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Dyeing Properties of Electrospun Modified
Polyacrylonitrile Nanofibers
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Abstract: The 2-acrylamide-2-methyl propane sulfonic acid (AMPS) was used as acrylic dyed vinyl
monomer to synthesize a modified polyacrylonitrile copolymerization (P (AN-co-AMPS)) by free radical
polymerization. The polymer was prepared to nanofiber by electrospinning. Its dyeing properties have
been compared with regular polyacrylonitrile(PAN) nanofibers and acrylic fibers. The resultant polymer
and nanofiber were analyzed using Fourier transform infrared spectroscopy(FTIR), 'H-NMR, scanning
electron microscope (SEM), X-ray diffraction(XRD) and differential scanning calorimetry(DSC), and
the parametric influences of dyeing concentration, temperature and retarding agent type on nanofiber
dyeing properties were discussed. Research results show that compared to regular PAN nanofibers, P
(AN-co-AMPS) nanofibers have a lower crystallinity and glass transition temperature, contributed to a

higher dye-uptake(80. 2%) at low temperature. The fiber morphology remains structurally stable after
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dyeing, and the value of K/S increases.

Different retarding agent exhibits a different effect on

nanofiber. B-cyclodextrin has a better retarding effect, of which the initial dyeing rate(5 min)decreased

by 42. 6% while dye-uptake(2 h)only 3. 2%, and the wash fastness of fibers is no less than 4 grade.
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[1-3]

[4]

[58]
’

o]

. Lee [10]
PA 66
PA 66

(polyamide) 66

b ’

Khatri 1013

’ b

[14] “ 2
’

-2- (AMPS),

P(AN-co-AMPS),

PA

1
L1 .
( )
( )
( Do
(AN,  =99%).,
32 -2- (AMPS)
(AIBN) ( )
; X-GRIL( )
s N, N- (DMF),
; NNO, O
6501 ( )
(Na,SO,) . (SDBS) . -
(PAN, M, =75 000 g/mol) (
), o
( )

( )
AVANCE400 ( AVANCE
); TM-3000 (

( ) )
( Varian )3 D/Max -2550 PC X
( RIGAKU ) ; PerkinElmer 4000
, (
( ) ) HH-2
( ) ;D650
( Datacolor ); SW-8A
( ) pH
AL204
( )
L2
121
DMF )
(AMPS) )
nan * navps =96 * 4, AIBN

nawn * nan=1* 750, 1h



6 ’ 923
, 60 C, 24 h, (D
H cH,
TI) |CH3 / \| —SO:H
n H,C =CH + m H,C 60 T 24h |
\
H H CH, J
(1)
122 :m n ;Ao Al
12%  PAN i
25%  P(AN-co-AMPS) ( DMF), .26 K/S
60 kV, 15 cm, D650
40 min, , s
. D65 10° .
.23 127
(SEM) GB/T
, Photoshop CS3 3921—2008¢ ) .
100 . N
2
) 32,
4 em™t, 500~4 000 ecm™ !, 21
, (DMSO- 2. L1
ds) , (TMS) . X 3 (
1) :Cll KO(, 4;0 > )
kV, 300 mA, 260 5°~60°, (FTIR) , 1 s
2 —90°~270°, <40 02°, 1 . 2243 cm!
(—CN) 3 1 441 1357 ecm™!
, : (20+£0. 2)mL/min, (—CH) (—CH,)
0~380 C, 10 °C/min, ;1 654 1552 cm™!
s 0 °C 200 °C AMPS C=0 (—NH)
0 °C . ;1 186 AMPS (S=0)
124 ;1 091 1 035 ecm™! (S—
Q5% ~6%, 0—0O) (s ,
1: 200,pH 4~5, 2 h, 50~100 C, | o
« B LT N
8- .- |
60 °C 1 h PAN 2[*]%?]‘2& {
), o
1L 25 P(AN-cO-AMPS) #3414
2243 cm B
. , 1186 cm™
1654 cm™
° 4000 3500 3000 2500 2000 1500 1000 500
(E) 2) o /em™!
L SRV (2) b3
mA, Fig 1 FTIR of three kinds of fibers



924 ) 44
2.1 2
2 ( T E LT
) PAN ZKREF4
(& g
("H-NMR) 2 . 2 , AN-co-AMPS) gk £F 4
315 2. 09 —CH
—CH, s 1. 42.2. 98,3 65 L
8 12 AMPS —CH, 5 10 15 20 25 30 35 40 45 S50 55 60 65
’ e 20/(°)
—SO,H.—CH, —NH S
274 289 33 XRD
DMFE CH [17] Fig 3 XRD spectrum of three kinds of fibers
T 3 T o
N . DMSO-dj
ks I,
PANZIKET 4 H,0 =905

J |

P(AN-co-AMPS )4 £F 4 DMSO-dg
¢ d e f H0
O, NH CH]CH -SO:H €
\\C/ \| 0

a b | ?
+CH2—?HHCH2—CH+ CH3
n m ) 1 a
CN

c b d
1 J J L | I |
1 | | 1 | 1 | | 1
8 7 6 5 4 3 2 1 0
)
2 PAN  P(AN-co-AMPS)
Fig 2 '"H-NMR of PAN and P(AN-co-AMPS)
213
. 3 X
(XRD) 3 y Jade 6
31 6%.
46. 2% 49 3%, ,
21 4
(tg)
. 3 (DSC) 4 ,
DSC
90, 2.93.9 96,7 C.

20 40 60 80 100 120 140 160 180 200

a PAN#K
co-onm am G

BN

BamA
/\ﬁ

P(AN-co-AMPS) K44

ok

1 1 1 1 1 1
50 100 150 200 250 300 350 400
RE/C

4 3 DSC
Fig 4 DSC curves of three kinds of fibers

Ly
5
: 4%,
1: 200, 2 h, pH 4~
5 )
, AMPS
, . Photoshop CS3

9. 86 pms,



200 nm ,
195 nm .

(f) P (AN-co-AMPS)

53
Fig 5 Surface morphology of three kinds of fibers

before and after dyeing

(a)

—n— [EAAT BT
—e— PAN ZK4 4
—a— P(AN-co-AMPS) ZiKEF 4

0 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130
B [E)/min

(c) PAN
6 3
Fig 6 Dyeing rate curves of three kinds of fibers

6 ,
b
. 2 “ ”» s
b b
(d) PAN ’ ° )
b b
“ ”
s 10 min s
Wilson  Crank [isl
C D Xt
= f(5 ) (3)
(¢) P (AN-co-AMPS) C, r* X E



926 ( ) 44
:C,/C. s D N ( A.B D) .
s s E o ( C E)
(3) s o : 95 C,
’ ’ ’ 1: 200, 2h,pH 4~5, K/S
2. 2.2 45
3 7 o 40 -
: 5%, 1: 200, 3¢ i
2 h, pH 4~5, 30F
@ 25+
—— A 20l
100l —— PAN GRE4E
—a— P(AN-co-AMPS) K474 15k
80+ 10+ Al
= 60 T & 7
¥ o i
4 05 1.0 1.5 20 25 3.0 35 40 45 50 55 6.0
iy YRLR 43 30%
201} (a) K/S
oL NStk BA (Tt
50 60 70 80 90 100
R/ C
ok Bl
7 3
Fig 7 Effect of temperature on dye-uptake of
three kinds of fibers
; A R4 ()
. 70 °C \. AR .
\\\\\\\ 0] 5
) Lo
\ \ FERE GERD
’ b
’ 8
° Fig 8 Effect of mass fraction on K/S value of fibers
s ) 8 ( a) ’ 3 K/S
R 100 C R
o ; 8(b) o
’ ° ’ Y -
, . 70. 06—4. 41X (X Y
b o ) b b b K/S
223 o 1
8 o 4%, 8,
(a) . R 1. 15 g/cm?

1L 14~1

19 g/cm®)

’



[20]
b

Sgocl/d,

1, Se=1,
, !SE/SI'):dI)/dE ’

1

d
S
Ssocl/d
50 .
25 4%,

Table 1 Dyeing comparison of acrylic fibers with different

linear density

PAN P(AN-co-
’ AMPS)
, 0. 20+ 0. 20+ 322+ 9 8+ 17 05+
/
pm 0. 09 0. 10 0. 50 0. 50 1. 50
/dtex 00004 0.0003 0.0937 0.8787 26274
85. 25 87. 44 5 30 1. 73 1. 00
/% 70. 058  70. 059 69. 647 66, 185 58 473
/S 2. 56 321 8 58 32. 56 34. 86
224
b
9 .
4%, 95 °C, 1: 200, 2
h,pH 4~5, 9
(SDBS) (NNO) .
. 35%.
. (Na,S0,)

O

927
100+
80 -
< 601
% 401
—4— 1.0 g/L3FFmo
sl —— 0.5 g/L3FEIO+0.5 /LY BIHHINNO
—A— 1.0 g/L Nast4
—e— 1.0 g/L SDBS
ol —o— 1.0 /L p-FFHINE
0 20 40 60 80 100 120
B /min
9
Fig 9 Influence of retarding agent on dyeing of
PAN nanofiber
5 2%, Na, SO,
Na+ “ ”»
b
b
; 44. 7%,
8 3%. B
b
, (5 min) 42 6%,
31%. ;
B,
2.2.5
3
2 o 2 )
b ° b
(
) 4 o ,
2 3

Table 2 Soaping wash fastness of three kinds of fibers
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