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Abstract

In this paper, iron nitrate and carbon cloth were used as raw materials to synthesize nano iron
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oxide@carbon cloth composites by hydrothermal method. The composite was to replace traditional
loose powder adsorbents for fluoride ions in water removal. The effects of initial fluoride ion con-
centration, initial pH and adsorption temperature on the fluoride removal efficiency of nano-iron
oxide@carbon cloth composites were studied. X-ray diffraction (XRD), scanning electron micros-
copy (SEM) and energy dispersive spectroscopy (EDS) were used to characterize the morphology,
structure and composition of nano-iron oxide@carbon cloth composites. 1 cm? nano iron oxide@car-
bon cloth composite material was added to 50 mL of sodium fluoride solution with an initial con-
centration of 10 mg/L, and the pH value of the fluoride ion solution was adjusted to 7.0 with HCl and
NaOH solution. The results showed that the fluoride ion concentration dropped to 6.06 mg/L, re-
sulting in the removal efficiency of 39.4% after treatment with magnetic stirring at a speed of 160
r/min for 120 min at room temperature. The adsorption process of fluoride ions by nano-iron ox-
ide@carbon cloth composites conformed to be the quasi-second-order kinetic model, indicating
that the adsorption of fluoride ions by nano-iron oxide@carbon cloth composites was a complex
process dominated by chemical adsorption.
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1. 53|

ALY R —FhH RS TS G, T e B A AR, o N 2B M T A 2 P 48 Bl ™ B S
FAPHEB R ER AR S Tl AT T DL R 255547 i KRR S o SEFRHh R 7K/ K
FE TIREEEHE N 0.1~1.5 mg/L, {BAERHMXTIE 1~10 mg/L H A mT 30 mg/Ls  TkE K A 5K B 8
A 250~1500 mg/L, AR AT 10,000 mg/L. #ESiiE, EBERE I 2 2 N KK S ALY AR it H
FAK[1]e HETF 2023 4 A 1 HIEASZER (CAEERH K LAFRME) (GB 5749-2022) e U FH /K HH 3 fb
g EAHEE 1.0mg/L [2]. AMAKIENE B S SEUIRBET W B REAGE . MEE iS5 N
(& PR3] BT, WHMBRFEINEATEE. Bk, BEENE, HBIE. RISHTEAIR
A4 HA Rk B RAE TR, &N, MEEE, MK, Sirfee S [FR, WA R AT
HA WA SRR 2. SR, A EA R ARBEKE /N DL 5 52 H A R ER MR S5 ) PR TR AR
SRR o BRI, R YR B ARE 2 i) 4 T2 R i T SR MR

W 700 PR o 203 5 R B 741) B PRI 5 R R A PSSR DR [5] —MBekedt, IRB R LR AR OK, R
WP SERR 2, IR PR AR AR . BT, 4607 FH T A B 505 Y R B A R AR A2 SR B 5]
w5 LR A R AT TG I IR SEAERNTRY BREAKRSE, X SEAPRL KR AAAE I8 AR 5 R B S AT Al
I RGBSR RO R AR . SR FLBRGE A Rk, LR TR, SRIETERE T, R
AARBE S SRBUERT K I pH BN BERRURK[6] [7], STURPAMEEER™w . A T a1, R
PRI SR BN, T A REART 7] A BRI BT MR RUSCR, AR, R 00 AR A B R A
T RS R AT A, AR R8T R AR P N BOnER, ARG R
PAGH9] OKEACERIIH 2 T2 BRAMK. FERMRGUR, WKAREFI b, PR it
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AN LR AR 3R] 5 NBE 2R RS PR, AT AR N S SR I YR, el BE i & ot
T8 SRR AR R &I R Pl A7 7E ) T HIER IR [10], S EORH IR A = BUE, HlTH
Tl PR BOREPE, W PR SE R fa ME LRI, SXAMY AT RE S| K —iki5 gy, et S B siA . Kk, &
WRIBE T EEERR, IR ERHERE. Bitn, Tsik, Zelal Z5[11 KL ERIOR 3 AE TE A 2%
BRIAW P RBBR Al BRIS Wifpyekl, sRibab R R, I GENRE N 100 mg/L. WHFIAER 1.0
cm?/100mL . H,O, ¥4 2.5 uL/L+ IZ4T 60 min i}, RBBR 44kl £FR % 96.14%, BR18 Hekl Z: 453K 98.44%.
FET25 12 R B I N K LT 4N FE R, 2 Aok SR 4% T BRI K T 4 @CeO, PR AR
SRR As T AR FESRIG 45 TR, 76 pH N 3~10 [IZHE R, 258 2 h RPN, HIGRIRE 2 mg/L 1)
As, WHEJFIREIIE S0 pg/L LUR, KBRZCEIL 98%LA o AT UL, PREMERE A1k RIER L RIS EA R
UFIIRL T 770 SRTAT, AT E AN TR PR SR S AR R N T 5B 0 SCROE H A Z WL, Rk, 7R
NIRFEDPRENR T AR RAERR T T PERE,  JoBEE A M m BT T (RIS

N ECEGORENER S T FIRRIEE, e atE, HnR Rl A, I vw IRk Gokn 1A 8 B )
FIT T ER) 6 TS P Il R AR SCHE B AT AR AL, TR ERAE R ERIR, KK BGER & 7 BA B SRR
AR SRR AR T B AR, DAAREAE G 1 AR SR B PR AL BRI K 3B . AR AR B EER R M
BHE IR EE R IR K I R AR AT R, AR5 e S iR iR R %, AR B T — IR B b A
ARV IR KA RIS, X AR A T 5 SR R FH SR Sl A R BE (A0 20~50 mg/L) R 78 13EAT A [ Xof
boo ARSCHFFE T WG T TR FE T 4G pH BRI PRHRLRE 25 R 36 9K Bk Bh @i A 5 6 4 R HIE B A
PERERIREMR o [R) I R FH 2 0 W B AR A AT PG, R oK A Bk @A B A MR BR LB, TR —
Fifai e J7 BRI BRI B ATRE, N AR AR A AR A TR i SR

2. SCIEERSy
2.1. SEIGKF

THERER . THIREN. FraRmREN. S AALH, B Hrainlnl, SR T RET RSB HER(
B 65%), rHral, RIETRHAETHHEAIT R XA T s 2hR, 70 #ral, SRIET L vE R
FIH RN ToKOEE, 73Hral, RIETETAE) s A, RIET SEBRER BB AR A7 .

2.2. BB ROTRALIE

N T AERAT AR b L 7 3R EE AR KPR BRI, 75 B BAT AT — R AT . B sy 2
2 x 2 em? AR, FREEEN 50 mL IKRFEEN 2 mol/L (1) HNOs H3=35 1 h DABREGAT R [k H 755155, bl
&, BB N 10mL Fo/K ZmEr HEEE T8 A AL FE 10 min (KQ5200DE U A G- VENL, E LT A A A A R
Ay, FHZEEFKEE =R S5 e B KNI TiRAT, RN T (XMTD-8222, gk %5k
WA AIRA TR ERE N 70°CH ) 3 /N RN IS SH . PRI T 2AM AT DL 2 BRBscAn 2 1
(IR J5T, SRR BIAT AT I A AR B, A FRTEAA T8 2 iE b B RE ], XA R TSk e R i i A K 13].

23. AREUR@HEPESM RN ESRIE

FREX 4.0 g )UK HER L (Fe(NO3);-9H,0) (FA1004E B HL T K7, HM T EisH FR&ARAF), If
B BN 100 mL 288K et b L g, FIRE 13 FE#H(SZCL-2, LT TR A R 5T A F])
B IHAEFE S min JERGR B VAT, B 60 mL BINBCE 1 x 1 em? BRAT I8 85 mL & W 22(CY -
03628, P H IR ZAMRA R FEE, )50 57E 160°C. 170°C. 180°C Al 190°C [HHEIR T #R46
TEIRACEE 3he PRIBES NG ARR AR ZRGEHITE, o EE TR T A5G 10s, %
BroR AR ek . A 25 B TP mAT, BELETIRUEROE W . 2R M Ak A, SR e
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FET- A ORIR 3 h, IREEBOEN 70°C, BRI SAFEAT FUERAUKEM R B G MR, RN HAE % H .

KBS NS FEH, Fe(NOs)s #%20(1)/KfiE. HNO; Al#%K(2) 70 fift, 2R Fe(OH); AT 2 (3)f1xX(4)
KA B FeOOH 1 Fe;030 FeOOH Ab T AT ERAS, 1 H s He 55 A (%) He o it 25 ek P ) 12 vy T 4
K, f# FeOOH #%3(5) K £ SEMF & T 42 ik Fe05 [14],

Fe(NO,), +3H,0 — Fe(OH), + 3HNO, (1
HNO, +C — NO, +CO, )
Fe(OH), — FeOOH +H,0 3)
2Fe(OH), — Fe,0, +3H,0 4)

O=Fe-OH + HO-Fe=O—— (HO)-Fe=0 <« (H)-O-Fe=0
—23H,0 — O=Fe-O-Fe=0—-H,0:+ 0=Fe-0-O-Fe=0

SKH DX-2700 84 X FHEATHALPHRIGEUES AR A A, #EH Cu-Ka NEEH, KK 1=0.154nm, H
g s 4 A 25 mA 5 35KV, A 0.05° /min, A VSR 10°~70°, SRR T

SKH JSM-7900F Y414 1~ 2 G Ba( H AR FL 1k 22 4 ) L 5% 87 8T I B AT B B K B A R A I 2
HEHLER, it EDS Geil ot S &R R & Aoy . BIFE S B & SR ERE, fEENGERHTH S8
PR RGAE AR E

2.4. BREMREMR

2.4.1. RMIsEIE &

VIR B IR MR MRS : 17 50 mL WI4G%E IR 5. 104 15, 20, 25 A1 30 mg/L (iAW +
FHIN 1 em? 9k E AL Bk @A E 448, FH 0.1 mol/L HC1 F1 NaOH 4 V8 %5 98055 7V pH 1B 7.0
(SC222-1 B pH i, FFRIAMTHEE AR AR, Hilh LA 160 t/min (R BERE I HHE 2 h J5 B 1k 4%
FL ARV 0 R R

HI%h pH MR E I 17 50 mL WIRG 5 TR 30 mg/L IR S0 1 em? 9K AL k@b
HEMEL 0.1 mol/L HCL A NaOH I3 15 %55 73 pH {63 3.0, 5.0, 7.0 A1 10.0, & F LA 160
r/min R FERE I HEHE 2 h 5 F B T 25 v AR B B

EEMWRMSEL: 1 50 mL HIA RS FIRE 30 mg/L S 1 em? YR E k@A 2
AR, FHUEEDY 0.1 mol/L 1¥) HC1 A1 NaOH % ¥ 1 15 5 B8 19K pH {E 21 7.0, 43 AIAE 25°C . 35°CHI 45°C
LA 160 r/min [RI3E FERE F730RE 2 h J 1 R AR R B

W PR ED 20 e K 300 mL ZEEEAK I E] 1000 mL BEAR e, 7T pH A 7.0, SRJEEL 150 mL KA
100 mg/L FIEALENABINNEERR, TEHN7K 2 500 mL %I 2 4 BN HY 30 me/L IBALERIAW. A 10
em? (PR B BR@B A E A kL. TR REHBEAR LL 160 t/min BEATHRFESIORE S 1EHE, 523 B HUL B S ST
46 i — 5 B 1A (R P AT X N SRS TR BRI . BIRG 1. 44 10 20, 40. 60+ 80. 100 120. 150. 180
240+ 300 360 1420 min FHL 1 mL BIAEW, HIA 10 mL [f] TISAB ¥U5 € A 4 100 mL. &5
R FlRkBE, R SRR I & ERR SRS TIREE, IR UE B[R] B] AR R B 25 & A L B e, FIH
Origin EEFWR I ZN 1 M2k . B TYPREMMBRTC N A FLII GRS 0, R — SR — R 20 ) %
BT W BRI AR AT 2o G, DAIR FUBIAT T RGN A Bk 52 AR5 3 8 - O IR BB

HE— BN AR, BT R = (6)

In(g,—q,)=-K+Ing, (6)

(&)
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Hrh, g N TPHER AR, mg/g; g8 t NZFIRI AR, mg/g; K NME—HE) ) FB R Z L, min ',
HE 2B )12, Rt R (7)Ao

t__ 1t

q. K, q. q.

Hr, g NPHERAE, mg/e g N ¢ BZIPWRS R, mg/g K NHE a1 F TR E 4,

gmg 'minl,

24.2. BB ETTHEAZ

DA B 1 RE 2B bt (GB/T 7484-1987 7KJ5t ALY IIMIE B i BRIk ) 2. %S EA 100 mL
(RIBERR RN 10 mL A 28158 5 1 15 22 0h P (TISAB, 0.2 mol/L F7AERENAN 1 mol/L FERHN), I NZ&1H
K2 80 mL ZIEEAL, FHMKEZ N 0.1 mol/L ) HCI Al NaOH VAT pH %] 7.0, SRJ5 HEH A 0.2
mL WK N 100 mg/L FALMER, BJEI/KZE 100 mL ZIFEZkAt, EIATHECHIEL 0.2 me/L 5L BvbR v
W, FRax AT R HIECH] 0.5, 1.04 2.04 3.0 F1 4.0 mg/L FIAALENFRUEIA TR, LA 160 r/min R EERE )
PR FE 4 NS T IE AR (PF-2-01, _BIEACHRMH AR I A IR A ") AR Z LR (RO303,  Fifg
sl A RA R, FERAFRESS, M PHS-3C ZYEUE IR E T FIAL RN AR A R 2 =) sz
HALAE, SRR TS rALE - W EE SN Origin HHTZRMERLE, SR - S TIREARHERTZE . W
FE— IR G TR 3¢ 100 mL 517K, K st es 1l £ il SUL IR Z L il N B 8 K,
L 160 r/min [3E EERE /I HERE 10 min, A de 2 WROK, B ARG S T1% 5 A4 REHEAT B —ORALII &

WP AR S, HX 10 mL B35, BT SOmL ZEIM, I 10 mL &8 -Fom B AT i, K
MR AR, #5), VEAN 100 mL SR OMEFEM A, FTIFREI4+E 160 r/min F46 A 5802 1% 7% B AR AN AL
WSk, fFRARERE, MECRRRE TR BAE. BRErsE g B ERFODERE . 1%0(8)
MO FE PR AN R @A B 514 R &

O]

(C,—C.)xV

0= ®)
C,—C, )xV
g -GmCl m‘)x ©)

Hrb Q NPT N AR, me/g: QN ¢ NZIN M AR, me/g;s Co NIFRAIIR IS TIKEE, me/L; Co AW
BEHA 2P I R S TR, me/Ls CON ¢ N ZIE R AR TIRIZ, mg/Ls VORIERAARL, Ly m
NPKEN G @i AT ZEMEIMA IR, g.

3. ZRS5WiL
3.1. kAN SR @B ESM RIS SHRS T

1 AR XRD B, ATLAVE R, TE 20 AT 25.6°5 43.5°4 HA A S M7, X5
ST A 5585 111(002) 5 (100) 84 THI (PDF#01-075-1621) [15]

2 SELESPHIAE 160°C 170°C 180°CAHI 190 CILEE/K A BUIAKEM BR@lpAT &M EH XRD
i, ATLAMELEILE 20=33.206° 35.7° 49.55°F11 54.153 A HIBL T Fe O3 HIHFEIE, 43 HIX N T (104)s (110)+
(024)F1(116)AHTHI(PDF#01-076-4579) LAk, BR T HRATFE I FeO5 MIRTHUESL, 78 XRD EIHE - %A K
f 2 i, ZREITERRAT LRI BT 4l FeaOs AH o BTl 464 it PRI ARF IR W5 BT 1T SR 5 0 HRE i P 45 B AL

*https://openstd.samr.gov.cn/bzgk/std/newGbInfo?hcno=4E05502A3A38ED77A307EDCAFABCD132
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Figure 1. XRD pattern of carbon cloth
& 1. BX7hH9 XRD Ei%
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Figure 2. XRD patterns of Fe2O3@C prepared at different temperatures
E 2. FELEEHIE Fe0;@C i XRD [Eif

3 RBRAAEAT OIS . ATLLEH, RORHATHEARZ 11 um EREF4EH BT, BRET4E

RiOGH HEARY —.
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Figure 3. SEM images of carbon cloth at different magnifications

3. TNEIMABHE THRAE SEM

K 4 523 HIHE 160°Cy 170°C« 180°CAHN 190°CHE T 7K A ML 73 I 40 K S AL BR @B AT = A 4 R ik
MIH, B RR, R I AOR BN ERTERRL, KRB %), HPVEECE, AR sER.

x20,000 10.0kV LED S - 5i x40,000 5.0kV LED

10.0kV LED
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x40,000 10.0kV LED

Figure 4. SEM images of Fe2O3@C at different magnifications: (a) T = 160°C, (b) T =170°C, (¢) T=180°C, and (d) T =
190°C
4. FEMEH T Fe20:@C BY SEM Elf&. (a) T=160C, (b) T=170"C, (c) T=180°CHi(d) T=190C

FIH Nano Measurer #fF, 7E 40,000 fix 414 Hi 8% K] AR K S AR IR 0 A BRI 2T 1) 4 % 4
em? X3, SR JEMERAR, LR E T, WE S Fis. 858 ER, £ 160°C. 170°C. 180°CHl1 190°C
IKPIEIRAL G B AR, AR A BRBIORE (1P 320K 4% 20 3108 30.57+ 39.50. 40.01 AT 42.94 nm.

6 45t T AT R K B B @B i A M EHE R ) EDS 0T mTRLE H, 9PKRENS @i 2
G M EHA EDS B BRI C 1§, Fe VEAN O U, A %0, 5 XRD 4550403, HBhULHA i 4 H 140
KA

3.2. BREMEEMIRGRE S

AFIWIIE B TIRE T 180°C il £ HI AN AR AL B @B AT 525 A RERT 308G 1 RO IR P 28 B P 25 B e ) AR
AR 7, BRI, FEMIUGEGE FIRIEZ N 5.0~30.0 mg/L i, KBS @biAn & &R S 7
(IR P 255N 4.18~17.83 mg/g, WK P25 5 B 46 960 28 IR B O3S T3 . 25 B 2R B 4 A B8 T IR FE 58
AR, IR TN 10.0 mg/L B, GUKENBR@ikAT 2 S8 B S T I B R R, &
27 39.4%.
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Figure 5. Particle size distribution histograms of Fe2O3@C prepared at different temperatures: (a) T = 160°C, (b) T=170°C,
(¢) T=180°C,and (d) T=190°C
5. FELEE THI5 Fe.0:@C B ESFESE. (a) T=160C, (b) T=170C, (c)T=180°CFA(d) T=190°C

C .

s Elements weight (%) atomic (%)

5

N

g C 100% 100%

z

]

g

0 5 10
Energy (keV)
(@)
C

= Elements |weight (%)[atomic (%)
3 C 9058 | 95.6
2 0 6.57 4.0

=}
2 Fe 2.85 0.4

O li e
0 5 10
Energy (keV)
(b)
DOI: 10.12677/amc.2026.143032 339 MOEME SR


https://doi.org/10.12677/amc.2026.143032

BT %

C
Elements weight (%) | atomic (%)
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Figure 6. EDS spectra of carbon cloth and Fe2O3@C prepared at different temperatures: (a) carbon cloth; (b) T = 160°C; (c)
T=170°C; (d) T=180°C; (¢) T=190°C

6. FELRE THIE Fe0:@C A RFRFRY EDS EliE. (a) H#; (b)) T=160C; () T=170C; (d) T=180°C; (¢)
T=190TC

MR pH T, 180°CHil# MZUK A B @B A Z AR G 1 KRR LA 8, i
FIRL YRR pH N 3~7 I, GUKEBR@BRAT E S AT RO U T R A R R pH ETRTIsE N, 7E pH
=7 I, WA RN 20.89 mg/g, VAT pH 1E 7~10 I, GUKSEACBR@BRAT 5 RET 5025 7 1R IR B
AERE pH ETH TR RIAGUKR AR @B AT = S MRHE R P R R Rt
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Figure 7. Fluoride ion adsorption capacity and removal efficiency of Fe:O3@C at different fluoride ion concentrations: (a)
adsorption capacity; (b) removal efficiency

E 7. TRFBEFRET F0:@C AR FHIMMEEMERE. () RMEE; (b) EHR=E
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Figure 8. Fluoride ion adsorption capacity of Fe2O3@C at different pH values
E 8. AFE pH T Fex0:@C MRABFHRMEE

ANFEEEE 9k Ak @i Z 4RI S 7RI 25 L 9, B R &N, 78 25°C, 35°CHI45C
T YA B @B A AR IR TR B AR S B 17,83 20.89 A1 23.82 mg/g, BRI HITF G, Wk
HAEERE LT,

WAL R WA 10 FioR, shF#BREHRS T35 1. o UG Ak A ek@icfi 5 &M R
T T IR R R — ORI B D) AR A S, A DG R L R? 43 51 0.40581 F 0.9994.
I, ZEFOIFEE ST AU B J1 AL, U B B R A B T R B R 16] .
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Figure 9. Fluoride ion adsorption capacity of Fe:O3@C at different temperatures
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Figure 10. Adsorption kinetic fitting curves of fluoride ions onto nano-Fe2O3@carbon cloth composite: (a) pseudo-first-order;
(b) pseudo-second-order
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Table 1. Adsorption kinetic parameters of pseudo-first-order and pseudo-second-order models for fluoride ions onto nano-
Fe203@carbon cloth composite

F 1 AREUKRQRBEAMENEEFHE—RIER ., E-RERNRMNHFESH

Experimental Pseudo-first-order model Pseudo-second-order model
{e.exp {e,cal 1-(1 R2 {e,cal K> ) R?
(mg/g) (mg/g) (min™") (mg/g) (g/mg-min)
19.65 3.32 0.0077 0.40581 20.06 0.050 0.9994
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