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Preparation of UV-resistant PBO fibers by surface-building polydopamine
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Abstract : Based on the unstable five-membered ring of oxazole in the molecular chain of poly (p-phenylene benzobisoxazole)
(PBO) fibers, the oxazole ring opens and the macromolecule breaks under UV radiation, which leads to a drastic decrease in the
mechanical properties, UV-resistant PBO-PDA-modified fibers were synthesized by the method of polydopamine(PDA) molecular
chain coating on the surface of PBO fibers. The influence of surface coating on the apparent morphology, supramolecular structure,
micro-nanostructure, and UV aging resistance of PBO fibers was investigated using scanning electron microscopy , Fourier transform
infrared spectroscopy, wide-angle X-ray scattering, and other analytical methods. The results show that after 288 h of UV radiation,
amide groups are generated in the molecular chain of PBO fiber, the position of the crystallization peak move relatively to the right
compared with that before aging, the tiny crystals in the crystalline region slip relatively, the degree of crystallinity, the degree of
crystal face orientation decrease, the crystalline region appear to be de-orientation, the original inter-fiber pore diameter and length
increase, the surface of the fiber appear to have many parallel aligned elongated stripes, and the mechanical strength of the fiber
decrease dramatically. Modified PBO-PDA fiber, nitrogen atmosphere thermal decomposition temperature of 693.6 °C, still has a
good thermal decomposition stability, the UV aging of 288 h after the PBO-PDA fiber has a better UV resistance, the surface layer
of the PDA molecular chain can effectively block the destruction of UV light on the internal PBO fibers, the fiber crystallinity
change is small, the diameter and length of the microporous fibers within the increase in size of a small amount, the molecular struc-
ture has no additional groups generated, the tensile strength remains 1.55 GPa, and the tensile strength retention rate is 37.26%.

Keywords : PBO fiber ; surface coating ; crystalline structure; UV aging resistance

EEWE: INARAEAVE T H(2019122Y020201)

BISEE KL, AIFTSE 0, FENF S PERRLT 4E 5 AT 98 L AE

WeRs B HA: 2023-11-05

SR FIAIE, sRIBE , Blaree, 45 R R 2 LU s P sE Sk PBO 214k [J]. TREWIRIN HT L2024, 52(1):23-31.
BAI Jinwang, ZHANG Dianbo, ZHONG Weihua, et al. Preparation of UV-resistant PBO fibers by surface-building polydopamine[J]. Engi-
neering Plastics Application,2024,52(1):23-31.



24 TAREHRLN ]

2024 4E 55 52 4 55 1 1

TN IR IR T AU IS (PBO) £ 4 B 35 i 1 7
SR P TN IAVPERE A eE AR e YRR A ERE B A
ARk B ARG SR AR | A6 UL A 2 | i 2B 4 1 5 iy
R SESA T2, &R R 1 )E PBO
LFYEAE AN CER ST T ) nm SR R . AR 4
Toyobo #2& it 1 #2425 , PBO & 5 (AS) 2 4 1 =5 #5
(HM)ZF4E7E A 5806 T R #8 6 4 H ol e ot 5 4%
T2 5% 500 h 5, iR AR T 65%". Said %
5 DU R FH = Pk RE ST 4 1T 5 2 Ak PERE 5 HiL
BT K R 340 nm AN R TSUT T, 21k
144 h J5 PBO ZF- 4E i fifi o B T [ de ™ 2, P fdg
JER B HFAE 20%,

s PBO A 4E L 5540 RE T, B INAMIFSE N
WK T 162 PBO R4t vk, B A fh2e g
BRR R EIE IR . (2L RIL 2 PBO &
Bt FE A =453, an 2, 5- RN R T H
R .2, 6-25 R - FEPRFF A B AR rk
SURE AT 5 SRR TR VAR AR AT A SR 1 0 A A
gl >k Sio,!, Tio, '™, ZnOM" | &4 K v Z5 ik V.
e B Z [ (PDA) 24 Horp 32 3 AR B rp
i DL A8 2 A AR S AR A, N T A T 26
# PDA, HAT G WA T 3 TAR I 254 52
B a AR RE A, X REE ToIE e, o g B ey b
V1R R Py 0 i T 0 R S 0 M R AT ] S SR Mk
L FH PDA B35 PBO £ 4 bt 28 A Ak P g
U — KI5 s

5T PDA X PBO £ 4k 45 45 4h Ko i 48 b %
TR PERE RS2, 28 75 38 1 2% iR 7 7 XA i PBO-
PDA ¥t V45 4t ; 3d 3 3 & S0 99 3 i+ 0 (U
(FESEM)  f L -7 360 27 AN 1% (FTIR) 32 AE BT 5% 2
PEZT Y o 258 I8 A 27 4 (1) 3 T 35 A 4374540
s 5 L) f X GRS (WAXD)M /M X
SR AT (SAXS) AR FY 55 S AL T i 21 4k P9 38
T A5 0 SN A5 H |, 38 5 ) A R o 2R
HNEASTHCT: PBO SR kTR 28 A AL MERE AR
1 ZIERSY.

1.1 EERA

PBO £ 4k (AS Bl): £F [ 1670T, H AR KL
Al

R 2 Il (CsH ,CINO:) : 98%, Bz T i 41
R

(5 H ) S 5 (Tris) : 40 >99.9%, [

[ 254 Ak 24850 FR A ] o
1.2 BBREE
76 AR K A - QUV/spray, 26 [ Q-Lab 2y

FESEM: GEMINI 300, 4 [& ZEISS /3 ) ;
FTIR /¥ : Nicolet 1S50, 35 [# Thermo Scientific 2>

[ I3 - STA 449, ik [ i Bt A3 5 il 1 A7
PR F

WAXD 1 . SAXS ¥+ |- ifg: [7] 25 4 5 56 U o
(SSRF),BL16B £k ;

HL P RALT 4k 142 : YGOOSN, B i 2 K S5 1Y
A BRA
1.3 ZEAfHeH &

k25 PBO £F 4 3 1 il 1) 5 44 5, SC 56 T U
I, B8 1 PBO £ 4 A R GG L LAV Sy
VS FAMEE 48 h, B 24 h e — YA R . BRIMAE i
PBO £} 4 5 Ji /K Il 2 B0 4 = WK, FF7E 100 °CHY
BLASHEAE TR 12 h, BIA]75-3] PBO 214

UG E PBOL 4t 2R T2 gLtz
Jig , (5 FH PH 3552 i W) 66 2 2 12 e v W i) pHLEL,
HE—EhN A 1.2 g/L ) Tris I8 WCHF pH 2 7 2. 8.5, i
B TR PR U 24 h, R4S S 2585 1K
VERIAE 525 T T 145 51 PBO-PDA 214k,

1.4 MX5 kR 4E

% JH FESEM ML %% PBO £1- 4k £ i 51 . # PBO
LRAETT R em KA LF AR T RIS L, LS4
AEFE 70 s, s B R 20 KV S50 T WS 4T 4k iy 55
RS MR TICER & i .

FTIR FEAF : A3 VE [ 400 ~ 4 000 cm ', 73 K
Mdem,

(TG 53 BT« 2R RS B3 BT A, Tl %
10 °C/min, JiJE7EF 40 °C ~ 800 °C.,

WAXD {3 . ¥ PBO £ 4k kL 54T HES [ 2 7E
AR b R XDy s . FIH Mar CCD
165 LG EE WAXD Edls -7 5 b A ST
X Bk 3 K 0.123 98 nm. & ] X-polar 4k 14 %}
WAXD Z4EEH1BR 2 S0 scilthd 5 e T8 b 21
R Aegl BE W, ) (D) TR

— I" 0
Weo= g 100% 1

12 RV TR s 1, R AR Al A T B




P4 , 55 SRR R 2 CUME #4052 HM 4R PBO 2T 44k 25

212 i T BT P () ) TS
_180° - H
180°
o oI ARSI I T (0) o
SAXS MR - K5 PBO £F 4 K 5 - 47 HES [ 5 7F
AR b T XDy & . R Mar CCD
165 BUGHR I AE SAXS Bl I T . AGY
X 26 9% K 0.123 98 nm. % F X-polar % {4 Xif
SAXS 4k EI bR A AT s iU e HEA T A b B
214 N R 21 sl L A9 A28 1a) RS A5 Gunier 2420,
H =GR
1) = 10)exp-L5), g = 4500 3
K1 (q) MIFE R B REE ;¢ MHUR K&
20 MEU A5 A X TR A ST . R 2R 4k Py
AL R AR AR . X HNBR A A A SAXS 4k
F L ARy maE TR B RS, DL In (1) Xt ¢ FEA,
X 2 3) OB, A3 B B AR R T A
LR R,
LT YR BCR A JBE (L) B2 B O 125 72 2 (B, HH
K @)IHHEAR
1 2sinf

sB,. = T +sBy,s = h 4)

Ao es WU S B, MRS f A 2R
(14 2F 15 B T 7 F B8 BE CIRE )5 20 HUR i s A
X PERAGAC . X HnBRES S 51 SAXS 4 &
AR RPPAT TR S T IR R B 3 — R
GRS % £ s X6 Iz 8 o7 Fa A Al il 6, 15
BT AR 2 S ST S A B, R
FHZS 2 (4) X6 11 58 BE (B.,,.) FVEEAS T3 57 F X6 17 A 05
Rt s IFATERMERLE ARG LR R AR TT
AL 2 N RO R B BE L B it 5 AR B (B

EAMCER AT SELE W T8 ) PBO £F 45451 -4l
FERFEAE I SRR AT T 50T A B AR SR AT
FEN L RS SREE 1100 W/m?, 46 R 60 °C, 1 &
60 %, ZF4ERE AT 10 em, ZALI[H] 4 0 ~ 288 h,
B 48 h B /05 B PBO 21 4 57 B i A T4 455 4%
W, DL S SRR R AE

F12PERE IR < SR FH HL - BRLEF 25 106 PBO
LR YRS TR B, JeFF B 20 mm, FAfH R
10 mm/min, BEZH R 30 0P8 , FFoR HAE41E .

x 100% )

2 P2

2 #HR5FR
2.1 Ra@amHk

L HN AL S PBO & PBO-PDA 14 (1) i
S 1R, B 1a b R 2240 PBO 4R 4E R G-
#% . |8 1b N PBO-PDA £} 4 () F HE 51, PBO £ )2
AR AR HURE AN | FLJR 3 80K/ NN — A L A
UL R AFfE 2 B T ARG RN R L
CURE , BRI 53 4% 25 40 AT 3R Uk, PDA 434
T3 T PBO 14, 2t R4S 288 h)
PBO £F 4 3% [fif tH B — LB 0 A4 SR80 (] 1e), &
T Y 3 AN IS | 3% 2 32 B4 007 5 A L 22 AL AT Y
PBO-PDA £-4k , 541 #%1L 288 h PBO-PDA £ 4% )2
Jry il PDA 17 )7 A A Wi L B ST, B E% PBO £F
Y )2 U BUBE 5 A4/ N2 S (B 1d), £F A 1A
Pi3se/IN, 1B PBO £F4EZR 1 ) PDA 43 FHEXT 205
A RS AE P, PN PBO 21 45 3080 )0

(a) PBO fibers (b) PBO-PDA fibers

(c) PBO fibers after UV aging (d) PBO-PDA fibers after UV aging
1 2HMEALTTG PBO M PBO-PDA 14k (K i 5
Fig. 1 Surface morphology of PBO and PBO-PDA fibers before and
after UV aging
2.2 FTIR b
& 2 Sk 8 41 % 4L 1 J5 PBO il PBO-PDA 4T 4k
FTIR (3% 5], PBO £T 4k #1l PBO-PDA Z]- 4 W Wi i {37
BHEA—F, 1613 em 11 050 cm ™ Ab 1 IR AL I 43
S N T REME IR Y C=N Fl C—O—C #:hi i iz 50 .
7£1 500 cm ™ F13 058 cm' A I WAL X6 107 T 2K FR A
AT C=C P 277, 17 K] 2b HH PBO-PDA
L YELE 3 183 om  Ab H B TR W , HL7E 3 000 ~
3 400 cm ' 4b B 06 X R T PDA HAR 2K ) il —OH
55 NH, B PR 4R 352020 1E B PDA 52 28 T PBO
Z4E, 5 SEM A5 451 AH— 3. 20t 288 h 5851



26 AR

2024 4E 55 52 4 55 1 1

—— 288h-PBO

— PBO

" Wave n Jem
4000 3000 2000 1000
Wave number /cm™'
(a) PBO fibers

——288h-PBO-PDA
——PBO-PDA

4000350030002500200015001000
Wave number /cm
(b) PBO-PDA fibers

K2 %4M LTS PBOFIPBO-PDA £F4E FTIR 15 [%]
Fig.2 FTIR spectra of PBO and PBO-PDA fibers before and after UV

aging

1bJ5 . PBOLF4EAE 1 718 cm™ 55 1 734 cm ' HY B b
BANRFIE I , LI 2a Ry BRI BT/, Al e i T
PBO 731 HhEME PR S AR I T e A2 T R L IE
W—C=04%, /MR SIHTG PBO-PDA £ 4% 4]
W AT 0 6 A — 3, 4 (W] 47 & Ak T 45 4/ R A 06 g
A= ULHH PDA 7 T4 T BH IR SRS R T i — 208 8
PR PBO 214k , Ko FHE S5 M AT K A W™
AL2EIE A
2.3 WAXD M4X

PBO K PBO-PDA £[- 4k ) WAXD — 2 i &l
K3 7N . Ui PBO £F 4k (1) 44 ] 4 B AR AT 5 B
S BT XS FRAT RIS AT I (hk) , BT 4 N
T =4 PSS e, ITE R A
SRR = ZHAT S B A5, 23 5% 7 F-(200), (010)F1( 210)
i TR, Y 2l ) 1 B 22 2 A0 96 2R 8053 3 X R (001),
(003), (004) F1(005) i 1>, 284 &4k 288 h J5 1
PBO-PDA £1 4 WAXD — 4 & B W b Jf JC W g AR
A6, B 1 il ) LRSS G BR A AT S oA S 37 B ] AL
M 48N EAL G PBO £F 4E 4% 1) A7 S IR X 48 55 HL 56
FERS /N, T S0 )N, 25 SEM R 8 4h 4k
Ji5 PBO £F 4t 1 HH IRAN K A 80 5 85, BEHTER A8
AT PBO £ 4L 245 i X R S5 M e R s R, 2%
WA 72 R RERE AR

[ 4 s PBO } PBO-PDA £F 4 —4k XRD [&] , 1]
UL PBO % PBO-PDA £F 2 — 4k RIS B T = N4F1E
T 5 W, 26 43 51 R 16°,25°,27°, 43 311 % i (200)

WL0X200)
© @

10

(a) PBO fibers (b) PBO-PDA fibers

(c) PBO fibers after UV aging (d) PBO-PDA fibers after UV aging
13 PBO J PBO-PDA £F4f ) WAXD — £t ¥l
Fig. 3 'WAXD 2D scattering diagrams of PBO and PBO-PDA fibers

——PBO-PDA
—PBO

(200)

s
o

N N
At

(010)

10 20 30 40
20/(°)
(a) Fibers before aging

——288h-PBO-PDA

A ——288h-PBO

10 20 30 40
20/(°)
(b) Fibers after aging

F4 S5 EARTE PBO & PBO-PDA £F4E—4 XRD &
Fig. 4 One-dimensional XRD plots of PBO and PBO-PDA fibers
before and after UV aging

(010)F1(210) fhT . AHEE T A EZILAT PBO £ 4E, &
S ARG PBO ST 277 S0 i B AR XU , W AT
Hhn, BERT S ARG ST IR T PBO SR 4R FREE Y
FHPBO LFYE R 20 T HERI AL FERRAR . i — 20
UG ANBEH R AT PBO & PBO-PDA £ 4
25 S 8IL3 1, %4021 288 h J5 PBO & PBO-



P4 , 55 SRR R 2 CUME #4052 HM 4R PBO 2T 44k 27

PDA £F 4 AT S W (4 7 B AR A, AT REE AR
S5 BT Y N W A2 B PBO £ 4E 45 5 R
73.86% FEAK 2 65.81%, FEAIK T 8.05%, 22 LRI K
J1EPERE 2 RIFE R . PBO-PDA 45 i i 1 73.42% [
IR 2 72.83%, FEARMEE 4 0.59% , Ui FH 4L A5 51 F
PBO-PDA #H [t T PBO 43— Wy 2448 F ki /)N , K 1A0
S FHENE PR RS IR T /N . 3 2 4 PBO 2 PBO-
PDA 24 3= S I B ) BE 240, 4551 2405 PBO 4F
4k 114 (200) 5 T 1) JE 1 94.878% 4K & 93.508%,
WA MR B 350K, T PBO-PDA i A1 U] J3E 1 94.625%
A2 93.796% , Ul BT 2 AL HE S T PBO 41 4 % )2
45 i X R A U] TSRS R S E IR T4 WAX 43
Mras A —3L.
%1 PBOJX PBO-PDA FAMERSH
Tab.1 Crystallization parameters of PBO and PBO-PDA fibers

Samples 20 Crystallinity/%
(200)  (010)  (210)  (400)
PBO 16.008 25.500 27.562 32.148 73.86
288 h-PBO 16.041 25.642 27.707 32.266 65.81
PBO-PDA 16.106 25.135 27.350 32.239 73.42
288h-PBO-PDA 16.145 25.679 27.637 32.277 72.83
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Tab.2 Main crystallographic orientation parameters of PBO and
PBO-PDA fibers

Orientation/%

Samples
(200) (010) (210)
PBO 94.878 94.126 94.333
288 h-PBO 93.508 93.017 93.257
PBO-PDA 94.625 94.064 94.893
288 h-PBO-PDA 93.796 93.629 93.754
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before and after UV aging

A /NG L AR 1) B AR PR 27.252 A K 3 28.520 A,
PBO-PDA £f- 4 N il FL4% ] ELA2 FH 27.996 A 3 K #)
28.828 A, UL 54105 PBO 214k & A W B 25 44
AL AL BRI A, X £F 2 g~k RE A = A —

8¢ PBO
LT

D=27.252A

In(2)

6

4

2

8000 0,005 0010 0.015 0,020 0,025 0.030

L &

]g ( ) 288h-PBO

6
4
2
0
0

In(J)

D=28.520A

.000 0.005 0.010 0.015 0.020 0.025 0.030
/A
(a) PBO fibers before and after UV aging
127
100 ———— PBOPDA

D=27.996A

In()

000 0.005 0.010 0.015 0.020 0.025 0.030
7R

288 h-PBO-PDA

—_—

D=28.828A

In()

.000 0.605 0.610 0.615 0.620 0.625 0.630
)
(b) PBO-PDA fibers before and after UV aging
El6 £AHMEALRTE PBO K PBO-PDA £F I 42 [ LS 4
Guinier £k
Fig. 6 Guinier curves of scattering intensity along the radial direction
for PBO and PBO-PDA fibers before and after UV aging



28 AR

2024 4E 55 52 4 55 1 1

EANFIZ R, A% AL J5 PBO-PDA £ 4k N {3 FL 1%
KILN, L Yl AR TUET RHE R R % | 27 Y 4540 56 3

itk — 2T PBO SR 4 N BRI B Y A2 Ak,
Xt AN AL T F PBO & PBO-PDA £T 4k 1) SAXS [&]
HEATAN R AR () T D A4 15 18 7 il 2. R
FIHE 242 =32 14 PBO 1 4k J5 57 £ $14 Hh 2659 1)
17 Gaussian 15 F Lorentzian 1 & (I 8), & ¥ PBO
21 2 5 K T 28 T A5 5 Lorentzian 4347 , iR P50 &
SR E B (H . #AJ5 A H Cauchy-Cauchy 733
(A 4)PEATIHE H B, *s %t s 1 (Ruland &), JE

=32
=36
=48
=48
r=56
=88
=120
- =140

I e e A 4 o

10 3 20
Angle /rad
(a) PBO fibers
a =32
= =36
f\\ = =40

Angle /rad
(b) PBO-PDA fibers
. s =30
- =36
" = =40
s . =50
I =60

Angle /rad
(c) PBO fibers after UV aging

a = =32
w =36
= r=40
® =48
@ =68
° r=92
* r=152

1.0 1.5 2.0
Angle /rad

(d) PBO-PDA fibers after UV aging
K7 LeHNEALRTS PBO K PBO-PDA TR RN 7 (b fad ek
Fig. 7 Azimuthal scanning curves of radial scattering intensity of PBO
and PBO-PDA fibers before and after UV aging

—— Lorentz fit

Lorentzian fit 4 — Gauss fit
- Experimental results

Gauss fit

1.0 15 2.0
Angle/rad

18 PBOLTLER LAYy or M4 i B EAL & B (44147 r=32)
Fig. 8 Typical azimuthal scanning curve fit for PBO fibers

(scanning radius =32)

RN A AL B (L), B R 9 s .
L9 n] i, 2803 58411k 288 h i, PBO 41 4

0.0028
0.0024 ¢
. 0.0020}
*m
& 0.0016¢ L=1118.51nm
0.0012+
0.0008 +
0.010 0.015 0.020 0.025 0.030 0.035
s/nm’”!
(a) PBO fibers
0.0032,
0.0028
% 00024}
A L=884.96 nm
0.0020+
0.0016} ‘ ‘ ‘ ‘
0.015 0.020 0.025 0.030 0.035
s/nm™'
(b) PBO-PDA fiber
0.0025+
« 0.0020}
*II)
&3 L=1661.80 nm
0.0015+
0.0010 . . . - -
0.010 0.015 0.020 0.025 0.030 0.035
s/nm™
(c) PBO fibers after UV aging
0.0024
0.0022F
0.00201
£0.0018)
2 0.0016}
1=1025.59 nm
0.0014
0.0012F
0.00

10 : : : : :
0.010 0.015 0.020 0.025 0.030 0.035
s/nm™
(d) PBO-PDA fibers after UV aging

9 %4 ARG PBO & PBO-PDA 274 Ruland 4]
Fig. 9 Ruland plots of PBO and PBO-PDA fibers before and
after UV aging



P4 , 55 SRR R 2 CUME #4052 HM 4R PBO 2T 44k 29

ARAL B T 1 118.51 nm 3#4K-31 1 661.80 nm, ifij
PBO-PDA £ 4 PN 5 i £L K i H1 884.96 nm 3 K %]
1 025.59 nm, BB LM EfL HH PBO £F- 2 N ER R A
SERE R EREIR £ A N RAL AR ] BRSO, 3 B A 4k
AAEPEREFEAR , 1 PBO-PDA 2F 4k N f L 1] 44 K
BN, 18] 453E B PBO-PDA 21 4 A 1 5 1 22 41
it 32k
2.5 #MAEEM

S RIFT 3 T 1 78 4T PBO T 4k 1 #4845 P 1 5
i , 7531 PBO 1 PBO-PDA 21411 TG i1 £ , 4 & 10
fiin . /1 E A%, PBO £F 4 Fll PBO-PDA 41 445 H.
AR rtEt:. RN ER 3 M TG EE , AR
ST PBO £F4E 1 373 fifg I 2 7] 3k 699.7 °C, PBO-
PDA ZF 4 () # ff iLEE FT 3K 696.3 °C, Sl T+
% 600 °C,PBO £F 4tk H 380 4.5% , iX — B B £ 42
JE T A4k oK o3 DL S OBR AT 7 2 B S B0
/D TTAE 600 °CE) 800 °C 22 7] 29.6% A it & 1t 2%
JE TR R I RNE R I & A i P ER . R
15 800 °C, PBO 5 PBO-PDA 5% 4% i 7 43 Wil ik
£ 65.9% F166.0% , K 5 AHZE A K, ] PDA 43+
HEALTE PBO 474k I R 1 AT 4 AR ZE A 1 A8 4k A7)
Y+ PBO L1 4E AT A I B

110 -
—— PBO-PDA
—PBO

(=3
(=)

90 +
80 -
70 +
60 -
50

Weight maintenance rate/%

40 160 260 360 460 560 660 760 860
Temperature/°C
K10 PBO FlIPBO-PDA £F4E( TG ik
Fig. 10 Thermogravimetric curves of PBO and PBO-PDA fibers
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Tab.3 TG data of PBO and PBO-PDA fibers

Fiber T°C T,/°C T, /°C Ry % RJ%
PBO 699.7 6392 6977 95.5 65.9
PBO-PDA 6963 5652 6912 94.7 66.0

Note: 7,is thermal degradation temperature; T, , T, are tempera-

ture of 5%, 10% of the sample weight; R, ... is residual weight of the

sample at 600 °C; R is residual weight of the sample at 800 °C.
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