el

4= AM7|7|(DSC, DTA, TGA, TMA) Q)

P
(= =]

7 € dEd-3 M H

1. M =

B¥-A(thermal-analysis) o€t &do| &2]3 ¥<=(ph-
ysical parameter) E 259 I8 Uehlise £ 4o
th & B9 258 AYshA Wsiale wet vehs
g3 B4 AstE Ak ot oldf o Eg| yge
HEE B 207t whih oyl WEe] lad di
2l 5 ofefet i,

o gL Jgtule] W3} =3 | DSC(Differential sca-
nning calorimetry)

DTA(Differential thermal analysis)

o Zako] W3}l =4 ! TGA(Thermo gravimetric anal-
ysis)

H 1 Aus P

T . Parameter Instrument Transducer or
echnique
measured employed sensor
Thermogravimetry Mass Thermobalance Recording
(TG) balance
Derivative thermo- dm/dt Thermobalance Recording
gravimetry (DTG) balance

Differential thermal T T, DTA apparatus Thermocouple

analysis (DTA) thermistor
Differential scanning dH/df DSC Pt resistance?
calorimetry(DSC) calorimeter thermometer
Thermomechanical Deformation,  Dilatometer LVDT
analysis (TMA)P volume or

(dilatometry) length

DYNAMIC thermo-  Modulus/ Many different Various
mechanometry© damping instruments

Evolved gas detection Thermal con- EGD or EGA  TC cell or
or analysis ductivity® apparatus otherd
(EGD, EGA)

Thermooptometry® Light emission Many different Photodetector

transmittance or instruments®

Thermoelectrometry  Current or Electrical Different types
resistance conductivity
appdratus
Thermosonimetry Sound, sound Many different Piezoeletric
velocity instruments crystal

o 71A1Z E4e] W3} 2% . TMA(Thermo mechani-
cal analysis)

DMA (Dynamic mechanical analysis)

T18re] WS 2 Thermophotometry, Thermosoni-
metry, Thermoelectrometry, Thermal conductivity and
diffusivity 5 thekst WhiEo] ok

oleigt ARAIIVES 28719 754 7]7|25H
A nAF 71712 FAT $AE ke o= A
o) whde) FYe vt 29 B3 AFHY 58 e
gl vhAEEe 9ol us gekst 215E 2 3
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Principles and Application of Thermal Analysis . DSC, DTA, TGA, TMA
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2. DSC(Differential Scanning Calorimetry)

DSC+= 19633 w9} Perkin-ElmerAl7} DSC-10]@
o2 2 Az Az} Bl 1% NAY e A%
BFEFe 7R 23 dele % 2o,

#A) ao BlEn g DSCE A% Skl ot
o thagre] 22 2 54 Helel Aot siedl @Al 71
Wol ol= WHERE ogn g2 A Utk

i) Power compensation type DSC,

ii) Heat flux type DSC

i) i, i) 83 DSC

olEg& UEUHES] %, GHE] oy olE 77 7
Z ¥ 5% 288 v ge g,

21717|9 = A g

2.1.1 Power Compensated DSC

Power compensated DSC2] th%# 7]7)¥ Perkin-El-
merAle] DSCEM 1 32+ &u) ), 32 12 sam-
ple holdere] -txIkolw 8| 2+ 7]7] Ha| FzR9
block-diagramo|c},

of WA 7719 A & 53e Fh F 0L fur-

Pt
Sensors

vvvvvv

""" Y

Individual
heaters

18] 1. Power compensated DSC sample holder.

DIFFERENTIAL TEMPERATURE
CONTROL LOQP
SAMPLE TEMPERATURE

AVERAGE TEMPERATURE
CONTROL LOOP
SAMPLE TEMPERATURE

(TEMPERATURE
RECOROER MARKING)

!
t
|
|
|

PROGRAMMER
> SAMPLE

&
C:\\‘? HOLDER
L
Q,Q‘-\\Q’ & /"; O
& T CE, S
£
¢ X l G
AMPLIFIER !
(DIFFERENTIAL |
TEMPERATURE} |
|
|

REFERENCE
HCLDER

AMPLIFIER AVERAGE
(AVERAGE f—TEMPERATURE
TEMPERATURE) COMPUTER

RECORDER |
(DIFFERENTIAL
POWER) |

REFERENCE TEMPERATURE

REFERENCE TEMPERATURE }

3% 2. Power compensated DSC system block diagram.
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nace”} sample &3} reference £2. 8 71z} ol Ao},
23] 1919 25 7} furnaces YA 0 € heaters} Pt A
A E sensorg 7 ot o] Fl9] furnace: 1799
sample holderel #2tslo] itk 1 22 WS 1Y o
=3 #h

T F=z=e 34 differential-temperature loop
(DTCL) ¢} average -temperature control loop(ATCL)
7F dtk. ATCL-2 programmero) 2l3f HAE 433 &
L2 58 Wil £ 13A)7)e 7)5S dn DTCLE
AlRe] W, F49ol 23 sample furnace$} reference
furnace7te] 2238 7R3l Yol 2% zlo|F BA}
atod 2 ztol7} IAl B 2A8 = 7I5E Ik A=
AR} BHo] Hg A Fdol Yoyt sampleZe] &%
7} SobAlA Hledl olg BAE] fa %9 dHE o
By o] 2xv) gobAd 2A4skm o B9 AR G
215 24 data system© 2 W&t} ATCLoA9] Alg e
DSC thermogramel] 1o} 2%%o] ¥} DCTLAA Y}
Hee g dslEo] "o

23 3£ PETe} 22 3} E3e] 4382 thermo-
gramO.R2 AR5 2T W Ha3r), HEHoMe
&4 9327t e,

DSC 241ellA HAe] WAL dgulel wslel 27 v
#lghet,

T

Peak area=kxAH

o9 WAL il BHido) ALS-E AFaa 27 g
energy conversion factor k&= Al84 #A=le] 9 49}
© FHEh & AEY XY dAdxs, 948 s
Aol glon 24 dae 9o Fikshed o] &
Eok= FaatA A4 gabel 7hssi.

o]} 7+o Power compensated DSCe] AohaS ww
olzjje} il

C )

e AHE A FAnE £xrl wan G4
3lct.

o A| 5.9 AMg-EFo] mg W= Wi o},

0_8‘..
3

Endo
~
3

Exo
-
—
L]

ch

Temperature
8 3. PET¢] DSC thermogram.
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o 2% izl & §H £t wan oHgsio)

o 2% MAZ Pt AFPAS AHEIEZ 4 Yol
ABAZ) Fo1y HAYo] &40},

(&)

o 7} 29] heater, sensor$} FZAE o] Zz]o]
o] 2.4l ofsirt,

o Sample, reference 57019 7142 & sl 13|
Us 27t 7R3k 2719 (5~69gkd) sample hol-
der HAE A atedof strh,

o Zta Y17 7tH2 e AME o R UlTAo] "ol

o AN gxo] Zo] FLHFAF A &% 725C)

2.1.2 Heat Flux DSC

Calorimetric DTA %+ Boersma DTA#}ilx 3R]
234" A= power compensated DSC% #Z-& ez
o} 71719 Fu 23 e dojMe & Ao)FEE
Zhod) @A) AlEE I Qe giEEe) 77|88 o] e
7171go]ch.

Heat flux DSC9) 7}4 2 532 28] 409} 22 sa-
mple®} reference?} 709] furnacerol] ¢x)3tch= Hoj
o}

Power compensated DSCel| A= sample #} reference 7}
2zt 879 furnaceo] 93 7Fd==d W heat flux
DSCollx= 719 #bd furnaceo) 2J3) 7FE 5 T sam-
ple, reference plate v} 2 W] A% thermo couple se-
nsoroll &3 Z47te] 2xrt A Ech uiPA @d, §d
Foll 93] sample ¥} reference7te] £% zpol7} AP S
o) thermo couple sensoro] 28] @] &9 L5 ajolE
ZAE ® o]d BAE o]Fo[z] gErh 283 heat
flux DSCol lojAE o] & AE2HE 3 Wi} o
OJEFE FFate] A

mepr] AlE, Axe] dAEE, FE&F o IS Al
%1 energy conversion factor k& &% ma} gl a
2 A3 dolets 7] iMe deile] LxoA B
A&l = Aol Frh Z3F 2% sensorE ARE3R= the-
rmo couple] 2%of g XE &2 H¥H Fx] ¥4

Thermoelectric disc

Sitver ring (Constantan)

Gas Purge inlet

f Ao o 4
Sample chamber Sample
Reference R pan
pan >
¢{— Chromel
Waler
Thermocouple
junction A&‘i’r‘le]
Heating block Chromel wire

@l 4. Heat flux DSC sample holder.

OEXEn 7l A48 53 19939 109

7h Fhe A= o3 EAIEES 7ESAl7lE 290 €k
o] heat flux DSCe] Faa& X ofefs} g},
=)

o AlES FE, 7k B4 B 2 furnaced] £
o 73t

o 7kd &z} sty o] ),

o 23 &% W7t Yok
oA

o &% 7}7A] sensorZ thermo coupleg AME-ahed gt
22 MIZE A Hed 2% ddl oy 28 Hgte
HEHAV/AT) 71 2ol ool 27t Qa9 o] A0 21 A
P vy,

o &H £t =gl AES G Aol s

o 2k P Mo] HojAn 53] G2 oI} F¥ &
A 2k wsle] gk F5 Aol dojAuh

o Rl go] gt

2.1.3 £8% DSC

03] 5= £33 DSC&EA heat flux DSC2} power co-
mpensated DSCE £33 3e)o] 7)7|o|c},

Heat flux DSCs} #o] #cka} furnaceto] sample}
reference?} EAlol Ax]g)o] glo K3 power compe-
nsation DSCe} o] sample, reference Z}z} @A)
HZ heater7} o] o}

AA Y P 25+ furnaced)] 98] 2AHT §Y, @
Holl oJgt 227t A ALont B heatero] 23
Hojo] o]Fo]R 1L o] B AMS-E HFHFo2RE A
of &3 HolelE deth,

2.2 Application

2212 &

Sroll A g3t upo} o] DSCo A= sample} refere-
nce furnaced] 33 24 UA2RE de 2, &
W3t Holelz e Alge 24 sty 4As 4 F 9
ok olw) H39] x|, ®ok, A4 FoFH AFHQ
BEES A& F 3lon ga9) WAooz E Fik Wsle
AFA) ARE AL 4 Q). E3) Alg87) nEa B9
ZAgole WS 23 AREL AUl f&si

~
~—

=

Pan

Furnace tube —% g
Base
Sample Reference
)
° a] 5 Sub heater
Ext. furnace -y o Termocouple
[o] o
o DIFFERE;;JTIAL O
AMP.
]
pire. Diff. miric
calorimetric RECORDER
“circuit

2@ 5. £33 DSC sample holder.

389



ole} o DSC thermogram® ZHE] $a]do] &xn
(glass transition temperature ; T,), Y233} 2 %(cold
crystallization temperature ; T . ), =2 = (melting te-
. AA3} 2% (crystallization tempera-
AE 9oz 248 A, ¢k, i,
XéiE & 7 Ak

mperature . T, )
ture 1 T.), ¢
g

ol 5ol 2
222 & 49t
273 KA EK}E} T}kl temperature scanning S

of NEEIE A B ol ABHE BE 2t
st run, 2nd run, 3rd run, cooling run, iso thermal run
5ol Qdl o SxE e g
(1st run)

wedl 9 SER SRS wSlUA 2gshs ol
ch. el Also) e AeiE 2 4 o 5 glo] Alis
A, #7185 20 §& Yohlied f&ah e gt
2ol wg 44 5 shed olgdrh

(2nd run)

Ist runt @o] Alzo] Lii F3 43 5Ud &
ZbA7)3 o]F OhA) 1st rund WA ZgPshs vy
o} oA shH AlErt FrbgelA] Uokd ZHE dole
W glojAal AlRaife) Adge] 4erh,

Jgl 62 1% % PET chipg 1st run, 2nd rundt
Ao 2nd rundXe dAelol 23 peaki= §lojAl

=}

a2

_ﬂu.

r‘o 9 oF

(=3
o
5
2] .
Tam
1st Run /U ‘
Tm :
2nd Run /\_
o T, \/ :
a To
Temp.

02l 6. dxel € PET9 1st run¥ 2nd run DSC thermogram.

Endo

—
fﬂf—f
3 2

‘E("i"
"<

Temp.

28| 7. Nylon-6 #] 42} 1st, 2nd, 3rd run DSC thermogram.

390

|

Exo
-
ot

2@ 8. Cooling run DSC thermogram.

Q
o
(=}
‘”]}
<
£
(-L]J

23] 9. Isothermal run DSC thermogram.

Time

PET 31r9] 54 peakibol Uehde & 4 itk

(3rd run)

2nd run® W= AlRE 521 F AA A 55 A}
B3l JWAIA AEE 48] H APPSR UE F 1st
rung 3k doloh ol AR X FU1F A §
S AAL FAHoR Aa ufe] AEE dux & o
ARg-gi),

gl 78 nylon-62] 1st run, 2nd run, 3m run®. 2 1
st run, 2nd run FolX= T, T S0l YA doy
3rd rundAe o5& & F vk

(Cooling run)

5O LR Be LEE BT HE2 §2ATIRA
ZXsH= 9o}, 1A} A|lge] A AAI} LrE =
A= ARE-E O8] 88 cooling rung] Yy ¢l DSC
thermogramo|t},

(Isothermal run)

Cooling runi Hj&3HA & 2EoA W2 258
Zt A7 BE E5ol4 2og fAs: WrHolth
o] e F2 nEae By oAl A4E 58
Aed AHgEr) old 243} = Yoz gl 9
oM My Ha3Ze] HukE Feth (ty,)

2.2.3 Mo

2.2.3.1 Polymer Blend2| 24

2% polyethylene(T,, : 134C) 7 HUL polyethy-
lene(T,, : 115C) ] blending=le] 31-& ®l melting peak
£ 33 103 Po] 1% PE, AHYUX PE2] melting
peak 2]ol| F @A (co-crystal) o] 2|3} melting peak”} 3h}
o e, e UE PES] $A%st 58 Aol
a2 11 #Zo] 719% PES] melting peak7} $& 252
olFo] Adojdrt.
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Exo

115¢C
124C

134T

Endo
-

Temp.

I.DPE HDPE I

T } ,
| V
' Blend l ’

' A
| Ty shift J

Temp.
21| 10. LDPE, HDPE blend.
|
! 452K /\
A
413K A
a0 s0 600 (K)

g 1. 9389 PETS DSC thermogram.

Nylon-63} nylon-6,632] blend2] 3-$ole ¥ B39
Z7F Aol 4 1702) melting peakylto] v}2r}, 13v}
nylon-6% PET%}e] E35¢ Aol Z4zbe] melting
peako] It 2 2t}

ool M & &= 9l AL A2 & F 52 EFEA
Rl M2 ol 48440l F4°5 melting peake] Wzt
an olF £ = 9 peak 2 YIE gtk A
o]},

2232 €039 F£H

DR} AEFEL Ax FHANA odejrtx] Fejo] A=
£ 2 Hed ojl mE) 2zl Wi AAsle, 239
7], wjgk Seol WakA "ol oleldt 7z Wik E40l

oo

A2X e 7| A4 ¥ 535 1993 10¥

T IS 7 Aok g o) dA] 2xE wen
Agsl & = UdH FA Feldd W /8 ol
T3 NS A2 O 2xoA 933 PET 449 1st
run DSC thermograme|t}, o]} 3 A|5+= 437K M o
A2l g Y, g s 398Kl A FAels g Aol
Jg] 1194 25 g3 &5 B} ¢ 15% AL =2 9
2o 2h& FE peako] Ehbdt), o7 BE dxg £EE
% 4 1A Foh oldf o] 22 &Y peako] Hxg) Azt

Ehbdhe ol The 9] e gl ejat Zojekn WY
4 glom gF Uehks 49l GAelol 2)8k peakolehi

Aol olaf wigk 5l At Fof vjHltze] Wt
dojtct, ofe] J@FoR §1 B §74 peak] 2go] ¥

b

32| 12+ nylon-6,69] 4] wsle] WE melting
peak?] ¥W3lE HoF1 gjch, Melting peakys 3418)7}
20 3= "W7txe 260C 2 A @d peak o2 e}
o, ey A7 228 dA €99 double melting
peako] LRt

Azt gk mel Be o 9l peaks HR
AAAA F& 2pFod o)}, 12y w& X9
melting peak- ¥ H3LE Ho|x] of=v). wep HAl]
o} #A7} Ae peakw H2E AYS & 5 v A
HE ol HEAIRE ARt P3ME WhEo] 11 1]
ARE SR 11 AHE dobd F Ut

2.2.3.4 oA 4H Fx=9 £

8 BHY A 12 45k WY DSC ther-
mogram9l] VERE melting peak 9] €)Xy HeRv) 2L 1
Ak AR T DH3 AA7E lvke 7HEEklA o)
£H. 53] 9Ay A THE AR HF 28R
2§ HEL DSC thermogramol| 4] &% double melting

-

m[ —‘\/ 20
W )

Temp.
33 12. Nylon-6,6¢] 4o w& peak shift.
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Q
Td:‘ 210C X 1hr
‘V‘ |
220C X 1hr Y
230°C X 1hr ’
¥
240 X 1hr
1%. V
=
43}

200 250 ()
33 13. Annealing A% W& 8§ AS< wizt

peak-& JEPATE

03 132 gx2] Zxo) o melting peake] W3HE
BodFa gl

o]3 ©]F peak7l A7 8810 FIM= 27t A
So} glon} thae] 47}x)7} g 8 Aog Bl

o 0]F 8§ ¥z wiske AR Hwigsie] <F ¥
9] A4 Fe] gaol] o3 g3l 71A %

o pAA 9] A7} perfectione] A2 ThE FHEFo| A
el 7131 g}

o Extended chaino.2 3A¥ A% 7 folded chain.®.
PAg 249 A T3 2L morphologyell 71Q1gkt

o &3l BAF 7] AA9) $§ ¢ AAAsI NEHE
AR ALl 27 mhel) 7IIEch

22357 E}

9] FAG 2§Y 58 ol&dtd ARIAE FHY
4% glon vh3-go| A4 23 e FxY F3,
2% A3} vhgo] 23 2w ALLHY Alge] 7] 7]
g vpZEoEN A8 43, B #HE FHE 7t
F8tch

3. DTA(Differential Thermal Analysis)

3121719 = ¥ el

38 g

DTAE: A& 94 £58 71 22 Y44 AAS o
289 elAE g3 B4 Wbl gle 7E BAR
e zolE 2% 2 7B otk &% Ajo|7}
A7E AL Agd @2g, Fdol AAtEA 58 g3l
oojyths A& £t} o) 2% AJo)& K glo] ©
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Single heat
source

23 14. DTA sample holder.

23] gloluiat o8 Wl Wake BaE Hold, ol
o] DSCo}e] & Aol o,
3.1.2 7|71 =
DTAE DSCsh= g8 17l9] i Enre &u, T3 14
= gutA ¢l DTA sample holdere] 70|},
o 7tdR ¥ 2= 2ARA
o He: —90~2800C
7k W L HE, A4,
o eEE
: Thermo couple, thermopile, &)
3.2 Application
DSCe} A9 Y

aFshy, ey

4, TGA(Thermo Gravimetric Analysis)

4.1 7|7|e} 7= A% 2|

4118 g

TGAE 9A% £52 25 HIAHS o dF AT
Sk Aol Alg FA WEE &k Folch
TGA| 23 A5 T4 ALE§ AR ddd 3
Zdeo ANE Jehla a5 A FUAe 24
FAUE GEFY 7hde] E%E o XA PANE &
& SIA g,

22 15= AytA 9l single stage TG curve 24 £%9)
o mhE A A4S Ho 3 glvh. 9YIA T
23] A% 2ol Tee HF 2 2M o] H47) &
ALL oJujgit}, oA T, T £ 4Tl 988 e
b getdoz 9 WY B ¢ 2t WESTS £
& erzog o)Fo] dojvtrt. 133 168 CaC,04 Hy0
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Wt.

Ti

Temp.

g 18. Single stage TG curve.

~—— 2.5C/min.

----- 5C/min.

~ = 10C/min.

500 700 ©)

3] 16. Effect of heating rate on the TG curve,

9 g3 AEE 5L £x2 uHsbEAN 23S 31014
TN B £ S0 245 T, Tyt 22%os
lEFE B 4 Utk o9 e TGAE thost € €
HHES Z3 Qi

D

o AT Agol AMgoz ThE 7)7)o) Hls AEH ol
4dg d7sked goh

o Al Ao, AR 5T BE 7R
74 ool Wtk

o FUErt F1 QYA o] Frh

(&)

o Furnace ] $x)7} tojele] 2 gaks =ow 9x7}

o) shtolmz

DEXIEtn) J)a A449 5% 19933 109

Balance

Balance

(b)

Balance

(c)

2@ 17. Furnace position in thermobalances : (a) below balance,
(b) above balance, (c) paralle] to balance.

Khnife edge

@<= Counterbalance

Recorder

18 18. Balance mechanism.

v A BZE stedofut it

o Furnace?} #AA] W4 £x7} =gt}

412 71719 74

TGA= YwHH o & programmer, furnace, micro-ba-
lance, recorder 502 FAlEo] ok,

o Balance ! TGAo] 9}o] balanced] FUE+ 7]7)9
Ao FHeEHs ) Fo s Roz 13 1748 o
712 il Ago] AHgET led 11 548 2Y v
I

Spring defection balance( < 10g, YL 5mg)

Top-loading deflection balance (2} 2¢g, YL 5mg)

Top-loading null balance(1g, 0.1g, 10mg, 'YX 0.
005mg)

Bottom-loading null balance(10g, HYU% 0.004mg)

Horizontal null balance(300mg, 2% §.2mg)

8 182 balance®] ¥ytA o] mechanismo. g 1 £}

}ge e 2o,
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Balancew &7 H¥ ez fA€ wpaby Az
Hgol ofsf %o 71¢H lampolA 2= Lol Wyl
Z 4] photocellel] B-& oFe] Wo] zAtsio] A& AF7 A
A}, o] AlFe coil2 feedback¥lo] Bt} & #H#E7)
coll 2 HulA] ohA] HE G oA Hrh, o] Frlg Mz
= AHe Mg B4 dstet viaskA slog o] 2R
A WskE Z4sta g

o 7l 2

Lx¥9l 1 —170~240C
7t L A, A9

o Al 87

DU, dRelg, Mgy §
o 2.5 ’;7;26‘
. thermocouple

4.2 Application

TGAw +2A AapEa y7)as &de A HalE
sk Adoloh, 1) HA HIE dod)E 253 A}
& 71719k Aliie] B4 wit chevz g4 on| g 2t
=th WA TGAY: #4;, =i, 8%, %8, #7271, ¢
7l A 5 oL AR H9TE e W

Ao wWEE TGAZ £4% & dve g4 vgy
$21= %

(Physical changes) (Chemical changes)

Solid--Gas
Solid1--Solid2 + Gas

Sublimation
Vaporization

Absorption Solid1 + Gas--Solid2
Desorption Solid1 + Solid2--Solid3+ Gas
Adsorption

4.2.1 TM9| 24

TGA E-Holl glo} ¥-¢7] 7hxo] ks &9 W3l
whZoll} & F 048 et 13" B9 sk 878
oA ghEd] LS M At A o] TPl =
del RAE By AT Ads] el AH Fo.2M 7
o] 7R3t 7297} Bk olu switching value® H%
Abgsl=H o] A9 7h WA ool R bEe) &3t
HEoR Mgyt Wae BA ke A9t g &
5] k28] fFol BV A Fue furnaced AHEEE
745l go] dojdr}, o|F H}7] sz JHEdet &
7] 729 F45S FEAU Tk Bl kel $3
TS rEo] Y HEE 5 & UA whEoof g
=2

42.1.1 D2 SO TAEN

72l 193 mineral filler, carbon black, oil o] &+
H 7 FEES TGAZ ZH3g Zolth,

(A) 2] %9+ carbon black, mineral filler7} Eo]3l
B AT ugEdd o8 i vk B dlelAM 28
2jd WA nel dRe)7E dohdeh, eyt mineral

to
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W%
Nitrogen Air
100

| (A)

100 .
‘k‘\—‘| (B)

100

| ©

300 500 700 900 (%

22} 19. H7bA7 vigte g wi g Ee] TGA thermogram.

filler, carbon black %& ~1th& &34 o}, olnf &
9)7] 7}22E air& v} F W carbon blacke- 2F3}E o] CO,
7t ey "o weld HEH R v AL ash,
mineral filler7} ®t},

(B) 1= light oil, carbon blacke] EollE 1 wjEE
Aol HA o]F A F9)7] 3elA 2xE E3]W light
0ile] 7137k 744 HA dofupr] 1 hgo2 159 d
#7F dojdct, A £9)7] slell A carbon black-& 2+
ated v long #4947 7kaE dAdA air? a@st
o] carbon blackg ®lej¥elor dich, oW HEFHOR
ashyto] | A},

(C)*= heavy oil, carbon black Fo] #H7}d % wig
52 A4 5971 dlellA 5241714 heavy oile] 713}t
nFe ¥t o] dojdth. 18 F 297 vi2g
airZ vHg 3 carbon blacke] @E}7}il ashyte] Y},

o9} zro| sl 7zt 2AAES ¥ FAHE  AUrh

4.2.1.2 Poly Styrene-Poly-a-Methyl Styrene Copoly-

mer2| 24

Polystyrene(PS) ¢ Poly-a-methyl styrene(PMS) 2]
FTEHAT FEI ool wel e 4 5 548 By
Zt}. 13 202 PS, PMS, PS-PMS block copolymer,
PS-PMS random copolymer?] E%3] FMolt}, 1o}
Al BE PMSe] At w7l 74 wobal #allvt 7 wiA
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4.2.1.3 Ethylene-Vinyl Acetate(EVA) 2129 2
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5. TMA(Thermo Mechanical Analysis)
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. LVDT(Linear Variable Displacement Transducer)
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5.2 Application

5.2.1 Cellulose Triacetate Fiber2Q| T, E-¥.5]
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