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Thanathon Sukmala 2009: Thermogravimetric Study of Polypropylene and
Polypropylene/CaCO,. Master of Science (Physics), Major Field: Physics, Department
of Physics. Thesis Advisor: Associate Professor Supreya Trivijitkasem, Dr.Ing.

97 pages.

The nonisothermal decomposition process of polypropylene / CaCO, composites were
investigated by thermogravimetric analysis (TGA). Five composition were used: 100:0, 92:8,
90:10, 85:15 and 80:20. The kinetic parameters E, In A and n were determined from model —
fitting method : the Modified Freeman and Carroll (FC) using the TG and DTG data. A single
set of the kinetic triplet was obtained. The activation energy of PP/CaCO, was increased as the
increasing of rate of heating, and at a given rate of heating, the activation energy of PP/CaCO,

was decreased as the increasing of CaCO, content.

The dependence of apparent activation energy E, and logarithm pre-exponent factor
In A, on the degree of conversion @ were determined using isoconversion model-free method.
The Kissinger-Akahira-Sunose (KAS), the Flynn-Wall-Ozawa (FWO) and the Friedman (FR)
models were applied. The appropriate integral conversion function ¢(c) =[-In(l—)]"'? of
the process was selected by means of the model-fitting master-plot method. The dependence of
apparent activation energy E_ and logarithm pre-exponent factor IN A, on the degree of
conversion & determined from KAS method were lower than FWO method and FR method.
The apparent activation energy E, and logarithm pre-exponent factor In A was average from
a = 0.1 - 0.7, the results showed that the apparent activation energy E_ decreased as the
increase of CaCO, content. Adding CaCO, in polypropylene results in a easier decomposition

process.
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doyahn Idonga TGA Tufruimamslinesvail ( kinetic parameter ) @283 AUV 1AD
o 1 [ 1 v W 4 a Jd o

(model-fitting) MUIUANAINUNONWITUAYTING nazaomTRuuvinimes noUIBNS TN
= < Jd v Jo 9 ad o a Jd o
woaduilansuresneuos Fuai1835 nuusiaesddss le Tanounos¥u (model-free
- . S 4 o aan 1
isoconversion) ABABUNNAADS HAzNUDTIAe9LRATOIMTIoEda18R 8RN OU Tag 1y

Talsuns3 MATLAB
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Li and Chang (1998) fnmsdesaaisalonnuiouves idulomnals (Kevlar fiber)
A1e35AuonTriun19ms1engs (High-Resolution Thermogravimetry) 1U39gmngil 25 —
900 °C A288A31IMSINNGUNYTAIAT 50 °C/min HazAWaAzIBoah 4.0 A n1eldney
[ 9 dA ] = n’j = Yy
Tulasiou vay o1n1a wudn dulonarsinisdesaaroiissduaswdesinieldnis

a ]

TuTaswu uaz neldermea Taeligangimsdesaasgegai 530 °C uag 520 °C ilofum
a 4]
538’3% Freeman-Carroll, Friedman, Chang, Coats-Redfren 8¢ Kissinger msﬂé’fﬂw"lﬂmmu
1 1 [ 1 v W d 1w @ a aaa 1
tag 8IMA WU UANEINUARANTUA ASUAUNIIAAIYATET (reaction order) U@ AN

aR Jd o = 1 @
aamwmwlﬂmaﬁﬂaumﬂmi‘wmumﬂa UANANNU

o 1 a 4 o [] o o
Vyazovkin and Wight (1999) fuiaamsidmesvati lunsal li'le Tamesaveaas
a A . . ~ J
2 ¥l A9 1,3,5,7,-tetranitro-1,3,5,7-tetrazocine (HMX) tiag uouTuiioy la'lunsilud
1 a o 4 J v
(ammonium dinitramide, ADN) 4agmaAINI1mesvarivednsal le Tummnesia 1nmams
=~ [l J o 9 ana o o a 1 1 [
naaoalunsdl lile Tamesia Ao 5 Wauuusans uag HUVIIABIDATE WU MNSY
[ A o 9 ana o ==t = 1 % " v W A o 9
AanuuanMuIn IdnnITHanuusaeslimiesnfen tazandanuneiuiuandiuinla
= ] d o =} @ [l 9 o 1am o a FY
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] 1 Y 4 4 K] Aaan [ 1 @ 1
nasnunenuiualsIngNIuegUURNToUAHAIU (fractional reaction) LAY ATNAIIIUND

v W 4 A o 9 =\ ] J v Jou A 9 [
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1 a d a J 4
Liu and Fan (1999) fintanudou Tiuaaaas Iins1gna1ms1dines 911999 Camellia
oleifera A283% Freeman-Carroll W11 duauMsinalnserfidiuisninanudsuvesaunsi
a2 =< 9 19 q Y o v W a Aaaa 9
ANuAANAIAge 3edestagdunuvesaums Inildaunsaduududumanaljase 14
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Carniti and Gervasini (2001) ANYINTEOHAABAIBANNTDUVDINDANTONAUNH AL
ALy qﬂﬁﬁ?m (catalyst) silica gel (SiO, ), silica-magnesia (SM), silica-titania (ST), mordenite

ey . iy . 9V Y an
(MO), silica-alumina (SALA) e silica-alumina (SAHA) eldns luTasau a1e35a21
FouTriunae imsnaasalugisguugil 50-600 °C dasIMsINUgUYgL 3 80315, 10 Hag

1 a 4 o 1 1 aaa
20 °C/min ¥1RM1510005 981 1ne1dNOBRV0Q Freeman - Carroll WU @151591A501
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' [ 1 Y 4 Jd o a a
SAHA @101500aATNANIUNDNNNUA LIDY urlnmesneuons IniuuFoavosnaansonay
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{ 1 o 1w 3| LAl o
launiiga Tasiismasaunenuiiuaiiu 84 + 8 ki/mol uazliunnmesnowond Inuwmioa
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Wang et al. (2003) finy1na’lnnsinai§en (reaction mechanism) Y9N3 18R
a 4 a . Y ax Y
YoanoaNesHaNNean1i-laTean Tuu (poly p-dioxanone, PPDO) fuuile Tas3tausou
1 o [ " v W o . . 1 a Aaaa I
T sazmundsnunenuiiug Iaeldngug Kissinger wuinalnmsimalgaseniu
' an v ' v o ' 1w
WUUMSUNI I 3 1A (three-dimensional diffusion) HAENAINUNOA VT UANAUNINY 121

kJ/mol

Ramis ef al. (2004) ¥ woanseNaundeansdosaalonadIn I uila Mater-Bi AFOSH
TuRsPunnaanaIaiu 0, 20 1, 4, 6 uag 12 1HoU LAAAYINIGDIAA1BA8ANS o1 1Al
ad Y Y 1 o Yy (9 a (] a
FanudouTiiuga himsnaassmeldmy Tulasu uay Maoendou lurrgungi 25-
600 °C TaslionsIMInNgUH1gl 9 90310.5, 0.75, 1.5, 2.5, 5, 10, 15, 25 1z 50 °C/min W1

1 a I'4 o o Aaan ]
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Y 1 . IS A A =
#18n3517 reduced master curves WU 1419 Mater-Bi AF0SH Wuansilsgasuiiiyadesain
9 Y 1 a Aad U A A 1 = 9 1 =
mannusouliuaneansenay tazmsieauiinadaadesmnniannudeuveaudls ualil
1 = 9 a ax . £ g
HWAABLADYTNINNIIANNIDUVDINDANIDWAY Liag Ethylene vinyl alcohol copolymers il

a31/szneuied 1y Mater-Bi

. = A A 9 Y  aa ]

Arbelaiz et al. (2006) An¥1A51UAsUNUaUTDITNINNIANNI DU A8ITANNT DU
] a A 4 4 { ] a
Tiu029 voaweansonay Wonaudulovesduusland (flax fibre) NHIUNTINITHALET
¢ . - 4 o . o o

uoulalasa (anhydride), Tatia lnsiwmsond lasiau (vinyltrimethoxy silane) ttag san1 lawsdu

o o U a 4 4 1 =y . .
(alkalization) 1MIMUIUAIMNTITNDT Va1 vOINMTI0sAA1EN1ANNSOUAIEIT Kissinger

a J 1 Y] 4
HAZANEINIANHANAIY YAATILHUADDSIUASULUEDINTIADYWUT (Differential scanning
1 d a' [

calorimetry, DSC) WU 1idulovesduurlandiraiivadesninneniuion tazdnsins

anmanlifunaIaAnneanIoNay

Saha and Ghoshal (2006) #N¥1NTHDEAAIAIIAIYS DUVDIAIDINIVIZ WO ABN AL

an 1 o ] d o 1
(waste polyethylene sample) A2835A N5 oUTHNae Himsnaasuy 1 le Tamesia Tuye
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' a J J o a o 1 o .
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Coats-Redfern, Gorbachev, Agrawal & Siva Subramanian L1& Cai nuNlugreduveamsgos
o [ " v o o A A z:? 1 I &
ﬁmﬂﬂmmmmumam ‘V‘IE“N\‘l"ll!ﬂﬂﬂll3J1.!9'I‘]Ji1ﬂ§]ﬂﬂ1lW3J“’ll11f’]EJTQi’JﬂLi’J “]NL‘IJ‘L!WiﬂllﬁnﬂﬂTi
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LmﬂmTﬂmimazW%’auﬂuﬁ”mﬂa”lﬂmmmmuqu (random chain scission) UDINUTL DY
1 a an A Aaaa 1 =] [ 1 YY) 4 =
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Saha and Ghoshal (2007) An¥1n1sgesaatsalenuiou uuv'lule Tamesiaves
WeaNsoNaY (PP) 1az woansoWaunnay a13159U 31U na3e (mesoporous catalysts)
Y
AI-MCM-41 6 80318917 7.7, 13.1, 18.5, 21.6, 24.6 uag 32.5 % lagnimiin are35anuiou
Tiua29 AdasImMaiuguulinga 5 90510 5, 10, 15, 20 1Az 25 K/min wuinsmanuiou
T4 (TG curve) uag Ng Mauﬁuﬁmm%’ auTiiunng (differential thermogravimetry curve,
=\ =y a ~ a Aan a Aan
DTG curve) im3lasua)asauilsuna A-MCM-41 Anayluneansenau Ingnoansonau
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Nguugiimagesdalogga T, gana1 woansonauinay AI-MCM-41 uagilonay Al-
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] 9 F4 ]
MCM-41  Tuas1druinniv gungiiuesmsdosdalsgigaazanadniniy iofuiua
v o

wasnunenuiuAl A0 B DT 00 dsE NUUTIIM ALMCM-41 Itz auigalu

Y
MINVHTUAUNDANTONAUAD 18.5 % Iagtiviin
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Jankovic (2008) f”fﬂ]&l"lﬂﬁﬂﬂﬂﬁﬁTﬂﬂ’Jﬂﬂ?TNiﬂuuU'}JhliJ"li’JIGBmﬂﬁJa"U@QIWLL‘VIE‘TL%&&I
o 4 . . Y ad 9 Y 1 o 1 a 4
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J a 4 4
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{ o @ ' s S . '
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o A v o J 9 v A [ & a 4 9 [
d18 vuung misdad uazdlvy aaq Jegiiuiimsduasiziiaquodwesunldaiu wu
a Y o a s 1 J a s a ad . . £ Y
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4 ] aa aa a 4
Usznoualedis laTasaisuon 1wy Sane (silicate) H30%a 1AU (silicone) 10 1AZ WOAINDS
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DUNTY (organic polymer) Fa1lsznevaleans lalasamsuen ¥y waradn (plastic) Qg DS

o
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a éa S d
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a Ia ad 1 Y 4
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ad 3 i ag a 3
21aNA 39U (electron configuration) 1 18%2872P" ifedanaseulausa (hybrid) Wu 18%28"2p°
o a o A @ 4 @
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' ¢ "o o 4 9 oY g ¥
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9 a an & v a dd? @ A 19 @
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H CH3
Wuoea- Wosiian las CH, OH CH, 200 - myuzla
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AN 3 () 1NAINBEABLNGUUIIVEI T RATenumesou I UIZHINMIFUATIZHND
a 4 . . =3 9 9 1 a o d! 9 d' I
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1. YuApUISHAY (initiation) (Humsildinalfnsensudulaeldmsisalgnse
051' ] . I~ o Y Aa ] a I'4 o 4
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electronic weighing mechanism
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da da ) ( dt
£l
dT dt )\ dT
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) A .

odenguugiuuudgy 2 A191nn5 1 TGA a2 18eun15 Freeman 1az Carroll (FC)

1 A g
YDINAA UMY 11U
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Reaction model Symbol g(a) f(a)
Power Law Pl att 4o’
Power Law P2 o 32
Power Law P3 o2 202
Power Law P4 %2 (2/3)a™?
Phase-boundary
controlled reaction R2 - - a)?] 20— a)"'?
(contracting area)
Phase-boundary
controlled reaction R3 - @-a)?] 3(1-a)??
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N nRAIN(da/dT)  Aln(de/dT)

(14)



25

dagilaums (14) lwi'la

Aln(-a) _E_ AWT) 1

= 15
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i PP:CaCO, E, InA, E, InA, E, InA,
(kJ/mol) (min™) (kJ/mol) (min™) (kJ/mol)  (min™)
1 100:0 0.1 85.25 12.846 91.08 14.552 78.23 11.306
0.2 83.97 12.498 90.12 14.281 82.14 12.110
0.3 83.68 12.409 89.99 14.225 84.71 12.896
0.4 84.71 12.578 91.08 14.392 90.22 13.530
0.5 85.91 12.784 92.33 14.589 96.22 14.414
0.6 87.72 13.108 94.14 14.890 100.56 12.125
0.7 90.03 13.519 96.43 15.267 104.94 16.113
0.8 92.70 13.994 99.05 15.704 110.00 16.964
0.9 96.69 14.702 102.97 16.351 116.10 16.428
!ﬂéﬂﬁ a =01-0.7 85.89 12.815 94.92 13.160 95.79 13.213
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0.5 82.81 12.356 89.46 14.243 98.52 15.293
0.6 85.39 12.835 91.39 14.569 103.10 15.835
0.7 88.17 13.335 94.72 15.134 111.44 17.413
0.8 92.99 14.177 99.41 15.894 125.72 19.626
0.9 110.28 17.097 116.05 18.523 185.53 27.088
!ﬂéﬁl“ﬁ a=01-07 80.77 11.976 87.29 13.872 94.98 14.615
3 90:10 0.1 82.55 12.704 88.53 14.474 77.88 11.321
0.2 83.11 12.613 89.91 14.521 88.43 13.405
0.3 83.61 12.654 90.00 14.485 88.17 13.737
0.4 84.47 12.790 90.93 14.622 89.18 13.690
0.5 84.56 12.810 91.11 14.656 92.10 14.232
0.6 85.82 13.036 92.27 14.849 96.20 14.713
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i PP:CaCO, E, InA, E, InA, E, InA,
(kJ/mol)  (min") (kJ/mol) (min™) (kJ/mol)  (min™)
3 90:10 0.7 87.82 13.395 94.37 15.199 103.01 16.030
0.8 91.01 13.942 97.52 15.697 11095  17.1172
0.9 - - - - - -
maoh @ = 0107 8456 12.857 91.02 14.682 90.71  13.875
4 85:15 0.1 77.95 11.773 83.97 13.616 76.09 11.014
0.2 76.73 11.340 83.14 13.274 8443 12713
0.3 78.11 11.119 84.62 13.490 86.72 13477
0.4 79.17 11.741 85.75 13.670 86.42 13.109
0.5 80.36 11.951 87.07 13.885 89.77 13.685
0.6 82.29 12.302 88.92 14.194 95.60 14.429
0.7 84.44 12.677 91.06 14.538 99.93  15.237
0.8 89.01 13.458 95.53 15.241 106.16  15.896
0.9 - - - - - -
maoh @ = 0107 69.86 11.843 86.36 13.809 88.42  13.380
5 80:20 0.1 68.70 9.794 75.23 11.885 75.00 10.614
0.2 74.34 10.778 80.83 12.764 82.92 12264
0.3 77.45 11.359 83.92 13.293 84.55  12.992
0.4 80.05 11.845 86.50 13.736 87.50 13.214
0.5 82.00 12.218 88.52 14.079 94.79 14.470
0.6 85.19 12.780 91.57 14.588 98.91 14.814
0.7 89.08 13.448 95.38 15.191 10292 15417
0.8 - - - - - -
0.9 - - - - - -
maeh @ = 01-07 7956 11.746 85.99 13.648 89.51  13.398
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4 < 1
110 *PurerateS.txt’ Ap IWdyadoyanmsdosaalon1snauiouves PP:CaCo, = 100:0

s
L = load('Purerate5.txt");

M =L(:,2);

T=L(,1);

N = max(size(T))

Mf = min(M);

Mo = max(M);

Alfa = (Mo - M)/(Mo - M{);
% interpolation

x =100:1:850;

y = interp1(T,Alfa,x,'spline');
hold on

% diff forward first order

n = max(size(y));

h=0.001;

y(n+1) = y(n);

fori=1:n;
dy(i) = (y(i+1)-y(i))/h;
end

% plot and smooth graph
sdy = smooth(dy,'sgolay',0);
plot(x,sdy,'b")

axis([100 850 -2 25])

SIMSAVGUHRYN 5 °C/min 9100510 TG Nhims Tnasdn T TuTdsunsy
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1 5 =
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1. BuUVUIaed FC

9 1

y s
Lﬁ’f) ‘Pureratel .txt’ ﬁ'ﬂ llwaslfﬂsll’f)lquaﬂTiﬂﬂﬂﬁﬁ"lflﬂ']\?ﬂ')']ll%jﬂu“ll@\i PP:CaCO3 =

Q

100:0 NEATIMIANYUNYI 1 °C/min 910051 TG Nhms Tnaadn T luTdsunsuy

L =load('PureRatel .txt");
R =8.314 ;% J/mol.K
M=L(.2);
Tc=L1(,1);
NM = max(size(M));
N = max(size(Tc¢)) ;
MTf = min(M);
Mo = max(M);
fori=1:N;
Tk() = Te(d) + 273 ;
end
Alfa = (Mo - M)/(Mo - Mf);
nA = max(size(Alfa));
% interpolation
x =100:0.1:850;
y = interp1(Tk,Alfa,x,'spline");
n = max(size(y));
h=10.001;
y(n+1) = y(n);
fori= 1:n;
dalfax(i) = (y(i+1)-y(i))/h;
Indalfa(i) = abs(log(dalfa(i))); %%

end
beta =1 ; %rate
nda = max(size(dalfax));
nT = max(size(Tk));
fori=1:nda
dalfa(i) = (dalfax(i)*(10°(-3)));
end
fori=1:nA;
InAlfa(i) = abs(log(1-Alfa(i))); %%
end
fori=1:nA-1;
dellnAlfa(i) = abs((InAlfa(i))- (InAlfa(i+1)));
end
fori=1:nT-1
Tneg(i) = abs((1/Tk()) - (1/Tk(i+1)));
end
fori=1:nT;
TkinAlfa(i) = Tk(i)*InAlfa(i) ;
end
fori=1:nT-1;
delTklnAlfa(i) = abs(TklnAlfa(i) - TklnAlfa(i+1))
;%%



end
fori= 1:nda-1;
dellndalfa(i) = abs(Indalfa(i) -
Indalfa(i+1));
end
% method FC.....coovvevininiennn
nx1 = max(size(dellnAlfa));
fori=1:nx1;
x1(4) =
(1*((Tneg(i))/(R*(dellnAlfa(i)))) ;
y1(i) = (dellndalfa(i)/dellnAlfa(i)) ;
end
nl = max(size(y1));
figure('name','E")
plot(x1,y1,"*")
hold on

Y%regresstion linear
sumx1 = sum(x1);
sumx2 = sum(x1.*x1);
sumy = sum(y1);
sumxy = sum(x1.*y1);
% find a0 , al
aa = ((n1*sumx2) - ((sumx1)"2));
a0 = ((sumy*sumx?2) -

(sumxy*sumx1))/aa ;

al = ((n1*sumxy) - (sumx1*sumy))/aa ;

fori= 1:nl

gx1(i) = a0 + al*(x1(1)) ;

end
fori=1:nda;
% method n FC.......ccoocvvviinnnnn
nx2 = max(size(dellnAlfa));
fori=1:nx2;
x2(i) = (E)*((Tneg(i))/(R*(dellndalfa(i)))) ;
y2(i) = (dellnAlfa(i)/dellndalfa(i)) ;

end

n2 = max(size(y2));
figure('name’,'n")
plot(x2,y2,"*")

hold on

Y%regresstion linear
sumx1 = sum(x2);
sumx?2 = sum(x2.*x2);
sumy = sum(y2);
sumxy = sum(x2.*y?2);
% find a0 , al
aa = ((n2*sumx2) - ((sumx1)"2));
a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

al = ((n2*sumxy) - (sumx1*sumy))/aa ;

fori=1m2
gx2(i) = a0 + al*(x2(1)) ;
end
plot(x2,gx2)
nl =(1/al)
n2 = (1/a0)
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end % method A FC.....ooovvvvveiiiieee,
plot(x1,gx1) nx3 = max(size(dellnAlfa));
E =al*(10"-3) fori=1:nx3;

x3(1) = (1/(dellnAlfa(i)))/(1/(delTklnAlfa(i))) ;
y3() =
((dellndalfa(i))/(delinAlfa(i)))/(1/(del Tkln
Alfa(i))) ;
end
n3 = max(size(y3));
figure('name','A")
plot(x3,y3,'*")
hold on

Y%regresstion linear

sumx1 = sum(x3);

sumx2 = sum(x3.*x3);

sumy = sum(y3);

sumxy = sum(x3.*y3);
% find a0 , al
aa = ((n3*sumx2) - ((sumx1)"2));
a0 = ((sumy*sumx?2) -
(sumxy*sumx1))/aa ;

al = ((n3*sumxy) - (sumx1*sumy))/aa ;

fori= 13

gx3(i) = a0 + al *(x3(1)) ;
end
plot(x3,gx3)

InA = al+log(beta)
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WaaANAI061900AT 109U PP:CaCO, = 85:15 Taoyadoya T 1uaz alfause

A a o v 4
Wasuuasmunagandleds Laznouos

% at alfa=10.1
Rate =[12.5510 15 20];

alfause = 0.1 ;

model = ((-log(1-alfause))(1/2)); %omodel type

A2
T=1[303.024 319.021 350.45 381.28 393.422
406.592];
m = max(size(T));
fori=1:m;
TkG) = TG) + 273 ;
end
fori=1:m;
x(i) = Tk()N(-1)
y(@) = log(Rate(i)/(Tk(i)"2));
end

n = max(size(y));

%regresstion linear

sumx1 = sum(x);

sumx2 = sum(X.*x);

sumy = sum(y);

sumxy = sum(x.*y);
% find a0 , al for linear regression
aa = ((n*sumx2) - ((sumx1)"2));

a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

vy

~ a 4
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% atalfa=0.2
Rate =[12.5510 15 20];

alfause =0.2 ;

model = ((-log(1-alfause))(1/2)); Y%omodel type

A2
T=1[319.638 338.827 371.854 407.535
418.898 430.053];
m = max(size(T));
fori=1:m;
TkG) = TG) + 273 ;
end
fori=1:m;
x() = Tk (-1) ;
y(i) = log(Rate(i)/(Tk(i)"2));
end

n = max(size(y));

%regresstion linear

sumx1 = sum(x);

sumx2 = sum(x.*x);

sumy = sum(y);

sumxy = sum(x.*y);
% find a0 , al for linear regression
aa = ((n*sumx?2) - ((sumx1)"2));

a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;



al = ((n*sumxy) - (sumx1*sumy))/aa ;

fori=1mn

gx(i) = a0 + al*(x(i)) ;
end
R =28.314 ;% J/mol.K
EO0 1=(-1)*(al*R)

InAO 1 = a0-log((R)/(E0_1*model))

% atalfa=0.3

Rate =[12.5510 15 20];

sumxy = sum(x.*y);
% find a0 , al for linear regression

aa = ((n*sumx2) - ((sumx1)"2));

a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

al = ((n*sumxy) - (sumx1*sumy))/aa ;

fori=1m

gx(i) = a0 + al*(x(i)) ;
end
R =28.314 ;% J/mol.K
EO0 3=(-1)*(al*R)

alfause = 0.3 ; al = ((n*sumxy) - (sumx1*sumy))/aa ;
model = ((-log(1-alfause))N(1/2)); Yomodel type  You.cevveeeerereerereeerne.

A2 fori=1:mn

T =1[329.393 350.211 384.512 419.947 gx(i) = a0 + al*(x(i)) ;
430.706 442.193]; end

m = max(size(T)); R =28.314 ;% J/mol.K
fori=1:m; EO0 2 =(-1)*(al*R)

Tk(G) = TG) + 273 ; InA0_2 = a0-log((R)/(E0_2*model))

end ettt —————————————
fori=1:m; InAO_3 = a0-log((R)/(E0_3*model))
x(1) = Tk()N-1) ; ettt ettt

y(i) = log(Rate(i)/(Tk(i)"2));
end

n = max(size(y));

%regresstion linear
sumx1 = sum(x);
sumx2 = sum(X.*x);

sumy = sum(y);
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% PPC15 FWO method

% at alfa=0.1
alfause =0.1;
Rate=[12.5510 15 20];
T =1[303.024 319.021 350.45 381.28 393.422
406.592];
m = max(size(T));
fori=1:m;

Tk() = T() + 273 ;
end
fori=1:m;
x(i) = Tk()(-1) ;
y(i) = log(Rate(i));
end

n = max(size(y));

%regresstion linear
sumx] = sum(x);
sumx2 = sum(X.*x);
sumy = sum(y);
sumxy = sum(x.*y);
% find a0 , al ,y=a0 +alx for liner

regression

aa = ((n*sumx2) - ((sumx1)"2));

vy

~ a 4
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fori=1m
gx(i) = a0 + al*(x(i)) ;
end
plot(x,gx)
hold on
R =8.314 ;% J/mol.K
EO 1= (al*R)/(-1.052)
gAlfa = ((-log(1-alfause))(1/2)); %model type
A2;
InA0 1 = (log((R*gAlfa)/(E0_1)))+(a0+5.331)

% atalfa=0.2
alfause = 0.2;
Rate=[12.5510 15 20];
T=1[319.638 338.827 371.854 407.535
418.898 430.053];
m = max(size(T));
fori=1:m;

Tk(i) = T() + 273 ;
end
fori=1:m;
x(i) = Tk -1 5
y(i) = log(Rate(i));

end



a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;
al = ((n*sumxy) - (sumx1*sumy))/aa ;
%regresstion linear

sumx1 = sum(x);

sumx2 = sum(x.*x);

sumy = sum(y);

sumxy = sum(x.*y);
% find a0 , al ,y=a0 +alx for liner
regression
aa = ((n*sumx2) - ((sumx1)"2));
a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

al = ((n*sumxy) - (sumx1*sumy))/aa ;

et
fori=1mn

gx(i) = a0 + al*(x(1)) ;
end

R =28.314 ;% J/mol.K

EO 2 = (al*R)/(-1.052)

gAlfa = ((-log(1-alfause))(1/2)); %model type
A2;

InA0 2 = (log((R*gAlfa)/(E0_2)))+(a0+5.331)

% at alfa=0.3

alfause = 0.3;

Rate =[12.5510 15 20];
T=1[329.393 350.211 384.512 419.947
430.706 442.193];

m = max(size(T));

fori=1:m;

Tk(@i) = T() + 273 ;
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end

fori=1:m;

x(i) = Tk)-1) ;
y(i) = log(Rate(i));

n = max(size(y));

Y%regresstion linear
sumx1 = sum(x);
sumx2 = sum(X.*x);
sumy = sum(y);
sumxy = sum(x.*y);
% find a0 ,al ,y=a0 +alx for liner
regression
aa = ((n*sumx2) - ((sumx1)"2));
a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

al = ((n*sumxy) - (sumx1*sumy))/aa ;

fori=1:n
gx(i) = a0 + al*(x(i)) ;
end
R =28.314 ;% J/mol.K
E0 3= (al*R)/(-1.052)
gAlfa = ((-log(1-alfause))*(1/2)); %model type
A2;

InAO 3 = (log((R*gAlfa)/(E0_3)))+(a0+5.331)



4. 141111999 FR

92
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Wasuuasmunagandleds Laznouo;

% at alfa=0.1

Rate =[12.5510 15 20];

alfause = 0.1 ;

model = (2*(1-alfause))*(((-1)*log(1-

alfause))"(1/2)); Y%omodel f(alfa) type A2

T=[303.024 319.021 350.45 381.28 393.422

406.592];
Alfa=[3.53.53.42.43.22.2];
fori=1:6;
Alfau(i) = Alfa(i)*(10-3);
end
m = max(size(T));
fori=1:m;

Tk(i) = T() + 273 ;
end
fori=1:m;
x(i) = Tk()N(-1) ;
y(i) = log(Rate(i)*(Alfau(i)));
end

n = max(size(y));

%regresstion linear
sumx1 = sum(x);
sumx2 = sum(X.*x);

sumy = sum(y);

vy
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aa = ((n*sumx2) - ((sumx1)"2));

a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

al = ((n*sumxy) - (sumx1*sumy))/aa ;

fori=1:n

gx(i) = a0 + al*(x(i)) ;
end
R =28.314 ;% J/mol.K
EO0 1= (-1)*(al*R)

InAO 1 = a0 - log(model)

% atalfa=0.2

Rate=[12.5510 15 20];

alfause = 0.2 ;

model = (2*(1-alfause))*(((-1)*log(1-
alfause))(1/2)); %model type A2
T=1[319.638 338.827 371.854 407.535
418.898 430.053];

Alfa=1[8.47.46.8 6.3 8.67.0];
fori=1:6;

Alfau(i) = Alfa(i)*(10-3);

end

m = max(size(T));

fori=1:m;

Tk(@i) = T() + 273 ;



sumxy = sum(x.*y);
% find a0 , al for liner regression
x(i) = Tk()N(-1) ;
y(i) = log(Rate(i)*(Alfau(i)));
end

n = max(size(y));

%regresstion linear
sumx1 = sum(x);
sumx2 = sum(X.*x);
sumy = sum(y);
sumxy = sum(x.*y);

% find a0 , al for liner regression

aa = ((n*sumx?2) - ((sumx1)"2));

a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

al = ((n*sumxy) - (sumx1*sumy))/aa ;

ueeeeeeeererieeeneeneeee e
fori=1mn

gx(i) = a0 + al *(x(i)) ;
end

R =18.314 ;% J/mol.K
E0 2=(-1)*(al*R)

InAO 2 = a0 - log(model)

% at alfa=0.3

Rate =[12.5510 15 20];

alfause = 0.3 ;

model = ((-log(1-alfause))(1/2)); %omodel type
A2

T=1[329.393 350.211 384.512 419.947
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end
fori= 1:m;
end
m = max(size(T));
fori=1:m;

Tk(i) = TG) + 273 ;
end
fori=1:m;
x(1) = Tk"-1) ;
y(i) = log(Rate(i)*(Alfau(i)));
end

n = max(size(y));

Y%regresstion linear
sumx1 = sum(x);
sumx2 = sum(x.*x);
sumy = sum(y);
sumxy = sum(x.*y);

% find a0 , al  for liner regression

aa = ((n*sumx2) - ((sumx1)"2));

a0 = ((sumy*sumx2) - (sumxy*sumx1))/aa ;

al = ((n*sumxy) - (sumx1*sumy))/aa ;

fori=1m

gx(i) = a0 + al*(x(i)) ;
end
R =28.314 ;% J/mol.K
E0 3=(-1)*(al*R)

InAO 3 = a0 - log(model)
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430.706 442.193];
Alfa=[11.710.910.510.4 11.4 10.3];
fori=1:6;

Alfau(i) = Alfa(i)*(10"-3);

N ! H ' d‘ Yo = A
ﬂ’Jf’)EINil]’i!!ﬂill MATLAB amwaﬂ%mmmszmﬂum master plot

9 1

4 s
Lﬁﬁ) cyber10%rate5.txt ﬁ@ "lWa«mmammaaaﬂﬁmﬂmdmm%umm PP:C.’:ICO3 =

Q

90:10 NVATIMINUGUHAN 5 °C/min 91100519 TG Ahms Tnaad 1 TuTdsunsu

L = load('cyberl0%rate5.txt"); 0.5)°(1/2));

M =L(;,2); ModelR3(i) = (1-(1-Alfax(i))(1/3)) / (1-(1-
T=L(,1); 0.5)°(1/3));

t = max(size(T)); ModelA1 5(i) = ((-log(1-Alfax(i))"(1/3)) / (-
%beta = 5; Y%rate log(1-0.5))"(1/3));

R =18.314 % J/molK ModelA2(i) = ((-log(1-Alfax(i))"(1/2)) / ((-
E =85.373 *(10"(3)) % J/mol log(1-0.5))"(1/2));

Tdot5 =395.055 + 273 %temp Alfa 0.5 ModelA3(i) = ((-log(1-Alfax(i)))(2/3)) / (-
fori=1:t log(1-0.5)"(2/3);

Tk(i) = T(i) + 273 ; % change to kelvin unit ModelA4(i) = ((-log(1-Alfax(i)))(1/4)) / (-

end log(1-0.5)"(1/4);
fori= 1:t; ModelD1(i) = Alfa()*2 / (0.5)"2 ;
x = B/AR*(Tk(i))); ModelD2(i) = (((1-Alfax(i))*log(1-
end Alfax(i)}+Alfax(i))) / (((1-0.5)*log(1-
Aproxmin = min(x) 0.5))+0.5);
Aproxmax = max(x) ModelF1(i) = (-log(1-Alfax(i))) / (-log(1-0.5));
Mf = min(M); ModelPower2(i) = (Alfax(i)*(1/2)) /
Mo = max(M); (0.5°(1/2));
Alfa = (Mo - M)/(Mo - Mf); ModelPower3(i) = (Alfax(i)*(1/3)) /

%Model compare (0.57(1/3));



k = max(size(Alfa));
Alfax = Alfa;
fori=1:k;
AlfaxPP(i) = Alfax(i);
end
fori=1:k
ModelR2(i) = (1-(1-Alfax(D))*(1/2)) / (1-(1-
ModelFn_m2_nl_5(i) = (((1-
Alfax(D))/(Alfax(D)))(-0.5))*(1/0.5) ;
end
1+((1-0.5)"-1))));
ModelFn_3(i) = (2"(-1)*(-1+((1-Alfax(i)(-
D))/ (@AED)*(-1H(1-0.5)M-1)));
ModelFn_m2 nl_9(i) = (((1-
Alfax(D)/(Alfax(1)))(-0.9))*(1/0.9) ;
end
for i = 1:t;
u(i) = (E)(R*Tk(i));
% Numerical matlab p(x) approximation
Pexpint(i) = expint(-u(i));
%Px(i) = (exp(-1*u(i))/u(i)) - Pexpint(i);
% Forth degrees Senum and Yong
Px(i) = ((exp(-u())/u(®) * ((u(@)"3 +
18%(u(i)"2) +
86*u(i) + 96)/(u(i) 4 + 20*(u(i)3) +
120*u(i)*2)
+240%u(i) + 120));
end
udot5 = (E)/(R*Tdot5);

% Numerical matlab p(x) approximation at alfa
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ModelPower4(i) = (Alfax(1)*(1/4)) /
(0.57(1/4));
ModelPower3 2(i) = (Alfax(i)(3/2)) /
(0.57(3/2));
ModelFn_1 _5(i) = 2*(-1+((1-Alfax(i))\(-
12))) 1 2*(-1+((1-0.5)"(-1/2))));
ModelFn_2(i) = ((-1+((1-Alfax(0))*(-1)))) / ((-
% compare loop
fori=1:t;

Mcompare(i) = (Px(i))/Pxdot5 ;
end
% smooth and plot graph
sMcompare = smooth(Mcompare,'sgolay’,0);
plot(Alfax,ModelR2,Alfax,ModelR 3, Alfax,Mo
delD1
,Alfax,ModelD2,Alfax,ModelA2,'0',Alfax,Mod
elA3,'*,
Alfax,ModelA4,*' Alfax,ModelF1,Alfax, Mode
IPower2,
Alfax,ModelPower3,Alfax,ModelPower4,Alfax
ModelPower3 2,Alfax,ModelFn_1 5,Alfax,
ModelFn_2,Alfax,ModelFn_3.'y',Alfax,Model
Fn m2 nl 9,Alfax,ModelFn m2 nl 5,"*'
,AlfaxPP,sMcompare,'*")
legend('R2'/R3",'D1', D2 /A2 A3 A4 F1,
Power 2','Power 3','Power 4','Power 3/2'
,Fn=1.5","Fn=2",'Fn=3",'Fn+m=2
:n=1.9",'Fn+m=2;n=1.5",'PP")

axis([0 0.9 0 3])



=0.5

Pexpintdot5 = expint(-udot5);

%Pxdot5 = (exp(-1*udot5)/udot5) -
Pexpintdot5;

% Forth degrees Senum and Yong

Pxdot5 = ((exp(-udot5)/udot5) * ((udot5"3 +
18*(udot5°2) + 86*udot5 + 96)/(udot5°4 +
20*(udot5"3)

+ 120*udot5°2) + 240*udot5 + 120));
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