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Preparation of hydroxoxime group-modified ultra-high molecular weight polyethylene fiber
adsorbent by radiation-induced graft polymerization and its application to

heavy metal ions removal
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ABSTRACT  The secondary grafting of acrylic acid and acrylamide onto ultra-high-molecular-weight
polyethylene (UHMWPE) fibers was accomplished through “Co gamma-ray pre-irradiation, and UHMWPE fiber
adsorbents containing hydroxamic, amide, and carboxyl groups were prepared through a hydroxamic reaction. The
results of scanning electron microscope (SEM), attenuated total internal reflectance Fourier transform infrared
spectroscopy (ATR-FTIR), and thermogravimetric analysis (TGA) all showed that acrylamide and acrylic acid were
successfully grafted onto the fiber and that the hydroxamic reaction successfully converted the amide group into the
hydroxamic group. Evaluation of the heavy metal ion adsorption performance indicated that the adsorption
capacities of the UHMWPE fiber adsorbent for Cu(Il), Co(Il), and Ni(II) could reach 318 mg/g, 165 mg/g, and
140 mg/g, respectively (the adsorption concentration was 500 mg/L for 4 h). In the competitive adsorption of copper-

cobalt-nickel mixed heavy metal ions, the removal rates of the copper, cobalt, and nickel ions were 99.5%, 43.5%,
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and 60.5%, respectively (the initial ion concentrations were all 200 mg/L and the amount of adsorbent used was

3¢g/L).

KEYWORDS  Ultra-high-molecular-weight polyethylene fiber, Pre-irradiation, Acrylamide, Hydroxamic acid,

Heavy metal ion adsorption
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B1 UHMWPE-HO 274 )il & i i
Fig.1 Synthetic route of UHMWPE-HO fiber
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Table 1 AM grafted alone and AM grafted after AA onto UHMWPE

FE i Sample 1 2 3 4 5 6
TR R R & / kGy 200 200 10 10 10 10
First absorbed dose

SR TE] / min / / 60 80 90 120
Reaction time

PIRTRIER R | % / / 5 10 20 50
D, of AA

TR TR R R R / kGy / / 100 100 100 100
Secondary absorbed dose

TR G AR EE 1 % 30 40 30 30 30 30
C, of AM

VIR 2R | % 23 55 172 250 178 85
D, of AM

¥ (UHMWPE-g-PAA)-g-PAM £T 4 5 ¥ i 76 1%
PEACAE T SONE , 2 i 5 M g e A 2 A AR S 2 )
T PR R T R i R R A SR A% BUAR R )
PEN S R AT DA = AN R B R, AR kR AT
), d B 2 T DA Y, 3 79 0 1t e 1 s e e
J&i B £ 4 CUHMWPE-PAM/NH,OH) % I 5] N\ 4 fi5
HE T B R I R 1 4T 4E (UHMWPE-PAA/NH,OH)
Tk G A BRI, O T IR 4 FAR i BRI
B, ATRA] R LR e P I AR AT 4R R R R
ot H <5 R B AR B

@  ®

;‘

2 (a) UHMWPE-PAA.(b) UHMWPE-PAM,
(c) UHMWPE-PAA/NH,OH (d) UHMWPE-PAM/NH,OH #/
(e) UHMWPE-HO W fff =4k 58 7 5 i B A
Fig.2 Digital images of (a) UHMWPE-PAA, (b) UHMWPE-
PAM, (c) UHMWPE-P AA/NH,OH, (d) UHMWPE-PAM/
NH,OH, and (¢) UHMWPE-HO after adsorption of Fe(III) ions
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SEM 4 i 3 fi 7 - B 3(a) Fl (a') 42 J5 4 UHMWPE
4, T LLA W, JR UHMWPE £F 4E [ 2 40N
18 pm , R HDEIE , F1E YT 22 3L 72 b 7= 26 i s il 1 1)
RIUTAE ;5 3(b) A1(b') /& UHMWPE-HO 214, 7] LU
BRSOV JS IR AT 4 AT W R I 329 36 um, £F

Y 2 THI o TV R Y 2% 3K DR R 1 SR A W e K 40
TEAFAER T R AN, T UG #5855 , 27 40, A
B 22 3sk B2l RN 2 B SR I ON T T ) 2 [ A 4 4
T AR 15 56 DL 5 13 () A (e AW B 4 25 1 i 1)
UHMWPE-HO £F- 4, 0] LUF Y, 2 4E 3 1 H I B
ROt BT HERE T WA, 43R 14215 5 m
FHRS HLA RS o

El3 (a)fi(a’) UHMWPE 2[4 . (b)H1(b') UHMWPE-HO £[- 4EF1 (c)Hi(c') UHMWPE-HO £T-4E W% [t 8 43 J 55 1 J5 JEOK 1 SEM K] -
(2)~(b)~(c) HLK 2 000 £, (a')~(b")~(c")HIK 400 1%
Fig.3 SEM images of (a) and (a') original UHMWPE fiber, (b) and (b') UHMWPE-HO fiber, and (c) and ¢') the Cu (II)-loaded
UHMWPE-HO fibers: (a), (b) and (c) magnification 2 000x, (a'), (b") and (c') magnification 400x

J5i45 UHMWPE 214 R A i P e R 2R 4R 20 4k
T 4 s

N(N-H)/ v(O—H)\

3(N-H)/3(0~H)/v(C=0)

L

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers / cm™
4 (a) UHMWPE £ 4k (b) UHMWPE-g-PAA 474k
(c) (UHMWPE-g-PAA)-g-PAM £} A1 (d) UHMWPE-HO £F
RS AR
Fig.4 ATR-FTIR spectra of (a) UHMWPE,

(b) UHMWPE-g-PAA, (c) (UHMWPE-g-PAA)-g-PAM, and
(d) UHMWPE-HO fibers

JR 46 UHMWPE 274 3 3 7 —CH, - R A
X FRAR AR R S04 (2 919 em™ . 2 835 cm™) Fl1 25
AR B I% (1 454 cm™) ; UHMWPE-g-PAA £
Y3k BT C=0 1A 45 % Bl W IR I (1 680~

1630em™ , Ut ] AA $2 £ & I ; (UHMWPE-g-
PAA) -g-PAM ZF 2 A A tH I 3R W Wig 0, 1 HL7E
3500~3 100 cm™ A1 1 655~1 590 cm™ J% H ik H B
WU , 1% & N-H B 4 R zh A dh 4R 20 51 &,
XL AA R AM ¥4 K % 2 s FH UHMWPE-HO £f
YL 1 B W] UF H 48U R o N-H A1 O-H H i 4 R
BRI (3 319 em Ak 1 5 15 ) A0S il HR 3R W
I8 (1 660~1 557 em™) , Frb 05 73 15 W frig KRR £ 1)
W AT e R 5 o X L AR, DUt AR 4 rh S A AU
TR T A, I frig 5 AR B2 Rk 1AL 5 1 28U B TR 25k i
AT LU Fe (MDA, 201 2 (o) fiT o » U £F 4E7E
A Fe(ID B 1 B R 248 BUFR AL 6, 19 150 B 4
4 e T

J5 4 UHMWPE £F- 4 R A% 2OtE S5 (1) 41 4 3ok
H(TG M4 an ¥ 5 Ffw, Horh & 5(a) A TG #iI 28,
5 (b) 4y # E i 7 (Derivative thermo-gravimetric,
DTG) B £ . 45 & 5 M (b) /T LA A 1, JR 4
UHMWPE £F 4 £ 420 °C /2 45 tH BT 46 #4340 1, I
FEIL F] 480 °C B, LB K I il 28, RAFAE—
[ AL £ s UHMWPE-g-PAA 21 45 K 4 78 370 °C
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T2 2 7 & PAA 37 8% fl UHMWPE =t 8% 1) B& fi#
(UHMWPE-g-PAA) -g-PAM £ 4k ¥ i 7€ 296 °C.
388 °C F1480 °C 4b 73|t B e KA i id %6, iX =
B R R > B PAA Al PAM 37 BE DL K
UHMWPE = % ] [ fi# ; 5 (UHMWPE-g-PAA) -g-
PAM ZF 2 1 & AH AL, 80 A 250 1% 5 ) UHMWPE-
HO £ 4 ¥ 5 7 237 °C. 357 °C £l 464 °C hb43 51l Ht
P e KA IR R 1K =0 BRIk 72 23 ) 2 PAA I
PHO > %% fll UHMWPE =E % [ B i . 45 B P= W i 41
A0 T FO TS, W] IE BH S20HS 4 5 T e e o 1k
UHMWPE £ 4t # 4 J& B 1 W B A4 K15 DLk 2
il % o

(a)1 00 f=——————

""“.."‘Lp.. = N
\A,\_\\:. )
8o s Y
\\\
\'S".
x 60
=)
By
O 40
=
——UHMWPE | ' Y17
ot UHMWPE-g-PAA
~~~~~~~~ (UHMWPE-g-PAA)-g-PAM
= UHMWPE-HO N
0 1 L 1 . L
100 200 300 400 500 600
Temperature / °C
b
( )_:30
—— UHMWPE
o5k [~ UHMWPE-g-PAA
-------- (UHMWPE-g-PAA)-g-PAM
= = UHMWPE-HO
é) -20
X
o 15
2
s
s ~10F
a
/
=5r AN S
AT
BT A N

200 300 400 500 600
Temperature / °C
5 UHMWPE £-4 .UHMWPE-g-PAA £ 4k,
(UHMWPE-g-PAA)-g-PAM £} 4k H UHMWPE-HO £} 4 (1)
R E S HTE: (a) TG:(b) DTG
Fig.5 Thermogravimetric analysis curves of the UHMWPE,

UHMWPE-g-PAA, (UHMWPE-g-PAA)-g-PAM, and
UHMWPE-HO fibers: (a) TG; (b) DTG

22 B—E&ESTFIRMIKLE
221  pH R85 % 6

VA VR IR) pHL i B 1 W A 1) W R 2%k 1) B [
. W 6(a) s , UHMWPE-HO £ L H 4R 32 1) pH

WA 2 pH=1 I, £F 48 )L P AR E &R &1
W& & pH A 1 2 75 , UHMWPE-HO 4] 4 % 5 4> &
BT (R W B R R T, L3 2 B RS R
A IX S RN TE pH BARK , WP A E KR EH,
1M B B 45 R 21 S50 2 1) HO# A Be S v £ 4
E R B I BFERAL B E , SR
G B (RN 2F 2 I 1) 235 R i 2 7R AR pH ¥ R
W5 T A, 250 B A B T R AR HE R AR, I AT
2 ek /W 90 %oF B 4 S - PRI I Bf o BE  pHL [ 3
T, 5 4 W BRS80S A o 2 ik 55
815 00 HE 45 J8 B 1 1 28 G TR B i RS I s A A
SN AESE U R pH T 7, VR R AEAE I OH 256 2
P £ 24 W B SI2 B0 7 AR 2, B DS SRR B S 58 0 7
WpH K E N T,
2.2.2 B xR G 20k

W B 751 7 22 A B 1) P fi 38 280~ 17 R B, S5 5
FU B B B TSR AN UV E L W 6(b) F
N> FPYEAE 25 min N 58 AR 1) DO IR B, R OR F
Yk A 3 S AL AT ARV R IR R T AR, DL
WM B RS T HBRRREZ, RIET 5
HE R BT HPOEE S s ORGSR B B (25~
35 min) , IX J& BT 28 W% B A9 AR A 4 W B 1) B 4 )
B EEF AR, I RER TN E SR ST
AR M 1) 21 4 9 301508 , 5 B B A2 AT 5 B S5 IR
B 2047 (120 min) , £F- 2 1 5 Fl 42 19 PR A7 A
S ESEE TG T, A1 22 24 1)~ %
B o 9 CRAIE IR R RN L S 3 4 b A Dy P 1l i R) AT
25 A
223 E4E BT R EKEITRM R

YT AR T T AR VR B R s 15 B
W o 7510 P e L AP R B 25 B o L 6 (o) AT 6, 5
AN ESBEETHRNEEMBERTESES
T B MR FE 38 0, EL 3G T S LS S 18 i .
KR TEESE S TR R SRS T, 4
Y B /D o P B < e B T R VA TR P R L L A1
Y TN KR AL 5 B A S EUA T
T £ 24 R R P S RN A L SR B TR IR
HE— B FE o, SR 4 T B 2 1 SR
BRIk MR FE 2, A4 2 24 1R I B 25 2t AN
SN o B T SO A 4 R PR AL A R, ST as T
W IK E 500 mg/L B, 28 K 356 43 IR0 M R0
P, Cu(ID) - Co(ID) \Ni (11 5T #P 3 3] d5 Ao R i
2,703 318 mg/g. 165 mg/g. 140 mg/g.
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