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DTA(Differential thermal analysis)

DSC(Differential scanning calorimeter)

TGA(Thermo gravimetric analysis)

TMA(Thermo mechanical analysis)
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= Extrapolated onset temperature
= Onset Temperature
= Peak temperature v Tp

T
T
1
Q = heat of reaction

Exothermic
()

Area Q

Heat flow

Endothermic
=9

Temerature / Time

[28 9] DSColl A&l 2fst A|lZ2| ERE oAl

1) A= EH

HEA Aol AFEE ARRFAIE # A= 29 229] METTLER TOLEDOS A A1 2F&t Al
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s 5 Spec.
= g4l (0 ~ 600) °C
2= e (0 ~ 200) bar
Sensitivity 0.002 °C/min exotherm onset detection
Adiabatic tracking 20 °C/min
Bomb 2&f 10 ml

Control mode

heat-wait-seek, ramping, isothermal

2) Aeldyg 2 =d

A&7 FUE bombe 7HEEEGFA(ARC) A &=

=

Heat-Wait-Seek 2] <
temperature® 754524

] AFZAS <F 7> JeEhg T

E 7> IEsE

1

&

AFAARC)S ddxde dAste] dddd dds AAsksle

3 e

Bomb material

Hastelloy (10 ml)

Temperature range

(20 ~ 350) °C

Operation mode

heat - wait - seek, ramping

Heat step temperature

5°C
Thermal detection sensitivity 0.02 °C/min
Wait time 15 min
Experimental atmosphere air
sample volume 5 ml

s 5 (20 ~ 350) Co ==H9,
AE= 002 CT/mine <9 Detection Sensitivity, 5 T2 Heat step
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Styrene / Oxygen / Nitrogen

Flammability Diagram
@1 atm

Shjreneq 70
1%
(vol%) 60

50 Nitrogen
(vol%)

30
20 flammable u FL, I.'"«.
104 at 100°C’ /N
/9 s at 26°C \‘
bbb

Oz 90 80 70 60 50 40 30 20 10 N2
4 Oxygen (vol%)

& = key to mix composition LFL = lower flammakility limit

3 = stachiometric compmositon UFL = upper flammaltility limit

&) =min. oxygen to support comiustion  —— =lean air (8% axygen) / styrene mixiures
------ = styrene /air mixiures

[28 25] Flammability Diagram for "Styrene/Oxygen/Nitrogen"[2]
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2 12 ppm TBC 50 ppm TBC
hE - h A-
Saturated with Air Less than 3 ppm O Saturated with Air
15.6 °C 6 & 10~15 & 1 4
294 °C 3 4 45 2 6 1
433 °C 8~12 ¢ 242+ O[3} 302 0[3}

V. ALD ofjscys 88



DY
H0
: 5y ;
oF < —
! 2 W @ w
- L n st fregns >
r Ao &9 A I - R Mo ot oW
gt W o o|J z < kil NI
ol o o N T T wmT BT %AT% o
_ o) . —_ —_ 1o = =
o o™ o 7u1mzeﬂr¢o ) mm o ufmuv
o O T M N wE de B w O o= T
o | ~ A 2 R o) i <o K% o o o of
" 8 s [ =8 <5 0w g 2o N M o
s I TR Gl R TR B i w_o X of X
@© wi UJA dﬂ.OI O# i ,A.._ O.t oF =
o or 1_.U Pt —_— — EO ﬂ ﬁ.:rl| Oa =
£ o ] N . X0 ] oR & o X ~o o ™ ol
= & LH o ~ =° - el N o — T Voﬂﬂao
Ho W ON S ~ #ﬂmﬂﬂxg s " KR
2 2 ®owmodop T o ok BB g w F >
r & =0 n ol _,uoo,drmLEHA Ezﬁﬁa%ﬁr
: LB TITE F PEERiss iLatd
x > = < Wl & .= ﬂ_ﬂﬂ%ﬁoﬁﬂ a5 LT
E © A Wo= F o g LEE T N
e H X X = = G ﬂaﬂ}zoro ﬂjlzTﬂuT
WX XA S T oolwm S oo B &R
L ™ £ %= 2 ~ Mo Loy ©
T X g S o X oo o T a2
gl = 1 L F 5 T O T T S
_ o o olo o o AN X 5 o o
& s 5= x N g XL E o s Mo R
~ N R o > & ~ - X 9 = ™~ A
2 - Tqaus © ol N ® © Aoﬂloﬁﬂ
| 5o 3 N I I T DR o
A M7 g B c T % Ho - W W w A o) ® R -
/ 40 .5 S U gl = FTET o W i
s = B o= = %E%clélﬂr.%ﬂﬂmX 3!
8 s 8 8 = ©° WoE o o 0l0 uo.ﬂBomo_sarwa%mehﬂ !
wdd ‘uebX " do = X o T o= 2w g R g i < o pr
X0 o= > o ) = oF , 2 o A NE o 2
TN g B G ) m T ' Nwm e ol
= " = 10 kY m_ﬂ RO P B Ry zr B 31
—~ _A_.O = o 0 o 2 1 N~ ° Ao N =<
G 0 E ™ g o Njo mg_ = S o o ' Wu Jﬂ ]
T oL K- @Eﬂ%ﬁ%ﬂiﬂ%ﬂ%g Ho
424 i Sl g N AR iy
o g r A~ T w X R X = H
ooRE B | oo = O = N & N o T i pal
D o = 5 = M = A 2 MO &
= o T W4 B W B o] A |
~ JJ oo M




Slek. ®2 i 2 wieve] $E 24 BANE 2R SN 1Yo rg 3ol
g 5 gom 2wl 1 Cday $7H A%dor ens RUEYSEs 4eis
& == 57k "e g e 2~3 C/day

0%
rE
=

fo

0 WZIJ|2 E3l 2310 =3t AL WRIAMH| AIR

o EiF o|H = 2A

- 30 BHEME| o AS BF MA = HA
- 2it= MetHoIH, AME ol XM= ot

o Bt A7

0 Yo Al
- s&x| 22 FaMol 870 Yge Ho L2 2
d 200 E=Ct Y83 LR
7] oM S0 SLSHM Fued = 7| WEof &7
e 25 BrEA| go

= -

=&t o =2 =0l EHN = . ES
swaxy seun  © BUSANC TECE FU w3 ol 3717 Sox
SO, Aaol FHSA MOIEZ BiC

o X7t HEfS EEd SEOIE HWH, XA, EFRA )2

=24 23 £ 75t AE[AME S[MAI7|0 HZA|Z 5= UL -3 LE
=227t 28d 29 Zed 05ty ZR0t Jtsd

0 52 °C o429 2EoMe SLSAIMQ TBCO| 20| &

X| ¥ H| (Retarder) £¢! 7| 209 X AX|(Retarder)?l DNBP(2-sec-butyl-4,6-dinitro

pheno)& F &S H24sOF StCt.

8) ASTM D2827-13 : Standard Specification for Styrene Monomer
9) ASTM D2121-15 : Standard Test Methods for Polymer Content of Styrene Monomer

V. AL o



~
0
0 —
I = %
= ﬂﬂxoi ,
7T WE% B9 ® T
B G ° X B
3T o) o < oowﬁdﬂ7ﬂ = —
) o, aouoc__o&;f SR BTG
|T_ ~o OE — N ‘WE 1 . OﬁE It ;01_ ol O_E
o S Ly i W T oo G Nlo
= o o N ojp S
= o - L= ! Ay e e N T S 3 oo
= I %ﬂwawaﬂ aﬁwzﬁm mﬁ%%g%
¢ s Mﬁ%%ﬂ% %ﬂofu;oﬁ En X g
o = o = <0 o} iz ¥ o (L_ﬂmdo
:HA&J = 2 S A oCﬁoBvAoz.:. o donl
m ngﬂ#ﬂ ?04&&% mlmm H
oﬁaﬂw.,._ mmEﬁ‘olE ) 30 ) 5o TH_AI,A%E
5 oo Jldwog%ﬂe_ﬂ %Julﬂﬁ = umﬁm,
o W R = 5 R ol %Lﬁfx 17]@%&
el i T o £ o] = B~ < o >
ﬂlan QQ#JumuﬂoE JlﬂAHﬂ;loLE ﬂoﬁedamm%ﬂ
=._._ o onﬂ <Jo .AX}HE O
dh nMoﬂ%ﬂd iﬂﬂoﬁoﬂﬁiﬁr ﬂ&iﬂ%i@ OCMEMEBLCi
! S w %O_E%Mmz_g 5%&1@% 6.H%4.V§
aK o = T M- ol o) = .0%7 5 =z M = o
Y e d G %o o ch S Hgof 5
S S oo dﬂlzTLmﬂ] T T oo HTOt,aﬁ il J
A1ro# i ol S os MW @.12107 11
ZgAﬁMdr. .mzmﬂ%ﬂﬂ Mﬂdr oo i %%22 &
) ~ ) o
ﬁ.mﬂqg ~ Ed.@d.i cﬂﬂwxdﬂLﬂu i er dlor_hﬁ_ Ty
Lﬁeﬂ%wﬂ tMﬁrmLon% %ﬂEQC%ﬂNj o%ﬂﬂlo_moo ml_
o 15} ) . N —
mug_ﬁs_lmu ro,.muwmﬂr.ﬁoﬁomu d.qmuﬂo%ﬁx P_MQLW%TZ M_.
o e 3 i) oy op o o) oo oR 2 g < Ao Vi T riD
= 3 e o} T ﬂeﬂlwmﬁ %o zm W._u_,:o T N oW Ar ot mmE‘,_U/HNro ,Nr,._ ML XE
[~y O] _ T
Py @ﬂwﬁog%% amb_%ﬂ% ﬁmﬂnmla; ;
< Moo T <~ B A = wp ™ H = X T gL £ o o 0|
of | w® Omaglﬂ%P EMQL@EE - S 5t
%susbx B o Mo N o}/ .~ 5 0 T &= o
oo . 2 b N K = X% o 3 mOE X T 1 <
mw K oH deuﬂlﬂmlqi uTﬁEﬂuAdﬂﬁu Nﬂ_m_ouAdl.ﬂul ofu
N B T 5 X ﬂy@%&% >§ﬂmo%¢ o1
_d%_d Adqﬁﬂo%h_ 1.@% NS colé}y ofu -
b <HEE= LT 2Pz msqr_jﬂ @ 7
mﬂﬂmﬂoﬁ Aﬁiﬂiﬂxﬂm ﬂo%_ﬁf,@rmxm (émgm%_ﬂ 5 Iy
utwrx_@ b ol Hfﬂazm” T L a\@mafm% T by 5
o~ Bl Ko o) ~ A = ! 5w O ﬂﬂeﬂr = 8 _ . < i M_. w._
U,WEJ_U —~ 1H]ﬂ O\ Eﬁo < N R,JXI‘m\LI - =
LMO — T._OL] E# ]X‘mﬂﬂﬂ ]_IDLU‘I <a pal
A < uotleo:nﬂ;o 70 Z(\)o _ ol
d.”maﬁﬂuhﬂu ﬂomitmm +.¢A a1
— lﬂzx,wri 1rm © ._._. <
N o mim o o#oo_,/T KD i
‘mﬂA @Ew@lﬂ_26 — ud
™~ < ™ 5 A
= N z
3 .ETMME N >
o~ ] H
- &l
El od




"o

iy

-

60
oF
-

po)ll

ol

Enl

r

<l

Rl Rl

Aol A

A

ijud
—_

| &5z,

x_ljlo

waer o] A% ohAr

M

R



g3

SUHAAAL L AL o AA ShgAtdobA R ATk Fjak A Al ST EX "
Styrene Monomer: Environmental, Health, Safety, Transport and Storage guidelines
(2007), Styrene Producers Association (http://www.cefic.org)

Safety Handling and Storage of Styrene Monomer, Chevron Phillips Chemical
Company LP (2010)

PRODUCT SAFETY BULLETIN: Styrene Monomer, Lyondell Chemical Company
(2007)

Chen C. C, Duh Y. S, Shu C. M., Thermal polymerization of uninhibited styrene
investigated by using microcalorimetry, Journal of Hazard Materials, 163,
1385-1390, 2009.

Chen C. C., Shu C. M. Chang R., S. Thermal Hazard Analysis of Styrene
Monomer at Low Temperature Conditions during Storage and Transportation, In
Proceedings of the 30th North American Thermal Analysis Society (NATAS)
Conference (23-25 September 2002), 433-439

CCPS(Center for Chemical Process Safety), Guidelines for Safe Storage and
Handling of Reactive Materials; John Wiley & Sons, 2010.
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