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Preparation of iron ions—coordinated polyacrylic acid—based Fenton catalytic fiber
and its performance

XU Naiku, WANG Jinghong
(School of Material Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract: In order to improve the performance of polyacrylic acid (PAA) fiber, the stretchable PAA as-spun fiber was suc-
cessfully prepared based on the coordination reaction of iron ions in the process of wet spinning, and the perfor-
mance of fiber was finally optimized using the processes of post—stretching and heat setting. The application of
fiber as a Fenton catalyst in the field of dye wastewater treatment was researched. The results showed that com-
pared with sulphate iron salt, the chloride iron salt—coordinated PAA fiber had outstanding mechanical properties
and dimensional stability. The processes of post—stretching and heat setting could significantly improve the me-
chanical properties and catalytic activity of PAA fiber and inhibit the loss of iron ions. The breaking strength of
fibers stretched 20 times and heat set at 130 “C could reach up to 1.42 ¢N/dtex, which was 914.3% higher than
that of unstretched fibers, and it could decolorize more than 90% of MB within 3 min without an attenuation in
decolorization efficiency during 40 cycles.
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1.1 KFI 5

I TR (AA) kG (FA) B 7K B B2 W
Bk (FeSO,+TH,0) . TL/K B BR Bk (Fe, (S0,)3) | iaf 4 b &
(H,0,, BT 53800 30% ), ¥ 050 B4l , REE TRk Bk
2= 3R A BR 2 B 7 s SR ER I (MA ) | S Ak 2R
BE(BPO) , Y 43 Hrati, i Brhr T A=A A R
TIPS b AN (NaOH ) B R (HL,SO,, B 438
9 98% ), ¥R A el , KT KU A2 R A B
IS UK G @A AR (FeCl,-4H,0) , 4 A ali, 1
T J A T A BRA ™ s ToK &ALk (FeCly) , fh2%
ali, [ 2542 P A2 300 e A R R i s S R 6
(MB) . 4BHE & ik (CL.HgN, - H,0) , ¥ Ry fb 2z 4, Rt
FTHREAA T I = il Fh IR FE M (HONH,CD) , 1k
el RETOCE R R BA R AR =5 BETK,
TR Tl FHAK 2285307 i

LRS- YG026 R HL 7 BALT ki S143, IR P
IR B AT FRA 77 s TU=1810 B2 A a] WL A0 66 i
T, b B AR A BRA R 7 i

1.2 HF4FIE
1.2.1 REHEMR

# 0.083 3 g BPO LA 14.166 7 g AA £12.5000 g
MA SRS TEE IR T2 20, 1
H5 100 g ZEF/KETRE, FHREGYIC/EL S
1", FEH I NHF 0.166 7 ¢ BPO I f#4E 33.3333 g AA
HlfRdl sy 27, Fd s 1 BRI AW AT E
FL v e 1 7Y FR L, 3l A B, T 85 TR LA
180~200 r/min 543t FF 5 [F] Bsf, £t FH ¥ Y s = - K- 21 40
2" BT IR Y e I R4 I FE30 min P9
FEAETE RN 85 CHAMF TR 2 h, Z57 55
TR B R TR A R IR R AW
122 #H%ERTBHH &

B, K 3 g BREWEMAE 27.0 g HO Al FA 41A%
FITRA TR (H0 A1 FA il 9 D, F 85 CF
P2 IR, WIIREECN 10 %MWY 2,
RHREIRG, B2 mig 12 h DLEBRSM; A
FHVES 5245 25 22 78 W LA 0.7 mL/min B0 3 42 0
0.42 mm MYEAALIT 22355 s, Bl 9 2 M AE & A
BRERAOBE A TP 4 h AR RS 7 KRR A
PILFAEBCH VIR 3 em K BYHEEFYE, PIJELT4E, It
P LR S AE DU SN BT B TR P e AL S b,
PRI S TR LT 4 . AR T 22803 1 R,

R1 TRFAENGLTIZSHIL

Tab.1 Comparison of spinning process parameters between

different fibers

PR T S
Fl FeCl,+ 4H,0/FeCl; 8/2 ARhifh 100
F2 FeCl,- 4H,0/FeCl, 8/2 8 100
F3 FeCl,- 4H,0/FeCl, 8/2 10 100
F4 FeCl, 4H,0/FeCl, 8/2 16 100
F5 FeCl, 4H,0/FeCl, 8/2 20 100
F6  FeSO, TH,0/Fex(S0,); 8/2 KA 100
F7  FeSO0, 7H,0/Fey(S0,)s 8/2 20 100
F8 FeCl,- 4H,0/FeCl, 713 20 110
F9 FeCl,- 4H,0/FeCl, 713 20 120
F10 FeCl,- 4H,0/FeCl, 713 20 130
F11 FeCl, 4H,0/FeCl, 713 20 140

1.3 iS5 R

(1) J121ERE AT YG026 v B2 45 7%
DREF HERE SR 0 125 BE . B 10 mm/min, &
JE R AR HIXHZE R 30%, £F 4EJ#E N 10 mm.,

(2) iR . H—E KL LERE IR A 10 mL
FBTKF, R0 10 min JE R LT AR 4 0K
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S—L"LL x 100% (1)
oS IR (% ) s Lo HIRAERT IR AERK P (em ) 5 L
AR A AR E R (em) .

(3) USF f 21 e B TUE4RAS T, T 85 C
B TKIIRIE 4 h, Bl IEAUAE N 2 58 /K TP L
L FE T 60 CEZ T h 7 T, A (2)1 )
LT YRR R R R

G= ="« 100% (2)
my

L G M HERE TR (%) smo RV TG T5
YR () ;my NIRRT AR ATAS 1Y S o
(g) s my MG AP AU ARAS B BT R (2
(4) HEALPERE : 2518 T8 10 mL B2 4 20 mg/
L (1) MB BN A S 50 mL Bedrr, fli R HG &
L 2 L H,0,, FEH H A BB 5 BRI 0.06 g £F 4
BT Lk MB KW, AWk et ;s FIH TU-1810
R HNAT U436 T Wi H AR TR AE 664 nm K
TR A, AR X (3) 2R A5 MB /K WA i €255
(R), LITEMr £F e AL PERE s 24 R 75T 90%I}, 52
HERE SRR O FH B 4RIR 2 £F R i vk BE 1Y
I3 5 Fe b A T PR A8 2T 46 5 €05 1 MB KA
DAPFANY HL o A2 (i
R= 005701 x 100% (3)

AR WA (%) 5 Co 004G MB ZKIF Y B
J¥ (mg/L) ; C, AL BRJ5 MB /K % Y o e B2 (mg/
L), C, RSO IR ER Z2oR TG

(5) Pk TR M BRI E . [ —E AL
HEARAMEIL HL0, (5 MB /KR, 24 (0 35 5 FAT
I REETHE A MB K39 o0 5 H K, AR SCHIR[19]
TR BT MB KW 14 K 7 ok
JiE  CEAB IR AT A 2 MB /KIS iR i b R o R
(4) R B TR T e

A;—0.043 29
~ 21‘( 0.232 43 x100)
Cu = (4)

A : O AP EIBRES TR B e (mg/L) A N E
BRGSO s n ATEEMEFHUCEL

2 ZR5itE
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Fig.1 Stress—strain curves of fibers prepared with different

I J1/(eN-dtex™)

coordination iron salts
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Tab.2 Shrinkage ratios of fibers prepared with different
coordination iron salts

FY: g5 F1 F5 F6 F7

e -31.83 13.79 -52.02 20.54

i1 AT DLE 2 Bk R A ok A £ 4
(F1.F6 ) FL7 A [ i W7 24 ik B, Ty LA Ak 2k 5k o 4%
(IEFYE F1 AT R R 317.22 %, AL T AR RR
BRER T LR 4 Fo , HoBr 2L BRI T 5.8% ;2 Fh
PIPEF4E(F5 \F7) B HA AT A W 24 % (H4T 4
F5 BB 280 A 1.42 oN/dtex, FHAS T-274E F7 #2455 T
94.5%. FHULFTAL, SERRESE G2 ML 4EAH 1L, Sk
R ER 25 B £ A HL AT 2% 1 %) DRI 2 5 R A R 1 B
i, R 2 W, SEPREER T & A A L, 5
FRBRER 25 O £F 4408 BT 4 0 RSH R 1k, ROGHRR e
SO B R e AR R TR, AR TS PR 1E
S o R EOLT AT R PAA ZFZEVERE N E R
5, AN A Y BB Xk S R A R AL AR A AN
IR . SR ERAR B A0 Eb, S0 P30 A /i R
b XK AN A A BSOS, B /N, HLAE K TR
T B S BH B R 45 A R ) T 55, A R Tk
PSRN LA, SHREEA L, ffk
BRERTTZS Ty Bl PAA £F4E 58 BB e A, FEI
TR SRR P, BERE IR AR S Bl 2k
B T ECAL PAA FEZFIRfAL LT 4
2.2 PRI F4EMRER RN

P A5 BO £ Ay BRI BE AU MR AN 2 FIT7R .

M 2 (a) ATLAE Y BERP AR 3, £ 4k 1)
T L 2R A3 T BT 2R 23 ) 2 R A 1
S SRR AEAT EL , FAH 20 A% 45 4 (1) W7 24508 1
PEm T 914.3% , Wi SRR T 75.2%. HE 2 (b)



2 TRTIE A BRI SR IR R BE S P AL 21 2 i 1 o S M g - 19 -
SR o E S At
_L42cN/diex  — FKHi X DS
) A i
3 LN — g0/ . e
s 0 7§ -No/ 1t g %E or —— Hifif 20 4%
z — 1080 120 g
= 0.14 ¢N/dtex = RO e
= 0.66 cN/dtex < Sessaseessesansssasarsovessaasany
= 117.23% 317.2%
0 50 100 150 200 250 300 350 0 5 10 15 20 25 30 35 40
/% PEIRREL
(a) I3 JJ— RS i 2 () Jid (s ] BEDG PR U e Ak
401 32.55 r—se
30 ~ 8
20k e 1667 1379 —
. lor R
5 of i
L ¥ 4
o} -
—40—— ol . —
AAufib 8 10 16 20 Kfufi 8 10 16 20
EXEE Y AL
(b) W4 (b) FIRE I T v
O B0 e 3 RRMEMEFEBE MB KRR B AT
2l 3784 3500 HKEFRHRE
; 32.79
sl Fig.3 Time needed to decolorize MB aqueous solution and
% average leaching concentration of iron ions of fibers
2r prepared with different stretching times
10f
. PSR UE O o BEPL A B3 I, 27 4E 11
Aduf8 ; @140 u 0 BREG T R R LB AR AR A, SR
pALITEE y 5 ) N N
i STUERILE, $rflt 20 fRAFAEI0 T HER T8 BV

B2 AR AEBTLERIERE
Fig.2 Performance of fibers prepared with different

stretching times

FE 2(c) ATHN, BERLAAS B 38 0, 27 2 i e 4 22 5
PSEHE NG AR ARt 3, iR R L, 5
KPR AR L, B 20 F5 27 25 (9 05 i 8RR T
27.2%. HIICATRD, hiAfis 3 PAA ZF4EIE B T A A
) RN b AR RY, AR T AR 4R 2k e T
FEPERMRACHE . P, B R R PAA SF4EY BRI
REME RLTBL.

Y BRPERE RO BG5S PAA £ 478 7K A Ve A 451 455 1)
o S T JEAl AN [P A B R 75 i £ 4k
6, MB K R T e o) T RSP X594 5 793 s o e Wk
3 iR

M 3 a T, RPLARLR4E F1A AT 8B A 25
W, HoE 2 MB /KR 15 min, MHLFEECH 8.
10,1620 5 A £F- 4k F2 F3.F4 F1 F5 43 AT 76 7.5 .4
A1 3 min PYJBLEE MB /KA, ELAEER A 40 YETR H

FEREAR T 72.3% i BB , 2 4E1A 1 LU SR AR
MR AL RS 22 TG PRI 5, BRER ) B AL T 4k 2k
5B T, ST A B RS TR el i,
Ffa] LR AR 5 PAA ZR4ERIHEALTR I, JF i e
THIHLR o
2.3 PATERIN YR R RERIRNT

PR TR HE X T 41 FHAEBERORZ IR AN 4 s

HiTE 4 a] UA Y, B E LI RE B35, 2124 i
8 MB 7K VAR P 1] S22 B S 4 i 1 T i) A2 fl i 9
SRR R Y Jo A L 5 ISR AR S B B9
PEH . 130 CTFHAE BY ] 55 B2 F10 KB A
AT P A MR ) 1 24 8k B T3 o i e 8 (2.7
mg/L)o AEHRE BUR LT il 2 Y 21 e N AT A7 AE 5k A
P AT, IS S Wi, 3 B He e i AR e, A%
PERHAS 22 , WO 15 2 M S7 TR M £ 24 0 B 8 1 )
FEREST, TAE R B A W 22 5 R RS W R
fifp , B2 2 X T Y B R BB A B THT AW o b T
R FRE T R IRl = AN T PAA SRZEfEL
REAGHR e LS BR S T T



-20- FNIEEE S N A N ¢ 5 43 %
8 1, 2022, 59(4); 55-62.
m YUAN S J, ZHANG R M. Research progress of dye wastewater
£ 6: / treatment technology[J]. Dyestuffs and Coloration, 2022, 59
= L [ (4): 55-62 (in Chinese).
g 3+ : Eg:t [2] FERNANDEZ C, LARRECHIM S, CALLAO M P. An analyt-
? : —— 130C ical overview of processes for removing organic dyes from
ol v v 0T wastewater effluents[J]. TrAC Trends in Analytical Chemistry,
0 5 10 15 20 25 30 35 40

(B
(a) BT R BEEFR IR AL

10
- 8
2
£ 6 g
= 3.89
2 4r
= 277
= 2F
0 -
110 120 130 140
POE TR /°C

() P e T R 52
REAERRE T HEFERE MB AREFE
B E) AT 8B FiR HRERE

Fig.4 Time needed to decolorize MB aqueous solution and

4

average leaching concentration of iron ions of fibers

prepared under different heat setting temperatures

3. 5 i

ARSCLVAACRRE B R, SRR Y5 2 4%
AR EEBPARAPGER T2, s 485 T PAA L5
fEALET e, WA R R

(1) SEimgkEhAH L, SALERERRL A7 1) PAA 214k
PR TR0 2= Re R AR

(2) BERLREBURI BTN, PAA 21414 BRI RE AN
EALTE A R, R IR R T TR B R AR . hr e
20 fEEF A R T 2400 B | BT AP 38 T A R R T A Bk
B IR BT 43R 1.42 eN/dtex . 78.66%.32.79%
A1 2.41 mg/L, HATHE 3 min PR 90% L) A9 MB, H.
PEIME 40 YRBFATSA H BB (0 8 2l N 42

(3) Bt e IR B 3, PAA £F 4 €2 MB 7K
VRS VR PR ST () RS- 38 g 5 o Jo v R R S D
Je BN S A A, S AR B e ) B I B 4 AN
Tl g S FMERE A S0 PAA 274k, AU e Al
MR 130 C.

S 3Hk:
(1] FEA, SRPSE. SRR BRERBE ST HERE()]. Gkt g

(3]

(8]

9]

[10

—

[2

—_—

2010, 29(10). 1202-1211.

VARJANIS, RAKHOLIYA P, NG HY, et al. Microbial degr-
adation of dyes: An overview [J]. Bioresource Technology,
2020, 314; 123728.

HUANG Y H, HUANG Y F, CHANG P S, et al. Comparative
study of oxidation of dye—Reactive Black B by different ad-
vanced oxidation processes: Fenton, electro-Fenton and pho-
to—Fenton[J]. Journal of Hazardous Materials, 2008, 154 (1/2/
3): 655-662.

k. i FR AR 2 25 A A 12 Ak BRI K BRI SE D).
K 2 KK, 2018,

GU T. Study on the fenton —like oxidation of dye wastewater
with copper based catalysts[D]. Zhengzhou: Zhengzhou Univer-
sity, 2018 (in Chinese).

JIA L P, ZHANG Q R. Heterogeneous Fenton catalytic oxida-
tion for water treatment[J]. Progress in Chemistry, 2020, 32.
978.

ZHOU P G, DAIZ B, LUTY, et al. Degradation of rho-
damine B in wastewater by iron —loaded attapulgite particle
heterogeneous Fenton catalyst[]J]. Catalysts, 2022, 12(6):
669.

GUO J X, HANIF A, SHANG ], et al. PAA@ZIF-8 incorpo-
rated nanofibrous membrane for high—efficiency PM, 5 capture[J].
Chemical Engineering Journal, 2021, 405 126584.

XU N K, HAN J A, FENG Y, et al. Polyacrylonitrile/poly
(acrylic acid) layer—by—layer superimposed composite nano-
fiber membrane with low iron ion leaching—out and stable methy-
lene blue-removing performancelJ]. Journal of Membrane Sci-
ence, 2022, 641; 119935.

EVSTIGNEYEV E I, GRINENKO E V, MAZUR A S, et al.
Study of the formation of lignin hydrogels with metal cations[]].
Journal of Wood Chemistry and Technology, 2021, 41(2/3);
73-82.

XUTC, HAND H, ZHU Y M, et al. High strength electro-
spun single copolyacrylonitrile (coPAN) nanofibers with impr-
oved molecular orientation by drawing[J]. Chinese Journal of
Polymer Science, 2021, 39(2). 174-180.

CAIJ Y, MA H, ZHANG ] J, et al. Gold nanoclusters con-
fined in a supercage of Y zeolite for aerobic oxidation of HMF
under mild conditions[J]. Chemistry: A European Journal, 2013,
19(42) . 14215-14223.



%52 ]

PRI, A5 BRI SR IR TR S IO (AL T 4 Y ) S LR A

- 21 -

[13]

[14]

[15]

—_
—
AN

=

[17]

[18]

DE ROSA C, MALAFRONTE A, SCOTI M, et al. Synthesis
and structure of syndiotactic poly (3 —methyl-1-butene ) .
A case of 3/1 helical conformation for syndiotactic polymers[]].
Macromolecules, 2018, 51(21). 8574-8584.

PAPKOV D,DZENIS Y A. Simultaneously strong and tough
continuous nanofibers: Improvement of mechanical properties
in the intermediate diameter range[C]//28th Annual Technical
Conference of the American Society for Composites 2013. PA |
United States: ASC,2013:1764-1773.

LIAO X J, DULLE M, DE SOUZA E SILVA J M, et al. High
strength in combination with high toughness in robust and sus-
tainable polymeric materials[J]. Science, 2019, 366 (6471) .
1376-1379.

AL-KHEETAN M J, RAHMAN M M, CHAMBERLAIN D A.
A novel approach of introducing crystalline protection material
and curing agent in fresh concrete for enhancing hydrophobici-
ty[J]. Construction and Building Materials, 2018, 160. 644—
652.

GUPTA V B. Heat setting|J]. Journal of Applied Polymer Sci-
ence, 2002, 83(3): 586-609.

XURJ, XIEJY, TIAN Z Q, et al. Pore growth and stabiliza-
tion in uniaxial stretching polypropylene microporous mem-

brane processed by heat—setting[J]. Journal of Polymer Science

[19]

[20]

[21]

Part B: Polymer Physics, 2018, 56(24) . 1604-1614.

CHEN S Q, XU N K, REN M R, et al. PE/GO—-codecorated
poly (acrylic acid—co—hydroxyethyl methacrylate ) fiber as a
carrier to support iron ions and its catalytic performance for
methylene blue decolorization[J]. Journal of Macromolecular
Science, Part A, 2020, 57(7): 531-543.

LIU X C, LU J, FANG X F, et al. Complexation modelling
and oxidation mechanism of organic pollutants in cotton pulp
black liquor during iron salt precipitation and electrochemical
treatment|J]|. Chemosphere, 2022, 308 . 136374.

XU N, ZHANG Y, HAN ], et al. Coordination and hydrogen
bond—coadjusted highly stretchable wet—spun poly(acrylic acid)
fiber and its stable activity as Fenton catalyst[]J]. Materials To-
day Chemistry, 2022, 24 100864.

AR5 XN

I, R, B TR R R TR AL P AL £ 4 1Y
il 8 B ILPERE(T]. R TR 5741, 2024, 43(2): 16-21.
XU N K, WANG ] H. Preparation of iron ions —coordinated
polyacrylic acid-based Fenton catalytic fiber and its performa-
nce[J]. Journal of Tiangong University, 2024, 43(2): 16-21(in
Chinese ).



