21 (Polyethylene)

(Addition polymerization)

-(CH2n
1
high pressure , H H
nH C= CH_ "~ - - c—Cc—
: g O, N ;4 \‘4 ‘n
- 2.1
! [2-3]
(1) (High Density Polyethylene, HOPE)
1 094 |

(Organometallic - compound)

(Linear polymer)
21

T

21 [2]



2) (Low Density Polyethylene, LDPE)
0.910-0.925
2.2

(Free radical initiator)

(Shrink film)
2.2 [2]
(3) (Linear Low Density Polyethylene,
LLDPE) 0.915-0.925
(Copolymer) 1- (1-butene)
(Ziegler-Natta)
2.3
65% (Shrink film)
(Stretch film)
LLDPE

(4) (Medium Density Polyethylene, MDPE)

0.926-0.940
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(5) (Very Low Density Polyethylene, VLDPE)
Ultra low density polyethylene (ULDPE)

0.86-0.90
2.2 (Flame retardant) [4]

221

(CO)
(C02 (char)
(HCN)
(HCI)
(CO) (HCN) (HCI)
R-H (Polymer) A » Rt + H¥ (22)

He 402 —)  HO +0* 23)



HO*+CO W - ) C02+ Hr
(24)
H* HO :
H¥ HO
2.2.2
()
3 5 7 B
(Al) (N) 1NN @) (Br)
R-X )R+ X (25)
G N R— ) R+ HX (26)
HX H¥ HO*
Y — 2+ X 27)
HO* + HX = —— ) HD + X- (2.8)

2.1 2.8



(char)

2AI(OH)3

2H3B03 2,07

(Vapor phase)

HP 04

H* + HPQ-----
HO + PO

-------- )

180-200

2.9

AID3+ 3HD
130-200  260-270
2.10

2HBO02 -0 ~ B23

(Condensation phase)
PO
(H*  HO)

HP02 + HPO + PO
—y HPO

- 2+ PO

-} HPO- + 0%

500

(2.10)

R
(212
213
(2.1

~_ ~— ~—



(Isopropyl triphenyl phosphate) (Alkyldiarylphosphate)
(Plasticizer)

4 | |

(Intumescent)

2.3 (Foam) [9]

, (Cellular  plastics)

(Polymeric foam) (Sponge)
(Phase) (Solid polymer
matrix phase) (Blowing agent)
(Void) (Cell)
(Polymer blend)
(Fillers)

(Flexible) (Rigid) (Glass
fransition temperature) (Chemical composition) (Degree
of crystallinity) (Degree of crosslinking)

(Semi-flexible) (Semi-rigid)
(Rigid foam) (Semi-rigid foam) (Semi-flexible foam)
(flexible foam) (Cell structure)
(1) (Open-cell type) ' '

24(1)



2) (Close-cell type)

231 (Foam Formation)

1 (Bubble Formation or Initiation)
@
@)
3)

(Methylene chloride)
(4) (Flollow - microspheres)
(

(Surface tension)

(Fluorocarbon)



2 (Bubble Growth)

(Sphere)
(Viscoelastic)
3 (Bubble stability)
(Crosslinking)
2.3.2 (Blowing agents)
2
(1) (Physical blowing agents)
(Physical state)
(
) 1 (
)
2) (Chemical blowing agents)
(Thermal decomposition)
(Interaction) 2
(Ireversible)

21



Sodium bicarbonate/NaHCO,

N ,N"-Dimethyl-N ,N'- dinitrosoterephthalamide (DNTA) /
CB6H4-(CON(CH3)-NO)?
4-4"-oxybisbenzenesulfonylhydrazide(OBSH)/0(C6H4-

0 2NH-NH?2),

Azobisbutyronitrile (ABN)/(CH.)2(CN)CN =NC(CN)(CH3)>

Azodicarbonamide(ADC)/H2N-CO-N=NCONH?2

(Azodicarbonamide)

165 |

8

100-140

118

130-140

100

190-240

(Dimethyl sulfoxide)

190-240
270 /
: N) 65
: co
: (C03 3

(Additives) (Kicker)

19



24

233

120 - 140

(Die)

(Crosslinking agents)

: , (Dicumyl peroxide)

9

(Polyethylene foam) [5, 9]

di

Halogenated hydrocarbon gas



Dicumyl peroxide, Di-tertiary-butyl
peroxide

2
(Irradiation)
24.1
(1) ' (Cushion Packaging)
(Flexible)
(Shock)
(2) (Thermal Insulation)
(3) (Structural - Component)
(4) (Marine Application)
(5) (Miscellaneous)

(Gasketing) (Sealing)

13



14

2.5 (Lignin)

(Polysaccharides)

(Amorphous)
(Aromatic ring)

(Wheat straw
lignin)
Milled wood lignin
(Alkaline lignin)
[9, 10]

25.1

Coumary alcohol (p-hydroxyphenyl), Coniferyl alcohol (Guaiacyl)  Sinapyl
alcohol (Syringyl) free
radical



(ﬁH CH CH
CH CH SH
() ()] ()]
) 6—| i “OCH; CHO" _| OCH
UH OH
(A) (B) )
2.5 (A) Coumary alcohol (p-hydroxyphenyl), (B) Coniferyl
alcohol (Guaiacyl) ~ (C) Sinapyl alcohol (Syringyl) [11]
25.2
1.3-14
(Refractive index) 16
(Alkaline) Oxygenated organic compound
(Amine) (Heat of combustion) 29.5

[12]
253
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3
(1) (Softwood lignin)
2) (Hardwood lignin)
(3) (Grass or Annual plant)
2
(1) (Sulfite " lignin) (Lignosulfonate)
2) (Alkaline lignin) Soda hlack
liquor  Sulfate black liquor  Kraft black liquor
255
(Tannin)
[13]
(Vanillin) (Phenal

compound) [14]
(Al
[19] (Flame retardant)
(Antioxidant) [16]

16



2.6

[17]

(Polysaccharides)
60-80

(Lignin) 20-40

(Extraneous component)

3
(Mechanical Pulping)

(Semi - Chemical Pulping)

(Chemi-groundwood process)

(Cold caustic soda)

17

2-10



(Neutral sulphite semichemical process)

(Sulphate semichemical process '  Kraft semichemical

process)
(3) (Chemical Pulping)
( )
2
@ (Sulphite Process)
! ' 1 1

(Sulfuric Acid, HS04)
() (Alkaline Process)

(Soda process)

Anthraquinone

(Kraft process)

(1) (Washing)
(Screening)



(2) (Bleaching)

(3) (Mixing)

(4) (Beating)

(5) (Paper additives)

(6) ‘ (Paper marching)

(wire section) (press  section) (dlryer
section)

2.1 (Black liquor) [17]

2.2
2.3



2.2

[18]

1.097 17.5

12-20%

3.55%

2.44%

2.76%

2.77%
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2.3 ( ) [19]
element
(C) 36.4
(Na) 18.6
() 4.8
(H) 35
(K) 2.02
() 0.24
(N) 0.14
(0) 34.3
2.8
Alexy P. [20]
(Single screw
extruder) (Compression molding)
(Melt Flow Index, MFI) (, )

(Stabilizer)



De Chirico A [16]

(Melamine  phosphate)

(Ammonium  polyphosphate) (Monoammonium  phosphate)
(Aluminium  hydroxide) (Poly(vinyl
alcohol)) (Hydrolytic lignin)
5 10, 15 20 Dynamic mechanical
analyzer (DMA) storage modulus
1 15 storage modulus

Thermogravimetric analyzer (TGA)

Cone calorimeter
J [21]
manchurian  ash
(ammonium polyphosphate) (ammonium  dihydrogen
phosphate) (boric acid)
TGA manchurian ash
36

Fourier
Transform Infrared (FUR) C-0-C, C-0, -OH
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CH (aromatic ring)

(phosphoric  acid)

(polyphosphoric acid) C-0
X-ray Photoelectron Spectroscopy (XPS)
C1S ( CC)
L B [22]
! [21]
(boric acid) (quanyl urea phosphate)

(ammonium dihydrogen phosphate)
(ammonium polyphosphate)

ammonium  polyphosphate
manchurian ash
C-C

Pichainarong . [23]

-6
5432 1
Chemical Oxygen Demand (COD)
Gel Permeation Chromatography (GPC),
Nuclear Magnetic Resonance (IC-NMR)  Fourier Transform Infrared Spectroscopy
(FT-IR)



9351
Pongsai . [24]

112

130

1,348-1,540

24

24
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