

EEB AN X0 3C(1998 ~ ), 5 Wi AF5E A, 5T 7 17 KI5

e HI IS 55 R | E-mail; qinwenliul998@ 163. com
= WEEH , E-mail ;00061 @ bnu. edu. cn



5658 7D 53

B 43 %

133, 0% 3245 $& WO ] 48 114 20 K 28 i k-l X 42
JE R Cr (VD) A R B9 R BRFOCR™ . 0 nZVI &
R Cr( VL) 1143 i v ) S A W 5590 0 £ B3 3K T T
ST, AW 5 5B nZVI AT R AL 2 TR I, X
NG R B W 7 3R nZVT T LSS A B
Hagg prRHERE ; Zhang £ L16] oo ot £ A i A A B
LA ) e B 28 W B B Y 2 4R

SR H i1 AT 1) A= Wy J 853 Bk g oS B
LROE AR T M Bk B A Jm iy WE ST, HERE N
B 0 2R AT . AR SO P 4 8 B 1k i A R R AR
¥y 1< ( Eucalyptus biochar, EBC) 1 % 44 K & #r gk
(EBC-nZVIL) , 4 ¥t A [l 45 14 %F EBC-nZVI 2= B&
Cr( VD) B PERERZ R, 38k A RERAE | IR R 30 7 5
IR B 25 2k S 3 I 2 R AL

1 HREFE

1.1 SEkbk )
SR, KA B R Wk (I 24 42 AR 2 i
FIABRA ) A | 1,5-Z 2Kt — k(2

BTG BR LS A, S it ) | W@H(ilﬁ}?ﬁfﬁ_d

ﬁéﬂmzi/\il ﬁW@) TR ( jl:;? If
ﬁﬁﬁﬁz) %7&2@;(!%‘%!%;@ J PR 1
SISt | B (st T ST HTEE) A IM&} [ 24
%Iﬁfwmaﬁt AT BRA R, P24t | ﬂi:@ﬂ(jt;?ﬁ?ﬁ
r%@mmzy\ifm&%>ﬂ

I ). *ﬁﬂfﬂf%ﬂﬂt%}l@ﬂ??ﬁﬁﬂi%%ﬂtﬁ
BT 3 AT K 55 B Tk
1.2 EBC-nZVI 4%

R A B BE T J5 A =X (T S e P, THL-
WS-159 % 1000) ) 10 °C »min ™' FFHE % 500°C , 1H I
2, BT IRIRA A R A o A AR AL R 38 5
TG B A .

R FH 25 B K kg, ST T RIS ¢
FERR I HETE R bn/\ 250 mL KB FKIFE T,
BT 80CAEW 1 h, B i JEMR 2R E T -4C
1RAE. TEARIOROP A 1.2 o tEW B¢, RS IREE T
FEVE I MM 15 min, 2R 5 ZE 0 A 250 mL 0. 1
mol - L' FeSO, W& , B 1 T 1 L 2 1 W A8 il B
o, B0 AR AR SRR A il LS Tl s 78
TR TC /K B psE 3 i, R 7R T4 24 h, Fridh
EBC-nZVI 3255 1. Gk 05 1 nZV1 il 55 7 A0 ],
INEN R
1.3 RIEJE

8 1S BB A ( GC-MS, SCIONSQ-456GC.,
] ) 0 sz 1 i B RO 32 B A AR Ak s PR SRR
s fEsR it ( VSM, LakeShore7410, 35 [# ) ] 5 A1k} 2

%Mi:%ﬂ(jl;ﬁ ¥

TR AIREME ; 14 BB 8% (SEM, S-4800, H A8 H 37 7
B AR Sk WM B R I, Bl 1)
AETE I (EDS) M2 DX 38 oy 4 BHEE ) E T R A
B AR AR LT A TE L (FTIR, Nexus 670, 3€ [F
Nicolet 22 F]) 7E 4000 ~400 cm ~" % K 30 Bl N 78 #4
*4fﬁfﬁuFEﬁElEﬁﬁft X’ Pert PRO MPD %!
FF5EH (XRD , 77 2% PANalytical 2 &) X 520 B J 44
BIEAT X BHERATH AR ; X B 6H TBETE (XPS,
ESCALAB MK I, %% VG Scientific 23 &) Ml % 5
A A4 Ak 2 T 420 5 ) Ak 2 1 o AR 4.
1.4 Cr(VI) Ry EBRLE
1.4.1  JpALSEE Aty vk
B 40 mL 100 mg-L~'fCr( VD) W T RA L
JES LA T, 25°C TR BT E IR R % AR P LD 180
remin " FFELI N 24 h, KFEZ 0. 22 pm {[‘Eﬂ%L{I‘EF
T4, ﬂéﬂ%%%%uﬁﬁﬁéﬂﬂﬁﬁiﬁ &
(IR — it D6 BE W 4,35 ) (GB7467- 1987 )
il Ah- AT Mgy e B (UV-2600, EZIK)*’HIL:E{»a
(&EF‘Cr(VI)//'&r @m%mﬁA£%?1ﬁﬁﬂj%Ja
X (1CP-OEs, SpéetrogArcos , [ ) M) = %«r&r
cr(ﬂlwﬁr“jvﬁ'%%%ngr(\a)mﬁz%
142 W) g = I B 45 U e S
SN et S Uk ARG pH 3 o
ml 150 mge L7 Cr( VD) W R AL gL i
EBC nZV1T, 315 [7] i 6] 6] B A EBC-nZ VT (1 15 B
It W B A5 I 2 S 3 25 Ay - B 50 ~ 500 mg- L'
E’Jﬁi/wﬁ%ﬁcr(wwgﬁ,ﬁzs"c ,pH J 3, b1k
BINE R 1 g L AT AT 24 h BEIRSLE,
1144 EBC-nZVI W fi 75 A4k,
FR AR AR B 25 4 (1) A (2)
T, # kT
FBRR = [ (¢ —¢,)/c,] x 100% (1)
q. = (¢y —c,) x V/m (2)
K, g, N PATEE ARG A i (mg-g ') 5 ¢, FI
c, 7B EE W Cr (VL) R0 fh e J5E 01 4 v 2
(mg-L™") 5 V REWAE (mL); m RHn &
(g).
PR — 28 125 [ R (3) ], MEZHBh 1%
[ 2 (4) ]l Weber-Morris TRz N8 [ 2 (5) ] A
LA 8 12 S HiE , k=R F

In(q, —¢q,) =Ing, -kt (3)
13 1 13
— = —+— (4)
4, kq  q.
q, = k7 +C, (5)

A, ¢ RN EEE] (min), g, R ¢ B 200 2 B
(mgeg™") 5 ky o ky FI kg 2050 R HE— S 3N ) A5 Rk



12 3

XD SCAF - M A 0 ¢ B 3Rk 3 AR 8k 5 BRoK R Cr( VD)

5659

IE G Bl T o 1R R R
ZALE VA BT QB
C, WHIE (mg-g™") , RN

FEHL (min ") |
[ g+ (mg-min) "' ]
[mg-(g-min'?) ~'];
RIZIRE.

K H Langmuir[ 3(6) ], Freundlich[ z{(7) ]
I 25 T R R X I A 45 T £ Bt R AT AU, ORI
BER T R [20(8) ], Rk F

c, c 1

SR (6)

qe qn quL
Ing, = In Ky + (1/n)Inc, (7)
R, = 1/(1 + K;¢,) (8)

K, g, AR A (mg-g™" ) 5 K (Lomg™)
1 K, 5334 Langmuir 1 Freundlich W #4558, n ok
Freundlich #AING B8, R, M #fiid Langmuir #5 7Y
I R ARF A 14 I e A R o PR 5

2 HR5ITR

2.1 R4k
2.1.1 GC-MS /it

fEH GC-M8’ xﬂﬁmﬂﬁmﬁl{ﬁfﬁ%ﬂéﬁ” F.E’JE-"

T BT, S5 1 kA
6 AR R 4 MqﬂTu%EﬂfﬁJ%ﬁuFﬁ
UK 527 AR LT | W R ek
Fiihs 565 4L 4601, 37— — WA R Epr-Lon )

—Oﬂl CHO #:18 J5 PR S 11 f’?ﬁ]%;iﬁﬁia‘ﬁé‘ibf”

AR, AR S B A R 2o i T
EP A’ C=C AL SR TR E S5, T
B E RS TA Y SV N & R =) A VA
2.1.2 SEM-EDS 7#r

3 FAA R SEM-EDS 23 M4t R anE 2 frs. K
2(a) ATLAA H EBC HAT G R 1H I A& FA RN £
LA, ] 2(b) R G i nZ VI 0REL, TR R i
BRIE , kR SF K 30 ~ 100 nm, P & 2 16 A iy fgH™

®1 RGP EERNS T
Table 1  Active principles in Eucalyptus leaf extracts

KB e T

(RT)/min  Z5#
4-Methylenebicyclo[ 4. 2. 0 ] oct-2-ene Benzene, 8. 165 ®
[ ( methoxymethoxy ) methyl ] - 8.349 @)
1,4-Dihydro-2-methylbenzoic acid 8.765 ®
D-Limonene 10. 447 @
Eucalyptol 10. 574 ®
Fenchone 12.323 ®
](31105573’1_0[2 2.1 ]heptan-2-one, 1,7,7-trimethyl-, 12,847 @
Thymol 13.298
3-Cyclohexene-1-methanol , a, a,4-trimethyl-, 16. 037 ©

1-( N-phenylcarbamate )

L0770 o

€}

¢ o owig

%ﬂﬁéﬁﬁ*ﬁﬁ@ﬁﬁ Iﬁl‘ﬁﬁﬁﬁéﬁéﬂﬁ Pﬂz( )E‘m
i EBC A4 )E , H R 1 G A 5m 1 2K 5 i
nZV1 E’J lﬁﬂuliﬁxﬁ(r” nZVI %miﬁﬁi&%ﬂif%%

'ﬁcr( VI)fir“Ffb%ﬂ,%%ﬁ**ﬂ*L, thﬂjta’%ﬂk

WUk ) RUURRAE EBC 2100, 28/ nZV1 141k,
AT EBC[ K 2 (e) ], EBC-nZVI 1) EDS &

[ 2(f) JHBL Fe WEIRTE T nZVI A9 7135, %00

TR BT SIS 23 oK IR T SR OB P A D B
Ui 70 B A 0 43 R 3 nZVL B U B AL BRSNS

Cr( VD) i), 18 2 (g) o i 3PS 5 55 AN R B9 Cr
I | Fe U6 32855 , 2 BACr( VI) 5 nZVI K42 W I

g

(a) & T

(b) &R

tmin

B 1

BRI REE GC-MS BEif

Fig. 1 GC-MS spectra of Eucalyptus leaf extracts
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