mr M EREE S TR

40555 12 4 Vol.40, No.12
2024412 POLYMER MATERIALS SCIENCE AND ENGINEERING Dec. 2024

http://pmse.scu.edu.cn

/R R EREERE B ARBMPARH &S HERE

> /, MY N [
KER RIME, FHRR, 2FK, EUEY
(VTR R ARSI RHE W S SIS T I8 2141222, 20492 MoRHS AL T 20 , 22 /N %2 237012
3. BB EME AT REE AR TR A 0, 2B 7% 237012)

FE : A (PA) A= 2 RAE(CS) A AR B F E AR & F &, 33 45 4F 42 (Down fibers) i# 47 2 & B £ % (LBL)
POPE R B A RAF IR AE 09 WAL 4. F) RA 9 KA1 R F B0 I E AT RV B & I AUfe 2233 R A2
15 % RENFX AT G WAF M EHRAITT RIE, R AW, 2310 E6LBLAMG , WA 4o it
P e [LIR M b 3R AT 5 PP G 90 R AT A B R AR R B Ao B B A A 106.6 Wig Aw 12.2 KI/g, BURAE A 44
L 409 154.9 W/g A2 159 kl/g 5 A TEAR T 31.2% A2 23.3%; i B 9 WA SR EE TP % L EEL D
Bro b, BUME G 69 W R L AR M LT A AR5, D B RS A AR, R A RS v W AR AT SR 09 KRR A

KA PRI Y 2R B AR AR 5T S s B et
FESES: MERARIRAD : A

TIGRET Y R SR T K Lezh P B b A v il oK R
HEARAYE, 5HAE AR M A &R R
BRERA B v B iR PR A A IR ) = 4
gk, Rk 2 W SR o A S RN 22 TR) 58 58
) BEFFA KB IER L2, P SR AT 4 AT 35 LA
RAREFYETC i LA PRIR A, 32 S S T &
PRI b 78 2 308}, 1 40 P 280K S B R P
y_\A % [4.5] N

B ke B B A T 2 (B T ) R e S AN 3
Xt R At 5 2 b T F v SR, P AT Y AT
TR SR 51 TR (15738 1 OR7E . Qiang
ST Y g B S bE AL B W) SI-G MG BT IR A 2
T J5 P 0 SRR v S R T A ) S A T 3R T i v
IR (R DRIR L RE 5 73 BRI 2o £ P SR ET 4 1)
TR I RE DN AT T B HE R R I T S SR AT A 75 1)
DU TERE s Wang SR F AR (PAD X 5 25 1 [ BC iz
TER M Z 2 B 435 (LBL) 1 7 A P B4 4R

doi: 10.16865/j.cnki.1000-7555.2024.0223
Wk H 391 :2023-11-27

XE4 S :1000-7555(2024)12-000

T 2H A [ J2 B 8 2 7, o) & th B R AF4a 49
A BRI A 4

EXT TR S, o BV 2 B e B 5 R 1)
22—, Gy BRI G723 2y K™ B KR B, iR
Hiy B N AT A A W 72 22 41, 5 BRI 9RET 4E 1 K
S I S R AE A T A 2R TE A2 KR R K2
Ao B, 9 TR RISk AR R I A TR OR
X H AT AP E RE I L 2 b ARl D . H AT
CLEE X 2 R P SR AT 4k I BE R M REHEAT T Z WAL
D01 T A R = 5 U R SR R B X 2P
A A 3 AT B R DOV S A5 ) 8 4 4 1) A PR 4045 2
(LOD M 23%743 53l $2& T+ 21 29%F1 36.5%~41.8% ; £ i
U SR A R L TR R A S H A Rk R
PIGREF Y ) SR E , Horh A A i ot SRR T
T BB B 4 IOk 4T 4 ) LOT M 23%~24%12
T+ 31 50%~51% , T HL X P 984T 4 1 22 11 45 1 A A B
WA TP HERK R o

FETH VLIEEA333 mEIRAA 3% TR ((2022) 3-16-216) s VL K5 F Z K22 A GIH I 2518151 H (2024102950302) 5

N TR B TR A 7 = 2E A E I H (210187)

LR FE DL, RN RS G BV 7T, E-mail: yibingcai@163.com



A5 SCAE B R IRV ) PA 52 BEBE (CS) 7y
BN T JZ AR & TR S SR B iR B
PA X SREF 4 HEAT TAL 2L, Pl 2 )2 B 2H 266 07 ik
FEPGREF HER T A — 2 BAT PR RCR B =, il
% BRI AR T 4, g fal 2, 0F HJC Al F k2
A X B a5 %o

1 Ko
1.1 RXFISNEE

PG Y (RGO N LT BARA A
FER (PA , 70%) 576 S Bl (CS, It 2k & 80%~95%)
LRt alD) - W 2 A F il A R A ] s KB+
K SRE = H

74 37 R 5 4 L BB (FESEMD = SU8100
R, HAH L A B 3 HT A (TG) : TA-Q500 Y,
% B TA DA A A s T8 R e & A (MCO) -
FTT0001 % , 3% [E Fire Testing Technology Limited
(FTT) & 7 s A 3L B AE R &6 3% X : inVia Reflex
A, e H e AT
1.2 PARAPRTHERHIF
121 PEA B PR BERNEES
T KA, IFAE 60 °C, Fr L3 A P AT 4k 58 421%
T8, WO S5 B 258 K 3 IR . 2 JE 25 B K
FE 70% 117 PA V55 T 15 21 52 H 3% 11 PA V& ¥, -5 1
G YR N 3% 1) PA VA, R 30 min, HUH 5 H
FE KM, B BK, 153 PA TRAL BRI 954 4
1.2.2 MRW B 094 & HEE T KEERE70%
(1) PA V5 VA5 BT FE N 1% 10 PA VA CS 1T 4%

© 50 pm
‘.

.

N, 5 pm

50 ym
[e—

LW, AR AT 2R FE 4 0.4% 1) CS TR -
¥ E D153 PA TRALFE PS8 2T 4635\ CS W
5 min J&5 K& 28 TR, R 5 B AR SR N PA
WSS min 5 KR 287Kk, #2578 60 °C
T HOX B AR BRI Sy 4 N DF-1. R
IR, 23 W] 4% DE-5 F1 DE-10 fRE 5, 25
FTA S 359 1:100.

1.3 M5SR4

1.3.1 AR AT RS FE R IIER T
TE S5 RO 45 44 FH SUS100 74 437 % 6 3 41 /L 1
s (FESEMD LSS . HLE A 4 KV, UK AEE0N 1k %
A1 10k 1% o

132 AKX T A AENAH A, K HIAE 5 HT X
(TG % U PEHIT J B RE i BEAT o Ao I ACRE i i
&%) 3 mg, I Bl N 30~800 °C , FFiR I R N
20 °C/min. 0 A SR 1Z 0 B P 1 R AR AL, DL
SRFRAEFE S A fa ) #vER e

1.3.3  ERENK K g PR LEMANZEL 9 cm
e, L PR L — R EARL 8 em FiE2.5 g
R ) 50IR A , 0 L B ) B & R A S AR R R
ZRYERE O, 10 S LI B A R SR 1 v AR,
it (PSR AU

1.3.4 BB M Ak X SR T A e = A OO RE
i BREEE R . FRIE S mg 22 A HORE S BN ES
IR JEERBIL A SIR A A (N 298 80%, 0,20 N
20%) X FE S BEAT A TR, AR B AR R AR
900 °C , FHILIE 2 A 1 °C/s, il &l 75~700 °C.
1.3.5 SRR 57 A AR i 48 0 T B A e 1 A

50 pm 50 pm
e Pt

5 um

Fig. 1 Morphology of down fibers before and after modification: (al, a2) DF; (b1, b2) DF-1; (c1, ¢2) DF-5; (d1, d2) DF-10
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Fig. 2 TG curves of down fibers before and after modification
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Fig. 3 Fluffy height of down fibers before and after modification: (a) DF; (b) DF-1; (c) DF-5; (d) DF-10

Tab. 1 Fluffy height of down fibers before and after modification

Samples DF

DF-1 DF-5

DF-10

Flufty height/cm 7.43+0.09

7.30+0.07

7.28+0.14 7.14+0.06
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Fig. 5 FESEM images of char residues of down fibers after combustion: (a) DF; (b) DF-1; (¢) DF-5; (d) DF-10
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Tab. 2 Combustion data of down fibers before and after
modification
Samples pHRR/(W-g") THR/(kJ-g") Tl °C
DF 154.9 15.9 318.2
DF-1 119.5 12.8 316.5
DF-5 111.6 12.4 301.8
DF-10 106.6 12.2 300.9
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Fig. 6 Raman spectra of down fibers after combustion: (a) DF; (b) DF-1; (¢) DF-5; (d) DF-10
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Preparation and Property of Phytic Acid/Chitosan Layer-by-Layer
Self-Assembled Flame-Retardant Down Fibers

Baogen Zhang', Yimei Xu', Lingang Li**, Xueyong Yu’, Yibing Cai'”
(1. Key Laboratory of Eco-Textiles of the Ministry of Education, Jiangnan University, Wuxi 214122, China;
2. College of Materials and Chemical Engineering, West Anhui University, Liu’ an 237012, China;
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ABSTRACT: The down fibers with excellent flame retardancy were fabricated by layer-by-layer self-assembly
(LBL) modification, using phytic acid (PA) as poly-anionic and layer chitosan (CS) as poly-cationic layer. The
structure and properties of the down fibers before and after modification were characterized by cold field emission
scanning electron microscopy, thermogravimetric analyzer, micro combustion calorimeter, and microscopic
confocal Raman spectrometer. The results show that the thermal stability and flame retardancy of the down fibers
with 10 layers of LBL modification are significantly improved. The peak heat release rate (pHRR) and total heat
release (THR) of the modified down fibers are 106.6 W/g and 12.2 kJ/g, respectively, which are reduced by 31.2%
and 23.3% compared to 154.9 W/g and 15.9 kJ/g of the pristine down fibers. Meanwhile, the modified down fibers
exhibit higher char residue and greater graphitization degree at high temperature. In addition, the overall structure
of the modified down fibers remains almost undamaged and still retains excellent fluffiness, which will not affect
the practical use of down fibers.

Keywords: down fibers; layer-by-layer self-assembly; phytic acid; chitosan; flame retardant modification



