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Abstract

With the development of industrialization, the problem of heavy metal pollution in water is be-
coming more and more serious, which makes more and more attention at home and abroad. Chro-
mium pollution is particularly prominent in the ranks of heavy metal pollution. How to better deal
with Cr pollution is imminent. We use magnetic carbon materials with porous loose structure and
special magnetization characteristics to remove heavy metal ions in water, and change Cr(VI) in wa-
ter into harmless Cr(III). In this paper, Fe-NCM composites were prepared by hydrothermal method.
The properties of Fe-NCM composites were characterized by field emission scanning electron mi-
croscopy (SEM), X-ray diffraction (XRD) and fourier transform infrared spectroscopy (FTIR). The re-
sults showed that the initial pH value was 2.0 and under 360 min, the maximum adsorption capaci-
ty of Fe-NCM composite material for Cr(VI) was 49.05 mg-g-1, which indicated that Fe-NCM compo-
site material had a good removal effect on Cr(VI). The adsorption isotherm data accorded with Lang-
muir model and the kinetic model accorded with pseudo-second-order model, which indicated that
the adsorption mechanism of the adsorbent was monomolecular chemical adsorption.
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TR7E, — e vE B N T H RG], — M, CriXT AR RIS RN, {0 Cr(VIVX AR E A,
BRI |2 S G RSB, B Cr(VI)E A EALTE, X R TR A KA HEF R — B
W[2]. ARSRAR L (4 i Y E B AN B AL, SN E SRR S YT T IRE . 84
iE, BB AR UK PR TS R T R B . AR P RS . R R L R R
0 5 I S A 43 B K A o e K A B R 37 3 DR LA R SR B S5 I A T 3 5%
(8 H e 0 A P AR R 22 3] [4) SEEAEK, BT R I R 7 T TR 935 0 135 B AR [ SRR Ry b
SRR, LA — BRI R TR, B S A PR B B, T LT A BRI, JE e
— SRR L AR TR B PR (5], S [6]5 AR AL S LT A B M B AR R A AR, 52
BIE 3 AR RT CUP T BT IR R

A DL A BB, ST KA %t Fe-NCM 4 A BRI, IF 7 W B 701 £ 55 2 2 97 2
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2.1.2. iRkF
A S b B B A EAR A . AR (K,Cr0;) . B R W2k (FeSO,) . =& bk (FeCly). JR &
(CO(NH,),) %5, ARS8 AT I A 4 M 4t

2.1.3. SCIO{YES

ARSI R BB S A A . B REAL(250A) LBV X T 4546 (KQ-700DE) . £ #M LA (IR Pes-
tige-21). 73HT K F(FA2104N). pH 1H(PHSJ-5). X-HZATi11X (D8 Advance). “£4bor ot TH(7230G)
Yk S T B (JSM-7500F) %5 .

2.2. Fe-NCM S&# 1 a0HI&

FRHL 0.1824 g FeSO, fi1 0.2 g FeCls 7T 20 mL 25% 2 /K, 7E 70°C /KB #HHE 1 he 5 0.3824 g 44
B K 0.3824 g JR KB T M 2 INEE T/KE 50 mL, ¥ SOw 28475, BT 180°C ML A h{#I5 10 h,
W EKBEE R P, N 80°CHIMAE T4 3 h, 744y Fe-NCM, ZEHRAF.

2.3. W HsEIE

1) AR JEE T PR Bt e P s i AR R o 55 2
Me B IR N 10~50 mg-L ™ Cr(VI)ER. HIRSME 43 I 30 mL iRy TARTE IR b, AR
(1 pH 9 2.0, B— AN Fe-NCM, #-T 25CIERMEIKH RS 12 h J5 BATHGRENE [7] [8]. T A
R Pt S A =R, A R BCEIE .
FBRE g AR & q Al (L), ()5
1 =(c, —¢,)/c, x100% (1)
g =(c,—¢,)V/m 2
X,
Cor Cr(VI)E FHILEHE (mg-L™),
e FEMUINHALA T(min)is A,
V: WIAATR(L),
: R ARLS (),
Qe T min B ZI AR B B (mg-g ™)
Langmuir 1 Freundich Wi b S5 4 Ze 77 R an

3

C_e: 1 +C_e (3)
qe quL qm
1
Ing, =InK, +Hln C, (4)

X,

Om: BRI B & (mg-g ),

Ke: Freundich & %t(mg-g ).

2) W o 751 R St B A 28 SR 1 R

VIR 20 mg-L™ Cr(VI)E . BUEIRHPE (% 30 mL) 3 T4, VAN pH oA 2.0,
W B AR & 239 54 104 15, 20 mg, KEA A N, 2R, TR T 25°CE
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BARRRH PR 12 h 537 HURE I 2 [9] [10].

3) pH X W P44 R 1) s el

WIUEIRIE 9 20 mg-L ™t Cr(VI)VE . B _E 3R ¥ (30 mL) AV T4 3 v, 23 il TR 38 9398 pH {4 2.0,
4.0. 6.0 F18.0. [A] 12 MNMEIAMIIIA 20 mg Fe-NCM, JRE T 25°CHIMEIRFER 7% 12 h j5 T
BRI [11] -

5) WPt 3h 775 50

L — 2 5 F7 A5 7 7 72 (Pseudo-first order equation) (3% 5)F19ML — 2 5h /1 2445 54 77 742 (Pseudo-second
order equation) (=X 6) [12]£k A5 5 A -

In(q, —q,)=Ing, —K,T )

T 1 N T

(6)

6 K g

/\EF‘

T: $Efih SRR R (min),

Kue $00— W Bt 3h 7 2 0 bt 38 K (min ),

Ko: =25 )12 W Y 2 % (g-mg~min ™).
3. #BREVE
3.1. EAMHMMYEERIE
3.1.1. X SHRATH (XRD) 73 47

14 Fe-NCM ] XRD &, Fe-NCM 8 AR /R R 24° Kb i — > 58 [ 3R BIUAT 555 06 A M5 A LAt
[0, R Fe-NCM TEJGE JE 5 A T UG I (R0 o o HL 1% B R 35380 B A AR DSk ke (221)
(210) fh TH RFAE NS, R BRI Fe-NCM B &M R4l i UT

—— Fe-NCM before adsportion
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Figure 1. XRD pattern of Fe-NCM composites
1. Fe-NCM £ & #1811 XRD iEE

3.1.2. LSMKAB(FTIR)SHT
Fe-NCM. Fe-NCM-Cr(VI){#j FTIR &% 2 fi7x. Fe-NCM. Fe-NCM-Cr(VI)7 %7 3415 cm™ &b
Xt R -OH FHZEIRSN, W] g4 A /KSR F RS SRM: 76 1503 em™ 4b ik iicig, & C-O fil C=0
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(R E AR S 51 2 s T AE 1795 cm b J& C=0 B RE e R 3h; 4k 1041 cm™ (C-O-C)H1970 cm™ (C-H)
YW Fe-NCM HAFE M E T RER], RelsA BN i) Cr(VI). ik, Fe-NCM & &k}
A [13].
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Figure 2. FTIR spectra of Fe-NCM and Fe-NCM-Cr (V1)
[& 2. Fe-NCM. Fe-NCM-Cr(VI)&Y FTIR &

3.1.3. LGB T RNR(SEM)SHT

200nm

100nm

Figure 3. SEM of NCM
3. NCM &Y SEM

NCM ) SEM @i 3 o, ATLAE I a. b RimHAE, JFHAZE, BSHEE—. Kc. d&
TG T B G R RE A, KR K2 4 A /E 500~50 nm 2 7], R — ik BE AR 53 B MR B A R [14] -
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Figure 4. Effect of solution concentration on Cr(V1) removal by Fe-
NCM

4. SBGREXT Fe-NCM & Cr(V I
Fe-NCM X Cr(V 1) B -F W B HERE R s2ma UL I 4. BRI 4 mT 4. BESE Cr(VIIRIZEMIE K, Fe-NCM B4
FEELRS Cr(VI) IR B 75 i i ok, RBRZF TN NI BRI RE R, IR B 73R 18 14 R R AL AD 2 T 25
FIASJE AR B3t 22 B95 Gens 1 o BRI Cr(VI)IR 3% 20 mg L N EL .

3.2.2. AEIRMIFIAEX Cr(V)EFRM 4 EER LR 24
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Figure 5. Effect of adsorbent dosage on Cr(VI) removal
5. BB 83T Cr(VI) RSN

Fe-NCM FEXF Cr(VI)E WPt Ae fsma W 5. fE 5 al40: 24 Fe-NCM & &+ R &1 i,
Xt Cr(VI) W B 25 BB 2 I/ ME Cr(VI) EBRRIZHIE K. Rt Fe-NCM & &R &%k 20 mg AH .
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Figure 6. Effect of pH on Cr(VI) removal of Fe-NCM
6. pH XTI Fe-NCM Bk Cr(V1) S0

pH B IR B BE 520 L 1A 60 FH P 6 B . 24 pH L ROIE RIE,  SXF CrVI) AR B 25 5 e 25 B 2
BN 24 4.0 < pH < 8.0, FREEREMREKR, X2 R AR pH EHA21L S 2 Fe-NCM E &4 K}

1 AT R AR [15] . 24 pH EEW K R B PRI, B H 2 (R [RIPE AR R IR 3 HE S Cr,02, AT PR
57 Fe-NCM Xt Cr(VI)IW I, SEURFERE JJ9kg, Arblik#Es: pH {EA 2.0.

3.2.4. BMMIFBEMAR

407 (a) (b)
—— Freundich Fit . 0.4+ —— Langmuir Fit
3.6
03-
s =y
5327 o
02-
2.84 R2 = 0.95405
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Figure 7. Linear fitting of Langmuir and Freundich isothermal adsorption models for Cr(\V1) ions adsorbed on Fe-NCM
[ 7. Fe-NCM RFff Cr(VI)EFH9 Langmuir 1 Freundich Z5R IR MR B4 M1l &

Table 1. Isothermal model parameters of Cr(VI) adsorption on Fe-NCM
Fz 1. Fe-NCM X Cr(VI) IR MRS R &3

Langmuir 2515 1% b 77 72 Freundich 25159 b 77 2
R B 711)
ge (Mg-g™) Ki(Lg™) R? Ke (L-g™) ne R?
Fe-NCM & &4k} 64.31 0.16 0.993 1.07 1.79 0.954
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K7 Rt ETS M SR G B, AR RENE 1. AL EEER AT A, Fe-NCM Xf Cr(VI)
(R PR 25T 2R B 55 Langmuir 2538 W 75 F2 R? = 0.993 T Freundich &R W B 772 R? = 0.954 1,
Fe-NCM Rt Cr(V1) IR B 255 2R B 7 B 745 4 Langmuir 2508 2688, (AT 41, Fe-NCM & &R % 1
B oA WA 7 B B R, R B R 2 T A AE B 531 2 R B I [16]

3.2.5. WMIEhHEHR

= " Fe-NCM‘ o 181 o Fe-NCM
o Pseudo-first-order kinetics model 16 | —— Pseudo-second-order kinetics model
. -
It ™ . 14 (b)
en -
- 21
en -
& g
=] \E./ 8r
= o} S 6t
4L R> = 0.99628
R?=10.7596 2+
u
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Figure 8. Pseudo-first-order and pseudo-second-order Kinetic simulation fitting curves of Cr(V1) ions adsorbed by Fe-NCM
composites

8. Fe-NCM E & # LIRS Cr(VI) B FRIB— R R N FEUB S HhLE

Table 2. Correlation coefficients of pseudo-first and pseudo-second order kinetics of Fe-NCM for Cr(VI)

%2 2. Fe-NCM F Cr(VI)BI L — R hZEFINZ R N FHEXRE

W 751) L —%zh 1% Wz I
Fe-NCM & & Ki (min™) Qe (Mg-g ) R’ K (min™) Ge (Mg-g ) R’
P 0.011 5.22 0.759 434 23.04 0.996

I 8 A[%1: 7 25°C. pH = 2.0 F, BEENIARGHIN, S AR CrVIIuR bR, W3 b i ]
FUPEUT 360 min, WRBHZS BB INIR A LS, PO ) 360 min BEUR BB AGE BSE G, ghAh, g
2 iR, WBIWIHED S A G R, RR = 0.996, LRI ISR E G A L IR I S, P R
Wbk 2 AR M LB LD MR TR LG, AR50 B SRR LT A e e R A RS, IR B S
SIS, T H Cr(VIVBE R (VR B ERE SR T, 5 ER g 30
4, g5ig

ASCHI % H Fe-NCM H AR, Fe-NCM %5 50 BLAE, I H B4 BT RAL R . I HiR %
T Fe-NCM XK (1 Cr(VI)ES T RO MRS . %2 B Fe-NCM &R Cr(VI) BT ELAT 1 50 5 (W
ZEEATIA 49.05 mg-g L. SR FH W Il S5 B | R B 28 SR % Fe-NCM 52 & A4 LB EAT B 52

R Fe-NCM & &R /KR 1 Cr(VI) & T B 776 Langmuir Pz B S8 A5 8 RN — 20 W B 30 77 4
Y R B FE

E&InE
TR FE A B IE B A RS Cr(VI OB PERERTE 7T, BIFTIZRIH , X20201076403.
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