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Preparation of PVA-modified iron ion—coordinated PAA fiber—based functional

fabric and its treatment of methylene blue
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Abstract: In order to promote the application of iron ion—coordinated poly (acrylic acid) (PAA) fibers in the field of dye

wastewater treatment, the modification of iron ion—coordinated PAA fibers with polyvinyl alcohol (PVA) was
carried out to improve the mechanical and water resistance properties of resulting fibers. Weaving technique was
adopted to braid a plain fabric with PVA-modified iron ion—coordinated PAA fibers as wefts and polyester fibers
as warps, and the plain fabric was then used as a filtration medium to treat methylene blue (MB) aqueous solution.
The structure and MB aqueous solution —decolorizing performance of the fabric as well as the decolorization
mechanism of MB aqueous solution caused by the fabric were investigated in detail. In order to restrain the loss of
iron ions during filtration, PVA—modified PAA fibers with the function of retaining iron ions were prepared, and
a new plain fabric was then braided with PVA-modified PAA fibers as wefts and polyester fibers as warps. The
two fabrics prepared above were simply superimposed to construct a filtration unit, and the filtration unit could
catalyze H,0, to decolorize MB and simultaneously effectively restrain the loss of iron ions. The results showed
that the tensile strength of PVA —modified iron ion—coordinated PAA fiber was increased by 32.9% , and its

swelling ratio was decreased by 49.2% compared to those of iron ion—coordinated PAA fiber, which could create
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convenience for the preparation and application of fabric. The fabric has a loose and porous structure, enabling it

to act as a filtration medium for the stable decolorization of MB aqueous solution under gravity—driven conditions,
with a flux of 11.5 L/(m*+h) during a 480 min operation period. The PVA -modified iron ion—coordinated PAA

fibers in the fabric provide active sites for the efficient decolorization of MB aqueous solution, which can catalyze

H,0, to generate hydroxyl radicals (+OH). The fabric relies on - OH to non-selectively oxidize and decompose MB,

resulting in a MB decolorization rate of 98.2% and a TOC removal rate of 83.0%. In contrast, the PVA-modified

PAA fibers in the fabric can trap eluted iron ions, reducing the average iron ion leaching concentration of the fil-

tration unit to only 0.8 mg/L and ultimately improving the application performance of the filtration unit.

Key words: poly (acrylic acid) (PAA); polyvinyl alcohol (PVA) ; functional fabric; fabric superimposition; methylene

blue(MB) treatment
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T, HEHETT 480 min J5 PETR B TR
WEETR 2.8 mg/Lo R FITRIA & T 80E 4] 43
B 1T EL 20 AR I il — k5 o BRI, Dk
BT BT U YRR R S T+ R R

(3) TELUW M F BN 1 2 LALFYE Fy skl
L) My SRR BT (U-2), Al 80% LA 111
MB Mo, ARG Pk IR T i TR R & 2.3
mg/Lo X —E5 R LW Me N SN 1 28 My
AT RO 2 M AR s g BA 0T U-1 i g
PEfE. HIE 4 AT, 245 ¥, AT DURI DRSS 58k B8 [1]
P4 S A PR R AR 8, X B AT 48 Fs o
L B M BT TR T TIEE. Y b
2LV R TR TR, 1) M AR EE R
b 2 T B LA B P A2 A FH RT DA R g R Y P )
5, T B A i i e gk B T I TR o

(4) FELW) M R &N 2 28349 M, fg it g e
JC U-3,U-3 Z/D A i {6 92%01) MB, Ho& i 7142k
BRI R 0.7 mg/L, SR ,480 min HLEE1T
iR MB A 2

(5) Mt —AaE i i on e, ¥ 2 248
M #1 2 JZ40) My 25 Gtk , A EE s S i g BT
U-4, HAEBEA 2T I Z) 100% 1) MB #7582, 117 %
BB IR R BN 0.8 mg/L, AT A
PRAIZH 2 1 TAEHGE A CEEN S, A It , B AR
USRI U~4 thE 24U (B R 5N 1.5 1/(m?>h),
ARG EBATT U-0 AT 12.0 L/(m2+h) IR W35k
fiKo X —45 R, SR EOA 2 B R I8 T
143 B, S AR 5 AU HLAT ALY B b S5 A G . 4
WIAE g i A g FHISE , FEAR ) 2544 sk B AL
R, (HEZk PVA BCMEERES T ROAZ PAA £F4ER)5 ]
AT 21 B s8R, 27 4 s W T2 0B
BREFIRE

L5 ik A ] B e R R g T T
F BTV YR AR A BRI K A
THHHR AL TR

224 LR AW EHTEREN T
1) M F1 My, N FH A ) FESEM B aniE 7 i
7, G A SR 2 s
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Fig.7 Morphological structures of fabrics M. and My

(C) Wﬂlﬁ Mg

before and after application
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Tab.2 Structural parameters of fabrics M. and My, after

application
LY, o }
e OR-(10 cm)) B ksl R
— — (g'm?) mm
G0 i 2] i
Mc 130 700 33.7 85.7 960.4 0.81
My 70 980 29.2 72.4 922.6 0.53

AP 7 AT LA HY 8 ) AR DGR I 114 58 i 41 4 Ry 1
LAY BEHETR EE CRUE, S 10 B HES Y PAA BELF 48
SRR R DB 1, 2 P AT RS 4%
TSP SU A AR IR AR, T s 2L E, iX
P A 0 R e 2030 o 5 oG EE 2 5 ph Rl A, S
1) M A1 My SR 7K PE RIS AR 1 , MB 7K I 2240
Yy () st 25 IR 2, Tl 2L R K 26 Ll 4 i
AFEARNT B

FH Pl 7 AN AR T, 3847 480 min B, 214 M
HAHAB 2628 2 (A1 v U BE 5 e e w19 (1130 + 40 )pm
/NEN (817 + 35)um, FHEP LR 2 [a] 1) 0o BE B 7R
W)Y (413 £ 68)um Ji /N2 (386 + 67)um; 214
Mg AHERAELZ [FI LB (1 674 + 67 )um 25N
(1353 £ 44)um, AHRREH L& Z 1] (1) Hhoc B 25 F (289 =+
73)pum AE 4 (240 + 60)pm, 178 2 R, AHE R AT,
NG M (W% S B 4% i B P
J5 oK v FE AR BE A3 3G N T 62.5% .73.7% .5.3% .
45.7% .266.8% 1 37.3%; M Z1H) My, (L% L% 4
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] BERE . i) B P07 oK e HE AR EE S T
12.3%.16.3% .60.4% .45.0% . 14.2%F11 19.1%., HILA]
DVE Y, T2 M IR 465K T4 My, i i & rh
AU M B39 My W4 B TRIEN 4540 A8 45 B R 8
%, AHT PVA BUHEERE LA, PAA 27485 MB /K
W A SO, R B T AR 5 T My AT55R
TRFFHAS ZFLEEH , X — S5 F 28 b Rk 8 7 1 BA 21 4
W BfF kg . B AR 8 Tk B TR A 3 T A%
PF SRR B, W 480 min J5ZRY M 5 My A
PR WA AR, iX R B - OH B3 S AL AN S X R G 5
FifL3E PVA 5 PAA & A S0BR .
23 AYpEE MB HIERIT
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Fig.8 Catalytic performance of PVA-modified iron ion—
coordinated PAA fibers
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HEnTAE 7 min N MB KA, BB MB it 5
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W, XS R R R DL K HO, i R AT 4E
Fe** & Fe* (2 (14))1M Fe* 4L H,0, A= 23k H h 3
(K15 %,

F63+ + HzOz" Fez+ + HOz' + H* ( 14)
K,=0.001~0.010 M~'S™
Fe* + H,0,— Fe* + OH™ + -OH

(15)

K, =40~80 M™'S™
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Fig.9 XPS spectrum of PVA-modified iron ion—coordinated
PAA fibers
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Fig.10 EPR spectra
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Fig.11 Decolorization rates of MB aqueous solution by

different systems
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5 2558 H0, 1Y MB /KIFIR 5239 M 42k}, 2 min
N MB it R Al ik 95.2%, FESChridigdfed, &6/
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N 3 Fim,

H 2 3 v Al TEREAE AT RN, i i T U4
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Tab.3 Removal efficiency of TOC in filtration process

B4 TR /min Tosl/%

40 96.7

120 89.8

200 87.3

280 81.9

360 76.4

480 66.0
BRI {E 83.0

I, Fenton A ALALELE MB fii € i S ZLHLE], B LB
NEWNE 12 Fis. mE 12 /LA W 2 R
MR IR A TT Rt H S et . 3R 4 S ke
JC S HAMAL B B LU . ik 4 FTLUR B, 5 HAD
IR L, S A A R i i i ST B Hy0,
IR MB iR . B TaES . s R R
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Fig.12 Schematic of MB decolorization mechanism of fabric
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Tab.4 Performance comparison among filtration media
FEf MB 7KK H,0ymg  MR/(mg-mL')  MBDE/% OT/min  TLAI/(mg-L1')  TOC/% E = DU
U4 20 mg/L 250 mL 55 0.22 98.2 480 1.0 83.0 AR TAE
M-5-2 20 mg/L 200 mL 44 0.22 96.8 300 8.2 70.3 [16]
D-H-M,s I& 20 mg/L 400 ml 88 0.22 92.3 300 — 87.4 [22]
GO/MIL-88A(Fe)ff 10 mg/L 50 mL 17 0.34 97.9 120 — — [23]
PVDF@CuFe,0, i 100 mg/L. 50 mL 444 88.8 92.1 400 — — [24]

MR N H0, Fif 5 MB /KIEHAARTZ L (mg-mL™) ; MBDE 4838 MB (4R (% ) ; OT s A7 18] (min ) ;—F8 K32 & .
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(1) SRR FRAL PAA £F4EMLL, M
3% PVA il % MK B T AL PAA LR 4904 AL 2R
J12E 1 RE A A 8 , U S5 5 0 0 i 3R 43 i)
ik 59.4 MPa 1 57.5%, #HKCRFEEILT 49.2%, XN
PVA BUPEZES RN, PAA 274k FIINELh 2k g 2R 44 24
FE T 1A FERE R BT KR BE I S S T K R R
rhN; PR TR

(2) PVA BP0 FECA PAA £F4E A L HL0,
A PR R AL A IR EE ST, R 3 A i 3T AR R b
AL MB, R, i PVA PPERR B TR A PAA £F
Yefpeh ek | BRERLT 4k 22 SRS SL W AT AR Ny
iU, AKEE Fenton S ALVEFIALE MB /KW, 1F
480 min L IEERAE T, MB B3R AT I8 70% LA 1, FE4
ARk IR A Ak PR 45358, 5 B L 7 I T

(3) MRES TR LT A N Ak . LIRBREF 4 h 4
LWL BLARBELETIRNEY, KIS Lk
Fenton AL IIBEZ &N, IF T AL B YL RbE 7K . 41
Pt b 22 FL 250 A R T8 0B AR 4 S KR TR
FEfl, ik 8 TR BA ke PR UL R 2 S
JA L U T U-4 FE & 11.5 L/(m?-h) 195
PR AT LA AL 83.0%F1 MB, MB Jii (5,5 1] 35 98.2%, 7E
AT P8 R R EEUR 0.8 me/L,
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