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Preparation and properties of flame retardant woven wool fabric based on
phytic acid/ter nary binder/feather keratin
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Abstract: In order to meet the requirements of flame retardant and environmental protection of woven wool
fabrics, biomass phytic acid (PA) and feather keratin (FK) as well as ternary adhesive [P(GMA-co-
FHBMA)-g-PEGMA] were used as raw materials and crossinking agent to construct PA/P(GMA-co-
FHBMA)-g-PEGMA/FK flame retardant coating on the surface of woven wool fabric by a process of dip
rolling and baking. The structure and properties of woven wool fabrics before and after flame retardant
finishing were characterized and measured by FTIR, SEM, limiting oxygen index (LOI) and TG. The results
showed that PA/P(GMA-co-FHBMA)-g-PEGMA/FK flame retardant coating was successfully constructed
on woven wool fabric by the process of dip rolling and baking. The LOI of the woven wool fabric (C-3)
after PA/P(GMA-co-FHBMA)-g-PEGMA/FK flame retardant finishing could reach 32.5%+0.2%, the
damage length was 96 mm, and after-flame time were shorter than those of unfinished woven wool fabric.
The introduction of PA/P(GMA-co-FHBMA)-g-PEGMA/FK flame retardant coating had little influence on
the breaking strength and hand feel of the fabric, and could improve the thermal stability of the woven wool
fabric and form stable carbon layer. After 15 times of washing, the LOI of the finished woven wool fabric
was 27.3%+0.2%, showing better durability.
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Fig. 1 Mainly chemical reaction of flame-retardant woven wool fabrics
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Table 1 Different PA/P(GMA-co-FHBMA)-g-PEGMA/FK
ratio with different ratio

[Tt 53K %
HEah oA P(GMA-co-FHBMA)- FK
g-PEGMA
c-1 6.0 0 15
c-2 6.0 1.0 1.0
c-3 6.0 15 15
c-4 6.0 2.0 2.0
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SR AT R A i 2 YL r“ﬂﬁﬂm R AL
At AR, MRS - N AL, FHE 2 10 °C/min,
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Fig. 2 FTIR spectra of woven wool fabrics before and after
flame retardant finishing
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PA th P—O g4 ik 571> #E & C-3 78 800 cm™
AE IR TR g, HE T P(GMA-co-FHBMA)-
g-PEGMA £k C—F BRI gk sh!? . DL L4581
P, PA/P(GMA-co-FHBMA)-g-PEGMA/PK &2 E
WM B L EELY .
2.2 SEM &#F
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F7R o
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Fig. 3 SEM images of woven wool fabrics before and after
flame retardant finishing
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GIRAESE LAY/ NE L4 NS IS A S 9 </ [ 2 A
RIHYLLUEE LA LOI N 26.2%+0.2%, PHIAM:
R 2s, PHMRREIRS P A ARG Y LOI ST . U
FE 5 C-3 18 LOI iy 32.5%:+0.2%, 41 5% K- J& & 96 mm,
ULEHPLSUE B U 708 S i B M e, HLBE
P(GMA-co-FHBMA)-g-PEGMA HI FK FHH A3,
FEfh C-2, C-3. C-4 MM E RBE WG, Lt ikhe

Ja, BHPLAEBLW R AR B HYLA T EH
WABEIR A 2 kA, WA 4 T EARBE IR R

2 BHAREE BT S HLEUE B LU RY BHAAME RE
Table 2 Flame retardant properties of wool fabrics before
and after flame retardant finishing

C-0 0 26.2+0.2 300 62.0 0
C-1 15.34 31.8+0.3 115 5.6 0
Cc-2 13.41 32.3+0.3 107 5.0 0
C-3 15.30 32.5+0.2 96 2.6 0
Cc-4 19.49 31.6+0.3 124 6.4 0

[ 4 BHAARE AT S ML E B4\ 3 B BRI
Fig. 4 Vertical combustion images of woven wool fabrics
before and after flame retardant finishing
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Table 3 Whiteness and mechanical properties of woven
wool fabrics before and after flame retardant

finishing
B o W 2438 3N (Zif/’im
C-0 74.4 320.5 20.6
C-1 54,7 318.9 21.3
C-2 54.1 309.1 20.9
C-3 48.2 307.9 21.6
C-4 47.0 317.8 22.9

M 3 AU, C-3 Wi fy b R EEHIHLLIEE
LU FRET 126 N, PUSHK AL (420 )BT 1 mm,
FIRERRAG, (HAR XS Sy P fE AT B A/, 3%
HGHLEE B 5R SI AL, WTRERI N FK
VR B 55 B S B AT AR A AR L 1 R YR
AT REE R PA Il FK [ A 85 (0 S s it o RS o
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Table 4 Weight gain rate and flame retardancy of flame-
retardant woven wool fabrics after washing

5 KK Bk 10 WK%k 15 WK %k
ﬁén 24 % =
TOEEL | e MEEL | e IR 51104
% % %

C1 961
C-2 1029
C-3 1374
C-4 1525

28.7£0.2 5.76
29.0+0.3 8.07
20.5+0.2 1171
29.2+0.3 13.39

26.5+0.3 4.44 26.4+0.2
27.2¢0.3 691 26.7+0.3
28.0£0.2 10.58 27.3+0.2
27.5+0.3 12.01 27.0£0.2

2 4 AT, JKPE 5. 10 U, BHARRE BRAE &
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YeIE e C-3 /) LOI 2 R EELY), £
BUR 5L B LWL A BRI R b4 ke A —
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K, MAE S C-3 MEEN 11.71%, LOI K
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Fig. 5 TG-DTG curves of woven wool fabrics before and
after flame retardant finishing
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Bepe B A R A8 N R, R BIHLLIE R
LU TR 10%0] IR ( Ty, ) S 260 °C,

M S P B Tro A $E7T . FEAL C-0 26
2 1 3 B B fe R I A R IR ( Tomax 1 Tamax )
4393 303 1 590 °C , Xef [0 18] f5e KPR At 33 2L W aman
H1 Vamax ) 239019 0.39%/°C 1 0.16%/°C, ik C-1
H1 C-2 1Y Tomax » Tamax N 310,596 °CHl 315,650 °C,
KEREE Vomaxs Vamax 775120 0.59%/°C . 0.07%/°C Fll
0.65%/°C . 0.05%/°C, A Tim . X Al fe & i
TFBEBE A AE = A5 T 0l ARSI oK ilme , B
B 5R 5 T8V, Mg g, IkipLge
FELWE— L . #E 800 °CHJ PHAK B L5 A
i C-3 R AL C-0/ 02 & 12.5%, £
PA/P(GMA-co-FHBMA)-g-PEGMA/FK Fil PA/FK 4
JE] UARHEHLAUE B L AR 1 7=, e pLEL

ELWm IR P

# 5 AAHET ¥ BLWRE TR
Table 5 Thermogravimetric analysis data of woven wool
fabrics under nitrogen atmosphere

o Vamax! o Vamax! 3% 9 2/
TlO% TZmax/ C (%/oc) T3max/ C (%/oc ) %
C-0 260 303 0.39 590 0.16 0

C-1 250 310 0.59 596 0.07 135
C-3 250 315 0.65 650 0.05 125

2.7 HAFEELMMREEZR RIS

& 6 S BHAKHE B AT 5 HLEL B 40 R B BE D
WG sk SEM &, il 6 1] W, REIHLLIEE
LRI AR G Rs , BRI, SRR S
FELH YR RSGHWER, ixx%, H
P(GMA-co-FHBMA)-g-PEGMA 32 BX 5 A FHAR BIL LT
FELEWEE A RS, BIRETE PAIFK BHEA A
Z 5] A P(GMA-co-FHBMA)-g-PEGMA 1] D) A i
PLEUE B LY 3 DY BUR P )2, TR R 20
LU R, R T RRARRIAVERT, B BHAR
PERE I .
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Bl 6 BIHT S HLAFEEL Y RN SEM Bl
Fig. 6 SEM images of carbon residue before and after
finishing of woven wool fabrics
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