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Numerical Simulation of Feedwater Effect on DeSOx
Process in a Carbon Monoxide Boiler
g T2 fhira
Chun-Lang Yeh, Pei-En Sun, Hsing-Tong Lin
~f¢g%ﬁ gﬁWﬁ?%%ﬁpww
Department of Aeronautical Engineering, National Formosa University
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Abstract
This paper discusses the effect of feedwater in the DeSOx section on the
formation of SOx, NOx and CO in a Carbon Monoxide Boiler. From the simulation
results, it is found that the concentrations of SOx and NOx can be reduced to 1/12 of
the original concentrations, the CO concentration can be reduced to within 250ppm,
and the temperature can be lowered to below 470K (about 200 °C).

Keyword: Carbon Monoxide Boiler, DeSOx, Feedwater
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14 cooling pipes with a staggered arrangement, a diameter of 320mm and an interval size of 928mm
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Kramlich # # &1 /icng (A3 w5 8 40[10] > 3% F B#4]d 20 B 7 i
Flgeried > & 51 12 B 84 F (S-S, SH SO~ S0, HyS~H~Hy~ OH ~
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21~ ~HZSOX 85 i d] ( F lid ¥ i k=AT exp(-E/RT))
Reaction A b E

H,S+H — SH+H, 1.819702E+07 0.0E+00 7.484300E+03
SH+H, - H,S+H 9.375623E+06 0.0E+00 6.253660E+04
OH + H,S — H,0 + SH 1.380385E+02 0.0E+00 3.742150E+03
H,O + SH — OH + H,S 3.104557E+07 0.0E+00 1.218543E+05
SO + OH — H + SO, 1.621810E+08 0.0E+00 2.565926E+03
H + SO, — SO + OH 7.691299E+09 0.0E+00 1.187023E+05
SH+O >SO+H 3.548135E+08 0.0E+00 2.687316E+03
SO+H— SH+0 2.985385E+09 0.0E+00 1.694600E+05
O+ H,S — SH + OH 4.365162E+03 0.0E+00 1.380493E+04
SH + OH — O + H,S 9.885528E+08 0.0E+00 6.035996E+04
SO+0,—>80,+0 4.466832E+05 0.0E+00 2.703222E+04
SO, +0 — SO+ 0, 1.663412E+06 0.0E+00 7.613643E+04
H+SH+M > H,S+M | 1.096478E+03 0.0E+00 0.000000E+00
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SO+O0+M—SO,+M 8.709647E+09 -1.8E+00 0.000000E+00
SO, +M—-SO+0+M 1.905464E+14 0.0E+00 5.207365E+05
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M = argon, nitrogen, oxygen

ki1 = 3.63x10° exp(+4185.85/RT) m®/gmol?/sec

ki, = 1.2x10° exp(-39765.575/RT) m*/gmol/sec

ky1 = 7.41x10™ exp(-346123.75/RT) m*/gmol/sec
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A3 paiiefe A (XEAF)

methane (CH,) 0.482
ethane (C,Hg) 8.04x10%
propane (CsHg) 4.05x107
butane ( C4Hi0) 2.88x10%
carbon monoxide (CO) | 1.69x107
oxygen (O,) 4.3x10°
nitrogen (N,) 5.48x10%
hydrogen (H,) 0.2919
sulphur (S) 4x10™*

B> B Llatme A& FRE0ERE 0 ARG F phe o
B 6.31?‘:‘10.93 m/sec ~ 8 & = 300K -~ }'/;ﬁgn GL o~ v oEs o e10% ?,ffiﬁ P
WA Fd 2N ()RR E £L=0.944mf ) -

2/ k3/2
He|=007L Lz 2/R®eE T o x& 7 4 34 inik 240.154m/sec ~ 8 B 5 300K ~ ¥
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The Study of The Effect Azeotropic effect of
Methanol-Porpanol Fuel on FT Diesel Engines
thpis s p A’

Bai-Fu Lin, Chin-Chieh Tu
N Tt F -GN S A
Department of \ehicle Engineering, National Taipei University of Technology
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B ™ oA BRI E L B 3 B § Y R F
(REAY - § AN R od 3=l S ‘**”?{TLE AR RERTA AR
B ot A&7 i * FT(Fischer-Tropsch process) & =& 4 » ¥ :#4-7 i 2 & & fi3iR &

e FT & S 80 7 2 70 % 5 FAE R RIS (L2 ZAE R RF
PR EHER I FORL BT FRBRED > T HEREP R~ FT £ 2
Wegh P T e S I B AR F BB AL £ H A5 B A ¢ smoke 2 HC hg £135
TR 2Rk

BAET S FT & 80 ~ 7 @ B A G2 E At~ 8 B IR o F B

Abstract

The diesel engines are widely used in public transport vehicles. Its emissions of
smoke, NOx, HC and PM cause air pollution, and affect human health seriously. In
this study, we used Fischer-Tropsch diesel fuels and mixed methanol and isopropyl
alcohol with the Fischer-Tropsch diesel fuels and filled into vehicular diesel engine
tank. The experiment results show that adding methanol and isopropanol in
Fischer-Tropsch diesel fuels can help to improve the problem of diesel engine exhaust
emissions. In particular, it effectively reduces the engine exhaust smoke and HC
concentration.

Keyword: FT Diesel, Methanol Fuel, Isopropanol Fuel, Azeotropic Effect, Engine
Performance and Emissions.
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Fres | " | Bpf
TR
2 FT Methanol | Isopropanol
Bi(Wt% ) | 83.74 37.49 59.96
3 (wt%) 14.40 12.58 13.42
3 (wt%) -- 49.93 26.62
TR 0.7906 0.8 0.79
(kg/L)
(%2 46.838 19.7 30.45
(MJ/kg)
L2z iE 78 3 15
# 2L(°C) -- 64.5 82.3
7w R -- 1178 666
(KJ/Kg)
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Consumption, f§ i BSFC) ~ #]#+-T 323 »c/& 4 (Brake Mean Effect Pressure , fi
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B Wy
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21



3.2BMEPE 2 " &

L EAY Z 88 & o 2 BMEPT 35 (5 0 i i 4o 0 FT+MBP5R £ %L e
BMEP %, T 351z 82 28 /i 3t FT+M10{cFT+P107 faR & Yl 2 B > e & 51 & &
#T 2B SBMEPES L FAp L e @R FL T A ERARK > €13
N5 EFABMEPE S Xy e BT el e R RE S AEB 0 2 FFTHMSP5R & %
AP o o W PR o RV A2 RS PR S o Fptd &
47 503 T 35E F LFT+M10 ~ FT+M5P5ﬂfrFT+P10 FaR & v enBMEP R T 32
AR 2R 1% T o £ H & ¢ § i# 1600rpm 2 2000rpmpF - FT+M5P5:2

£ kil s FT+P10,W EH A ~BMEPEA AP v ie 4 7 P e R R RV
B SEw o R F AL EBERF LN ARLEF -

Z 4. & fAR & kg FT+HMSP5 R & %2, BMEP T 32 &7
BITIoEE gL K

BMEP(kg/cm2) % s K& (#2 FT+MBP5 ¥Akt4a £ £%)
SRRk -
N FT+M10 FT+P10 FTV5P!
5 E4g ik 7
at 1200 rpm 9. 67 9.71 9. 68
FaE % (-0.10%) (+0. 31%) -
at 1600 rpm 9. 68 9.72 9. 79
HMER (0. 41%) (+0. 00%) -
at 2000 rpm 9. 62 9. 66 9. 66
XS (0. 41%) (+0. 00%) '
9. 66 9.70
4 3 9.69
st (-0.31%) (+0. 10%)

3.3 Smoke kB 2. &

Yo 3 Hom T R 2 fidg R a2 £ SIE § T o Smoke (kA B2
BMEP i s o 1% § 7 4 © i 59FT+M10 2 FT+M5P5 3 482 & ’«H'mSmoke
RREY AR Aqp i o o Ed W2 75 E 4093%F R mLzEE
26.62003F 2 13 2 5 o AT0L R Y e T AR ATE B e0d Aok ldn P AT o Ei %
5 ¢ ¥ 4r o FT+M10 2 FT+MBSP5 & #6:8 £ %44 Smoke 7k & {8 4p 3+ FT+P10
Rl PRETHOES AL RFIANIEZEESR C FRE R
S AE VIERY RTINS AR ER B EE L
F PG #F 0 R ERALE 6 F TR Ii AR L S o
WY E S G RS hE F b G R MMERE > > X% M F ¢ o Smoke
)g o

)3
Es
] gt

%_‘llﬁﬁ\m

22



-4-FT+MI0 —-

60

FTP10 —A=FT-M3PS ]

1200 rpm
50

‘ —=FT-M10 —<-FT+P10 —A-FT-M3P5 !

A
=

1600 rpm

(v
(=

&~
S
i
{

: £
40 L
/
/
/
M

(5
(=3

()
=]

Smoke(%)

2
=1

Smoke(?
Io.l
\\o

l

00]23456789]0[1 01234567m1
BMEP(kg/cm?) BMEP(kg cm?)
“ | =FT-M10 —<~FT-P10 —&~FT-MSPS |
50 2000 rpm
_ 40
% 30 £
£ Y
% 10 //
0 —a—‘—n—a——L

0 1 2 3 4 5 6 7 8 9 10 11
BMEP(kg/cm*)

B 3. = 8 & %2 Smoke ¥ BMEP & B %

# 5. @ f&R & Pl FT+MBSP5 R & %l 2 Smoke Jk & Lo BT ioE 2 4

ip £ %
Smoke(%) 41k AMEZ 8 BT 34E (82 FTHMOPS #kkh4a 2 £%)
SR B
FTHM10 FT+P10 FT+M5P5
7l ik
at 1200 rpm 8. 14 9.43 8 62
ja £ & (-5. 54%) (+9. 38%) ’
at 1600 rpm 6. 78 8.03 719
AEE (-5.70%) (+11.68%) o
at 2000 rpm 4. 71 5. 76 193
18 £ & (-4. 46%) (+16. 84%) ’
6. 54 7. 74
Rl (-5. 35%) (412.01%) 6.91

34 NOx;E B2 -ﬁl

M4s7 » %FT+M10 ~ FT+P104cFT+ M5P5= 67 &

1200rpm ~ 1600rpm+4=2000rpm™ > BMEP i&

FT+M10:2 &
B R F R R
B F fe§ L
FT+M5P5;2 &

> FT+P107%

J;L_}l > NOXI%))E

22NOxk & &
el iNOy ik B B B 4 > @ FT+P10R &
Eg T R HUMER G 7]
A2 g5 NOxE £ o @ Pt d Lk 4 5% fE % 5% R [ it
Al 4 > FT+M10f-FT+P107 —*Ffi [
O IR 5 B A g +n1200rpmpEF - FT+ M5P5;R &

& 7+4133.68% > 3 *FT+M108 &

AL T

2Rt BV ¥ REET
L INOyE B B g 0 A
ERPER RRF

et INOyk B (8 14

WHL18.82% ¢ @ i3 A 4t = iR &

& A

LA L



PALENOxiE & AR £ 4 % PR ] L5 U fhent 2R B B R K ER
FUEBRERPL A Y RS BT N3 b B R RS
o NOxergt 3 & R g >

\‘ ——FT+M10 —-FT<P10 —A—FT+M5P5 | —~FT+M10 —~FT+P10 —‘—FT-MSPSI

1400 1400

1o o e A

EL 800 ()X/A\A\ E“—SOO /_i/ \\ !
£ it 77 - -
o NI bt ]

ot 4//1-' \§ 200 ‘//A/

200 7as [Ay

001 2 3 4 5 6 7 8 9 1011 01 23 4 5 6 7 8 9 1011
BMEP(kg/cm?) BMEP(kg/cm*)

r
| —==FT-M10 —=FT+P10 —A-FT+M5P5

2000 rpm

1000
£ 800 A
Z 600
“ 400 A
200 %‘
0 1 2 3 4 5 6 7 8 9 1011

BMEP(kg/cm?)

B4 = faR & 742 NOy k& & BMEP &/ %
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SIS Ty S F v G R AERS R P BFTHPL0 s 5 it » HEGT

RS
B B o T 5] i g 2 i i 1200 rpmpF > FT+M10/R & %A EGT B F #i&
FT+P105R & %5 14 > s 2 8 R F % 7 M enF 3 BRRE > hit L Am? sfr
BMET N R R RERFEAE K A EF R LT 2R s
WO eEGT AP 4% | o

s

| =FTMI0 ~—FT-PI0 —4-FT-M5PS i | =-FT-MI0 ~-FT-PI0 —FT-MSPS |
I
1200
400 pm 600 1600 rpm /.___”__"
o A .
~300 _ 300 /‘,!
> 3
=400 o 2 400

300 // 300 ‘/
200 . ~ 200

100 100
0 1 2 3 4 5 6 7 8 9 1011 0 1 2 3 4 5 6 7 8 9 10 11

BMEP(kg/cm?) BMEP(kg/cm2)

==FT-M10 —~FT+P10 -&—FT-MS3P5

2000 rpm
600 [ 25

2 400 /
2 300 /
200

0 1 2 3 4 5 6 7 8 9 10 11
BMEP(kg/cm?)

B 6. =8 &%tz EGT E& BMEP &R %

2.8 A 6 & ¥R FT+MBP5 iR & %z EGT Lo Tib@ 2 Hp £ 5

EGTC°C) A s AME = -F354a (82 FTHMOPS #XskH48 £ %)
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Preparation and properties of novel epoxy/graphene oxide
nanosheets (GON) composites functionalized with flame
retardant containing phosphorus and silicon
i R AN S
Chia-Ming Yang ~ Chin-Lung Chiang
FRAPHAERBEX 2FL IR LFEI ORI HRZ
Green Flame Retardant Material Research Laboratory, Department of Safety, Health
and Environmental Engineering, Hung-Kuang University, Taichung 433, Taiwan

¥2

gAY 7 mE & 708 (2-(diphenylphosphino)ethyltriethoxysilane, DPPES)
ETHEE & F B3 7 &% 2 o ¥ (grapheneoxide nanosheets, GON) 2 & =)

= RTA DR A (DPPES-GON) o 41 * i& = & 4% = *b -k 3 ik (Fourier transform

infrared spectroscopy, FT-IR){r4> & =& 2 ik (Raman spectroscopy, Raman):& i7 % %
DPPES 7 & & B4 1e 5 F v AT kB, 700 fofh = X i iv 5 R RAD
BEJTHEN i&ﬁx’%ﬁ (Transmission electron microscopy, TEM) g% DPPES #: 4«
I GON e {5 £ £ |+ > 11 2 HiERME " F73 H L% 3| DPPES-GON £ 3 & 2
A Fgi e gt #b 5 & Epoxy/DPPES-GON 13 F 4 & il engp vt fofifg 2t > &
f& DPPES-GON 1% e 7 o £ i& {718 "1 § 4 #ce#5% (limiting oxygen index, LOI) e
“F F BT o £ 45 4 k(Thermogravimetric analysis, TGA):E i7 48 34 - &3k
Pt AT > if 4 10% DPPES-GON 2 B i g RS foie' s s Bl
TA2% e 80% c F AN RS ER o LERIB P T EY A ‘11 ;
71 EpoXy/DPPES-GON 2% st 4F & i fevtefmc g + P & 1&*“ J"mi%ék e
BHRF LY BB P o B E K B L B el Aon sk TR S
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Abstract
In this study, 2-(Diphenylphosphino)ethyltriethoxysilane (DPPES) was grafted
onto the surface of graphene oxide nanosheets (GON) via a condensation reaction.

1"%%# ERBEE >ES D ﬁ:,m4
ﬁi# —'%ﬁ I%\i't b k“ _i f i — ,J! ?}(k
E mail: dragon@sunrise.hk.edu.tw
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X-ray photoelectron spectroscopy, X-ray diffractometry, Fourier transform infrared
spectroscopy and raman spectroscopy verify that DPPES did not only covalently bond
to GON as a functionalization moiety, but partly restored its conjugated structure as a
reducing agent. DPPES on graphene sheets oxide was observed by transmission
electron microscopy, and contributed to the favorable dispersion of DPPES-GON in
nonpolar toluene. Electron microscopy, and contributed to the favorable dispersion of
DPPES-GON in nonpolar toluene. Additionally, the flame retardancy and thermal
stability of epoxy/DPPES-GON nanocomposites that contain various weight fractions
of DPPES-GON were studied using the limiting oxygen index test and by
thermogravimetric analysis in nitrogen. Adding 10 wt % DPPES-GON in epoxy
greatly increased the char vyield and LOI by42% and 80%, respectively.
Epoxy/DPPES-GON nanocomposites with phosphorus, silicon and graphene layer
structures were found to exhibit much greater flame retardancy than neat epoxy. The
synergistic effects among silicon, phosphorus and GON can improve the flame
retardancy of epoxy resin.

Keywords: epoxy, graphene nanosheets, graphene nanosheets oxide, composite, flame
retardant
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1. 2-(Diphenylphosphino)ethyltriethoxy Silane ( DPPES) - Formula : CoH29O3PSi;
M.W=376.5 ; ptp Acros Organics Corporation > New Jersey > USA.

2. &% 7K % (Graphene nanosheets-GNs) -Diameter : 1-20um ; Thickness :
5-15nm ; Carbon content : >99.5wt% ; density : ~0.3g/cm3; f& p Knano Graphene
Technology Corporation Limited - Xiamen > China.

3. k¥ #175 (Diglycidyl ether of bisphenol-A, DGEBAtype )> 3% ¥ 4 £ :180g/eq :
15189 5 pEp m T

4. 44'- 3 k= F 7 %= (5.4,4-diaminodiphenylmethane - DDM) » Formula :
(NH,C¢H2).CH, ; M\W=198.27 ; pp AcrosOrganics Co. Geel West Zone 2 >
Janssen.

5. = & v%wy (Tetrahydrofuran> THF ) Formula: C4HgO s M.W=72.11; p p TEDIA
Co. Farfield, Ohio, U.S.A.

2-2% % 3

1§ 1“7 5% %k % (GON)&h#l 4

1295 Shu-Hang Liao % * e i = ;4[12] £ %7 EHEASCE M FRE
¢ oo b o pipgkfosd B2 (360ml : 40ml, 9:1) = iﬁ;}a AP BB M e » B4R 4
(180)# 4L 12 | P& » B~ F o B2c % frkik @ % r 5 KR 4o~ 2 43 k(DI
water) » ¥ 3 8 3E g s e B0 R GON o & W) iF] » B AL {o P & GON 2 e
BB €47 2 0 Bt £ LFIE GRS F B 0 P (SR DI STE 12 )
T ERF 0 F &R K 7 (GON) o (4 Scheme 1 (a)#777)
2. DPPES-GON sl ch s & ] %

#- GON (3g) f- DPPES (3g) *c® |7 BB P » 4o » i3 M3 94L 2 ] pr 2 g

] 80°C » £ & ®]4e-k4cpe(Dlwaterand HCI) E & B P F 4 12 | FF > 5 {s

% PTFE %4 # i g fr& k= & v%wa(anhydrous THF)12 2 3 fig i 528 3 e
DPPES £ *x ¥ &457° 4% 12 ] p&F> )Tk? 2 {8 3] DPPES-GON = - (4~ Scheme
1 (b)#77%)
3. Epoxy/DPPES-GON 4f & #1414 &%

B~ DPPES-GON (jk & 4 4] & 0% ~ 1% ~ 5% - 10%)4-% § #17; (Epoxy, 50)*<
FIF EY 5 f 4 x 3 A(THF, 100ml)i5 3 345 > & #8 B 2 1 50°C » B fé 4o »
A 1« %|(DDM, 1.38g) & BL23 R 4bA » dab AR L AT B0 Y ~ B Hic% (60T
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Scheme 1. Schematic illustration of the fabrication of (a)GON and (b)DPPES-GON.
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Fig.1 Photography of (a) GON and (b) DPPES-GON dispersion in water (bottom) and
toluene (up) co-solvent for after 2 weeks.

3-2FT-IR BH##Ez

5 417 Sol-gel # jiv#- DPPES #: 4 3] GON % & 15 6 FT-IR % £ 4 7 >
GON 7 it 2% © -OH s e % 3600~3400cm™ ~ C=0 wqc# % 1740 cm™
C=C = % % 1634 cm™ ~ -OH = jz# 4 1368 cm™ ~ C-OH w42 % 1368 cm™ -
C-O-C v g% % 1214 cm™[15-18] -

- ¢b > DPPES H 48 ¢0% it A © C-H s 5 2980 cm™ ~ Phenyl group v
Jou% % 1593 cm-1 4 Si-O wyc% 4 952 cm™[19-21] - » 5B k B & (4 o 17 ik
715 GON fi f #73 ch¥ i A3 ¢ -CH ~ -CH2(3000~2800 cm™) ~ Phenyl(1637
cm™) ~ P-CH(1420 cm™) ~ Si-O-C(1225 cm™) ~ Si-0-Si(1097 cm™)4= Si-OH(900
cm?y -

b2 b erit T fRecH 5 ¢ GON > f3t-0OH ~ C=C 7 it A 5 P Ag e
Lo F H4e 1 Si-0-Si~Si-O-C~Si-OH fr P-CH; F it s ek 48 »d ot 7 2@ DPPES
27 34 ] GON £ & o (40 Fig.2 #771)

—DPPES

Phenyl group /

P-CH,

—— GON

-CH C-OH
(bending vibration)

—— DPPES-GON

t
: \ \ Si-OH
J C-H / P-CH, \ Si-0-Si
DTN _OH c=0 ok SHOC
(stretching vibration) (bending vibration)
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Fig.2 FT-IR spectra of DPPES, GON, and DPPES-GON.
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3-3XRD % M BE4F 34

Fig.3 5 GNs ~ GON v DPPES-GON 1§ & 4t X-ray #cyh B » <35 B ™ 1
P s T GNs$F — 2 ) 63l Bt 4% 1297 20=26.3%0 & & & ¢ 2 0.33nm
gl F Ve GON » 4k B A 3 #F etk B 20=10.1° K B EE~ # 2
7] 0.85nm > ¢ *t§ i i {5 1 GON 2 fai B F T A A FI AR B EEINA ot
B8 ¢ F oree 17, 22, 28] o S50 § B S0 GON - fik K i 7
DPPES z 5 » /& ¥ 113 F| L4 % B = ehf “r# 85 0 KR 4 ¢h 20=10.1°
4% 7] 20=9.5° 5 K B EES # 2 T 0.920m s o g F UM & ik DPPES 24
& GON % k& -

4500
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Fig.3 XRD spectra of GNs, GON, and DPPES-GON.
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# ¥ DI C-Si (284.08V)[27-28]4r C-P (286.16V)[29-30] » o # % 7= AFT 7 & #
14 DPPES & # 324 ) GON £ & > # % # 4! DPPES-GON %t/ -
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Fig.4 XPS spectra of the surface of (a)GNs ; (b)GON and (c)DPPES-GON.
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Fig.5 C1s spectra of the surface of (a)GNs - (b)GON and (c)DPPES-GON.

36



3-5 Raman ..%f#.& s

b R RE - BALA LR P N EROTRH AR ¢ Rt 2 I BE(C=C)hik
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R Hen% 4 [31-33] o d Fig6 * £ 57 F &ML A0S BP0 AR Dk g o A
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¢rD-band 1330 cm™ s % 545 d § it {435 GON {4 >D-band =4 3 1322 cm™
FEOE AT THE BT A UH GNs 4 & = 7 chjt § it 45 % GON[34-35]-
¥ - 3§ > ji_Table 1 » 57 GON £ DPPES-GON ¢ ID/IG #ic#i @ 7 1% 3R » ji_
117 82 5] 1.36 0 i34 77 spPP AR end ¢ — 3832354 1 sp® fud e, 48[36] 0 o
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Fig.6 Raman spectra of GNs (top), GON (middle), and the DPPES-GON (bottom).

Table 1 The area ratio of Raman shift from GNs - GON and DPPES-GON.

D-band G-band Io/lg

GNs 217 993 0.21
GON 93594 79442 1.17
DPPES-GON 110301 80643 1.36

36 TEM B A 7)1 &

JKCFig. (@7 g 315 2 &% 2 8 & TEM Bl > F1# & & -] »7(<100nm) &

TARTF P fﬂﬂuk’iév’omﬁ % o Fig. 6(b)pL 3 * 7 ,ﬂi’fp’k P e U Rr S

BAA > 1L H 5 R 100nm s e F Rk T E g G o P RERF O F
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Fig.7 TEM images of (a)GON (x0.5um) ; (b)GON (x100nm) ; (c)DPPES -GON
(x0.5um) ; (d) DPPES-GON (x100nm).
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PR AR AT 0 BN EEARY P F I A g LA SIOp g FE R K (4r Fig.8
(d)>z2isg2pmhad 2 F gna,x{ 4% f %S BRE ?f?%'rimgﬁfé% it 49
FORIEIE R R F AT :3?1% AFR ed PR E RS AT TP REFY
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X5,000 1um WD 9.1mm

Fig8 The SEM microphotographs :  (2)GNs (5000x) : (b)GON  (5000x)
(c)DPPES-GON after burning (1000x) ; (d) DPPES-GON after burning
(10000x).
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100.00 100.00 I 7525 82.73
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ull Scale 136 cts Cursor: 0.000 keV ull Scale 138 cts Cursor: 0.000 ke

39



EETET M Weight%  Atomic%
N 75.11 80.63
I 2295 18.50
Kl 137 0.63
IE o5/ 0.24

0 1 2 3 4 5 6 7
Full Scale 128 cts Cursor: 0.000 keV

Fig.9 EDS of (a)GNs ; (b)GON ; (c)DPPES-GON after burning.
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Fig.10 LOI of Epoxy resin with various DPPES-GON and GON contents(wt%).
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| —=—Pure Epoxy
20 —*— Epoxy/DPPES-GON 1%
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Fig.11 TGA thermograms of Epoxy resin with various DPPES-GON and GON
contents (wt%).

Table.3Selected Results of TGA Testing.

Tos Tonax’ Char residue
Sample ) wowrc)  PPT (wive) at 800°C
Pure Epoxy 383 -29.2 634 14.9
Epoxy/DPPES-GON 1% 381 -25.1 659 15.7
Epoxy/DPPES-GON 5% 375 -24.0 723 19.1
Epoxy/DPPES-GON 10% 300 -19.1 843 25.6
Epoxy/GON 10% 228 215 750 21.2

#Tds is the temperature when the weight loss of the sample reaches its 5%.

®Tmaxis the temperature when the weight loss of the sample reaches its maximum.

“The integral procedural decomposition temperature( IPDT) takes into account the
whole degradation process.

20 Epoxy/DPPES-GON 10%

] Epoxy/GON 10%
—a— Pure Epoxy

-25 4—e— Epoxy/DPPES-GON 1%

|—&— Epoxy/DPPES-GON 5%

—¥— Epoxy/DPPES-GON 10%

-30 4 —e— Epoxy/GON 10%

Deriv. weight (Wt%/"C)
|

Epoxy/DPPES-GON 5%
Epoxy/DPPES-GON 1%

Pure Epoxy

| ' | ! | !
200 400 600 800
Temperature(OC)

Fig.12 DTG of Epoxy resin with various DPPES-GON and GON contents(wt%)
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3-10 TGA 2% & ﬁ:'-? B |
i a2ty Epoxy/DPPES -GON 7 TGA & I iE » ¥ 2 F
103 R 1 [47] -
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=l
A
J=

Calculated data = Pure Epoxy X 90% + DPPES — GON 10%
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Thermal decomposition behavior of
Graphene/Poly(lactic acid) Nanocomposites
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Abstract

In this study, the graphene was prepared by chemical oxidation and reduction
reaction. The graphite oxide was prepared by modified Hummers method. In
reduction reaction stage, we design a synthetic strategy (triple step reaction) to
prepare the graphene with low oxide content. The graphene/polyl(actic acid)
composites were fabricated through solvent method. The results showed that the oxide
content was decreased for the graphene obtained after the triple step reaction. The
thermal degradation analysis revealed that the degradation behavior of
graphene/polylactide composites was first order reaction, and graphene could be the
catalyst of the degradation reaction.

Keyword: Graphene, Graphite oxide, Poly(lactic acid), Thermal degradation
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Type 20(°) d(nm)
P& 26.56 0.344
MHGO 11.00 0.807
HET r-MHGO 25.00 --
MHGO: Modified Hummers ;= {82 % i* £ %
HET r-MHGO: MHGO % = ﬂbﬂ?ﬁ heriE 2R R F “;’fﬁ
MY A —Qf#;’fﬁ%@? /TF/%X«’:’ i &Y BRE & ﬁ{?g TR RS

feenZ f2 F Bk i 1 A - d Coats and Redfern method é4 47 (% 3)¥ 4 #1PLA
EEY Z«._%;%'ﬁ/%"é“ﬁfr%‘; wf—mnﬁ F ot sk (FL)E B o419 2 4p b %
B(RY)31 4 20 = s = ok (F2% F3) 0 B+ = & R A I R S I A
il R PETRIRY X7 G RRN RS ko D - R R E
WPLAZ A f3E i i 5 201.68 ki/mole > @ 4e » 7 5 18 0 PLAZ J &% it & "% i
711637 170 k/molez ¥ » % 7 i 7 4 g RARE R R
ﬁﬁzgﬁ_ﬁzmm“ﬁﬁﬂﬂ4ﬁm@ﬂwﬁﬁ%,ﬁﬁﬁzﬁﬁ%ﬁ&
E ML en B fE 5 1 A "E A e

tﬁx}ﬁ’?:}_fﬁ——
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# 3~ PLA % HET r-MHGO/PLA 4§ #1 <1 Coats and Redfern method 4 47 #cz

PLA 1wWt% 2Wt% 3 Wt% 5 Wt%

- Ea(k/mole) 201.68  163.52 170.09 163.84 165.00
R? 0.9945  0.9929 0.9950 0.9894 0.9787

- Ea(KJ/mole) 237.63  202.89 221.63 236.01 245.80
R 0.9407  0.9669 0.9605 0.9215 0.8810

e Ea(KJ/mole) 280.98  248.53 284.37 326.24 347.28
R 0.8548  0.9304 0.9120 0.8477 0.7915

Kissinger method £_11 # w f& = 8 s# 5 pF e = B f2 8 & (Trma) T8 H 275

it (B13~B4% £ 4) e Kissinger method &3+ & & 1Y &t PF e F B fi 14 G]Klssmger
method # 3+ & P& /F L B2 & s ¥k 5 1(n=1) > F]pt A= 3 £ 4] * Coats and
Redfern methodsz:n B ' ez R R 7+ & \'fﬁ/%’&% feAg & Mkl anF adicil
% Kissinger method 7.3+ & & it it prendf#e & o o Kissinger methodz* & (£ 4)¥ ¥
R A A A 1 e 5 150.83 ki/mole - @ S F R R F & 7 e mi\g e B R
TR IR AR & MR e 255 1 A0 e ' 4.1 126.23 k)/mole > £ i F B R
TR BRI JREARY TR PIFF R AR oa “M\?% 18 24P
B Bc(R)F ~ 27099 B A4r L R S AR E R o A L B ar@E T A
4>+ Coats and Redfern methodz_ 2+ & % % -

2 Flynn-Wall-Ozawa method > % #& v 5 © 2+ 8 #r {8 B i35 v it 40 £ 5% §5>
BURR A 2L E 0T 2 #a B Bc(RY 7 % £ 30099 Bm AR R EE R o 7 @A
PLAz %] f#7% i & 4 »+157.19% 161.49 ki/molez_ & - # % >+ Kissinger method:* &
FRRE wra BRI R s BR P BRI & PR R R
PR g2 e D B R B B AR g S I 50%PE L P AT R R
FUEEAR & fHAL e b A o g BT S % P B0%PE S T A TR MR R e BEF 0 4P
BRFEGARN AR S AR PG F LI BT o1 RV A
FRREEF AL %%\m%’ﬁ a2 e BRI s Faag s
B P RREPEFEF AN ESNER REE G AR LG 0 F
FARRER B o T 4‘:@5}2%’ pez HjEF & o

)
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PLA
-9
95 y=-18142x+ 18.37
R?=0.9987
— -10
£
5-10,5
= 1
115
12
0.00155  0.001565  0.00158 0001595 000161 0001625  0.00164
1/T K2
Bl 3~ PLA 2 1T max 22 IN(B/Trnaxd) (% B
9.8 & 1wt% HET r-MHGO/PLA
-10 W 2wt% HET r-MHGO/PLA
102 A 3wt% HET r-MHGO/PLA
= 104 % 5Wt% HET r-MHGO/PLA
g
= -10.6
]
£ 108
11
11.2
11.4
0.001565 0.001585 0.001605 0.001625 0.001645 0.001665
T pmax(K)

Bl 4~ 7 3 £ 5 HET -MHGO/PLA 4F 4 ¢ 1/ Timax £ In(B/Tinax’) (¥ )

# 4 ~ PLA 2 HET r-MHGO/PLA 34§ # e Kissinger method 4 47 # 5

Ea (kJ/mole) R?
PLA 150.83 0.9987
1wt% 136.67 0.9930
2wt% 134.66 1.0000
3 wt% 128.89 0.9995
5 wt% 126.23 0.9990
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% 5~PLA ¥ 7 F 3 & HET r-MHGO/PLA 4 # 7 Flynn-Wall-Ozawa method

A 17 Py
Conversion PLA 1wt% 2 Wt% 3 wt% 5 wt%
10% Ea(kJ/mole) 158.9978 109.1007 127.6105 113.2757 103.5295
R? 0.9984 0.9974 0.9998 0.9990 0.9976
0% Ea(kJ/mole)  161.488 120.477 129.8665 117.5536  113.733
R? 0.9990 0.9990 0.9997 0.9986 0.9993
30% Ea(kJ/mole) 160.4989 125.5339 132.2867 121.628 118.9147
R? 0.9991 0.9990 0.9995 0.9990 0.9999
0% Ea(kJ/mole) 159.7856 130.0657 134.7068 124.709 122.1269
R? 0.9992 0.9984 0.9998 0.9994 0.9999
£0% Ea(kJ/mole) 158.9716 133.1335 137.2757 127.8665 125.0416
R? 0.9992 0.9982 0.9998 0.9994 0.9998
50% Ea(kJ/mole)  158.1247 134.9825 139.9015 130.0122 127.5711
R? 0.9992 0.9978 0.9998 0.9994 0.9997
0% Ea(kJ/mole) 157.1926 136.3895 142.5033 131.6214 129.2648
R? 0.9993 0.9973 0.9997 0.9996 0.9996
0% Ea(kJ/mole) 157.1926  137.523 145.0853 132.9562 131.1247
R? 0.9991 0.9971 0.9994 0.9997 0.9995
90% Ea(kJ/mole) 158.9978 139.372 150.6849 135.1772 131.5361
R? 0.9984 0.9973 0.9985 0.9996 0.9991
PLA and HET r-MHGO/PLA
165
165 "’""_—’_—0—0——0—0——-’
] ——PLA
& 135 - 1wt%
125 —2W1%
115 = 3W1%
105 —f—5W1%

95

0%

20%

40%

60%

Conversion

80%

100%

B 5 F5pz2 2 7 £ HET -MHGO/PLA 4F +1 & & & i 5 T eris it 5t
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rEFT I FCRRZAGNBRE S 15 RPN [PES B ﬁﬁ Y BER NS
FEFEHRI PN EE
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oo d FH w27 ’1‘35

1.

%ﬁfd XRD#n4 4725 F # * Modified Hummers® &% § * 2 & > 2 1% = # &

3 E T AP UF N ERBADBRE LY

d Coats and Redferns=rs 47 % ﬁrr;flz B R EE 'ﬁ T ECRRIPE R
B - A RERR R

& d Kissinger=s 47 4 i B REEF§ ERPTPA R A E MR
B E &G AR L fRE ALY W R R hiE Y o R R
SETALE T

Ozawarns 7% B R 7 & ’fs IR G FaAR & 442 il it 3] 2 50%pF & 1 5t *F
Mentg R > BRIBREEFLE CRR T BF/IRIEA e P ARLE
fv &) 2 50% 8y B FE LY R TR o

HRIFIE &R G AR BARHEAM - ERAI N (PR OB E DRI pD
Adhar > Flam BRI ONIEF G o

i A %J;-
Novoselov, K., Geim, A. K. and Morozov, S. V., Electric field effect in atomically
thin carbon films, Science, Vol. 306, pp. 666-669, 2004.
Nair, R. R., Blake, P. and Grigorenko, A. N., Graphene thickness determination
using reflection and contrast spectroscopy, Nano letter, Vol. 7, pp. 2758-2763,
2008.
Kim, K. S., Zhao, Y. and Jang, H., Large-scale pattern growth of graphene films
for stretchable transparent electrodes, Nature, Vol. 457, pp. 706-710, 2009.
Lee, C., Wei, X. and Kysar, J. W., Measurement of the elastic properties and
intrinsic strength of monolayer grapheme, Science, Vol. 321, pp. 385-388, 2008.
Brodie, B., On the atomic weight of graphite, Philosophical Transactions, \Vol.
149, pp. 249, 1869.
Staudenmaier, L., Verfahren zur darstellung der graphitsa ure, Berichte der
Deutschen Chemischen Gesellschaft, Vol. 31, pp. 1481-1487, 1898.
Hummers, W. S. and Offeman, R. E., Preparation of graphitic oxide, Journal of
the American Chemical Society, Vol. 80, pp. 1339, 1958.
Kovtyukhova, N. I., Ollivier, P. J., Martin, B. R., Mallouk, T. E., Chizhik,S. A.,
Buzaneva, E. V. and Gorchinskiy, A. D., Layer-by-layer assembly of ultrathin
composite films from micron-sized graphite oxide sheets and polycations,
Chemistry of Materials, Vol. 11, pp. 771-778, 1999.

57



10.

11.

12.

13.

14.

15.

16.

Schniepp, H. C., Li, J. L., McAllister, M. J., Sai, H., Herrera-Alonso, M.,
Adamson, D. H., Prud'homme, R. K., Car, R., Saville, D. A. and Aksay, I. A.,
Functionalized single graphene sheets derived from splitting graphite oxide, The
Journal of Physical Chemistry B, Vol. 110, pp. 8535-8539, 2006.

Shin, H. J., Kim, K. K., Benayad, A., Yoon, S. M., Park, H. K., Jung, I. S., Jin, M.
H., Jeong, H. K., Kim, J. M., Chio, J. Y. and Lee, Y. H., Efficient reduction of
graphite oxide by sodium borohydride and its effect on electrical conductance,
Advanced Functional Materials, Vol. 19, pp. 1987-1992, 2009.

Coleman, G. H. and Johnstone,H. F., Déshydratation d’alcool, Organic Syntheses,
\ol. 1, pp. 183, 1941.

PahF > BRARG O PLA RABEFEE I3 REF 27 oo
2010 & -

Hua, L., Kai, W., Yang, J. and Inoue, Y., A new poly (L-lactide)-grafted graphite
oxide composite: facile synthesis, electrical properties and crystallization
behaviors, Polymer Degradation and Stability, Vol. 95, pp. 2619-2627, 2010.
Wang, H. and Qiu, Z., Crystallization behaviors of biodegradable poly (L-lactic
acid)/graphene oxide nanocomposites from the amorphous state, Thermochimica
Acta, \ol. 256, pp. 229-236, 2011.

Wang, H. and Qiu, Z., Crystallization kinetics and morphology of biodegradable
poly(L-lactic acid)/graphene oxide nanocomposites: Influences of graphene oxide
loading and crystallization temperature, Thermochimica Acta, Vol. 527, pp. 40-46,
2012.

Sun, Y. and He, C., Synthesis and stereocomplex crystallization of poly (lactide)—
graphene oxide nanocomposites, ACS Macro Letters, Vol. 1, pp. 709-713, 2012.

58



TSR
Explosion properties for environmental refrigerants by
20-L-apparatus
Brak et thpase’
Jian-Yao Liao, Chi-Min Shu
B ZHRPH A ERBEEE 22 142 4
Department of Safety Health and Environmental Engineering, National
Yunlin University of Science and Technology, Yunlin, Taiwan
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ZRLRRKE R CAE D B YR L b F kR E RSP LSS
giﬁ‘\ﬂ,}'n"ﬂ?y}tjigfﬁfiﬁdgﬂ&& FAMDEEY o Podm N2 ZRIFAE F
ARG A E RIS BRI ﬁzn.#@'“ MERTF FA U9, & 47
et BiEET 4ol JBRE S RE S F 4E1§r T mg ERIFZ B o AT
TP E BT 3—*&?— R-22 21 R-600 t7 I if B ™ ¥k fib 42 7 i R RF
1147 (Mo Ty MR AT 0 R-600a 2 TR AL A H R FRT R4 BT .
& 30 OCEﬂ? R- 6OOaJ£L FALS 159 vol.% - 2@ > R-600a “RFF FLEHEF
;R_)ii;fftrs B EARK 300C £ T 1200C BIF UK 9vol% # B 2 10
vol.% ; &% R?’@*‘ =& »R-600a 2 RFR'U € EFRABFARF R
FTR e 15vol% # B 3 2vol% o R UK _9vol% #£ B 3 10 vol.% -
P D R22 AFE R RT I EBIFRG o v R-22 At BEIRT R IRBF
B4t 15bara BF A5 20-35vol.%: & 2bara BIF A FLE 1 50vo|%o
#Bfag‘?.%”ﬂéwﬂa FBT F TR LS LRET 3% B r bengd kdp o IIEEL
l?ﬁﬁpiﬁ%\;;‘g;{%;mgﬁi o

BEaEF: pa it ~ B B S PHERE S CRT R

Abstract
Refrigeration and air conditioning equipment often have been used widely, such
as air conditioner or refrigerator. In the past, the types of traditional refrigerants were
chlorofluocarbons (CFCs). However, CFCs. However, CFCs was found that it can
break the ozonosphere. Therefore, environmental refrigerants were instead in CFCs.
Most of Environmental

PIEHAEREAERBEE IFEI IR, LTS
PEHPHAERBEE 2 1Rk BRI
E-mail: shucm@yuntech.edu.tw
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refrigerants are hydrofluorocarbons (HFCs), and they are very stable in normal
temperature or pressure, but it still has hazardous characteristics of explosion with
different environmental conditions, such as temperature, humidity, and pressure.

This study investigated the flammable characteristics of R-22 and R-600a, types
of environmental refrigerants, focused on the effects of flammability or explosion at
different temperatures and pressures. The experimental results indicated that
environmental refrigerants of R-600a have explosion property at normal pressure. The
explosion limits of R-600a were 1.5-9 vol% at 30 °C. However, the upper explosion
limit of R-600a raised from 9 to 10 vol.% with increasing temperature from 30 to 120
°C. The explosion limits rose with increasing pressure when initial pressure raised 1 to
2 bara, the lower explosion limits of R-600a rose from 1.5 to 2 vol.%, and the upper
explosion limits rose from 9 to 10 vol.%. In addition, R-22 did not present explosion
phenomenon at normal pressure and temperature. However, R-22 has explosion
phenomenon with increasing pressure condition, and the explosion limits were 20-35
vol.% and 1-50 vol.% at 1.5 and 2 bara, respectively.

This research could determine the explosion behaviors to provide related
parameters for storage and transportation, using R-22 and R-600a, to avoid
unacceptable disaster being occurred.

Keywords: hydrofluorocarbons (HFCs), hazardous characteristics of explosion,
temperature, pressure, explosion limits

- ~ B j;

AREAFZARE DR AE R Ao S M AR & AT
FFAFA ERB LN IARF T ERF I LR R oa L BA L NS
BEEY T AR S P eab 85 4 F LS (CFC-11, CFC-12, CFC-113,
CFC-114, CFC-115) i1 & %}\ﬁgﬂ;i&% Ervthif hEETRY >
A f 1989 & FHELRELD A i WALE R [1] o cx* F L F ) LA s (Ozone
depletion potential, ODP) ~ ¥ # % e > zfag i* i (Global warming potential,
GWP) 2 3 {+ic x#c (Coefficient of performance, COP) 2z 7 %4 & [2] -

AT 2 55 8 HCs 22 HFCs>HCs 5 &t & /4 4> 4= R-290, R600, %
R-600a ; HFCs % & 4 “5u4 4% > 4 R-134a, R-125, 2 R-152a[2] > # @ I (%4
FrE G PRI B R

2013 # 9 * 12 p i3 ﬁb‘rﬁq‘i’ié BAOFRFIRLEE R oRT LA it
(AR BB ARY B AR CRF S 6 A EFEf AV RFFELF 2P
BRR2Z2ABABFELLEZTFRELEMAINTF AP T F Viomd 2R R
P":’F%‘Zﬁ BIFHr A eBPE S REBEREBE [3]

B BT g AR AR ORI AR F A TS RRTES L
AU RE B AR %“%‘~F~)% o FRA S TR R4 e R-22 b HE
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> F 4 (Safety data sheet, SDS) * & & L/ H RF & *2 (Explosion limits) » %]
A EER 20 HORVFMIRIF IR FA AT BPIRBEE T 2 BERIFE
.}:3‘_-_ °

AR R B 20 FORCT 4 IR BE TR R0 4 (R-22 &2 R-600a) g {7t
B ST AT e TR S SR I S AR B R i
EAREA R AR R 0% 2 HR TR AR - B R 2 s
B RH -

Rl A
2.1 2%

AETHHBERLGEFAERFEMEEY AR T AL BRR L G
% > F # &  (Safety data sheet, SDS) + 2z % & R F R
(Flammability/explosion limits) 4p B 75> % SDS 1+ @ §4 P H SRUeRF 7 '3 Y
i ﬂ%wﬁzﬁkmqmw%%%ﬁﬂm Booa? REART REASE
BAF R AP:E Y Kondo 43 White’s rule [5] 2o B (2388 (7 05 B 10T P 4 &4k
HEHE GRS ER R PR R T RS TUGER 2

2111 BHEEHN

Jones #H I - ARELE 1 & erif b e T L SR F Ok B chadn i [4] 0
AL o
LFL = 0.55C,, (2-1)
UFL = 3.50C,, (2-2)
Ce: Whfdst % ﬂ:,g L4 2 gé‘r;fi*/w\w °
%%%;&w%wbhﬂﬁw B (Co) » ¥ — BUHEF AT

CnHy 0y + 20, > mCO;, + 5 H20 (2-3)
gttcifﬁirv—r’K—E&?{gﬁﬁ%\;ﬁb“’E'i-,l‘zﬁ%fgfﬂﬁ;;(z) A
Z:m+£—§ (2-4)
PR E T F R AR
_ moles fuel __ 100
Cse = moles fuel+moles air x 100 = 1+(é) (2-5)

PRI e 2 E

_ 0.55(100)
LEL = 4.76m+1.19x—2.38y+1 (2-6)
UEL = 3.50 (100) 2.7

4.76m+1.19x—2.38y+1
Bt E g R RT WAL RIHITIEE L AFEEFRT
BT F| PG E T é,ﬁ%,ﬁ-{@.l&’# o
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212 B b 87 IR R T S TSR 2 N

Kondo # * 135 White’srule "4V &R A LFL S R 2 4pRE 42 12
% White’srule %'&T U L v * Tr[a k& & [5]:

(t — 25) = Lys {1— (t - 25)} (2-8)

1ooch 1ooch

L:Lzs

He L 2%ET s Ly 58 25 °cC T LT ¥ (vol.%) - CpL % {f?‘f"ﬂ:
Rz & K mole) Q % 4L f a2 wis (kImole )2 ¢ CpL 2 Q A&
EAFE 5-100°C P RS FHo A BT U T T AN R
(t - 25)} (2-9)

100ch

U= U25{1+

U 5% 1585 Up % & 25°C T %412 (Vol.%) > Lys 5 & 25°C © %
T (VOLYR) @ AT L TR P 2 Tk R4 KA R A A BOTE K
1o

201 AR R RS S

Lygasg Cp,L (kI K mole™) Q (kJ mole™)
R-600a 0.097 2856.6
R-22 0.057 190.2
228 3

P 5% B ASTM #7372 E681-00 [6] 441 & 5 (F 5 &5 #) 5 #i
ER B2 ZRAFT K o FHRTE L2 BT 5 b ﬁc} A}}E" EEE 3
BEAE ARG @%T#P\ 2 F 49 3 0.132 bar 2 F - 4 & 4
Vs FLN A A F MR BB IRN IR SRTE R ML R L BT Fip 23
FRBEMTR R IR AR S bara BEHEE 1 AR It §
By R LGSR RAEREL A SRR TT 2 AR RS BNl
B 1 iREffANEE 4 27 vol% 5% 5 s~ 5 ’31%%‘3.’56%“'*
FMBA TR FHZ TR H 3 H 2 5 Nigel gas=V0l.%/100* Niotal gas * #=
SR E v F AT E AR PNRT/V o

PV = nRT
P: #4173 A& 1{dm)
Vi20 2R e sk A (20 L)
n: # %83 3 # (mole)
R: 728 # %% % # (0.082 atm L mole™* K™)
T 9%7%2 8% (K
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AT HREL 20 HBOFATE o AcB) 2 4w o RRIFRTR S L 2
Bk #% 4 ¢ (American Society for Testing and Materials, ASTM) 1226 £2 7¢ &)
1 fzf# 5% (Verein Deutscher Ingenieure, VDI) 2263 #7537 &2 42 - 20 = RF 44
A oAE AR BB S R R S A T PR R
FRE R LR W%"@ﬁt [7- 9]

AT RBRE S Z0UT 4B ks (@) BAE A R EE IR RS
TR o @ R:i&—é“#,év faaﬁwﬁ kA ’#?;#'J‘?E@f*%iﬂfi ; (b) &4
,]‘é v F RERPRIFTAL RS S (C) BBV ks ErEY KESP 320 o g
VUG R KSEP6.0F gk e U Bk dhd e R EY 5 (d) Body B
jodt %% KSEP 332 B4 @HERERINDRS B @w T AL R
KSEP6.0f $ir#ie F8icdpit & - AF T REX & 4B 3o

A E C |n} E F G H I ] K L & i
1 PW=NRT
2 | P (Torr) P (atm) V(L) |N (mole) _IR (fatm*L/ T (K) T () vol. (%)
3 RERSEE 14592 0.192 20 0.157145 0.082 298 25 123
4 AR ER 1140 15 20 1.227697 0.082 298
5
&
7
3
9
10
11
12 -
I#E=1 | Ite=2 | I#S3 @® 1 v

DEES T B R

Bl 2 20 2BUrsmTk % B [8, 9]
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Bl 3 20 2R AmThz gk sk B [8, 9]

(8) MR s (b) B ki () Bt bt (d) HicHhibmy b s

- R
S1¥BR P FRERZBFLFRFI TR

r}—s""”}l—]ﬁ‘— gt‘l"”}l—‘g‘: , g,\* m_f}:'ﬂ.}.% Q;fﬁ&,j\ H'f‘“%‘%‘r} —%;?u
k8 & (30,60,90, % 120°C) FHARFLAFLEIRERT 20T T A &
R REY Kondo F i RFAHNF M RERAT LR
LN EFEIER R AT R R R R R LR RE . ;,&%.“%: 20 @G o2
d,z.‘%;/ga); b WA g_;?gﬁﬁ 25°C T 2 PRET L B TR LA 25 C—rﬁ,vw%
MR EEEEH BER R R L2 IER 0§ o ’?,Eﬁ.f—;-%f;&};fv?% 3o T & H
foit R-600 7 R-22 % 7 67k (/0 4 R B Sl P %R S
R-600a

R-600a = £ 7 'z (Isobutane) *v 4= F % 2 T & F etz WERIF TR
L 1.8-84vol% - @ 520 2RI aTRE S ,mé.g ’355;.5,1 1.5-9vol.% - &
TREEEFFE DT AL TR EL R R ST B 46 %
R-600a %/ ~ ¥ BT FHARRARTARES -4 B¢ 751 R600a R
TFERY ME s T¥ B 3 57 FEAE (30,60 90, 2 120°C)R600a BF R

RigpEeFokiE d B 37 ﬂ';&jﬁ TR BB REAE BT TSR

B2 R-600a "% ® 22 % UEL » "g¥ 83 > /¥ 9vol% + 331 10vol.% -
m» LEL Plia+F A& 1.5vol% -
R-22

R-22 &4 Hx 234 s BfW@Rrt T a GIHERT D
% 47vol.% UEL % 30vol% - 35 20 2 R\ Famzkr % 8 %

B BgF R22 ¥R FRTXEBFR A 25 FF 2

-
—
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FALA R APM S A i o
32

LA R

e VLSRR B IR

s 1 (vol.%)

30°C 60 °C 90 °C 120 °C
R-600a 1.8-85 1.7-9.0 1.6-9.4 1.5-9.9
R-22 N/A N/A N/A N/A
N/A: Not applicable
% 3 AHAEFEIRERVER VT K EKET
g v (vol.%)
& AR
30°C 60 °C 90 °C 120 °C
R-600a 1.78-8.48 1.68-8.96 1.57-9.43 1.48-9.92
R-22 N/A N/A N/A N/A
N/A: Not applicable

12

Explosion limits/vol.%
(o2}

10+ W

s =

1 1
40 60 80 100 120

Temperature/°C

——  Predicted LEL
—O—  Predicted UEL
—8— Experimental LEL
—8—  Experimental UEL

B 3 7 kA& R-600a *B'F R 2
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o0 ﬁ B # W | ea 0 0 .00 000 Pd w| o
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10 vol.% 15 vol.%

25 vol.% 30 vol.%
Bl 4 7 RREFEARA R22 BUYBREF 2 EARFRS (8 FR)
32FE A PR 2ZBELHPRGFI T

A FROF R B 4 B F 0 195 Vanderstraeten ¥ ﬂﬂz 2% L’;Jeﬁi'l )
FAv ka4 R A g LEL % g0l 0 & UEL BIP g+ [10] - @ % R4 4t
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the thermal hazard of thermal reactive materials, such as a naval desk gun propellants,
by employing differential scanning calorimetry (DSC) non-isothermal tests and
isothermal tests, and then comparing the kinetic parameters by isothermal and
non-isothermal of kinetics, avoiding the mistaken results of single thermal analysis
model.

The chosen approach was to obtain reliable thermal decomposition by green
technology, which acquired the kinetic and safety parameters of storage condition that
could be applied as highly exothermic materials’ reduction of loss prevention and
energy potential for safer design during storage safety conditions and relevant
operations.

Keywords: Thermal reactive material, Naval desk gun propellant, Green technology,
Safety parameter

1. Introduction

Generally, the broad deck of naval vessels is burning hot by solar insolation,
along with high temperatures in cabins. Thus, solid highly exothermic naval materials
must be able to withstand extreme heat and humid conditions, thermal explosions and
runaway reactions will be induced. Many thermal explosions and runaway reactions
have been caused globally by solid highly exothermic naval materials, resulting in a
large number of fatalities and injuries. Deck gun propellants have caused many
serious accidents involving storage and transportation. One reason involves the nitrate
ester (-O-NO;) and hydroxyl group (—OH), due to thermal instability and high
sensitivity to ambient humidity, respectively [1,2].

This aim of this study is to use differential scanning calorimetry (DSC) for
non-isothermal and isothermal tests, to predict the kinetics and the safety parameters
of the deck gun propellants, such as 5 inch/38 and 5 inch/54 desk gun propellants
(DGP1 and DGP2, respectively). Since we could not find an effective, energy
consumption reducing, and safe way to analyze the storage and operation of these
materials, the goal of green technology here is to replace the dangerous solid
explosion and traditional storage condition tests, the thermal hazard parameters and
the explosion parameters of the DGP1 and DGP2 or the other solid highly exothermic
materials that have been evaluated by approaches such as accelerating degradation
[3,4], vacuum satiability [5-7], actual cartridge cook-off [8], one dimensional time to
explosion (ODTX) technique test [9,10], and self-accelerating decomposition
temperature (SADT) tests [11-14].

Green technology is a novel method. It can via non-isothermal and isothermal of
differential scanning calorimetry (DSC) tests and kinetic model simulation be applied

in the evaluation of the safety parameter of gun propellants in storage and operation
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conditions. The study will be applied to simulate the actual cartridges of 5 inch deck
gun propellants with the aim of developing a green technology to replace the
dangerous explosion and complex tests for evaluating the safety parameter of storage
conditions and predicting the thermal hazard parameters of operation and
transportation. The model may be applied to the optimal conditions to avoid violent
runaway reactions during operation, storage, and transportation. Clearly, achieving the
goal will result in an effective and safe model that is suitable for explosive
management and solid highly exothermic material safety control.

2. Green technology

2.1. Determination of non-isothermal and isothermal kinetic parameters

The method used was to obtain the reliable Kkinetics and parameters of the
thermal decomposition that included kinetic parameters such as the Kkinetics of
reaction, pre-exponential factor (Inkp), reaction order (n), activation energy (E,), and
heat of decomposition (AHg). The safety parameters of the heat effect for the storage
duration condition of the ammunition depot of a cabin include parameters such as
isothermal time to maximum rate (TMR;s,), time to conversion limit (TCL), and total
energy release (TER) [11,12], and in addition, the thermal reactivity properties of
solid highly exothermic naval materials, that could be applied as a reduction of energy
potential, and safer design during relevant operations and storage conditions.

Simulations of kinetic models can be complex multi-stage reactions that may
consist of several independent, parallel, and consecutive stages [11,12]:

Multi-stage for autocatalytic reaction:

f(a)=(1-a)"(a™ +2) (1)

where E, is the activation energy, ko is the pre-exponential factor, z is the
autocatalytic constant, and n; and n; are the reaction orders of a specific stage.

2.2. Actual cartridge thermal hazard evaluation

The chosen approach was to establish a procedure for heat effect assessment that
included thermal hazard parameters, such as the self-accelerating decomposition
temperature (SADT), control temperature (CT), emergency temperature (ET), and the
critical temperature (TCR) [11,12], for a cartridge containing highly exothermic solid
materials. To simulate the thermal hazard of solid thermal reactive materials, the
critical parameters were determined numerically from the chemical Kinetics for
several types of actual cartridges and various boundary conditions, including the
possibility setting boundary shells. For solid highly exothermic material thermal
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hazard simulations, the following statements were used [11,12]:

o Cp Z—I:div(/lAT)+W Thermal conductivity equation (2)
%:n i=1,...NC Kinetic equations (formal models) 3
W=>Qn Heat power equation (4)

()

where T is the temperature, t is the time, p is the density, Cp is the specific heat, 1 is
the heat conductivity, Q;” is the reaction calorific effect, W is the heat power, r is the
reaction rate constant, o is the degree of conversion for a component, NC is the
number of components, and i is the component number.

The initial fields for the temperature and the conversions were constant
throughout the reactor volume:

T| =T
t=0~ 0
(5)
i |t=0 = %o
The index “0” indicates the initial values of the temperature and conversion.
The boundary conditions of the first, second, and third kind were specified as:
1st kind: T|Wal| =T, (t) Dirichlet’s temperature equation (6)
2nd kind: q|wa|| =q(t) Neyman’s heat flow equation (7
T , .
3rd kind: -ﬂ,a—n = 7(Tyan —Te) Newton’s cooling law ()

S

The indices “wall” and “e” relate to the parameters on the boundary and the
environment, respectively. q is the heat flow, and n is the unit outer normal on the
boundary.

3. Experimental and method
3.1. Samples
The samples of DGP1 and DGP2, which were supplied directly from National
Defense University of the Republic of China (ROC) in Taiwan, were stored under 7
°C. Experiments involved DSC non-isothermal tests at various scanning rates of 1, 2,

and 4 °C/min; DSC isothermal tests were held at conditions of 170, 175, and 180 °C
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of the DGP1 and DGP2, respectively.

3.2. Differential scanning calorimetry (DSC)

Temperature—programmed screening experiments were performed with DSC (TA
Q20). The test cell was used to carry out the experiment for withstanding relatively
high pressure to approximately 10 MPa. ASTM E698 was used to obtain thermal
curves for calculating Kinetic parameters. For better thermal equilibrium, the heating
rate chosen for the temperature-programmed ramp was not to exceed 4 °C min* for
avoiding deflagration. Approximately 1-2 mg of the sample was used to acquire the
experimental data. Non-isothermal tests of the scanning rate selected for the
programmed temperature ramp were at 1, 2, and 4 °C/min. The range of temperature
rise chosen was from 30-300 °C for each experiment. Isothermal tests of the holding
isothermal condition were several at 170, 175, and 180 °C.

3.3. DGP1 and DGP2 cartridges boundary conditions

We used two types of deck gun propellants, as the cartridge sizes to simulate the
thermal hazard. The radius, width, height, shell thickness, and the cartridge size were
used to simulate the thermal hazard. These factors along with the cartridge boundary
conditions are listed in Table 1.

Table 1 DGP1 and DGP2 of cartridge package boundary conditions.

Type _ -SIZG _ Boundary conditions Initial T (°C)  (W/m?%K)
Radius (m) Height (m) Thickness(m)

Top/ Newton’s cooling law 10

DGP1 0.0675 0.500 0.00657  Side/ Newton’s cooling law 20 10
Bottom/ Newton’s cooling law 10

Top/ Newton’s cooling law 10

DGP2 0.0660 0.826 0.00660  Side/ Newton’s cooling law 20 10
Bottom/ Newton’s cooling law 10

4. Results and discussion

4.1. Determination of DGP1 and DGP2 kinetic parameters and safety
parameters

Our aim was to use differential scanning calorimetry (DSC) for simple
non-isothermal and isothermal tests, to predict the kinetics and the safety parameters
of the DGP1 and DGP2. The DGP1 and DGP2 of kinetic parameters were determined

74



from the DSC experimental data at various scanning rates of 1, 2, and 4 °C/min,
isothermal tests holding isothermal conditions of 170, 175, and 180 °C as displayed in
Figs. 1-4, respectively. The experimental results of non-isothermal and isothermal of
DSC tests are listed in Tables 2 and 3, respectively.
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Table 2 Results of DSC tests of DGP1 and DGP2 at various scanning rates.

Sample Mass (mg) Scanning rate (°C/min) Peak of temperature, T, (°C) AHy (kJ/kg)
1.0 1 178.6 3394
DGP1 1.1 2 188.8 4088
1.2 4 192.1 4077
1.0 1 183.4 3393
DGP2 1.6 2 190.1 4020
1.2 4 195.2 3799

We used autocatalytic simulations to calculate the kinetic parameters, and then to
compare the results of non-isothermal and isothermal of kinetic model simulation.
The simulation results are presented in Tables 4 and 5. Comparisons of experimental
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data and data derived from simulated heat production and heat production rate versus
time are shown in Figs. 5-8, respectively. From Tables 4 and 5, comparing the kinetic
parameters of non-isothermal and isothermal kinetic model simulations, the
parameters can be matched very well to each other.

Table 3 Results of DSC tests of DGP1 and DGP2 under
in different isothermal conditions.

Sample Mass (mg)  Isothermal conditions (°C) AHy (kd/kg)
1.2 170 4100
DGP1 11 175 4140
1.0 180 1785
15 170 3750
DGP2 1.3 175 3846
1.3 180 4210

—o— 4 °CImin-experimental

160004 —— 4 °C/min-simulation
14000 - \ ‘
g G
iz‘, 10000
% 8000 -
é 6000 ii:g;m?n:expezlrpemal
§ 4000 4 /
2000
01 .
DGP1 N th lytic reaction heat p
-2000 T T T T T T 1
0 50 100 150 200 250 300
Time (min)
Fig. 5. DGP1 heat production versus
time curves of the autocatalytic reaction

with scanning rates of 1, 2, and 4 °C/min
by experiment and simulation.

—o— 4 °C/min-experimental

4500 -
—— 4 °C/min-simulation .
4000 4 Vs ——2°C P
3 2 °C/min-simulation
3500 y 4 s -
& S &
= 3000 4 1 &
2 3 1
& 2500+ 4 4
E] 4
] 2000 4 [~ —o—1°C/min-experimental
£ 1500 —— 1°C/min-simulation
g
T 1000
500
04
DGP2 Non-i ic reaction heat prod
-500 T T T T T T )
0 50 100 150 200 250 300
Time (min)

time curves of the autocatalytic reaction
with scanning rates of 1, 2, and 4 °C/min
by experiment and simulation.

76

—4— 175 °C -experimental

— 175" n
2000 — =
2 30004 —o— 170 °C -experimental
=< —— 170 °C -simulation
s
5 20004
3
g —o— 180 °C -experimental
a"‘; 1000 —— 180 °C -simulation
T
0
DGP1 isothermal autocatalytic reaction heat production
-1000 T T T T T T T
0 20 40 60 80 100 120
Time (min)
Fig. 6. DGP1 heat production versus

time curves of the experimental data and
the autocatalytic reaction simulation with
isothermal temperature at 170, 175, and
180 °C.

—o— 180 °C -experimental

45004 —— 180 °C -simulation

4000 |
5 35004
< 3000 - — & 175°C -experimental
S 2500 —— 175°C -simulation
S
g 2000+
5
g 1500 —o— 170 °C -experimental
T 0004 =— 170 °C -simulation

500 4
0 &S
DGP2 i ic reaction heat pi
-500 T T T T T 1
0 20 40 60 80 100
Time (min)

time curves of the experimental data and
the autocatalytic reaction simulation with
isothermal temperature at 170, 175, and
180 °C.



In contrast to Tables 4 and 5, we could confirm the results of kinetic simulation
for DGP1 and DGP2, in which kinetic parameters were providing clear and precise
results by simulation. As Tables 4 and 5 show, the samples were tested under high
isothermal conditions; the overcoming heat effect was greater than for general
isothermal calorimetric tests, such as thermal activity monitor, which only can be
tested at an upper limit maximum isothermal temperature of 150 °C [15]. Thus, the
result of isothermal-kinetic-model simulation was reliable highly isothermal tests of
the kinetic parameters they were included in further analysis. Here, the TMR;s,, TCL
and TER of DGP1 and DGP2 were acquired by non-isothermal and
isothermal-kinetic-model simulation, as displayed in Figs. 9-14.

Table 4 Comparisons of the DGP1 kinetic parameters for the evaluation
under non-isothermal and isothermal conditions.

Kinetic model DGP1 non-isothermal kinetic DGP1 isothermal kinetic
Non-iso (*C/min) 1 2 4 170 175 180
Iso (°C)

In(ko)/In (sec ) 30.3680  30.3046  30.0000  28.8806  29.7225  30.6790
E, (kJ/mol) 131.3146  131.6921 131.0000 129.8194 130.5942 131.7028
Reaction order (n)/nth 21736 02742 04988 12923 17629  0.8050
Reaction order (n;)/auto

Reaction order/n, 11128 09430 07776 06921 07251  0.8014
Autocatalytic constant/z 8.736E-03 2.373E-04 3.000E-06 3.000E-03 3.753E-06 1.639E-06
AH (kJ/kg) 3471.0886 15385.0273 13154.0086 4154.6987 4146.8069 1750.8318

Table 5 Comparisons of the DGP2 kinetic parameters for the evaluation
under non-isothermal and isothermal conditions.

Kinetic model DGP2 non-isothermal kinetic DGP2 isothermal kinetic
Non-iso (°C/min) 1 2 4 170 175 180

Iso (°C)

In(ko)/In (sec™) 20.9826  29.2876  29.9670  29.8544  29.6051  29.5349
E, (kJ/mol) 129.0158 126.6530 127.1136 128.5806 124.8432 129.8323
Reaction order (n)/nth 22566 20760 25418 17445 24221  1.4955
Reaction order (n,)/auto

Reaction order/n, 1.8411 1.2267 1.5004 1.9164 2.0914 1.0330
Autocatalytic constant/z 0.0215 4.996E-03 8.119E-03 0.0179 0.0130 0.0150
AHy (kJ/kg) 3426.4669 4050.6160 3794.6293 3756.5572 3860.4629 4241.6808

Figs. 9 and 12 show TMR;s, of DGP1 and DGP2 was obtained, which values
were ca. less than 49 and 41°C and exceeded the upper limit of 100 days, respectively.
Figs. 10 and 13 show TCL of DGP1 and DGP2 was less than 49 and 41 °C,
respectively, which is beyond the upper limit of ten years. TCL is a very important
safety indicator for storage lifetime of highly exothermic solid material under limited
ambient temperature. Figs. 11 and 14 show the TER of DGP1 and DGP?2 stored at less
than 59 and 41°C, respectively, which is safe. Specially, the TER indicates when the
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chemicals or materials start releasing energy by thermal degradation. Solid highly
exothermic materials, such as DGP1 and DGP2, should be stored at less than the TER
of under the limit temperature; this could maintain the good and complete structure of
chemicals or materials.

In contrast to Tables 2 and 4 and Figs. 5 and 6, we could observe the DGP1 of
kinetic model simulation of non-isothermal; at 2 and 4 °C/min, the heat effect is
greater than the 1 °C/min. From Tables 2 and 4 and Fig. 5, we could observe the
faster scanning rates of the 2 and 4 °C min*, which induced the deflagration
phenomenon of DGP1. In addition, comparison of Tables 3 and 4 shows the samples
were tested for holding high isothermal temperature under 180 °C; the overheating
effect was greater than under 170 and 175°C isothermal DSC tests. While analyzing
the kinetic parameters by kinetic model simulation, we acquired three numbers for
DGP1’s kinetic parameters by using scanning rate of 1 °C/min and holding isothermal
temperatures of 170 and 175 °C in the solid highly exothermic thermal hazard
simulation.
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In contrast to Tables 2 and 4 and Figs. 5 and 6, we also could observe the DGP2
of kinetic model simulation of non-isothermal; at 2 °C/min, the heat effect is greater
than the 1 and 4 °C/min. In addition, comparison of Tables 3 and 4 shows the samples
were tested for holding high isothermal temperature under 180 °C; the overheating
effect was greater than under 170 and 175 °C isothermal DSC tests. While analyzing
the kinetic parameters by kinetic model simulation, we acquired four numbers for
DGP2’s kinetic parameters by using scanning rates of 1 and 4 °C/min and holding
isothermal temperatures of 170 and 175 °C in the solid highly exothermic thermal
hazard simulation.
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Fig. 13. Storage lifetime assessment of Fig. 14. Storage safety assessment of
DGP2 time until 10% conversion with DGP2 total energy release with DSC
DSC non-isothermal tests at scanning non-isothermal tests at scanning rates of
rates of 1, 2, and 4 °C/min and DSC 1, 2, and 4 °C/min and DSC isothermal
isothermal tests at 170, 175, and 180 °C.  testsat 170, 175, and 180 °C.

Table 6 Results of the DGP1 and DGP2 thermal hazard simulation for
SADT, CT, ET, and TCR in cartridge package.
Non-isothermal (°C/min)

Sample Isothermal (°C) SADT (°C) CT (°C) ET (°C) TCR(°C)
1/non-isothermal 96 86 91 89.63
DGP1 170/ isothermal 96 86 91 89.76
175 isothermal 94 84 89 86.59
1/non-isothermal 97 87 92 92.05
4/non-isothermal 93 83 88 84.87

DGP2 .
170/isothermal 92 82 87 85.13
175/isothermal 92 82 87 85.13

4.2. DGP1 and DGP?2 cartridge thermal hazard parameters evaluation

We could not find an effective and safe way to analyze the storage and operation
of safety parameters of highly exothermic solid naval materials. Here the goal has
been accomplished of green technology to replace the dangerous solid explosion and
traditional storage condition tests, the storage safety parameters and the thermal
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hazard parameters of the highly exothermic solid materials. The results of the green
testing for the SADT, CT, ET, and TCR are presented in Table 6. We developed a
green technology to determine the kinetic parameters, the storage safety parameters,
and the thermal hazard parameters of DGP1 and DGP2. These results could be
applied toward energy reduction and safer designs for operation, storage, and
transportation. In addition to analyzing the thermal decomposition kinetic parameters
through simple and swift non-isothermal and isothermal DSC tests and Kkinetic
simulation, we obtained reasonable kinetic parameters of thermal decomposition for
the highly exothermic solid naval materials. The validity of the results significantly
depends on the reliability of the correctness of the methods used for the kinetics
evaluation, which are then applied to the evaluation of the storage safety parameters
and the thermal hazard parameters.

5. Conclusions

We successfully developed a green technology to determine the Kkinetic
parameters, the storage safety parameters, and the thermal hazard parameters of
highly exothermic solid naval materials. In addition to analyzing the thermal
decomposition  kinetic parameters through comparing non-isothermal and
isothermal-kinetic model simulation, we found that the results presented a reasonable
model to correct the kinetic parameters of thermal decomposition, which was then
applied to storage safety and the thermal hazard simulations of solid highly
exothermic naval materials. The model can be applied to evaluating other highly
exothermic materials or chemicals. We also overcame the upper-limit maximum
isothermal temperature of general isothermal calorimetric tests. Therefore, we have
developed a beneficial analysis model and testing technology for the kinetic, safety,
and hazard parameters of the highly exothermic solid materials.
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