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(cotton)
40
' Gossy pium 4 Hirsutum,
Barbadense, Aboreum Herbaceum
[13]
[14]
25-65
13-33
10-25 [15]
4
Cuticle (cellulose)
Primary wall cuticle
(pectin)
Secondary wall primary wall lumen
90
100
Lumen
[16]
2.1

2.1



Cuticle

Winding or
transition layer

Purified ‘ s S, S

primary wall Secondary wall —I

2.1 [13]
2. 1 [13]
(% )
% %
Cellulose 95.0 88.0-96.0
Protein (%6 N X 6.25) 1.3 1.1-1.9
Pectic substances 0.9 0.7-1.2
Ash 1552 0.7-1.6
W ax 0.6 0.4-1.0
Total sugars 0.3 0.1-1.0
Organic acids 0.8 0.5-1.0
Pigment -
Other 1.4 -
95
(polysaccharide) (glucose) (glycosidic

bond) -1,4 ((3-1,4) 2.2



CHoOH
H 0
'/ H 1
OH 0
\?

r 1

(hydroxyl)

2.2

20

(hydrolysis)

(pyrolysis)

(combustion)

[17] 2.3

(fuel)



2.3

2.3.1

AU

v

‘\

/

wWanlw

I._

uiananunsoanlnle

A

3

n1saanes (d

ecomposition)

ANNSaU

2.3.1.1

4

A

—>| Wod

o

[18]

AUl
o - !
2IMA/WNADINTLIY |
]
[17]



2.3.2

2.3.1.2

2.3.2.1

(melt)

(gas phase)

(condensed phase)

[19]

2.2



€))

2.2

¢ 3.ph-F
(-arorrT™-I-
C-aliph~d-
(-benzilie~Bf
Cauph-Br
~-arom Br

Caliph'l

- 119;

(kJ/mol) (°C)

443-450 >500

419 >500
339-352 370-380

214 150
285-293 290

335 360
222-235 180

H +(2 —» OH +0O @

HO +CO —» H +CO02 @)

&)



H + HX —)

HX + OH -
X + RX -}
(synergist)
2.3.2.2
40-60 )
(AI(OH)3)
(180-200
200

H2 + X

HO + X

HX + R

(Sb20 3)

[20]

(M§(OH)2)

300

(3)

@

€)

©



2.3.2.3 [21]

(nh3 (n2)

(melamine)

(melamine cyanurate)

(polyurethane foam) (polyamide)
2.3.2.4 [10]
(triphenyl phosphine oxide) (triphenyl phosphate)
6-11
R3PO —) PO + R+p2 6)
H+PO +M —) HPO + M (7)
HO + PO —) HPO + O @)

HPO + H *  H2+ PO ©)

10



11

22+ O ———) P + PO (10)
P+O0OH -—) PO +H (11)
(phosphoric acid) s P-0-C
(phosphorylation) 6 (dehydration)
(methacrylate) 2.4
(j)\l H\ OH
\p//-/ ‘/(H\ \P/ HeCHL —— CH,
/ A AN
g ?\()f(’H, s
Sii Do% Ohe 2%
/7 OMe N S/ HO
)
\P/ H S /F\\ s CH-
RN T P - -
/ \O o (@} O
CH; ~ CH; CH; CH;

CH, CH; JAN /W
/ & Y A \ 4 —_—— = \
/\/\‘/\\i/f S HUL A 1 €0, -0,
0P N0TX
CO;H COzH '
CH; CH,
A~ /\l/‘(

= Carbonaceous char

[10]
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P-C P-0 (nucleophilic)

2.3.2.5 [22]

(intumescent)

(acid source)

(carbonization agent)

(blowing agent) 2.3
2. 3 [22]
) ()
(inorganic acid) (starch)
dextrins
(phosphoric) ( )
(sulfuric) (sorbitol)
(boric) (pentaerythritol)
oric

(ammonium salts) (phenol-formaldehyde resins)

(phosphates) (methylol melamine)

(polyphosphates)
(borates) )

(polyborates)

(sulfates) (urea)

(halides)

) (urea-formaldehyde resin)
(melamine phosphate)

(dicyandiamide)
(melamine)
(organophosphorus compounds)
(tricresyl phosphate)
(alkyl phosphates)

(haloalkyl phosphates)



2.3.3

o

—»

(polymerization)

‘. ______

(spinning) >
2 -

<+
2.5
(spin)

(pad-dry-cure)

1)

(2)

(4)

(€))

[6]

(co-monomer)

(additive)

13



[6]

[1,2] [3-5] [6-9]

2.4
2.4.1

(plasma) 4

(ionization)
[23]

(thermal plasma hot plasma)
(non-thermal plasma cold plasma)

[24]
(direct current, DC) [25, 26]
(microwave) 915 MHz ~ 2.45 GHz [27, 28]
(radio frequency) 1356 27.12 MHz [9, 29]

14



2.4.2

(hydrophilicity) [30'32]
(CFfl) (SF6)

(hydrophobicity) [29, 33, 34]

(cleaning) (etching) [35]
(polymerization) (grafting)
2.5

2.5.1

(back-scattered electron)

[6-9]

(Scanning electron microscopy, SEM)

(secondary electron)
(X-ray)

15



2.5.2

(Attenuated total reflectance fourier transform infrared spectroscopy, ATR-FTIR)

(transm ittion)

ThBr AS8CI

(refractive index) 2

2.5.3

(Thermo8ravimetric analysis, TGA)

2.6

A

TCil B (tilllc —

2.6

[36]

16



2.5.4

Limiting oxygen index (LOI)

LOI
LOI{%) = - A —
[N2]-[O Z]
LOI 21%
21%
LOI
2. 4 LOI (181
(cotton)
(rayon)
(wool)

(polyester)
6 (nylon 6)
6,6 (nylon6.6)
(acrylic)
(modacrylic)
(NOMEX)

(KEVLAR)

LOI

Limiting oxygen index

LOI

LOI (%)

18.4

18.9

25
20-21
20-21.5
20-21.5

18.2
29-30
29-30

29

21

100%

17

LOI



k) . .
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SECTION A A

LOI [37]

(Electron probe microanalysis, EPMA)

2.5.6

(tensile strength)
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Gaan [11]
(tributyl phosphate)
(urea), (guanidine carbonate) (melamine

formaldehyde)

LOI '2.5
LOI
2.5 LOI
[11]
PRI R 21O\
LOI LOI LOI
2:0.9 25.3 25.3 25.5
2:7.2 27.5 27.5 26.0
2000 Gaan [12]
(phosphoramidate)
(diethyl phosphoramidate, oepa)
(2- ) (N(2-hydroxy
ethyl) diethylester, ranene) (alkyl)
( LOlI 30.3% 29.8% )
(triethyl
phosphate, TEP) ¢ L0 26.3%)
P-N
o A on £2 2 &
'° "o 0X A A

>i68Lfl. M

2. 8 Gaan [12]
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Nguyen [38]
) ' -3- ' (dimethyl-3-
hydroxypropylphosphoramidate, MHP) (methyl)
(flame spread) LO! H
(thermogravimetric analysis) LOI
37.2% 600 35.36% -3-
(diethyl 3-hydroxylpropyl phosphoramidate, EHP)
(ethyl) LOI 33.4%
600 31%
Tsafack Levalois-Grqtzmacher [7]
(acrylate) 4
) (diethyl(acryloytoxyethyl)phosphate, DEAEP),
-2-( ) (diethyl-2-(methacryloyloxyethyl)phosphate,
DEMEP), ) (diethyl(acryloyloxymethyl)phosphonate,
DEAMP) ) (dimethyl(acryloyloxymethyl)
phosphonate, DMAMP) 2
( ) (diethyl(acryloyloxyethyl)phosphoramidate,
DEAEPN) -1,3- ( ) (acryloyloxy-1,3-
bis(diethyl phosphoramidate)propan, BisDEAEPN) 2.9
O O

5
)\[ro\/\o'é;?OR

o) =3¢
/\lr V\H OEt

o) (@]
DEMEP: R =Et: R' = Me DEAMP: R = Et
DEAEP: R=Et: R" = H DMAMP: R=Me

0. OF1

O 2
0 \ PER
'~ __OFE1 \_< NE OEt
O{
NH OEt

0" SOEt

DEAEPN
BisDEAEPN

Tsafack Levalois-Grqtzmacher [7]
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LOI
DEAEPN BisDEAEPN 28.5 29.5
LOI 2.6
2. 6 LOI
Tsafack Levalois-Grgtzmacher [7]
LO i loi2
%G1 %G?
(8/1) (%wt) (%) (%)
DEAEP 300 10 43.2 26.5 35.5 25.5
DMAMP 200 10 el 26.0 24.2 22.5
DEAEPN 300 5 38.6 28.5 25.4 25.5
BisDEAEPN 200 5 29.8 29.5 26.7 25.0
Tsafack Levalois-Grqtzmacher [6]
(accylate)
4 ( ) (DEAEP), -2-
( ) (DEMEP), ( ) (DEAMP)
( ) (DMAMP)
(polyacrylonitrile, PAN) 2.7 Lol
Kamlangkla [8]
v ( ) (DEAEP) (
) (DEAEPN)

LOI 2.8



2.7 LOI

[6]

DEMEP
DEAEP
DEAMP

DMAMP

2.8 LOI

[8]

DEAEP

DEAEPN

2- 1
MEDP) 2-

benzenephosphophate,

2.9 LOI

[37]

MEDP
MPBP

MPBP

22

Lol (%) Lol (%)
21.5 21
22 20
23.5 20
26.5 21
=200 g/L (DEMEP, DEAEP) 300 §/L (DEAEMP, DMAMP)

(initiator) = 5%

(crosslinking agent) = 20%

DEAEP DEAEPN
%G1 LOI1 (%) %G2 LOI2 (%)
sl nds 30.5 9.45 29.2
10.16 29.0 8.99 28.0

Jermsutjarit [37]
(2-methacryloyloxyethyl diphenyl phosphate,

(2-methacryloyloxyethyl phenyl

MPBP) 2.9
MEDP MPBP
LOI LOI
(9) (%) (9) (%)
3.05 28 3.05 24
3.78 24 3.78 24

2.54 28 2.54 28
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