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JF-3 BURFR BN, YL AT T B rAlEs ) il i 7 e i Be L, RG1-20A , TRYIITH Hihs /K
IXESA R T Pyris-1 BUIE ST (TCA) (YL, EE PE A F], maiz AR, THEBER A 10 C/min,
AR 20 mL/min, R X [E] 50 ~800 C ; E-400 I B 2527 S GHE(FTIR ) Y, & PE A+,
4000~400 em™", JWALHRE 3 K-Alpha % X 5§46 HL FREIE (XPS) AL, FEER KRB A H], Al Ka
B AR N 0.1 eV, SHrEEASE R 1.0x107° Pa; dual BIHEIE R, JEE FTT A6, HURE ST
FH 35 kW/m’.
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Scheme 1 Preparation route of flame retardant cotton fabric by surface chemical grafted modification
1.3 PRI
A2 R S R EUNR I T 4 o/L oK, T 40 CHe¥ 10 Y, B G e S T T



No.8 )T M5 . R @A B RO LR AR 27 4 09 4] & 55 M AR 1479

W LOT R . Fr s BEE ( GB/T3923. 1-1997) , LI FHms4RArE Y | WL e Ak | el )
J R 22 P ST B S RO T K PR P BE . 12 RE L BHPAT R & i Mot R R AT

2 GRS

21 HERAYNEHRIERERTESENH

K1 RS BRI BRI 4% B B B LT A 1. (8] 1 35LR o ARSI 2T AT | 3400 em ' Ab Ky
O—H g sh g & 205, 2910 em™ b H—CH, H C—H 4543, 1640 em™ 4k O—H S5,
1120 em™ ' kb2l C—O0—C #EAYMZEHR). B 135k b MR LYI LN ERE, 5%k o« HLE, 1730
1769 em™ &b HBLEESLARAEIGE , H AR MR RN 5, RS 0 1. 42 mmol/g, ALY R H
K T EACE R NS A RASAR ST £k ¢ T LA, 554 b MEL, REFRIET
1640 cm™ ZEMISIEE RS 2 1660 em™ 4b H RIS K, X2 IE LY C = N 44 30 Wi 78 178
FINEAETES. B 154 d 7 EDA/DMP-cot FIZLAMEIE, SIS ¢ HLL, 54K d 76 1240 cm ™' b H L
T P—O0—C Wil , I-H 667 em™ bW SCIEARXS AR 58 , 332 PR oy P—C (4 3l 06 5 i 21048 80X 2%
WEAH H S, RV — W R O SR S R AU R, 354 d 5154 e 7 2500~700 cm™" X3,
WILLAMEREE 1(B) s, B 1(B) ATLIE , 514k o ML, 354 b 78 1570 F1 793 cm™' 4b i3
=R IR SIS | I ELAE 1120 em ' AbEY C—O0—C 4R shIEAS SR, 0] TMM B 235k FIR 4
Y.

(A)

2 Jﬁ ?43\'%;1 ,-*ﬁi’r
)

-~./,|' L

[

1660

~— £ —

F o \/\u f"bl\w*
b\ /\, mﬁ\wm(;?

1570 793
. 1120-Y

| 1 L L |

|
4000 3000 2000 1000 2400 2000 1600 1200 800
viem™! vem™!

Fig.1 FTIR spectra of EDA/DMP-cot (a), TMM/EDA/DMP-cot (b), EDA-Schiff-base-cot (¢ ),
oxidized-cot(d) and pure-cot(e) (A) and enlarge FTIR spectra from 2500—700 cm '(B)
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Table 1 Flame retardant elements contents and grafted rate for EDA/DMP-cot before and after washing treated *

Mass fraction of

No. wND (%) w(P) (%) w(N) (%) w(Py) (%) Gy(%) Co(%)
EDA( %)

S1 0 —

S2 20 0.37 0.76 0. 36 0.75 19.58 19.28
S3 40 0.75 1.47 0.74 1.45 39.44 37.31
S4 60 1.12 2.12 1. 10 2.08 58.95 53.80
S5 80 1.50 2.78 1.48 2.74 79.01 70. 56
S6 100 1.87 3.38 1. 86 3.35 98. 67 85.78

# S1 represent the pure cotton fabric; w(N, ), w(N,) and w(P,), w(P,) represent the contents of N and P before and after washing, re-

spectively; Gy and Gy represent the grafted rate of ethylenediamine and dimethyl phosphite for the samples, respectively.
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Table 2 Flame retardant elements contents and grafted rate for TMM/EDA/DMP-cot

before and after washing treated

Mass fraction of

No. wND (%) w(P) (%) w(N) (%) w(Py) (%) €,(%) o(%)
TMM( % )
S7 2 2.59 3.31 2.57 3.31 1.94 1.90
S8 4 3.29 3.25 3.27 3.24 3.82 3.88
S9 6 3.99 3.19 3.98 3.17 5.69 5.66
S10 8 4.59 3.13 4.58 3.13 7.31 7.28
S11 10 5.28 3.07 5.28 3.06 9.17 9.15
S12 12 5.86 3.02 5.86 3.00 10.73 10.71

#* w(N;), w(N,) and w(P,), w(P,) represent the contents of N and P before and after washing treated, respectively; G,and G, represent

the grafted rate of TMM for the samples before and after washing treated , respectively.
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Table 3 Data of flame durability and physical properties for the modified cotton fabrics

before and after washing treated "

No. LOI, (%) LOL( %) Tensile strength/MPa Touch

S1 19.5£0. 1 19.1£0. 1 13.87 Soft

S2 20.8+0.2 19.9+0.2 11.78 Soft

S3 22.3+0.2 21.2+0.2 10. 07 Soft

S4 24.1+0.2 23.0+0.2 9. 80 Soft

S5 26.5+0.3 25.4+0.3 8.98 Soft

S6 27.8+0.3 26. 6+0.3 7.95 Soft

S7 35.1+0.3 34.3+0.3 6.01 Slightly soft
S8 37.2+0.3 36.5+0.3 5.23 Slightly soft
S9 40.9+0.3 40.2+0.3 4.61 Slightly hard
S10 43.1+0.2 42.6+0.2 3.87 Slightly hard
S11 44.3+0.2 43.8+0.2 3.91 Hard
S12 45.6+0.2 45.2+0.2 4.47 Hard

# LOI,and LOI, represent the LOI values for the samples before and after washing treated, respectively.
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Fig.2 HRR(A) and THR (B) curves of pure cottton(a) , EDA/DMP-cot(S6) (b) and
TMM/EDA/DMP-cot(S10) (¢)
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Fig.3 SEM images of pure cottton(A) , EDA/DMP-cot(S6) (B) and TMM/EDA/DMP-cot(S10) (C)
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Fig.4 SEM images of the char residue for pure cotton(A,, A,), EDA/DMP-cot(S6) (B,, B,) and
TMM/EDA/DMP-cot(S10) (C,, C,)

L5 LR, AR SR SR b2 B BRI s 1 5 o0 25 il B & R Ak & ) B B B 8 1
PR ARV B R S I BELIAYERE , M £ M5 WRkRR — H R I A S 100% , TMM R R 8%
B, E £ B BELSA SO PR 2 4 B BELBR i e 2 T 2k R SR Bl ey, H: LOT Ik % T (43.10.2) %, 1fif
HAEZRL 10 WEEGSE AR BRFE T ARG IO BRIATE AR, 22 W 12 2% 1 BELIGA AR 2100 5L 1 S A0 T /K
PERE.

£ £ X M

[ 1] Zhang X., Zhou H., Yang Y. H., Huang Y. F., Chen X., Chem. J. , Chinese Universities, 2015, 36(10) , 2040—2046 ( 5k, JAI¥:,
WAL, SRS, BT M SRR B2, 2015, 36(10) , 2040—2046)
[2] ChenF., LiuZ. Y., HuS., Kan Z., Yang M. B., Chem. J. Chinese Universities, 2015, 36(10) , 2034—2039 (BEX., XIIE3E, 1245 [
B, M. SRR AR, 2015, 36(10) , 2034—2039)
[ 3] Alongi]J., Ciobanu M., Malucelli G., Carbohydrate Polymers, 2011, 85(3), 599—608
[ 4] GaanS., Sun G., Journal of Analytical and Applied Pyrolysis, 2007, 78(2) , 371—377
[ 5] FangF., Xiao D. Z., Zhang X., Meng Y. D., Cheng C., Bao C., Ding X., Cao H., Tian X. Y., Surface and Coatings Technology, 2015,
276, 726—734
1 Vasiljevié J., Jerman 1., Jaksa G., Alongi J., Malucelli G., Zorko M., Tomsi¢ B., Cellulose, 2015, 22(3), 1893—1910
] Boukhriss A., Gmouh S., Hannach H., Roblin J. P., Cellulose, 2016, 23(5) , 3355—3364
[ 8] XieK. L., Gao A. Q., Zhang Y. S., Carbohydrate Polymers, 2013, 98(1) , 706—710
1 Alongi J., Colleoni C., Rosace G., Malucelli G., Polymer Degradation and Stability, 2013, 98(2), 579—589
] Zhang D. W., Xie Q. H., Hang Y. G., Meng W. D., Journal of Donghua University( Natural Science) , 2015, 215—220, 252(5k KN,



No.8 )T M5 . R @A B RO LR AR 27 4 09 4] & 55 M AR 1483

WA, BRI, @ UIR. REER A ( ARELY) | 2015, 215—220, 252)

1 Shariatinia Z., Javeri N., Shekarriz S., Carbohydrate Polymers, 2015, 118, 183—198

1 Gao W. W., Zhang G. X., Zhang F. X., Cellulose, 2015, 22(4) , 2787—2796

] Lessan F., Montazer M., Moghadam M. B., Thermochimica Acta, 2011, 520( 1), 48—54
[14] Alongi J., Colleoni C., Rosace G., Malucelli G., Cellulose, 2013, 20(1) , 525—535

1 YangJ. C., Liao W., Deng S. B. Cao Z. J., Wang Y. Z., Carbohydrate Polymers, 2016, 151, 434—440

1 Alongi J., Carosio F., Malucelli G., Polymer Degradation and Stability, 2014, 106, 138—149

] Li X. H., Chen H. Y., Wang W. T., Liu Y., Zhao P. H., Polymer Degradation and Stability, 2015, 120, 193—202

1 Coseri S., Biliuta G., Zemlji¢ L. F., Srndovic J. S., Larsson P. T., Strnad S., Kre“ze T., Naderi A., Lindstrom T., RSC Advances,
2015, 5(104), 85889—85897.

[19] Liu X., Xu Y. H., Fibers and Polymers, 2014, 15(9), 1887—1894

[20] Deh S., Gihr F., Buchmeiser M. R., Polymer Degradation and Stability, 2016, 130, 155—164

[21] Song Y., Grain Storage, 1996, 4(RER. MUN R RN, 1996, 4)

[22] Hou Q., Liu W., Liu Z., Duan B., Bai L., Carbohydrate Polymers, 2008, 74(2) , 235—240

[23] Nikolic T., Milanovic J., Kramar A., Petronljevic Z., Milenkovic L., Kostic M., Cellulose, 2014, 21(3), 1369—1380
[24] Azzam F., Galliot M., Putaux J. L., Heux L., Jean B., Cellulose, 2015, 22(6), 3701—3714

[25] Bogdanova V. V., Kobets O. 1., Kirlitsa V. P., Russian Journal of Physical Chemistry B, 2016, 10(2) , 306—312
[26] LiB., Xu M. J., Polymer Degradation and Stability, 2006, 91(6) , 1380—1385

[27] LiY.T., LiB., Dai]. F., Jia H., Gao S. L., Polymer Degradation and Stability, 2008, 93(1), 9—16

[28] Dai]. F., Li B., Journal of Applied Polymer Science, 2010, 116(4), 2157—2165

Preparation and Properties of Flame Retardant Cotton Fabric by
Surface Chemical Grafted Modification’

LIU Ziyi, XU Miaojun, WANG Qi, LI Bin"
( Heilongjiang Key Laboratory of Molecular Design and Preparation of Flame Retarded Materials,
College of Science, Northeast Forestry University, Harbin 150040, China)

Abstract  Cotton fabric was firstly selective oxidized by sodium periodate to formed aldehyde groups,
ethylenediamine was chosen and reacted with aldehyde groups. Then, the flame retardant dimethyl phosphite
was grafted on cotton fabric surface by phosphine hydride addition reaction. Finally, trimethylolmelamine was
grafted on the surface of cotton fabric and the phosphorus-nitrogen containing flame retardant cotton fabric was
obtained. The structure of the modified cotton fabric was characterized by Fourier transform infrared
spectroscopy ( FTIR). The flame retardancy of the modified cotton fabric was evaluated by limiting oxygen
index(LOI) tests, and the combustion behavior was investigated by cone calorimeter tests. The water washing
durability of the modified cotton fabric was investigated by washing in soap water for 10 times at 40 °C, and
the surface morphology was studied by scanning electron microscopy. The result indicated that the LOI value of
the obtained modified cotton fabric dramatically increased from (19.5+1.0)% for pure cotton fabric to
(43.1£1.0)%, and after washing test, the LOI value slightly decreased to (42.6+1.0)% , which indicated
that the obtained cotton fabric remained superior flame retardancy and possessed excellent washing durability.
The surface chemical grafted modification for cotton fabric enhanced the char-forming ability of cotton fabric
during combustion, and the formed intumescent char layer protected the inner cotton fabric from further
degradation and combustion, thus enhanced the flame retardancy of cotton fabric.
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