39 6 Vol.39 No.6
2018 6 Journal of Textile Research Jun. 2018

DOI: 10. 13475 /j. fzxb. 20170405505

( 161006)

5.8 cm
20 mg/L 1h 9 cm; 12 B2

:TS 195.24 TA

Synthesis and application of phosphorus and nitrogen-containing
chlorineresistant flame retardant finishing agent

GAO Shuzhen CHI Wenrui WANG Bingbing WANG Liang
( College of Light Industry and Textile Qigihar University Qigihar Heilongjiang 161006 China)

Abstract Due to poor resistance to chlorine for most of phosphorus and nitrogen-containing flame
retardant finishing agents a phosphorus and nitrogen-containing chlorine—resistant flame retardant
finishing agent was successfully synthesized by a two-step process using diethyl phosphate N-
hydroxymethyl acrylamide and epichlorohydrin as raw materials and sodium methoxide and sodium
hydroxide as catalysts. The optimum synthetic conditions were determined by the orthogonal
experiment the flame retardant agent synthesized under the optimum conditions was characterized by
infrared spectroscopy and applied in the flame—retardant finishing of linen fabrics. The linen fabrics
before and after finishing were characterized by infrared spectroscopy the durability test and chlorine
resistance test. The results indicate that the carbonized length of the linen fabrics finished with the
synthesized chlorine—resistant flame retardant agent reaches 5. 8 em the carbonized length after
soaking with 20 g/L available chlorine solution for about 1 h still maintains at 9 ¢cm. After 12 times
of washing the linen fabric finished by the flame retardant can still reach the standard GB B2
showing that a phosphorus and nitrogen-containing chlorine—resistant durable flame retardant finishing
agent is successfully synthesized.
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Tab.1 Four factors and four levels orthogonal experiment results
A B C D
/°C n( ) in( N- ) /h /% /g /g /%
1 50 1:0.9 2 1 7.908 22.900 34.53
2 50 1:1 4 2 5. 186 23.923 21. 68
3 50 1:1.1 6 3 6. 953 24.956 27. 86
4 50 1:1.2 8 4 5.575 25.942 21.49
5 55 1:0.9 4 3 8.256 22.926 36. 01
6 55 1:1 2 4 4.358 23.942 18. 20
7 55 1:1.1 8 1 4. 402 24.972 17.63
8 55 1:1.2 6 2 3.916 25.948 15. 09
9 60 1:0.9 6 4 12. 678 23. 005 55.11
10 60 1:1 8 3 4.228 23.943 17. 66
11 60 1:1.1 2 2 3.740 24.998 14. 96
12 60 1:1.2 4 1 2. 648 25.960 10. 20
13 65 1:0.9 8 2 2. 498 22.928 10. 89
14 65 1:1 6 1 3.335 23.935 13.93
15 65 1:1.1 4 4 0.795 24.939 3.19
16 65 1:1.2 2 3 3.871 26.013 14. 88
ky 26.390 0 34.1350 20.642 5 19.072 5
k, 21.732'5 17.867 5 17.770 0 15.655 0
ks 24.482 5 15.9100 27.997 5 24.102 5
ky 10. 712 5 15.4150 16.917 5 24.497 5
R 15.677 5 18.720 0 11.080 0 8.8425
1 2 3 4
N— Tab.2 Three factors and four levels orthogonal
experiment results
’ B c
o 50 C. A n ) / /
/°C cm
N- 1:0.9, n ) h
1 70 1:1.8 4 8.1
6 h. 4% - 2 70 1:2.0 6 6.4
2.1.2 3 70 1:2.2 8 7.8
4 70 1:2.4 10 20.6
5 75 1:1.8 6 8.6
3 4 6 75 1:2.0 4 8.4
7 75 1:2.2 10 14.7
8 75 1:2.4 8 20.3
9 80 1:1.8 8 21.3
10 80 1:2.0 10 15.6
o 11 80 1:2.2 4 7.8
12 80 1:2.4 6 7.9
2 o 13 85 1:1.8 10 8.9
14 85 1:2.0 8 25.7
15 85 1:2.2 6 14.3
° 16 85 1:2.4 4 30.0
70 C . 1:2.2. 6 h, k, 10. 725 11.725 13. 575
k, 13. 000 14. 025 9. 300
2.2 ks 13. 150 11. 150 18.775
— ky 19.725 19. 700 14. 950
R 9.00 8.550 9. 475
3 o C=0.C=C N—H 3
3(a) 2 985 ~ 2 909.1 252, +3397.3291 em ™! C—H
1 041 cm™! C—H.P=0.P—0 o 3(c)
1480 ~1369 cm ™ C—H ° o C=C 1630 cm ™!
2425 em™! P—H . 3(b) C=0 1669 cm™'

1 670.1 6281 541 cm ™' N-

3 405.3 289 cm ! C—H
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5
Fig.5 Infrared spectra of Linen fabric before and

after flame retardant finishing
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Tab.3 Influence of washing times on flame
retardant properties
/s /s /em
0 7.9 19.3 30.0
1 0.0 0.0 5.8
12 5.3 1.4 19.7
3
1) N- .
2 -
o 1
50 C. N-
1:0.9. 6 h.
4% o 2
70 C-~
1:2.2, 6 h,
2)
12
o FZXB

10

11

J . 2017

38(11):97 - 101.
DENG Jiyong LIU Qian DONG Xinli et al.
Preparation of novel NP flame retardant and its flame
retardant properties in cotton fabrics J . Journal of
Textile Research 2017 38( 11) :97 —101.

. J
2012(3): 12 -17.
ZHANG Heng. Inorganic boron series compounds fire
retardants J . Shanghai Plastics 2012(3): 12 -17.
. J.

2009(10) : 114 - 115 183.
ZHANG Tiejiang. The flame retardant mechanism of the
common flame retardants J . Chemical Engineering &

Equipment 2009( 10) : 114 —115 183.

J. 2008 35(7):62 -64.

DAI Peigang LIU Zhipeng CHEN Yingjie et al. Current

situation development of inorganic flame retardant J .

Guangdong Chemical Industry 2008 35(7) :62 - 64.

. J.
2003(3) : 27 -29.

NI Zicui.

containing flame retardant

Industry 2003(3): 27 -29.

Mechanism and application of phosphorus—

J . Guangdong Chemical

2012(1): 129 —132
TANG HUANG
halogenated flame retardants
and Technology 2012( 1) : 129 -132.

HALE R C GUARDIA M J L. HARVEY E P et al.
Flame retardants: persistent pollutants in land-applied
sludges J . Nature 2001 412(6843):140 —141.
NOBATAKE A. Oeko-tex standard 100 J . Fiber 2009
65(7) :793 -794.

Ruogu Zhaoge.  Perspectives of

J . Bulletin of Science

J. 2016(3):12 -14
LU Jiao LIANG Jiaming LIANG Bing. Research
progress on synthesis of halogen-ree phosphorusnitrogen
New Chemical

retardant ] Materials

2016(3) 112 - 14

flame

J. 2016(9) : 39 -43.
JIANG Li LIU Qun DING Bin et al. Flame retardant
finishing of cotton with phosphorus—nitrogen-containing

China Dyeing &

intumescent flame retardant J

Finishing 2016(9) : 39 -43.

J . 2016 30(3) :27 -32.
PAN Liwen LI Kongzhe XIAO Yang et al. Research
status of intumescent flame retardant J .

Review 2016 30(3) :27 -32.

Materials



