, %E CF recmpmsa
The Combustion Institute of R .0.C

()72

/ )

PEAR-FFIED?
Vol. 25, No. 2 |



B %
Combustion Quarterly

F- LI X R

Vol. 25, No.2 May. 2016

P&

CONTENTS

E R

L e~ Fogce

FUivE g E VRIS A PR A T

I

\L

TR £ gk T R S N T g
AR 1

‘L

~ 32

+
/4

BB L 3 R 2

AEETR T AR S R R R

m\s-

TR & £
YT 2 B

ik ~MEE ML

ok 3B AR AT 2 IR 2 ORI

Mg T~ % B

The Flammability Index of Cable Polymers Measured by The Micro
Combustion Calorimeter (MCC)

yeiw i

R TN L AL

ThY e E

v 4o

E

15

25

40

55

68

83

93



SaiE L e

APE B B A Eh T ABRA RN R AR E R R
Fr Ak o FAATHEAE RS R A L E e Ay BERY berd A b
éﬁ@%ﬁ’uﬁpﬁf:ﬁu*ﬁﬁﬁﬁmﬁ#a%,égaﬁﬁﬁﬁﬁﬁﬁ
P 9 PR IR RS 2 R B 2 KRBT M R
L ,yb‘fr#&xv’lﬁ’%% gt v F o 3R (7 MR S T B T 1 A 4
EE A A7 H T T B EARHIEE 0 E e e ik 2 R B Y
EAF L WA FRBREL 2 EELE LI R KRB R HTRA
S EPRG 2 15;3?&:1%8‘* [ Sy R A SIS T’»%ﬁb#ﬁ%iéﬁ%&
%‘u# ERERAPSHT SRR BT R e S RS S
Mﬁ%g%imﬁékﬁmﬁﬁfﬁ#%i*i?ﬂﬁ*o

PR PEAERES T 2 1R LV RESY LPEF TR Y
@Ff‘? l’%‘bgﬂ’{?ﬁﬁ; *L‘j—[? ’l%%; ﬁj’g .'?5‘7{]$ ‘ﬂ:;“étgﬂsb}i i-}lﬂ—rﬂ;}pﬁ:y} )
MHBTRE FF O RRES ORI R 2 A F RS % >iEd 1A

ERE T8 i SRS E Vﬂ*%wﬁnuﬁﬁﬁﬁﬁ#ka B 2
PRERSE A PE SR SR A LRI AP AT R IR AR S Ay
WA EFHAG R LR 2 PURE T B 57 LB KSR M 8é
ﬁ*ﬁ@%ﬁ?uﬁiﬁiﬁﬁw¢£@%wﬁﬂ&%3%5ﬂﬁ%w%m?u
i€ e 3= 0 % MPioneer Scientific Solutions LLC= @ 4f % F & % &
“%ﬁmﬁﬁw%ﬂéﬁMw%ﬁw%ﬁ4&’“%%ﬂéﬁﬁpi ﬁpﬁﬁ
AR B BT L

AP PN & AR R A e § IV R T R B AR
MR A s VR E g R R S R IR S R PR RO R R R
Foowo B GRR L0 RRESI R s AT F e 2 HER
%mJ’fwh@%%ﬁﬁawﬁbiﬂpiim’%EE%F%ﬂN°



Fo i FFEES L A HRERAS 1T
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Simulate Analyze Research of Mixing Emulsion Oil
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Abstract
In this study, a heavy oil feedstock, the deployment of fixed at 15% moisture
content conditions,and with w/o two-phase emulsifier, developed by mixers and the
three-blade mixer, and with w/o two-phase emulsifier, for the study three-blade mixer
for mixing the experiment and simulation numerical model to establish a complete

mixing cycle analysis techniques in order to obtain accurate manufacturing process
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technology and mixer of the performance, this technology will ensure stable quality
production capacity can also practice energy conservation and carbon reduction goal,
to achieve the sustainable environmental development goals.

After completion of the analysis techniques in addition to technology transfer as

above, has applied for patent [1] in order to protect research results.

Keyword: Emulsion Oil, Particle-mixing , w/o two-phase, CFD analysis software
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Abstract
Heavy oil is a petroleum product, and an important fuel. Previous studies have
investigated the products of controlled burning of heavy oil (in a boiler) and their
effects on environment and living creatures. However, the size of fuel is an important

parameter.
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This study investigated the effect of fuel size on the “free burning” behavior and
pollutant production of heavy oil. Existence water in the reactant mixture during the
strong micro-mixing process for crude oil production may promotion reacting rate and
in turn fuel properties. However, appropriate water content may result in reduction
crude oil production cost. The optimum water content in the crude oil is therefore

significant concern for crude oil research.

Keywords: Heavey oil, Micro-mixing process, O/W emulsions, Boiler
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FoMRmM R T RREREEE
Evulation and Suggestion of Physical Hazards Test for
Oxidizing Liquids

ERE-R
Yih-Wen Wang!
¢ W%%* FoiwWiFRBEL2EFWLE &
Department of Occupational Safety and Health, College of Public Health, China

Medical University, Taiwan

52
F et (Oxidizing liquids) fdp p £ A § p %2> ¥ 4% § F1F i x
NFFASIFSARE TR R A R EFRFL TR 2L
F 5ot # fo41 R (Globally harmonized system of classification and labelling of
chemicals, GHS) @ # 3 it 2 3 &~ 82 § i R laFd1 ¥R ¥ * 2 - F S f5i
W E VMR ERPIRT RS 2 f? %k 2. F+ 2 s (Calorimetry method)
PR EAE A UAP R 2 RFRALZCF R T A2 D0 G ApH 2
£ARgE o ¥ 0 kg5 E W17 - € (National fire protection association, NFPA) 2 ¥
b R/ FIRL G T 4 (NFPA 430 & 704)82 £ B4 427324 ¢ (American
Society of Testing and Materials, ASTM) £322 RI3# > Z WP L T 1 ¥k
W E‘*fﬁﬁ \),’z :f p\.}fr"# iﬁ&"— P\ &J,ﬁ.* L H_”Qgé’rﬁbgk\‘?7 /2 2“,]4 it g r'ﬁv lﬁ&%’,‘
A F R FEiE 2 0% EREH L mﬁr7 F ‘Fpu”‘r"’k’rﬁl'f”‘ o EZ i?wﬁ—g\ °

Sk
45

BAEF T F R I T AN

Abstract

Accoroding to the United Nations GHS’s definition of oxidizing liquids: An
oxidizing liquid is a liquid which, while in itself not necessarily combustible, may,
generally by yielding oxygen, cause, or contribute to, the combustion of other
material. This study discussed the recommendations and suggestion for physical
hazards test of oxidizing liquids which widely used in industry. From internation
recommenendations of GHS, NFPA and ASTM, our industries should take the
detailed hazards recognizition into account and give the effectively safe design and
management for hazardous chemicals. Calorimetry methods are proposed to evaluate
the self-reaction, thermal hazards, contamination, and reaction/decomposition profiles

during process, storage and transport for such kind of oxidizing liquids.

P PRFESFREL 2 AR L MR

E-mail:evenwang@mail.cmu.edu.tw
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Keywords: Oxidizing liquid, Physical hazard, Calorimetry method, Safe design and
management.
N 5
PRI E WA 2 B b A iE JL* # 2 (UN Recommendations on the

transport of dangerous, UNRTDG » ~ #E £ WA F) ¢ 25 T &2 448 5 §
Ly B2 9§ 4 (Class 5—Oxidizing substances and organic peroxides)

ERES: E A V’L%L” T2 ip i ¢ g (Combustion): e ¥ it € F1F i cd g
%WH% B H W R 0 B e 5 F AR R (1] ¥ R
ERCE 52>k e B frdl B (Globally harmonized system of
classification and labelling of chemicals, GHS) .4~ 16 7 13244 2 I (Physical
hazards) * ¥ it {+;%#8 (Oxidizing liquids) & p A% € p %2> 27 i ¢ FIF
e g g asl g A RRALPTEZRW 2] 2 ER R 25 LR
FEE IS o blded L2 3% i* & (Hydrogen peroxide, H202) 2 H ¢ — fg>+ it &
IEP FRITLRE CRDE LR HAT RS R ET RS E R RR TG
FULAREME TR p AV AFE RS BRG] AT ZF §F B
POV HEM P T L EARR AR N E A FArF 2§ VAN ER 0 B it
et Yl RSET PR BT e b 8 R WER Y A
Bew At EL F LT 2Ry LEr AT IALZ WAEY SRS
EHCERY Y > BERES T (9wtdg) S LR 2 duie s [3-4] -
Bp 2 ospreb S22 v R RF MR EFRTZI 22856
TR EE 2 207 BT SART SRR PR R [5-6] - 445
FEBE PARNCERE AN G FREE TR LS B O RIS 2 G
gy gy e B R ) P EEERT CRIFERE S P (Manual of tests and
criteria) i {7 [7] > &% EEPN P ARBRFT B RL A T 2 AR
TaER AN £+ 322 (Calorimetry method) B3R 854 B 6 T 1 E 4 %
B2 T K R R FETEER G 2% 20k

CF O RARRE S
AR ChETE PP TR R R R R R P -
2.1 7 & ® GHS/UNRTDG Test for oxidizing liquids
Fav GHS 2 32 2 2 3 & A SR H 5L 2 AR FH
2¢O AR FHIVF R BR RIEE (CNS 15030 Z1501) 2. g T it § o
KR [8]: @ UNRTDG #*+ it ?w&%} Tl B RIS B OPHAIR/EAE
FRFUMF BB BT b e H#Fﬁiﬁﬁﬁﬁ’ﬂﬁiﬁﬂ
%z 5 CNS 6864 Z5071 f& 'k 4738 ﬁ%]’f%—ﬂ‘ (-8 A B)[9]e A2 T2
F VMR A & Acit 2t ik UNRTDG Division 5.1—Oxidizing substances £ B
ERE R Py EmEiRd  RPREEEELP (Classification procedures, test
methods and criteria relatmg to oxidizing substances of division 5.1) % 34.4.2 jp|:#
3 7% Test O.2 test for oxidizing liquids §F#7 5 GHS &% 1-3 & 2% i 88
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(UNRTDG) 5.1-5.3 :
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FiE R FERES o depl i (65% aqueous mtric acid) -

(4). NotDivision5.1 : fi2 &R a2 &€ &£ 1.1 08 & F 27 RERF > H 3 RF
F 11> 2070 Kpa (gauge) > 4r & 4% & e (Ammonium dichromate 4% fr-Ki%
") e
FHRFEDZAEAFEFF PRI RER R B RE S

o i erE T Ko WG BF 2R B F FAI (Fauske and Associates, Burr

Ridge, Illinois, USA) 4%+ ’;%]“* & & PR 738 £ —Introducing UN Test O.2

Oxidizing Liquids (Combustible Hazard) [10] » # & 35 55 & RPIE & R 8F £ p R

50% B & & ~40% #F Badh KRB RE 65% MERRAREF C R RUEP

AFZRAWEEEX 2RO Fheipo PRE FFEEEX }_;,,\ﬁg ES I

RIBFHATSI BB 007 R F WA L1 dox B RIRAPM k97 F "E’Bﬁiii

DA LA L EHF Y I T A E R AR RRER E ERLIRIE S 2 S W

R PRI R I E R T N[ B o R

MR F AR MRS R R T BTS2 A

22 WP EHIRFE §RF
FaE AR > om0 LF P T Ap R AR g 4 e R FRP
% € (US National fire protection association, NFPA) 4%} & & ]“nL LB SRE B
T M5 FFER k5L (NFPA 704 Standard system for the identification of the
hazardous materials identification system) [11] > #% & & T {£ 1 & B >0 2
(Flammability) ~ #& & 5 % (Health hazard) ~ * &1+ (Reactivity) 22 2 5% 2. &
B & R E 3 (Special precautions protective gear required) 2. T f@;%# Y5 B4R o
gk Ap AR RO GHS Hhrmet £ p itz g3 ¥ (04
o) pita FEEHWREET LR EEFE R AL TR o bl4cd
"t B * % ?;]“a‘_ki’ # 5 % = HiF (Instability, thermal hazard evaluation
techniques) =X ¥ @& * £ #F 4 1+ 3+ (Differential scanning calorimetry,
DSC) ¥ 4vig % # =+ 3+ (Accerlerating rate calorimetry, ARC) 4 % &4z % 14
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#1725 ¢ ASTM (American Society of Testing and Materials) E 537—Standard test
method for assessing the thermal stability of chemicals by methods of differential
thermal analysis 22 ASTM E 1981—Duide for assessing the thermal stability of
chemicals by methods of accelerating rate calorimetry % & % (it § B2 #% 2
M5 blde s 3t ¥4k E—Instability, thermal hazard evaluation techniques % d |- 3] 44
+ R BRE T % 24 % % & IPD (Instantaneous Power Density, IPD) o # & d 2+
FEivg Rt 250 C Pz A fa/F A r g g oo 3R SN0

Rate = A - exp(— %) -(oO"

IPD = —AH - Rate

Ao o,

Rate: reaction rate (g/mLes);

A: Arrhenius pre-exponential factor (1/s);
Ea: activation energy (J/mol);

R: gas constant (8.314 J/mol+K);

T: temperature (K);

C: concentration (g/mL);

n: reaction order;

AH: enthalpy of decomposition (J/g);
¥ ek 4% ASTM E 537 % i * prR[12 ASTM D 2879—Standard test

method for vapor pressure-temperature relationship and initial decomposition
temperature of liquids by isoteniscope > 7 ¥ 4~ P& p 4v ik 4 %8 & (Self-accelerating
decomposition temperature, SADT) #|z# o ¥ > ASTM Committee E27 7 2 & #4 it
819 4 = ;2 —CHETAH program (Chemical Thermodynamic and Energy Release
Program) o f* & 5.4+ G4 2 F /%% (Heats of reaction/combustion) ~ #:
% £ (Heat capacity) ¥2 % (Entropy) =i & RS > 2 W1 £ % &* CHETAH
program 2 iz ¥ @ Fra S g £ AR eht o MEARBE A F R F R
(AH:>3001J/g) =& p + Lt B &*?Eﬁi}“%i@ﬁ% % BT SDAT - m 3 it 51
#2F7 1% € (American Institute of Chemical Engineers, AIChE) 2 i* 1 #]fg% > ¥

= (Center for Chemical Process Safety, CCPS) P % & % *cfu 2. ERIFi- &
& H & 24 (Heat of decomposition, AHa) i % % i 420 J/g (100 cal/g) - iz 95 %

L £ & (Oxidation reactions) % ¥ t&P-if * B2 F 5> F BPFhi L H
(Oxidant) 30 ¥ 2 = § ¢ § § #fs (o5 ) #0773 RAART 4
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(e § 5 E) AXIPFTALERTTTRAT - CERAL BT
R+ ﬁ 3R A RE R g B pFE )f%iéﬁ# (self—reactlon mechanisms) > ¥ %
23 CHNOn Btz 8 55 L2 3 RF 1 ﬁ;ﬁ ¥ 2§ T grHc (Oxygen
balance, OB) 2] %_:
—1600(2i +j/2 —n)
~ 7 Molecular mass
MR EY 2 3 Tl (OBmix) R¥ 11 E =
2xMy - OBy
Zx mx
H ¥ » mx mass  OBx: oxygen balance of each component °
#Xt¢ CHETAH program i3 OB 2 % 1 ‘RF & 3 piki& 744 g T 7747
e WL e MRFHETHE—B F /4 fFH (Maximum heat of
reaction/decomposition) ~ OB ~ The Y criterion £ Polsive density 2. 2 - [12] -

mass%

OBix =

# 1. CHETAH oxygen balance criteria

OB range Self-reactivity potential
OB <-240 or OB > 160 Low
-240<0B>-120 or 80 <OB > 160 Medium
OB >-120 or OB < 80 High

@ >+ NFPA 430 ;%/%%8 % 25 *ﬁa# (Code for the storage of liquid and
solide oxidizers) [13] » #2327 & &1 ¥ % S h2 § i F2 B RF B HREEHF L
BRIk AR EL *””'FF I O B TRAE R CE e AL S i ERRMT
% 2 ™% NFPA 430 3 *$ 2 it £ F L & p {ﬁ%#r']tt (spontaneous ignition)

3

22 e g % (burning rate) @ K EAEE o

3 2 NFPA 430 i 45 p s wieid 5 2] %2 § 1 fhde T A 8

Classification Desification
Class 1 o VHUER F ¥ M (slightly) 2 ¥ ¥4 F (combustible
materials)

o HARMPED EF P BB
e & & % ! hydrogen peroxide solutions (8% to 27.5%

by weight) ~ nitric acid (40% concentration or less)

Class 2 o BT H Y PEVEE 58 {v (moderately) 2. ¥ Pt pe BT
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o HHRFE G pEE
o & i & & ! hydrogen peroxide (27.5 to 52% by

weight) ~ sodium chlorite (40% or less by weight)

Class 3 o BHRBIPVER Fp T (severely) 2 F VR p F
e RBVWEETZABRBRTEAREFFTALSLFY Y HAL
iz
o & & % ! hydrogen peroxide (52 to 91% by weight) ~

sodium chlorite (greater than 40% by weight)

Class 4 o B-FF27FRY g~ RF (explode)
o JgE # R (slight heat) ~ &% (shock) # A#x (friction)
ETEE Lo
. R
o & i # % ! hydrogen peroxide (greater than 91% by
weight) ~ perchloric acid solutions (greater than 72.5% by

weight)

fRNERRBGFF L R B EE T ORERRF WK ERE
T2 PR RSY 25285 MRS 2k o
23 #FFER B

—Hm TR E T R BT PES E AL R EFE R E#V"iﬁﬁ%]@f
RE CRGFERREP P ERIPFRFE R LA TR R RH T
R S N Lt L el
T2 %5 v 48 (Flammable liquids) *r# % L3t% > Fl 4 (Safety data sheet,
SDS) 2. 42 (L F ¢ LR L ELX g > & d P L ELR3E &K (Flash point
analyzer) &4 ASTM D56-01 Standard Test Method for Flash Point by Tag Closed
Cup Tester & D 93 Standard Test Methods for Flash-Point by ensky-Martens
Closed Cup Tester &3k = 2 » i & {7 [14-15] > £ ¥ 2 W% 27 %3
(Process safety laboratory, PSL) 4*% ~Jr BORM RRE H  E L '};‘3'_51 T BRER P
L BLRIR R 27 p 2 EEPI3R R (Autoignition temperature analyzer) R B 2
VEBLR R PP oL BRYr g vhELiE » A AV B R VA LA TR T F G R
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FRAB R 0 Bt i

B i * ok R FE U RRERINT & 5 B4 17 (Technology
of Thermal Analysis) ~ & # =+ 2+ 3 j#F (Technology of Adiabatic Calorimetry) ~ 17/8
#.+ 2 e (Techology of Isothermal Calorimetry) ~ & & #u =+ 3+ F it (Techology
of Reaction Calorimetry) % ?ﬁ%;}é& 2z ¥r 4] DIERS # ¥ (Technology of Emergency
Relief Control) % 7 -7 B L/ * g T LI B R2 A% 28 8% 2247
AL H2 WS 2FHRIRG 2B AT HFDSCl 88+ -3
#—VSP2 ﬁ g TP o FERT BTN MR AT R
VB RE T R R EE LS Tt LR TR IR
AT o E e B 5 E[16-19] -

2.3.1 g & ¥ 45 £+ 2+ (Differential scanning calorimetry, DSC) [20]

B F e &+ 3 (215 5 Mettler Toledo DSC1) #5 fiz # 4 47 i * 5 48
STAR® & F#H# A 477 Wl #/d 4 8 S8 WRERERTFSFRELHEF
(ME-26732, ¥ @ & % 15 MPa) # * B § # $ 4~ #  (dynamic
temperature-programmed screening) ° DSC i & & _* £ Pl E #F % (1—10 mg)
HFE R EFRFZFOM G A B NANRNL A AFHREFH B EEFK
%_% 4°C/min ~ 1‘%?&’%%} % 30—300C - 2 322 § 84+ 4 Féﬁ"*{“ e -
ﬁ%@{;ﬁﬁ s 1L ¥ e & 4o é%ﬂé\]; B o— A BB R4 4 é%yé NZER LT e
HFRT 3 - EAGREN H 5 - H# T B (thermocouple) * 14 id /FJZ}
LA F'“mm,)iii (AT) o F#FBRBEDEATIACSH EEF 58~ AR
HALRARE R BB R LE (mW) S RERATR T (RRE )
BRSO s ) B FERE ST PER T AT R
@ F #n (heat-flux) A 2 > ot £ R ¥E R OB R Ti%E R OEH Bl (thermal
curve) c RBUAGZ REBIcE 1 77 o DSC AAREE L mFggitmlEs
Fazd fRFTRSERPF T arRR2RGFRET FEAEFE 245 F
SRR ADER s E o DSC HF BYF P FF AP ZERETLGR
B3 T @) F e (AHo)- A 34 (AHa) Hcftid & 242458 B (exothermic
onset temperature) ~ * # (Cp) % ¥ & erds 4 F#cdp ¥ o

Furnacelid

Sample (T Reference (T,)
Heat flow to sample Heat flow to reference
Sensor (therm al resistance)
Furnace (T,) Furnace (T}

Furnace (T,

Measurement of the thermal U

W 1. DSC *h ez 4o 1 p 4
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232 ?T‘ & g2 ik (Vent sizing package 2) [21]
1 DSC {7 2L3p 8 F e # B 88 & (Adiabatic temperature rise,
ATad) * 3% 50C > P REcE M b g T > 444 DSC Bl &
ﬂmﬁiﬁavwzﬁﬁ’ﬁﬁ%ﬁﬁﬁﬁgﬁﬁﬁﬁfiﬁ@ﬁagga
A G BAGFHF A ET DDLU E TR LT URI2 AT o BT F
S GERBECERFBEF RS P RBEF AR R ~PE A< F
e FPER SR ARS S ERFIEREF BRI F AR E

%%ﬁﬁaﬁﬁéiwf%lzsﬂ§(w@2y§@;@@§1ﬁgﬁg

2. DIERS (Design Institute for Emergency Relief System) i&- # % E >t @425 &
1 AzE IR0 LR R HI K BRI TS AR F o p BB AT
BLRERERA i e E 5-100g 0 e 1 (y=1.05-1.20) ¥
FOUOBRIEA O RETEREERS DT ELICAERTREAARE 0 BH
IO LA PE ?:» bo— % #F —49F (heat-wait-search, HWS) 48] 3 #7717 o L#-
F AT E-RTERE O AN K TEREF - KR (9 10 4 4) L aFFs
T frs 2 %éi;i)‘if'zfvﬂ%,’&« o FE FIEBIEF R ST EARNE R (S 0 B TRk
oo FEd B R 2 e B BRI L RDG RS o BRFTT I ISR &
PP EGEERIA CFRECERARS CFHAF A ST 4 Bapy oA
"&p‘«m_f}fi WR A S RA P A E S FlEERLE Bk FEFER (Time to
b4 AR > BT NE-HEZELR A R

B HHER

it
#
= PR A e
| PT1 &, L
B # H— |
RARBE || 4 ! Yh o #h 5B
o
> — E‘\\h‘\ : S
J'U‘ 5 X o fiaRe]
Vessel 4000 cc

B 2. VSP2 £ 2plir £ ¥
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160} r
140}
- -
120}
Adibatic

100 Wait

|

Search

8O
60} Initial *' 1
| heating

Search Step heating

Temperature (°

L L | 1 | 1 1 1 1 1 | | 1 L 1 L 1 L
0 0 40 &0 120 160 200 240 280

Time (min)
M3, ok — ¥ F—OFFERE R W

= BEEHH
AT RPN ERR LR 25 4R 35% 3 & (Aqueous
H02) - iy GHS e e d g 3 5w 2 & 2 REE2 2 10 40% & fadp
(Aqueous NaClO3) 2B 22T RFEFTRBEM A ¥ 2 £+ H = 35%
HoO2 *t Ry /AT R GiEAR2 £ 6 T o 47 S8ic -

3.1 DSC #3447

BAJI* DSC &7 i Fuftd T GHFRRF ERP RIS 8%
FERFEOM G RILI L EHP HT0 F RSP T Al PR
BT R ARS A2 A F AR R LDER R ’aiﬁlﬁ'—_{ié—%aﬁr%%i%ﬁiﬁp\
BEHE(E THETH)- FENRAERE S 0 AR R RN RS OES REE
2@ R Y R E ST ML B R RIERIE D LR RS R 52
B oo JLEREHE B Rl R B) 0 T E 3% 5 c0# 3 Bl (thermal curves) o d F Z
i 40% NaClOs ¥ 40% NaClOs+Cellulose 2. 3£ % £ 3% 35% Hx02 &7 35%
H2Ox+Cellulose » 28 % & 5 Az 408 & Bl H2O2 i % »t NaClOs > 4p B 39::}7;?‘;%-
FRA 3 0B 4 2W S AN 5 NaClOs ~ HoOr &2 8 ip s i 2
17 0 NaClOs e it 18 F el > & 5 dcdei@ R/ S » 7 4236 NaClOs
7 A FE R FBES A HO /,"]‘ﬂ‘»zf\« WEATEP AR R RS ¢
HER HO: 24 3F BREINFETENR T ELF 5 35%
H2O2+Cellulose B3 & =32 *x#u % & 5 Cellulose 2 3c#i g% o
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% 3. & pgp et DSC #4F i #ichh

Mass
Sample To (°C) Tp (°C) AH (J/g)
(mg)
40% NaClOs3 2.9 266 269 2808.3
40% NaClOs+Cellulose® 4.2 201 205 2275.2
35% H202 1.4 38.2 105 837.2
452 105 943.0
35% H202+Cellulose® 1.5
185 201 344.2
Note : # fie ¥ +* 5] (mass/mass) 40% NaClOs : Cellulose = 1 : 1 b fe i vt i
(mass/mass) 35% H2O2 @ Cellulose = 1 = 1 » FI#H R 5 = i % > soliedp» 47
-20
——40% NaClO, |
——40% NaClO +Cellulose (1:1) | g
s L& _
. | | | ]
S I S SR NN S
z | | Ii |
= ' R 1
= | | I B
e I i s A v
b n
| | A
| | Ay f
0- =+ R
| ;
| I | | 1

50

150

Temperature (°C)

200

B] 4. 40% NaClO3 ¥ 40% NaClOs+Cellulose
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hermal decornposition of
ellulose

—c=—35% H,0,
j=—=—i35% H O +Cellulose (1:1)

]—f'-)—'-l———

i
re
|

Heat Now (Wig)

o
|

[=]

1

Temperature ('C)
B 5.35% H202 ¥ 35% H202+Cellulose 2. DSC #:3¥ @

3.1 VSP2 G #4 ik % jp) 2
G DSC £ A7 4 L8 B R B FFH RBE > 7oK E
VSP2 it {79 H i 2%
(1) ERE® : 30—300 C

Q)E2HFmpm Ramp: 5 C
Q) FRpErF 1 10 ~4

(4) p & pliE 2 1 0.2 C/min

FIr GHF 224 F RPEEE T 35% HaO2+Cellulose 2. B B &2 B8 3¢
F o3 40% NaClOs+Cellulose 2 & (3 %B % 4 2B 6—7 2 BRg B 7
B ME R B R) TARHRLIPEES R RBBREB TGS BT
¥ # 40% NaClOs+Cellulose #p#iz*t 35% H202tCellulose & T 423 » & 35%
H2O2+Cellulose *x ?%f% BR T B R o 4ok DSC BliEE % ¥ 53 40%
NaClOs+Cellulose » &t &% 15 1% 2 T > RI4p #3034 408 B 7 B 35% H202 &
TRAEF o pt b i’% AFEI R My AP T% 2 R0 HIF
BREE R R e S RS L
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# 4.40% NaClOs+Cellulose £ 35% H202+Cellulose 2. VSP2 #: 4 47 #cik

dP/dtmax® dT/dtmaxd

Mass To? Tfinal®
Sample (kgf/cm?- (°C/min)
(2) °C) O
min)
40% NaClOs+Cellulose 10 150 320 1922 29003
35% H202+Cellulose 10 60 220 1230 12855

;I_ aTO—%i,éiii‘hé/g_}i > bTﬁnal_ #‘/E'_ ~ € dP/dtmax_ﬁx$ ﬂ@}i —3‘ N ddT/dtmax_ﬁx

R LR

Pressure rise rate((kgf/cmz)lmin)
S,
|

—®—35% H,0_+Cellulose (1:1) I

® —®40% NaClO_+Cellulose (1:1)

10* J T Y T y T 1 T T T T T T
50 100 150 200 250 300 350 400

Temperature (°C)

@] 6. 40% NaClOs+Cellulose 2. VSP2 & # 3 B i# 5 ]
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{—=—35% H,O,+Cellulose (1:1)
10' 4 —*—40% NaClO +Cellulose (1:1)]  nifiedlls
=
E L T o e
o
g
© C 3 ENERE RSSO, . SRS RS
[}
2
o '
5 e e st A
‘E ]
)]
3 0]
o 10 - ™ e
]
107 D T U T 7 T T T J T 7
50 100 150 200 250 300 350

Temperature (°C)

Bl 7. 35% H202+Cellulose 2. VSP2 5 # B /§ if & [§]

AT LT N ERYE SRR AR § % ¥
(chemico-physical parameters) 27 F i o T £ 1> B v L 5d ApM R Y K7 H
¥kt ar’%ﬁ AP AFZET IR EFE T L BT ,56%#/3 ﬁa AIChE’s
DIERS (Design Institute for Emergency Relief Systems) &7 » @ H i %] 42 i% {* 2
PO 5 v SR HS RO BTS2 FE [22-23]

LA T

&%%é@“%%iﬁ»ﬁﬁﬂfﬁ#ﬂﬁ(@B)ﬁf%%#kﬁé@
% (UNRTDG) & 3 Wi 1% § LR ERFEF PP TP REL F R 25
il B A dpsAp b Bl R A ERTRE RA R FENERBE T
o FEHI R AARNGEEEREY > DT YR A ﬂ{é PRESBE AR
B/ AEFFFEEIRRT L2 g AFETEY LRI BT LN
FraFl e BEtd s s e RAETEEF CERMLBAET AR
22 R 0 12 35% H02 A % 0 3 GHS A8 RHF MR tan] 2 (4
Moo T LAyl N 2§ i) - NFPA 430 RIGFAT G § 4 Class 2 (28 5
JRPEU MG R e N E BARIREE€ G p BaF) 0 B S d B RIRET 2
FF o~ BR# F BRGSO 40%NaClOs » 188 So A48 B ArdiT F F
Mg A3 40%NaClOs > ¥ L g3 4#cZ Y i 5152 » 1 ¥R AT £ 9
%ﬁﬁiﬂﬁﬁ@%ﬁ&méﬁk»%#ﬁﬁ%uﬁi@fﬂ%mﬁﬁﬁﬁﬁﬁ
PR AP M TSR (Aof/E 4 B o 4r Bfi#”i fALB N B RS k B
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PE) Ll R G R L 0 TR A S 2
P s TR #5%37 ¥¥x

10.

11.

12.

13.

14.

IR

Aok AFFLFFTE (CMULO3-N-10) 2 57 4 o

~ 2 F 2 }}%
United Nations, Class 5-Oxidizing substances and organic peroxides, in:
Recommendations on the transport of dangerous goods, UN, 2011, New York,
USA, pp. 97-99.
United Nations, Part 2. Physical hazard Ch 2.13 oxidizing liquids, in: Globally
harmonized system of classification and labelling of chemicals, UN, New York,
USA, pp. 93-95, 2013.
Wi 3 M3 A FRALIT ZHPHEAE RLHm o #2007
R B A PREE e FRELFRET P NFFF oML
w5 & 2014
REIRP IR N E R E TR TR A E TS 2
FEA > LB 102 & 11 0 21 P o
FEI o BIMNELETEABE S 103 £ 6 87 27 p oo
United Nations, Classification procedures, test methods and criteria relating to
oxidizing substances of division 5.1, Test O.2 test for oxidizing liquids, UN, 2009,
New York, USA, pp. 369—380.
SRR B 0 P 2 A RAEE CNS 15030 21501 7+ £ 540 7 % fE
Foooo 97 & 12 % 29 p oo
SRR R o P 2% R RAEE CNS 6864 Z5071 2 %‘ﬁﬁ’%f?ﬁ#ﬁ? ’
oA 95 & 10 " 12 p -
Tom Johnson, Introducing UN Test O.2 Oxidizing Liquids (Combustible
Hazard), Fauske & Associates, LLC, http://blog.fauske.com/blog/. (Assessed
Spring 2016)
National Fire Protection Association, NFPA 704 Standard System for the
Identification of the Hazards of Materials for Emergency Response, NFPA, USA,
2007.
Center for Chemical Process Safety (CCPS) of the American Institute of
Chemical Engineerings (AIChE). Ch 3 Materials assessment in: Guidelines for
safe storage and handling of reactive materials. CCPS, New York, USA; 2004.
National Fire Protection Association, NFPA 430 Code for the Storage of Liquid
and Solid Oxidizers, NFPA, USA, 2004.
American Society for Testing and Materials, ASTM D56-01 Standard Test
Method for Flash Point by Tag Closed Cup Tester, ASTM, USA.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

American Society for Testing and Materials, ASTM D 93 Standard Test Methods
for Flash-Point by ensky-Martens Closed Cup Tester, ASTM, USA.
IBZABRFE L E R T RS TR R ORI 2 Hp T
pp. 136 —151 » 2012

Wang,Y.W., Duh, Y.S., and Shu, C.M., Evaluation of adiabatic runaway reaction
and vent sizing for emergency relief from DSC calorimetry”, Journal of Thermal
Analysis and Calorimetry, 85, pp. 225—234, 2006.

Wang,Y.W., Duh, Y.S.,, and Shu, C.M., Thermal hazards of a green
antimicrobial peracetic acidcombining DSC calorimeter with thermal analysis
equations, Journal of Thermal Analysis and Calorimetry, 119 (3), pp. 22572267,
2015.

Wang, Y.W.,, Thermally incompatible hazards of aqueous tert-butyl
hydroperoxide with various acids/alkalis, Industrial and Engineering Chemistry
Research, 51(23), pp. 7845—7852, 2012.

Mettler—Toledo. STARe Software with Solaris Operating System;
Mettler—Toledo, Operating Instructions: Switzerland, 2004.

FAI, VSP2Manual and Methodology, Fauske & Associates, LLC. IL, USA,
2002.

e R 2 H I DSCIER A RALF B F AR ERG
2 Zp T pp. 145—158 5 2006 ©

IEZ BRI FUARZT 2 RAR G AT TR AT ZEFEE )
% 69 # > pp.70—80 > 2014 -
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TR A RS R WAL
Preparation and Properties of Heat-Resistant Epoxy Hybrid
NSNS Y LN RN
Yan-Er Lin, Chin-Lung Chiang, Chang-Lun Li
PR ERBEX 2L AR
"Department of Safety, Health and Environmental Engineering, Hung Kuang
University
AR LR
“National Chung-Shan Institute of Science & Technology

B2
AR F I ¥ B (Epoxy » # #i EP)¥ 3-Aminopropyltriethoxysilane( i £
APTS):c B » €T3 Aq 2% 3 = A | Tetraethyl silicate(f§ £ TEOS)ic 7 { ¥+
SR F Lo 'U‘afrﬁﬁ% F g ORE SRR I 8 2 B e Ay
®R(FT-IR) ~ H ik 285 = ¥ K 3% If&;(NMR) s HE L 17 R (TGA)E it £ #8463 iR
(EDS)% ik Bt {7 _Mfﬁ B2 Aftlz et sirod TGA BT F
TEOS & 7 o &M A 0 BOROA fk & 8 16.4wt%(pure epoxy) # * I
39.1wt%(APTS-EP/TEOS 40%)> % % % 7+ % ¥ #7554 TEOS RE7 o AR B
BAL o

MAE DR M, fF U, A A M, BRI

Abstract
In this study, modified of epoxy resin (Epoxy, referred EP) was investigated
using 3-Aminopropyltriethoxysilane (referred APTS). Epoxy resin and siloxane
additives Tetraethyl silicate (referred to as TEOS) to have better compatibility, with
reinforcement ring thermal stability of oxygen siloxane hybrid materials. Fourier
transform infrared spectrometer (FT-IR), Solid state nuclear magnetic resonance
spectrometer (NMR), Thermal gravimetric analysis (TGA) and Energy dispersive
spectroscopy (EDS) instruments such as structural, thermal, identification and
analysis of the nature of the dispersion. With the increase of the amount of TEOS
added, the residual rate of the coke from 16.4wt% (pure epoxy) to enhance the TGA
showed 39.1wt% (APTS-EP / TEOS 40%), epoxy resin showed significantly

improved by addition of TEOS thermal stability.

Keywords: epoxy, siloxane filler, composite, thermal stability

PR R BB A 22 1A IR ES 2D XY AL
PRk X FRBE AL 2L AP EL 2D UL KR
E-mail : dragon@sunrise.hk.edu.tw
RS LPEEFE L RE - LR
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22
— N gy :

P

PR e g PATY B G B R RS R RE B LA
Behidd BT ErNIF R 2T AP h 4:19?%5153;§»§,§g93/m:y;
SRR E R LR A RS A R[] 8 RS SRR
Lm%‘»),ﬁ%“* R FFERE A AR A ER B AT E R AT

BH WA AT S 23] R AR ¢ e @AM LD S e

3
X!
=

i A E 2 ER Y B R ATRFEAE 2 - TR G F S R
B BB blde D B G ORE GuR R R AR~ RF BT ﬁ‘@
FaFUKfRE s AR 4 R BN I B RN TR H B G 22F R L
A %éﬁiwiokdaﬁqfﬁ;;ﬁéﬂmﬁwg‘#gﬁ@nzﬁ
X P EERL e BRI T T A EMe IC #5% CPCB Ak AE)
A& MR esis 1 £ 5 [4,5] -

REEE B A T HATOF ETES o PR hd R B R S S S R
P S spefriis e L B F P D 2] RERAME R F AR
PRE? S EEAR PP A TSR B 0 A E3EE D
o R AT kB - - OB B Y AT Bl B - BAF
Aot L AL TR B i anm R 5 AR M R AR TR 1T
KB RFROLEMA F2 ICHEMEFE ALY § - TR & R e
P HRF A MR RS E S L - S A

AR A F B ha R AER A R J @t (heat resistance) fr #t 48 TE
(thermal stability) % # 7 o & Lyp Hp & BFR O 15 - FaFH P28
R @ fay dha 4 6] AR Ay R R FRIN MR DT R AR
HEABREET EPFRRY oL GRHRT 4 FHA Ry § Eehi i
s L g R e B R F U R W R ) g
KR AR B R s ER[6, 7] -

’

Wy T HEREY EBEE s F R R R 3 e 8 G
ACHESRF 2R E R BT LA F R KA ahg B X U g
Mg FHeETesl s METRIE G Al B ad s mtigitid
oMt EEE[8-10] 0 R A p b FAF L BV oonied HatRen
FACRBHEARY GOIER > Tl NF P LRI hEH T PRER M
PRI AT S S < DI

%F%%ﬁﬁ¢ﬁzkﬁ%@p*%ﬁﬂﬁﬁ%iﬁ%a»ﬁﬁﬁﬁ@g
2GR RERSF RS F UL RE
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=~ RERINALE S

2-1 % ¥ #°5 (APTS-EP)2 # #%

% # Epoxy( f§ #& EP)iz »* THF ¢ - & B 60 °C - £ #

3-Aminopropyltriethoxysilane (#§ #- APTS)% » EP & Jg3ig® i & 90 °C> NEF
WG HBI AL F RPER 1.5 B> 352 APTS-EP 2377 » # F i 4]4

Scheme 1 #7171 °

CH; cH;
H:C—CH—CH:{OAD—#AQ—O—CE:—(‘ZH—CEJ}()A@—#@—O—CH:—CH—CE: = HCCH-CH,—R—CH, CE—CH
fe ] ~ ) Sl & L

o CH; OH n cH; o o} z o}

OH

HQC:’CH —CHy— ]‘{— CHy- CH\—/CH;. + NH, + HgC\—/CH—CH;— lli— CH>- CH\—/CH:

OH o o OH
Epoxy Epoxy
Si.._
oet” \ OFt  APTS

OEt
90 °C
1.5H

Si
/A T OEt
Okt L APTS-EP

l sol-gel

H,C—CH—CHy—R— CHy- CH— H)C CHy—CH—CHy—R— CH,- CH—CH,
v i O T i TN T

OH OH OH OH
OH
o}[\ ‘/OE‘[ OH_
/S]\ S]\OE
OH o . 0 !
'si~0 0l
OFt o 1 o Mo jOH
81 O | o g
o g S
i (0] | OH .
L
o O—§i— Qwne .
b (Reaction 1)

Scheme 1 The reaction of APTS-EP.

2-2TEOS #l# = %

#- Tetraethyl silicate(#§ # TEOS)/% ** THF ¢ > g & 50 °C » % Solution A °
THF 4v » 2_& DI water ¥ j§ » HCl # # Ph &1 4 % Solution B £ #- Solution
B ¥ # i » Solution A » & & 50°C » :& {7 sol-gel ¥ Ji& » #4= 6 -] B » ¥ 3| TEOS
(Si-HB) » # F Jiz4%#]4= Scheme 2 #% 7% o
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(I)Et
OEt—?i—OEt _|_ mH,0

o
TEOS H*,6H,50C
OEt_ OH OH., ﬂ‘oﬂ
SJOH - OH S
OH 0 OFt o Oind b
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Table 1 Thermal properties of Epoxy(EP) and APTS-EP/TEOS composites.

Sample NO. *Td10 Tazo Taso PR max IPDT C.Y.

() (C) (C)  (Wt%/min) (C) (Wt% )
Epoxy 394 415 431 -254 669 16.4
APTS-EP/TEOS 10% 378 452 486 -12.4 1030 32.4
APTS-EP/TEOS 20% 381 457 493 -12.1 1089 34.5
APTS-EP/TEOS 30% 401 466 515 -10.7 1173 36.9
APTS-EP/TEOS 40% 412 471 527 -10.4 1236 39.1

¥Ta10 1s the temperature when the weight loss of sample reaches its 10%.

°Rmax corresponds to the maximum thermal degradation rate.

3-3-2 f& & 42 5 % f#:8 & (Integral procedural decomposition temperature, IPDT)[23]

FI#* TGA eh¥cyp (TR > @ * F Lo 0> SV REHNBEY RT oo fF o F
NAR S EPET @A R YR RS e IPDT 1 R PP E 8
RN E s ABRERE ERAAT  AHEHEAR LML ST - 4
e FARLAMBERZ ERASTAEZFE > TLo A RBLRAEE @R
PAxE > B IPDT 4% 5 F 2 Pl & 7 B A L HARL « HH 8 2 2 4o
3

100
80
g
3
< 60
s S1 S3
5
& 40
E
o
(]
2 2.
SZ
0 T T T T T T T
200 400 600 800
Temperature(°C)
IPDT(C)=A*x K* x (T¢- Ti) + Ti (D)

RELR & AT
A* = (S1+ S2)/(S1+ S2+ S3)
K* = (S1+S2)/S:

Ti = the initial experimental temperature

T¢= the final experimental temperature
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Fig. 5 The IPDT data of Epoxy and APTS-EP/TEOS composites.
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Fig. 6 Comparison of calculated and experimental TGA curves for
(a)APTS-EP/TEOS 10% ; (b) APTS-EP/TEOS 20% ; (c) APTS-EP/TEOS 30% ; (d)

APTS-EP/TEOS 40% composites.

Table 2 Comparison of calculated and experimental TGA data of APTS-EP/TEOS
10%~40% composites.

C.Y. (Wt%) at 800°C

Sample NO.

Cal. Exp.
APTS-EP/TEOS 10% 20.4 324
APTS-EP/TEOS 20% 27.8 34.5
APTS-EP/TEOS 30% 34.5 36.9
APTS-EP/TEOS 40% 35.2 39.1

3-4 APTS-EP/TEOS z_ %4 g+

AFTHIF R/ ABRAIHE A p 2 BB SHEAFELT F
T 4 T ep e X B > 4l * EDS(Energy Dispersive Spectrometer) 2.
Si-mapping k ¥ & 40 A A M F ¢ LB BB BET LE > FEA
2 BER G o

4v Fig. 7 5 APTS-EP/TEOS 10%~40%2_ Si-mapping @] > H % % & 1
PAREBE S ST AL PR S F R R T L RS -
RETELIHHE AL FEHAF o FP T URRIMEY A RS F B
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Fig. 7 Mapping photograph of Si-containing hybrid copolymers
(a)APTS-EP/TEOS 10% ; (b)APTS-EP/TEOS 20% ; (c)APTS-EP/TEOS 30% ;
(d)APTS-EP/TEOS 40%.
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G e b B AL IR 4 F B E engk 2 5 K% Epoxy ¢ 16.4wt% 4% X 1
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Development and Application of a Fire Monitoring System
Bk ' mEE mog e’
Yet-Pole I!, Sheng-Tse Chen?, Zhong-Kai Chen?
Rz 2P FRBEL 2L 12
Department of Safety, Health and Environmental Engineering, National Yunlin

University of Science & Technology

&
ARG A TR %% EHFRKR BT 5 (Laboratory Virtual Instrumentation
Engineering Workbench, LabVIEW ) | 22 T {73 # icd- 41 ® ( Arduino Micro-
controller) | ~ & B B B2 MAXG6675 ~ XX TS HAY By -2 T %
BEE N 0] 80319 B i 4L (Fire’s Integrated Reduce-model Experimental System,
FIRES) ;> M FREAF VL P2 P Lo Ay P R 2 ki b L
WA He 0 2 AR LI TV U 3R E (Fire Dynamics
Simulator, FDS) | #t#83K 3 ViR T 702 L U R RS HT BT %
BCEBHRE T o d AL RSB 0 @ FDS ¥ el iR 7] R
BREFHREIpANIT A RERF o J AR S RE o0 ¢ b RiE
Bp 26 ETE I RE2CREASF VL AREAY LG Y 3 Pl
PHNEEFRC RV AIRADIE A RS LR A2 - BT
NP R ER AN T UHEE A RRERE 2 FH R EERTRELT
ME i VAER CREF A EAL VTR 2 5

o

BMAEF RS U R ER T ARKEL AT 5 Arduino A E -
RS 8 ="1-«

Abstract

The purpose of this study is to use different software and hardware, such as
LabVIEW, Arduino microcontroller, MAX6675 temperature-sensing module, and
photosensitive resistors, to design a Fire’s Integrated Reduce-model Experimental
System (FIRES) in order to apply its central control function on a reduced model.
Different strategies and methods for ventilation are implemented to prevent smoke
from entering the staircases of a building. FDS software was applied to design the
ignition source and to the subsequent numerical simulation of fire and smoke

dispersion. The simulation results were finally compared with the actual experiments.

DR ZHPE SRS AFL IR B
E-mail: iyp@yuntech.edu.tw
P ORI HAHAEREEE 2 A0 LS
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The study shows the small-scale simulation using the liquid fuel of the FDS is
similar to the experimental data. The full-scale simulation is very similar to the
small-scale result in the beginning; however, the former’s fuel burnt out within a short
period according to its higher heat release rate. The difference between these two
models became larger because the full-scale model produced greater amount of smoke
after the mid-term. This study builds a central fire monitoring and control system
for a scaled model and also implements it to investigate different smoke exhausting
strategies. We expect this study can give the relevant agencies as an example for
developing a fire monitoring system or as a reference for designing smoke exhaust for

building fires.

Keywords: building fires, ventilation and smoke control, LabVIEW, Arduino

microcontroller, FDS.
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Abstract

The main objective of this paper was to study the water-proof, flame-retardant
and compressive resistance of corrugated papers/epoxy composite panels. Two
composite panels (the corrugated papers/epoxy composite panels and corrugated
papers/flame-retardant epoxy composite panels) were developed in the current study.
For the manufacturing of corrugated papers/epoxy composite panels, a dipping bath
was used to impregnate the corrugated papers with epoxy resin. The epoxy resin was
blended with flame-retardant compounds and then was used as matrix to make

flame-retardant corrugated papers composite panels.

HPHE S E R B
E-mail:burnier@mail.vnu.edu.tw
ERPE AR EPEEI BT T RL
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A material test system (MTS 810) was used to evaluate compressive
characteristics to the composite panels. In addition, vertical and horizontal burning
tests were used to study the flame-retard properties of the composite panels.

Experimental results revealed that both the corrugated papers/epoxy composite
panels, and corrugated papers/flame-retardant epoxy composite panels have well
reinforced efficient. Corrugated papers composite panels increased 1399%
compressive modulus while compared with raw corrugated papers. Furthermore, the
corrugated papers/epoxy composite panels with 20% flame-retardant compounds
passed the UL94 V-1 level under vertical burning test and achieved the UL94 HB40
standard.

Keywords : water-proof, corrugated papers, flame-retardant, compressive resistance,
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The Flammability Index of Cable Polymers Measured by

The Micro Combustion Calorimeter (MCC)
Fog!
Hsinjin Edwin Yang'
Pioneer Scientific Solutions LLC, Long Grove, IL USA

Abstract

The flammability of polymers is mainly evaluated through ignitability, flame
spread and heat release. Numerous tests, such as UL94, Limited Oxygen Index (LOI),
Oxygen Bomb Calorimeter and Cone Calorimeter, have been developed and
performed either in a laboratory environment or during industrial manufacturing on
final products. UL 94 has been generally applied for rating the flammability of
polymers, but it does not provide a quantitative scale to compare their degree of
flammability.

A relatively new quantitative and commercially available test technique -
Micro-scale Combustion Calorimeter (MCC) instrument developed by Dr. Richard
Lyon has been proved to be an effective tool for characterizing the flammability of
polymeric materials. The MCC was then applied to study the flammability behavior
of some cable polymers — polyvinylchloride (PVC), fluoro-polymers and hydrocarbon
polymers. The Flammability Index (Findex) was developed and proposed to
approximately define and determine the degree of flammability characteristics, and
the Findex results were successfully quantified and consistent with the flammability
performance of the studied polymers for their specific application in cables. Further,
the MCC results can offer much better understanding on the flammability behavior of

the polymers in terms of their chemical structure and additive composition.

I. Introduction

Cables generally consist of three major components: conductors or optical fibers,
insulation, and a protective jacket. The polymeric materials are usually used in the
cables for insulation and the protective jacket. The selection of polymers depend upon
the specific application (e.g., electrical, communications), installation (e.g., plenum,
riser, general purpose) and functional and physical performance requirements.

In addition to complying with electrical safety requirements, certain polymeric
products must, in order to meet certain safety regulations, meet large-scale
flammability performance requirements. Some popular tests for the polymer materials
flammability are currently applied and are summarized with their sample dimensions

and flammability information/results or ratings as shown in Figure 1.

I Ph. D. in Physical Chemistry/Polymer Science and Engineering,
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Figure 1: Summary of the polymer flammability tests from macro- to micro- scale
technique.

These include the UL 94, the Limited Oxygen Index (LOI), the Oxygen Bomb
Calorimeter and the Cone Calorimeter with their sample dimensions. Each method
offers a different perspective of polymer flammability. For example, UL 94 is an
ignitability test that provides a ranking of materials ranging from lowest to highest
performance: HB, V2, V1, VO; the LOI determines the minimum concentration of
oxygen that will support downward burning (candle-like combustion) of a vertically
mounted test specimen; the Cone Calorimeter provides a broad range of ignition and
combustion properties in a well-ventilated early fire-growth stage; and the Oxygen
Bomb Calorimeter measures the potential heat or calorific value under high pressure
and a 100% oxygen environment.

UL 94 has been generally applied for rating the flammability of polymers, but it
does not provide a quantitative scale to compare their degree of flammability.
However, this method has some significant drawbacks: (i) it is evaluated by visual
observation, (ii) only measures the burning rate and drips, (ii1) rating result depending
on sample dimension especially on thickness, (iv) inconsistent results depending on
the operators, (v) lacking of scientific data/factors for rating. Therefore, we need a
more rigorous testing tool for rating the degree of polymer flammability.

Recently, the Micro-scale Combustion Calorimeter (MCC), was successfully
developed by Dr. Richard Lyon of United States Federal Aviation Administration
(FAA) [1-2], and has become available commercially for use by research
organizations, universities and industry. The MCC has been successfully applied to
assess flammability of polymers using small milligram-sized samples from a pellet,
film or powder; the sample size ranging from 2 ~ 10 milligrams [1-2]. The

methodology and apparatus for MCC measurements has been standardized as ASTM
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D7309 [3]. In this standard, the sample is thermally decomposed and oxidized in a
furnace, and the combustion products are analyzed, using oxygen consumption

calorimetry, to determine the heat generated.

The Micro-scale Combustion Calorimeter (MCC) can qualitatively and
quantitatively study polymer flammability characteristics [4] such as: ignition
temperature, combustion temperature, heat release rate (HRR), heat release capacity
(Ne), and total heat of combustion (HOC). In this paper, the MCC technique was
applied to investigate the flammability behavior of some popular polymers used for
wire and cable applications, e.g. PVC, fluoro-polymers, polyolefin (PP), polyester,
and to further understand the factors contributing to the flammability of polymers in
terms of their chemical structures. Based on the MCC results, the Flammability Index
(Findex) of the above polymers is calculated following the Findex €quation proposed by
Yang et al. [5-6] to quantify the degree of flammability-resistance of the polymers,
and we also investigated on the structural and compositional variation of the additives
within the polymeric matrix under the decomposition and pyrolysis processes as a

function of the combustion temperature.

II. Theoretical

The setup of Micro-scale Combustion Calorimeter (MCC) shown in Figure 2
was originally developed and patented by Dr. Richard Lyon of United States Federal
Aviation Administration (FAA) [1-2], and it has recently been commercialized and
standardized as ASTM D7309 [3]. Figure 3 demonstrates the recent MCC
instrument, and its ceramic sample holder and specimen cup. The general principle of
the MCC test [4] for determining material flammability is to decompose the material
in a furnace subjected to a high temperature ramp (< 1 °C/s) rate. The decomposition
products are mixed with an oxygen/nitrogen air mixture to facilitate combustion.
Oxygen concentration and flow rates of the combustion gases are monitored and

oxygen consumption calorimetry is used to calculate the heat generated.
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Figure 2: The setup and detailed configuration of MCC [6]

(4

L.

Figure 3: The recent MCC instrument and its ceramic sample holder and specimen

cup.

According to the oxygen consumption principle, a constant amount of heat is
released per unit mass of oxygen consumed, E = 13.4 kW per kg. A heat release rate
(HRR) or Qc, can be obtained by measuring the amount of oxygen consumed as a
function of time and dividing by the initial sample weight, mo. Qcis equal to the heat
of combustion, h2, of the evolved gases multiplied by the fractional mass loss rate
(m(t)/mo).
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ENO; _ 4o =1 dm(D)
= e =5

HRR = Q.(t) = { (1)
The maximum rate of oxygen consumption which usually occurs at the peak

mass loss rate in (1) provides a peak heat release rate in W/g.

-1 dm(t)

E AO
moz]max = hg [m_o T]max (2)

(HRR),, = Qcmax =

The heat release capacity (7], ) can then be obtained by dividing the peak heat
release rate by the sample heating rate to achieve a value with same units as the heat
capacity J/g-K.

_ Q" (B) _ he (1-wEq,
B eRT3

Nc ©)

B is the sample heating rate, u is the char yield, Ea is the activation energy for
pyrolysis, Ty is the peak pyrolysis temperature, e is the natural number, and R is the
gas constant. The heat of combustion (HOC) is defined as the total area which is
obtained by integrating the peak curves from HRR measurement as a function of
temperature. Please note that the true values of the specific heat release rate and those
reported by the MCC will be within a few percent [7], which is less than the
repeatability error of the test [1-2]. The correlations of the results among MCC and

other flammability tests have been extensively studied and compared [5, 8].

IV. Experimental
(a) Polymers in the cable or other applications were selected in this study as
described in the following Table I

Table 1. The selected polymers for MCC study

Polymer Structure or Grade

PP Polypropylene

PET Elastomer Polyester Elastomer

PBT Polybutylene Terephthalate
PVC-D PVC w/ DTDP*

PVC-T PVC w/ TOTM**

PVC-R PVC with red colorant

PVC-B PVC with blue colorant

PVDF Polyvinylidene Fluoride
PVDF-HFP Polyvinylidene Fluoride-Hexafluoropropylene
FEP Fluorinated ethylene propylene
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‘ ECTFE Ethylene chlorotrifluoroethylene
*DTDP: Ditridecyl Phthalate ** TOTM: Trioctyl Trimellitate

(b) Sample Preparation and Test conditions

The polymer samples were conditioned in the chamber at 25°C and 50 % relative
humidity for at least 24 hours, and MCC testing was performed with a sample weight
of approximately 3 - 5 mg except for highly flammable materials — PP and PBT with a
smaller sample weight of about 2.5 mg. Each material was tested 5 times using a
temperature ramp rate of 0.8°C/s and an oxygen concentration of 20% v/v of oxygen

with the concentration of nitrogen following ASTM D7309 Method B.

(c) MCC Data Analysis

The polycarbonate (PC) pellet was used for daily verification of MCC tests as
shown in Figure 4 with 5 replica runs. The average result of 5 runs was reported for
every cable material tested. The (HRR)m is defined as the maximum value of heat
release rate (HRR), Tp as the peak temperature at (HRR)m, and Ti as the onset (or
ignition) temperature at the beginning of the combustion of the material at HRR of 10
W/g. It was noted that the first (major) peak was from PC decomposition, and second

peak of HRR from the char cracking and oxidation of PC.

400 | . .
350 (HRR)m PC
@ 300 . Decomposition
; 250 Pyrolization
m 1
% 200 Char Cracking
150 and Oxidation
100 —
50
0 I 1
200 300 400 \fOO 600 700 800 900
T (°C)
T, T,

Figure 4: Heat release rate (HRR) as a function of temperature for PC and the results
analysis for (HRR)m, Ti, Tp.

V. Results and Discussion
MCC provides significantly more information to characterize the flammability of

polymers than the LOI, Oxygen Bomb Calorimeter or UL 94 tests methods. Figure 5
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exhibits an example of the MCC results as in the plots of (HRR)m versus temperature
for all PVC materials. Interestingly, the MCC was able to detect the effects of
colorant and plasticizer on the flammability as shown in Figure 5. The two PVC
compounds with the colorant showed that PVC-R with red colorant had a (HRR)m
about 20 W/g less than with the PVC-B with blue colorant, indicating the red colorant
in PVC had a little better flammability resistance than the blue one.

250 I [
PVC Polymers
200
M
35 150
e i
e 100 4
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Figure 5 The plots of HRR vs. Temperature for PVC materials: PVC-D (solid green),
PVC-T (dotted green), PVC-R (Red), PVC-B (Blue).

The MCC results could also distinguish the difference between PVC with
different plasticizers as exhibited in Figure 5. The MCC clearly shows that the PVC
with TOTM had about a 20°C higher peak temperature than the PVC with DTDP at
the third peak (around 580 — 600°C) of the combustion process. However, further
study is required to determine if this result may be more broadly applied. Please also
note that the PVCs with the colorants have much lower values of (HRR)m and HOC.
It seems that both the red and blue colorant may offer some degree of flame
retardancy for PVC polymers. There are three combustion peaks for the PVC
materials: the first peak around 380 — 390°C which may be due to PVC
de-chlorination leading to the formation of HCl and benzene and the decomposition of
the plasticizer and other additives, the second peak around 450 — 470°C from the
decomposition of flame retardant and other additive(s) like thermal stabilizers, and the
third peak around 550 - 600°C from the further pyrolysis of the residue materials

including colorant(s).
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The Flammability Index (Findex) was postulated by using three important
flammability attributes: (a) the onset of combustion temperature (Ti), (b) maximum
heat release rate ((HRR)m) or heat release capacity (7). ), and (c) heat of combustion
(HOC). Each factor is determined by dividing the measured value by a reference
value. The reference values allow for scaling of each of the contributing factors. Thus,
changing the reference values will not qualitatively change the Findex.

The reference values are selected based upon statistical results developed for UL
94 rated materials and average border values between high (HB) and low (Vo)
flammability materials with reference values of (a) ne: 200 J/g°K, (b) HOC: 30 kJ/g,
(c¢) Ti: 300°C, used for evaluating the degree of flammability of polymers. Then, an
empirical equation of Findex could rationally be established as in Eq. 4, (please note
that e which is independent of heating rate was used instead of (HRR)m) to estimate
the degree of flammability as proposed by Yang et. al. [5-6]:

Fingex = (k1 * znoco) (kz * (Hs(:)C)) (k3 * 3:0) ’ (4)

i

where ki is the scaling parameter of each major factor. The above proposed equation
indicates that the larger the Findex, the higher the flammability or risk of a flammability
hazard. Assuming equal contribution from each of the major factors to the
flammability, e.g. ki = ko = k3 = 1, the Findex value of the polymers can then be
calculated following Eq. 4. The MCC and Fingex results are listed in Table Il. The
lower the Findex, the lower the flammability and better the flammability resistance.

Table 11 The key factors for flammability and Findex (calculated by Eq. (4))
of the studied polymers with their UL94 rating and cable applications

(HRR)m | Tp Ne HOC T; UL 94 Cable
Polymers Findex .
(W/g) °C) | J/g-K) | (K/g) | (°C) Rating Type
PP 663.6 382 830 54.60 | 302 | 7.50 HB Other
PET-elastomer 449.8 442 562 33.95 | 346 | 2.76 HB Other
PBT 529.9 442 662 31.33 | 377 | 2.75 HB Other
PVC-D 195.4 339 244 26.62 | 292 | 1.11 A%\ Electrical wire
PVC-T 191.3 338 239 27.19 | 295 | 1.10 Vo Electrical wire
PVC-B 176.4 350 221 25.63 | 300 | 0.94 Vo Riser
PVC-R 155.6 510 195 25.67 | 298 | 0.84 VO Riser
PVDF-HFP 123.6 483 155 15.51 | 425 | 0.28 Vo Plenum
PVDF 134.1 500 168 13.50 | 449 | 0.25 Vo Plenum
ECTFE 85.9 476 107 14.65 | 408 | 0.19 Vo Plenum
FEP 50.5 538 63 7.67 | 489 | 0.05 VO Plenum
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The Findex results demonstrated are consistent with known flammability
performance. Furthermore, because of the quantitative nature of the Findex, it is
possible to determine flammability much more precisely than with UL-94 testing. For
example, wire and cable materials are not distinguished under the UL-94 standard
since they all have the same VO rating, but it is trivial to distinguish among them with
the Findex. These materials are classified as being appropriate for use in plenum, riser,
and general-use electrical cables in order of most rigorous flammability resistance
requirements to least. All cable materials had values less than 1.2 — for plenum cable
polymers, the index value was lowest among the cable materials with values ranging
from 0.05 to 0.28 (all fluoro-polymers), then, for riser cable polymers the index was
about 0.84 — 0.94 (PVC-B and PVC-R, and it was noted that PVC-R had lower
Findex or better flammability resistance than PVC-B), and for general-use cable
polymers the index was 1.10 — 1.11 (PVC-T and PVC-D). For other general
applications, the index had much higher values ranging from 2.75 up to 7.50 (for all

hydrocarbon polymers).

VI. Conclusions

The degree of flammability of the polymers can be defined using the proposed
Eq. (4) of Flammability Index (Findex) measured by the MCC, and the results can
successfully be related to their required flammability performance. The values of
Findex listed in Table Il provide a more precise measure of flammability among
polymers that are given the same VO rating under UL-94. Thus, PVC and
fluoro-polymers can easily be classified into appropriate cable applications based on
their Findex: (1) General-use cable (1.10 — 1.11) — PVC-T, PVC-D; (2) Riser (0.84 —
0.94) — PVC-R, PVC-B; (3) Plenum (0.05 — 0.28) — all fluoro-polymers: FEP, ECTFE,
PVDF, PVDF-HFP. Further study is necessary to develop more complete ranges of
the Findex for appropriate cable applications.

Interestingly, the MCC can even detect the effects of colorant and plasticizer on
the flammability, in case of PVC. The results showed that the red colorant had lower
Findex or better flammability resistance and the PVC with TOTM plasticizer had about
20°C higher peak temperature than the PVC with DTDP at the third peak around 580
— 600°C of the combustion process. The MCC results also offered a good scientific
understanding of polymer flammability in terms of their chemical structures and
compositions.

However, further MCC studies on more polymeric materials are needed to better
define Findex or the degree of flammability and further refine the value of scaling

parameter (ki) for each major factor and possibly include other potential factors, such
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as Tp, AT (Tp - Ti), multiple peaks and activation energy for combustion. An improved
equation for Findex Will allow better selection of materials (polymers and/or flame
retardants) for specific applications based on flammability resistance requirements
and a more rigorous rating for flammability resistance based on the MCC’s qualitative

and quantitative results.

VII. Acknowledgments
The author would like to thank Douglas Lueck and Tom Lackhouse of UL-LLC
for performing most of the MCC experiments, and also express thanks to Dr.
Pravinray Gandhi of UL-LLC and Fred Schall of Deatak Co. for their valuable
discussions about the data analysis and operation of the MCC. Special thanks to Dr.
Richard Lyon of US - FAA for his permission to use the figure of the MCC apparatus

setup and some valuable discussion.

VIII. References

1. Lyon, R. E., and Walter, R. N., Micro-scale Combustion Calorimeter., U.S.
Patent 5,981,290, 1999.

2. Lyon, R. E., Heat Release Rate Calorimeter for Milligram Samples, U.S. Patent
6,464,391 B2, 2002.

3. ASTM D7309 - “Standard Test Method for Determining Flammability
Characteristics of Plastics and Other Solid Materials Using Micro-scale
Combustion Calorimetry”, ASTM International, 100 Barr Harbor Drive, PO Box
C700, West Conshohocken, PA, 19428-2959.

4. Lyon, R. E., and Walter, R. N., Principles and Practice of Micro-scale
Combustion Calorimetry, DOT/FAA/TC-12/53, 2013, U. S. Department of
Transportation, Federal Aviation Administration, Office of Aviation Research,
Washington DC, 20591.

5. Yang, H. E., Gandhi, P., Lackhouse, T., Micro-Scale Evaluation of Flammability
for Cable Materials, Proceedings of 62" International Wire & Cable Symposium,
Dec. 2013.

6. Yang, H. E., Schall, F., Micro-Scale Study on the Flammability of Polymers,
Proceeding of 2015 BCC Flame Conference, 6 pages, May 17 — 20, 2015.

7. Walters, R.N., Safronava, N., and Lyon, R.E., A Micro-scale Combustion
Calorimeter Study of Gas Phase Combustion of Polymers, Combustion and
Flame, Vol.162, pp.855-863, 2015.

8. Lin, T. S., Cogen, J. M., Lyon, R. E., 176-185, Proceedings of the 56%
International Wire and Cable Symposium, pp.176-185, Nov. 2007.

92



2016 Hcfp P

TR o EUD RS

I BHFT--A LT 23w il %@ ) SR e N
rrﬁ"\";k";}!’FﬁJ . r'«,’”%ﬁi:}i%jb | ; #‘_’,‘;#ka’ﬂ‘#w el | -

2. WEEFPL AP P AT AT ,g o R 2 S R
BIR AR RS B R e B SRS
HEHYFEES DY HERIRYE -

3. WHRARR A R R RARERE S PER LR -

4. TEFR-FRARMICR  BR AAMPRE TR P S MRl R
‘T’I’F‘d‘ixﬁ”ﬁhﬁ‘,p%osb/}ﬁliﬁg %iEE ]}'{]%Jg /ﬂl‘f%‘iifﬁf‘.«éﬁﬁﬁi)ﬁ*
E&E'Fié%ﬁﬁgo

S BE-HFR L PSRRI TR LA

\v

S

K kg (25 0] S
[71070 2@ # X BT L~ B 19550 » #3142 % F a2 &Kt 1t
E-mail : sshou@mail ksu.edu.tw ; Tel : (06) 2727175 ext. 257 ]

g i—\- /= -’I‘f’

Lo~ F /i 2w~ ER ¢ v 32 IR RLENIRF w22
F F Al 5 Times New Rome °
2. KR A KRR R es A ER L ERME Y AP R
o m AP %ﬂ-xﬁ«:’\:’ REP 2 (8 o
3. IF'*‘ P s Em Y2 IF*‘F‘]"% Z N PRIFH rﬂlﬁ%ﬁa-o IF‘*‘ Z_PRFrH =%
;fh),ux.ﬂ;j\—% FEER- A lF'%zﬁFﬁlﬁ’(liF—%z’%-Ul
Faﬁ%ﬁ7\°
4, FE I UPFPFEZINLERI LN F o ABUY TR EER - &
HES00 FoUp2Y s EYFERL-Go BV FRGENY RS
50 FA| 4 ) AEp 2 l6pt TREF B ~mF o~ 2 P F AR 14pt 2
W3 (EHAE2 SRR F It M E B
6. B4z @ ¥ BHBRMAET > 55 B 5T
7. BlEHRP IR ELAREIR- RPN Em e BB ARZT S &
WAL e d 2 b 3 o
8. %}%’?‘[ﬁk DTzt FRPHRN R N ALEERS)
Combustion Quarterly Vol. 52 17 No. 2 May 2008
(1) F#: 0 F 6 miks Re > T & o
VAol gk 2 P E g 2 R o 4 0 pp. 183-191 0 1992 ¢
# < 4r : Owen K, Coley T. Automotive Fuel Reference Book, 2nd ed.,
Society of Automotive Engineers, pp. 551-587, 1997.
(2) WA= FF G b WA E o EW o T
Pl IR e BERE ST %2768 > pp. 10-18 -
1979 -
# % 4riZhen, H. S., Leung, C. W. and Cheung, C. S., Emission of impinging

o

o

93



swirling and non-swirling inverse diffusion flames, Applied Energy,
Vol. 88, pp 1629-1634, 2011.
(3) Fif¢ ,sz,% ,ﬁ"jlg’/‘q ‘,415;;%,;?3(,4’135\;;}0

¢ e ;’a'fa“ﬂ,% AR R A Rk A P 2002 ;17 E A AR
F;y‘gb,jﬁ?ﬂ » HASR L R g pp. 84-91 » 91&47%* -

# < 4r ! Law CK. Dynamics of Stretched Flames, Twenty-Second
Symposium  (International ) on Combustion, The Combustion
Institute, pp. 1381-1402, 1988.

Vs

TG B0 R R

6. By - LT 22 o LRI TRIRFEERY T4 RGERE
"B s TOREPRERE ) T2 AEHE Lotk -

T'%@ﬁﬁiﬁnw%@”#ﬁﬂﬁdmﬁ %é% L RIHhe gk
BPpHAAMAT WIS CRP AR E i BB EE o ApH
ﬁﬁ%?%i*iv‘%%m?%¥ﬁo

8. WHUMEMSI BT A AYIER G C AAVVERTT Z WA G TR E o

9. FREFM--FAAPMICK - AP MM PAERTR PSR EFRLE
TRz TR e AL g REF R P FIMBEL SR
Friz Ay ki s o

10. H 14 --Fﬁ—*‘ ..51,1‘}' *‘"3¢m e ’;l—’%;mf&g\'ﬁ i IF‘ :ési\;?fr—%fi .

[ﬂmor@?kﬁ 3,&*w5%’%ﬁ1ﬁj e B o
E-mail : sshou@mail ksu.edu.tw 5 Tel : (06) 2727175 ext. 253 ]

9. = F RIS 2 REER P+ 232 T AR AT E o S
F F A & & Times New Rome -

10. 48P &+ T‘\ﬁe?}’?’“ﬁ‘éfb/}%%i*‘ T ZERPE Y B YR L -
FA) _ng_E\EI’—:L-KT"/\ﬁ S A

ILWﬁ:ﬁwjﬁ\mvfmﬁ%*\mﬁﬁﬁﬁ‘ﬁoﬁifwﬁﬁﬁi
B%k%g’_;%—uxﬁ,;l—j\—r XEBE- F 2k IF—%Z Lo A Y F—?.lz ,f%—u?;
o2 3 5utkoT 2 o

4% I HPER LS N AR LN G BB P AE Y - &
G500 ALY ES ARG E I RIR Y R

13.F 3]+ “42Pp M 16pt 24EF > %Q\w€~¢im 2 AL l4pt 2
W TFARE TP F2pt REMFTE R -
14 BigE=x P BHRMEESF &5 S B Lo

15, AP T RRELIBI- P 2 A2 BEREBLRZ T 4

94



§i L ORI A

16. z}%wgk :

(P22 88> FREGEIY T DR LETAE RS

Combustion Quarterly Vol. 52 17 No. 2 May 2008
(1) FH# ey F & domik “"ébw P H E

¢ de

B2 o4

(2) k=

¢S e

%v gk 2t Frgg s 1e 2 ko %4 o pp. 183-191 51992 -
Owen K, Coley T. Automotive Fuel Reference Book, 2nd ed.,
Society of Automotive Engineers, pp. 551-587, 1997.

CEE R OWAIEHE E o S T

Ead  hpB BFs  S72147 7 %2768 > pp. 10-18
1979 -

# % 4riZhen, H. S., Leung, C. W. and Cheung, C. S., Emission of impinging

(3) =g :
¢S det

B2 4o

swirling and non-swirling inverse diffusion flames, Applied Energy,
Vol. 88, pp.1629—-1634, 2011.

(- Bz ’Pﬂ‘g"‘? -0 MR H o Tl & AR

@hﬁi EH% A R R A kA HE 2002 ;77 £ 4 F R R A
g~ £ EASRNRE R € o pp.84-91 91 #4171 o

Law CK. Dynamics of Stretched Flames, Twenty-Second
Symposium  (International ) on Combustion, The Combustion
Institute, pp. 1381-1402, 1988.

g E ) 2016 052
FEHE Y EARRES g
FoE A kLR

B B DGRz

BlAYIE i gAY s B E (kBT EE))

i L3 A N SR S %49\ 2R IR CINL T ER
S8 ORI F A ‘1“%? SRR T 2 EES
FER ERA ?J\sprﬁ..&ﬁw#ﬁtc““ﬂ W~ FRA
(R L F5])

N T Y

FErn 17014 5P 4 B
SRR S A

=51 (06) 2369715

,:F,

ey

]
"33":3\[35]-;1
]

- Eh s gl

TET AR

)il;: r' wu%ﬁu “;’ 37\37\ V3 #”J

95



