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ABSTRACT Herein, a bifunctional nonwoven fabric sorbent containing thioamide and carboxyl groups was
synthesized via radiation grafting of acrylonitrile and acrylic acid, followed by modification with sodium sulfide, to
selectively recover Au(Ill) from the acidic solution. A polyethylene/polypropylene skin-core-structured nonwoven
fabric was used as the substrate. The structure and properties of the sorbent were characterized using infrared
spectroscopy, thermogravimetric analysis, scanning electron microscopy, energy dispersive spectroscopy, contact
angle measurements, X-ray photoelectron spectroscopy, and X-ray diffraction. The adsorption performance of the
sorbent was determined through batch adsorption tests. The results indicated that the sorbent exhibited excellent
Au(Ill) adsorption capacity over a wide pH range (2—-7) and demonstrated good selectivity for Au(Ill) in the presence
of coexisting metal ions, with selectivity coefficients ranging from 55.00 to 2 429.17 and a gold recovery ratio of
98.5%. The adsorption followed the pseudo-second-order kinetic and Langmuir isotherm models, with an Au(III)
saturation adsorption capacity of 133.91 mg/g. Au(Ill) could be reduced to crystalline Au(0) during the adsorption

process. Moreover, the modified nonwoven fabric could be effectively removed via simple high-temperature

treatment, facilitating Au recovery.

KEYWORDS Radiation grafting, Au(Ill), Adsorption, Polyethylene/polypropylene nonwoven fabric
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B CARBREEARII TR . T LA KR OB LA
HAE60C FHTEIEE. A7k N
NWF-g-P(AN-co-AA) . JCZi A I FE AR S A AR
AR OBATIH L.

_m=-w

D, i

x 100% 0

b WA W o nl R T R B R, g.
A FE R BT I 5 AT R 3N 267% . IR Fi %
BB i 3L IR R, A F XS 4201 L 1 e T 0
NWF-g-P(AN-co-AA) Ff i iE 417 3R I &K 19 € &=
BT BEREIR, N OWIETFE &N AN 17.77%
H19.83%. i T 545 )4 B b JURE 1P o ) =
NIRFEN 3.62 155, WIGIE S IR R 1352 5 )
N 194% F173%.

 Na,S-9H,0

S Modified chains

Radicals Grafted chains
PE/PP NWF NWF-g-P(AN-co-AA) NWF-bif
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Fig.1 Synthetic route for NWF-bif
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1T AT RAL, IR EETEHEIN 30~600 °C, Fi i %
N 10 °C/min, SHFE AR iR TH 5K J1406 2
PEHT G TG 95 A0 17K ful f 04T DU 58, A K0T 1
BUNS uL; o, J546 PE/PP NWF 7 822 firh £ It
A M4 7 DMFIRIE . 258 /KB At T 4b
H, Dl HRmMARY T FHAM B
(SEMD ATREE 4341 (EDS) 43 531 5% T 45 47 I T 55
IR g0 Z o A E AT RAE, PR R T )Z N4 .
1 F XS £ 0 HL P RE VG (CXP SO St W B 7T Ji5 TE &7 A
(40 25 HH RSO AT RAE A X S R AT S A (XRD)
X W B HT IS T G AT () 45 i I e AT RAE, SRR
N CuKa, HEKHN1.54056A.

1.4  Au(IID)EMIMERERIE

W% B 056 BT FH Au (TN B 1 000 mg/L Atk
WA RS . B oA 5 Au(TIE I
R, JEE THEEKBIRG & F TR GR
FE, 25°C; #55H, 120 r/min). SZH6AR EALFEIE W
W14 pH (2~7) « W Bt Bsf [] (24~240 ho) FTAT] 46 94
(1~200 mg/L) o 7 W Bt 32 6 P X 56 o B N 11 2
HEBE AR Cr(VD. PtaV). CdUD. CoD
FPOAD o W P AT S 7 ) 4 8 19 P T i F JeR
T S5 B8 AR R 56 1% (ICP-OES) Al H JE RS 445 55
TR 1 (ICP-MS) W45, I X Ji A A Jofi 5220 H0h
2% I HNO, B O A RS i W B B AE ik T . &
JE BT R (R ) PR (O 2 i i A 5
GOFIO AT THE &8 5 7 1 40 i R 30 (KO Flik
FERE B i ARG OO AT .

R ova = CI%ICZ x 100% 3)
R )
K=& 5)
= Ko ©

competing ions

X G G C IR R AT PSRRI B
BT R P I )R B T RRIRE, mg/Ls v
NEEWAER, Ly WO &, g. O NFIIX
MR B I 1) < J 8 T IR, mg/ge

2 HR5VHE

2.1 GRS

211 AF 2ot AR 4 b ki

PR R S5 T 2 AT R S A 6 a0 B 2 BT .
7E JE 4 PE/PP NWF [ 21 41 i 28 v v 0 % 3] 43 531 U
J& T —CH,- I AR FRAR AR RSN (2 914 em™) X FRAi
PR3 (2 849 em™) \ANXTFR L Hh R 2 (1 472 cm™)
AR T AR AR ARIR SN (717 e (B AE NS, X6
T PE/PP E¥ifih PE ) E ) E8E4E M . TERAT 8z
B A5G, NWF-g-P(AN-co-AA) (K £L A1tk 25 v Y
R4 50 B (2 243 em ™) AIERIE (1 730 em ™,
T SE DU ) AR5 AE 06, P A 47 S R0 TR 0 TG 1 i 2
. TE AR MG, NWF-bif 204025
WO RS REAE UG SO DS . R R REIE &
(1730 em™", i S8 BUEE D V8 2% I tH B0V J8 T A Xk
fie (1 217 em™, B B XUEEOM R R B 7
(1564 cm™, T S AU LA K& N-H/O-H 1 4 4 5))
(3000~3 670 cm™) [FIRFIEVE, R W FR FETE SN Ji5 At
F2 T DA SR EE I BRI E M

1 564
¢ 1217
3000-3 670 s
N
5
4 1730
® ) 2243
S | NWF-bif
®
2
[e]
(2]
Qo
< NWF-g-P(AN-co-AA)
bl ~ 1472 717
2914\ 5840 N \L
PE/PP NWF
L 'l L L
4000 3200 2 400 1600 800

Wavenumber / cm-'

B2 SRR S TCGi A R A B AR 2D A i
Fig. 2 FTIR spectra of NWF samples before and after
modification
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Fig.3 TG and DTG curves of NWF samples before and after modification (color online)
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Fig.5 SEM images of (a) PE/PP NWF, (b) NWF-g-P(AN-co-
AA), (¢) NWF-bif, and (d) Au@NWF-bif

060201-5



LER I RTIE S Z T L R

4R 2023,41:060201

2.2 Au(IIDIR M4 BEFRAE

2.2.1 pHTRM &%k

AFRTT T W5 NWE-bif fEAS [ pH(2~7) R
1) Au(IID) R P e, 25 Rk 6 Fron . NWF-bif [
Au(TIT) P B 12 B pH 038 o 9 B A, ELR B /S 1)
FE SO IR A A 0 (pH 2) IR & B4 (pH 7)), X
AT REVA R FASFE pH K Au(I) K AEE I RN . 1
pH N2, AuCl 7 Au(IDH) EEFELR. WE
pHIE I,  AuCl, H () GBS 32 7 4 S 48U 3 X
X 1EpH A 70 Au(II) ) 3= ZAFAE K 208 AuOH,
HTAuCIOH, "™ R ¥ W pH 11 38 XA Il Bt & %
fi%, B FBEMEERAG, R NWF-bif 73 pH i
PIERTE T LT (I P R
222 AW

W B 2l g 27 R T W B sk R v R i B[]
254k .t 7Ca) ATz, NWE-bif [ Au(TID) P B &
I 0 e o 1) ) B A 2R 8 I, I AE 168 h B 42T
17, AREEGEKIR P IA] 22 240 h, WP LFEANER,
N 124.76 mg/g. AiE— Lo TR AT A, A8 HE
— R RHE BN ) AR R SR AT A,
Fik X BR T AR, LA LR

180

NWF-bif After adsorption pH2~pH 7

= AEAREN
1

—~120LF ]

90 |

Q. / (mg-g

60

30

0

2 3 4 5 6 7
pH
6 pH XTI Au(LID) 5200 (HIAR IR , 25 mg/L s Wt 771
FHE,0.1 g/L; MBS TE] , 240 h) GEE£ 0L 25 Fi)D
Fig.6 Effect of pH on the Au(Ill) adsorption (initial

concentration, 25 mg/L; sorbent dosage, 0.1 g/L; time, 240 h )
(color online)
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Fig.7 (a) Effect of adsorption time on Au(Ill) adsorption capacity; fitting results of (b) pseudo-first-order and (c) pseudo-second-
order models (initial concentration, 25 mg/L; sorbent dosage, 0.1 g/L; pH, 2)
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Table 1

Fitting parameters of kinetic models

WE— 2% 5 11545 A4 Pseudo-first-order model

WE 25 5 11545 A Pseudo-second-order model

0./mgg’ k /b Q. o/ mgg’ R’

kleoi4 / g'(mg‘h)’l O,/ mg'gil Rzz

125.15 0.03 184.78 0.985

1.32 153.85 0.996

223 HAMERX
W P 25 35 2R 5 38 1 W B 1) 32k S 487 sp A(TID) £
NWF-bif F1¥ 8 95 A0 o 1 o0 AR . an B 8 Cad filr

7N, BEEE W Au(TID) P67 9 B2 B 48 hn, W B =
Se il G 0 5 #TE T 4% . 8 H Langmuir £
Freundlich &5 AL 8 0T IR Bt & SRt AT, &K
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FE M) (c)FFE 2, &, mg/g; K K, % 5 & Langmuir 1 Freundlich
C, C, 1 SR AR (0 Bt 5 B, m 2 Freundlich A5 84 /b 5%
0.” 0. KO, OV o p A 6 1028 2020 L H AR 6 R M R T

3 1 NWF-bif Xt Au(TIT) f*) W Bt 58 457 & Langmuir 25 Ji7 45
g0, = lgk, + < 1gC, (10) A (R =1.000) , H )& Jir 15 16 1 Au(TID) " B &

K CONW A B P#T H AuD AT EKR 135.32 mg/g, S5ik3645 - (133.91 mg/g) it .

b)1.5 (c) 2.4
@450 (b)
3 8 12} 21} o 9 60
120 9 .
= 7 oot 18} °
o I ~ o
2 90 5 g
é o 0.6} ~5 15}
=~ 60} Q o
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03} 12
30}
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8 (a)NWF-bif [f] Au(TIN)W f 453 28 ; (b) Langmuir A1 (c)Freundlich & A5 1 A 45 R
IR BRI 55 0.1 /L s WRBfHASF ], 240 hspH, 2D
Fig.8 (a) Adsorption isotherm curve of NWF-bif to Au(IIl); Fitting results of (b) Langmuir and (c) Freundlich isotherm models
(sorbent dosage, 0.1 g/L; time, 240 h; pH, 2)

R FEEAGNESH

Table 2 Fitting parameters of isotherm models

Langmuir % E %% Langmuir isotherm model Freundlich Z5 i #% Freundlich isotherm model
T/K 0,/ (mgg™h) K,/ (L'mg™") R’ T/K K/ (@@ "™ (gL"™™"  1n R’
298 135.32 0.85 1.000 298 33.89 0.33 0.882
224 RMEFM 100 ——
TR TEAMTRELA SRS TAAE 8ot
Rt G EI BB, TR SR T 3 ol
X Au(TID) W PP RE A RE R o0 B L. MRS & 2 ol
€
JE& B VO NWE-bif (W i £ AT i 72 . 2% = ol
SR TR ERRE A RO P R n & 9 Il 1
: . i
E R, BT, &R T 5 5 Au(ll)_Cr(VI) PUIV) _Cd(ll) _Coll) Pb(ll)
e TR B9 A 4 85V NWE-bif [0 (54 15 TR
F: Au(IIl)>Cr(VI)>Pt(IV) >Cd(II) >Co(II) >Pb(II), VR, 10 me/Ls WG T B, 1 /L IRHIRTTE], 120 hs pH, 2)
Fig.9 Selectivity of NWF-bif in mixed metal ion solution
st Au(IID) 1k 8 2 H T 55.00~2 429.17, &£ (initial concentration of each ion, 10 mg/L; sorbent dosage,

1 g/L; time, 120 h; pH, 2)
L F 98.5%.

K3 BEBRBETHOEAREAN Au(II) %R RS

Table 3 Distribution coefficient (K) of tested metal ions and selectivity coefficient () of Au(III)

4 J8 T Heavy metal ions Au(III) Cr(VI) Pt(IV) Cd(I1) Co(Il) Pb(Il)
St 2B K distribution coefficient  63.73 1.16 0.58 0.11 0.10 0.03
1 $% A BB selectivity coefficient  / 55.00 110.78 571.60 653.54 2429.17
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151 FH 5 ) e A o) % W B R ) AR A 2 — T
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