Summer 2025.Vol 4. Issue 2

ISSN (Print): 2008-9228- ISSN (Online): 2423-7264
Research Paper

Thermal stability of cured epoxy resin with benzylidene bis-
(4-hydroxycoumarin) derivatives

GhasemRahpaima?, Jalil Khezri2

1 Department of Chemistry, Islamic Azad University, Lamard Branch, Lamard, Fars, Iran

2 PhD student in organic chemistry, Faculty of Chemistry, Islamic Azad University, Lamard branch, Lamard,
Fars, Iran

Abstract In this research, benzylidene bis-(4-hydroxycoumarin)
derivatives were used as a curing agent to prepare epoxy resin with
high performance and excellent thermal stability. For this purpose, 4
benzylidene bis 4-hydroxycoumarin derivatives were synthesized
using 2-aminophenol/palm tar polymer nanocomposite catalyst.
Scanning Electron Microscope (SEM) technique was used to

Keywords: investigate the morphology of cured epoxy resin. The comparison of
epoxy resin, nanocomposite, parameters of degradation start temperature, residual carbon yield
4-hydroxycoumarin, date and kinetic parameters was done to evaluate the thermal stability of
palm , thermal stability cured epoxy resin using thermogravimetric analysis (TGA). The results

showed that the epoxy resin cured with 3,'3-(4-
nitrobenzylidene)bis(4-hydroxy-coumarin) has a higher degradation
start temperature and carbon efficiency than other derivatives, after
the 4-nitro derivative in the order of derivatives 4-chloro, 4-fluoro and
4-methyl have higher thermal stability, so it can be said that the nitro
group has provided higher thermal stability than chlorine, fluorine and
methyl for cured epoxy resin. Benzylidine 4-hydroxycoumarin
derivatives bring high thermal stability to cured epoxy resin due to
having aromatic rings
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Extended Abstract

Introduction

Today, with the increasing progress of
industry and technology, polymer materials
have attracted a lot of attention due to their
high strength-to-weight ratio and unique
properties. Epoxy resins have found many
applications in various branches of science
and industry due to their prominent features
such as high chemical stability, excellent
adhesion and coating for various substrates,
good mechanical properties, low volume
loss during curing, high impact resistance
and tensile strength, good electrical
resistance, thermal stability and
compatibility with a wide range of
reinforcements. The characteristics and
properties of the epoxy resin mentioned
earlier depend on its curing system.
Choosing the type of curing agent is one of
the most important parameters affecting the
properties of cured epoxy resin. Due to the
importance of the role of the hardening
agent in the curing system, many researches
have been conducted to improve the
properties of epoxy resin through curing
with different hardening agents. In the
present research, benzylidene bis-(4-
hydroxycoumarin) derivatives (Figure 1)
were synthesized as a curing agent using
poly-2-aminophenol and palm kernel in an
efficient method, then the effect of the
chemical structure of the curing agent on the
thermal properties of the cured epoxy resin
was investigated and its thermal properties
were evaluated by the thermal gravimetric
test method.

Materials and Methods

All chemicals and solvents used in this study
were obtained from Merck and Aldrich and
were used without further purification. Also,
diglycidyl ether bisphenol A (DGEBA) epoxy
resin was obtained from Iran Petrochemical.
An electron microscope (SEM) was used to
study and estimate the size of nanoparticles.
An electrothermal device was used to
measure the melting point of the synthesized
samples. The thermal stability of the
prepared epoxy resin samples was checked

using a thermal gravimetric analyzer (TGA).
Tarooneh-Nakhl, which is used in this
research, is known as a waste of agricultural
products. After the preparation of palm
kernel, to prepare 1 gram of 40%
nanocomposite, first, 0.4 grams of palm
kernel and 0.6 grams of monomer (2-
aminophenol) were weighed and added to
100 ml of 1 M HCI solution and placed in an
ultrasonic bath for 30 minutes. Then, 1.48
grams of [KIO]_3 initiator was dissolved in
20 ml of distilled water and transferred to
the buret. The solution inside the burette
was slowly added to the mixture of
monomer, palm kernel and hydrochloric
acid in a period of 30 minutes. During this
time, the solution was well stirred by a
stirrer. Finally, after smoothing the formed
composite, the precipitate was washed using
100 ml of methanol and dried in an oven at
50-60 degrees Celsius for 24 hours. The
synthesis of benzylidene-bis-(4-
hydroxycoumarin) derivatives using
conductive polymer nanocomposite based
on 2-aminophenol and palm tar as a
heterogeneous and efficient catalyst has
been previously reported by our research
team [13]. For this purpose and during the
curing process, epoxy resin was mixed with
a curing agent (hardener) with a specific
stoichiometric ratio and became completely
homogeneous. (0.114 g of epoxy resin was
added to 0.228 g of benzylidene-bis-(4-
hydroxycoumarin) derivatives hardener)
The sample was first placed in the oven for
24 hours at a temperature of 80°C and then
at a temperature of 120°C for 6 hours under
slow cooking conditions to complete the
baking process.

Results & Discussion

In this section, the nanocomposite
dimensions and structural characteristics of
benzylidene-bis-(4-hydroxycoumarin)
derivatives  synthesized by different
techniques were investigated. In order to
study the thermal degradation kinetics of
epoxy resin cured with benzylidene bis-(4-
hydroxycoumarin) derivatives, thermal



gravimetric analysis was performed and the
resulting data were analyzed. Finally, by
calculating the activation energy, the
thermal stability of the synthesized resins
was compared with each other. Determining
the particle size and examining the surface
morphology of poly-2-aminophenol and 2-
aminophenol/palm frond nanocomposite
was done using the scanning electron
microscope technique. The corresponding
SEM images shown in Figure 2 show that the
average size of the 40% nanocomposite
particles is around 41 nm. Due to the
placement of tarone fibers as the core and
the arrangement of polymer particles on it, a
structure with uniform distribution and
smaller particle size is formed. The results of
the melting point of benzylidene bis-(4-
hydroxycoumarin) derivatives (Table 1)
showed that the obtained numbers
correspond to the available sources [13].
Derivatives  of  benzylidene  bis-(4-
hydroxycoumarin) were baked and thermal
gravimetric analysis (TGA) was used to
check its stability. According to the curves in
Figure 3, curing with curing agent 3,'3-(4-
nitrobenzylidene)-bis-(4-
hydroxycoumarin) shows the highest
resistance, and curing with curing agent 3,'3-
(4-methylbenzylidene)-bis-(4-
hydroxycoumarin) shows the lowest
thermal resistance. Activation energy (Ea)
and kinetic parameters of epoxy resin cured
with benzylidene bis-(4-hydroxycoumarin)
derivatives are given in Table 2. The SEM
images related to epoxy resin cured with
3'3-(4-nitrobenzylidene)-bis-(4-
hydroxycoumarin) in Figure 6 show the
scattering of particles in the images and
lumpiness.

Conclusion

As a result of curing epoxy resin with
benzylidene 4-hydroxycoumarin
derivatives, epoxy resin with high
performance and excellent thermal stability
was created. Benzylidine derivatives of 4-
hydroxycoumarin were synthesized in the
presence of 2-aminophenol/palm talc
nanocomposite catalyst. The thermal
stability of the cured epoxy resin was
analyzed by comparing the degradation start
temperatures, residual carbon content and

kinetic =~ parameters  obtained  using
thermogravimetric analysis. The results
showed that the derivative with 4-nitro has
a higher decomposition start temperature
and residual carbon, and as a result, it has a
higher thermal stability than other
derivatives. Epoxy resins cured with
benzylidene 4-hydroxycoumarin derivatives
have high thermal stability due to the
presence of aromatic rings, nitrogen and
halogen atoms. Also, the activation energy of
the degradation of epoxy resin cured with 4-
nitro derivative obtained using Harowitz-
Metzger and Brido methods was also higher
than other derivatives.

Ethical Considerations
Compliance with ethical guidelines
All subjects fulfill the informed consent.

Acknowledgments

We gratefully acknowledge the financial
support of this work by Marvdasht Islamic
Azad University research council

Authors' contributions

Design and conceptualization, methodology,
data analysis and final writing: Jalil Khazari,
Qasim Rahpaima

Conflicts of interest
The author declared no conflict of interest.



Y 0 bwicf 0490 ¢ 1F+F Ll

VEVY-VYSF ;S Ul LLs Yo v A-QYYA ol LL

g 3 Ao

—E)- ot Ol o Ol b aas Sy mSaal o255 Tl 6yl ane e
(0 slbogS (owS g

Y‘_s).aé& J.ﬁ.'ea‘ﬁlo.g b‘) MG
Al yld @y0Y 3 p0Y soly oMl 33T oKl (oo 01515

Oyl myls 0¥ 03 50Y snly (oMol 33T oKy ¢ o 1Sl (T oowd (6158 (ggmitilaY

—\‘)—w O i oliide 1 e gyl )lul g YU oL L S el onjy ans sl (e ol o :a.\.:S%
O2losS (oS 9y e (ki3 5o ¥ pslate pl (sl 0 eolisl coy Jele lgie 4 (oplegS (uSg)0m

025 oolid Cy gy ylate 43S i 56 49,5/ Jeibane Y (6 parly CujopelS 5l CannJB1S 3l o0l Ly

(s sl

Eard slod sloyally auglia . ozl (SEM) gy 9yl gy Sun ST 5l 008 ey (Sl o ¥ ol (uSel o
Soslisal b odd ey Syl () Sl 60k b)) sl (St sl jielly g 0sileBl (S 03k e B 1L g Wg )l oilesS STgen

~(opaeb 5% PV ST Bhe b s o Sl 03y o 3 s o i 2l (TGA) et ogle 5 300

Sl sl

b jl gm0yl wlitde plo & Cud VL (08 03jk 5 oy g8 slod (plesS S 9y )
& e plgie culplis 5)b VL Sl splul dseY g 5yl ¥ 19 5-F (ol wlinie oy @ g F
Cal 03,8 walid ond coy (wSal cnjy sl dite 5 0585 G  cand 1) VL Sl bl 9 095
o3y sl ly YL Sl o)l Sslag)l sl il gals sy o jlesS” uSgphea—¥ s i

9 me»um.] .\a.]y ‘&09)&” ELMD 9 l.md;LC« .,\.Jy 59).)?5 Cao
-A] 35 6Ll cilie (slaca josels’

CEy e & 3 o)) ey oS uSal p)) LRl 9 SR
023y Sl 095 LiSly Jold 5y 5y b )l (St
o ab 8 el ey Jole b oniS o Jule Jlb colu b
2l Jpazee 9398 0 bl (0 )e SV L (oo dw 853 S
St o dole (slo)F [F] adbigo b 5 (55 (shoygl o
S ol gEmen g (Sl )y Sl S g C
O Mo jes ) Wbl (1 5 ploj (g9l wile Jpao
(oMb gl 4y oland Mo g9 ladus Jlnl sled
g5 Sy kil e los 4 (n)) 2l 5 (plend Cuoglis

oS Bl () Sy Aol g o)l (S ey Jele g4 5 o))

EVRER
> 4 syeudy 3o sTleiSS g o (19381 gy iy b ojgel
6obj Sleagi 393 2, padia (ol 9 Vb (g 4 Lol Capns
oo cnyiote JI(So Sal lagnyy WlodS e g 4 )
b Cuvgoys slayasdy 0dlgils g3 &S M (£ yous aud b (5 y0udy
Jlo pglich p bawgs )b gl & bagyjy nl e e Lo S
dw il Sl iyl dlowg 4 b cadS (90N YA-R

DF] $9d (o pasuie (Sl 05)5 4 Bypme cgae
Glul Wl gty G Shy W 4 wSal lacns,
ggite gy lp Jlo (2o0idg 5 (Shime Vb olesd
2lr 3 Canslio andy (o )3 o (oo il iogs (SSlSe olss
Sl b o (oSl Ceglie Vb (S plSotinl g 55
Slold lad )5 oS Cogds 1 (glodinS atwd b (55 5ke 4
W3 y)S ] dlos 31 0Bl o g pole Cilio slaasls



Sl Pl g ey Jole alend )3 Lo Sl o 105 js
s (9ol Uhey b g 35wy 0B CSy (S gl (wj)

b gy ol Sil oAl Gl

R: 4-NO,, 4-Cl, 4-F, 4-Me

—i)—w Ol 3 Oliie JUale - JSSS

(o2 logS (oS g 00

SsS5ieo N pasks 45 S3)
2 JggiaelY sagise Jgo /o8l (s podly iged (5 46 Sy
935 > o a4 Yse ) bl SIS0 ol i e Ve
Cojorals g pork b sl Gigh ol ) 0 03l Jlal L &
e +[++¥ Jade &S Oygo oyl 4 .ab odlazul K103 551
Jslome ol g 15 S jlaiie OF i) (Lo Yo 0KT 03 55121
Yo oboy ey S5l Joloxe aebdl p3 a3y Jlisl @ye 4
03938l (b 03jen Jloyd pegige Jolome ) laoe (slo )3 5 aii>
Jeols bglseo (s Slygis 4 ST JolS' ()08 8Ll g 3
o 295 JolS yuiSTe U as 00l )3 j5em (g9) sl YF Coto &y
Glo o LIS ) oslitl b Jols bybe ¢ ,iiSTy s oS ;]
Jolie b ool (uiSly (slajegige (b gyl yobate 4 g w38
Bl (Blo A2l (59 oS 00 i yedly Coleg )3 b 0313 glitans
el Y Gdo 4 g 05 Jite 5+°C glod b ool (9,9 4 g2 ole

DT 25 256 30 ol g9 o3l (Bl O b0 (5l o (5959

S digyli g jlwodle]

Sly > cunl 4515 03litnl 3590 gl cnl )3 &5 S50 4g)l
Olys 4yl oS Gl 55 08 ) pdsn g Lo jd 080 48580
csilooslel jolaio 4 20 0 4B ld (65)9liS Y guao 34,090

odlatwl loj U e ey (Su5 0 ol o WNad sdbdild
RCRESIY

Ao I CuigolSpl 4 y3g)

¥ Jsl gl po 15 o )d ¥ CujanelS gL p)S Y (6 g 6l
a9 85 0y (U5 5ual=Y) yegise p)5 15 5 J55 gl p )5
plos 9, 9 as adlsl HCL (Yoo V Jglo ) (oo V-
25 M¥A o> (gdlsyo 13 .85 1,8 4l B0 Ye e ) Sgul ygl

5 Oyl Jlesl b sy (bl slos 3 o dlan ) Gilises Laylys
39 508 oo (9N g Lo (3 G Sl oozl L ey
S cBu Jels g9 el [ANIY] 33,5 plool s sl psle
0 0D CSy S gl (25) LRl e el ere
O eBy whs 53 04138 Couw Jole S35 Cmnl Jids 4,030
Gkl Sl 003y LAl S Sl ks stk

‘)J.éb 5,855 4 Cawsl 005 rol?p'\ alises d‘.b.w.\:.;f Couw L Coy
e 4 ) JS5) (CrolegS (oS 9)30m= Y )= s cptibs 3o litiie
2,8 gy (o S50 L) 5 Jaibgisel=Y ool b ey Jole

L 595 9 g0

g2 g (st g

ladllae cpl 50 oolatwl dy0 o M 5 (slowis dlgo (solos
3590 3 SilogAls gty 9 35 ad @l 9 S e slacSyd
A oS (63 895 5l (Sl (1)) imen (2855 ool
st & 035 ad lnl erdgsy I (DGEBA) A Jgd (e
I s oo (b > sl (ilopSon 5 )b clesy sy
olall 58 cale S30H o (Soigulyl) @golyp olSis
Jhe W gl 5l GlS s o) St jghaie 4 b ool
Loy STy €yt 13,5 odlisl o] )9S s L (Burker)
Uil (slaasmin 5l oslizul L (TLC) 36 &Y _31,Ssileg s
S8l rizmen 28 S GF254 50 45 Sy
caz 3 pbsl (UV) paanls 5 b (oo il bawg oSy
(SEM) (5,8l 5sgSm 5l 3 5 ojlil (30056 5 asllase
ez 3 o5 s Kopel 59a8 il KYKY-3200 Ju
5 ozl 085 0 @ly (s (95 gy Sie (L]
Jle g iUl ol jload it (sladiged g3 et (5 Sojll sl
s (Sl )y ladiged ()l gyluk ol edlasl AN e e
Jae (TGA) ) (omwiis 5U1 olSiws 5 osliul b oid
b o,y (Diamond, USA Perkin-Elmer Pyris)

253 Sl by (CnolegS (S g )den T )= (il 50 liiie

5 ol ol i g e o b G gl ) (55 o,
093 L 5 0313 guians () S8 5 9 Sl (35 S
Slgo Ly b S el ¥ yloj e (sl Vo2 C glod 3 o
b adpe cpais g Ba5 05 S bl Sy s Sz
day ad Bl 50 0l (8L (sl palBU U s odly guiituns Jlade
(o =Yoo S bwg odd 3,5 sladiug ()5 Blo



Olar g A lgie dy digy BUI 18,5 )| )8 cle & CojaelSeil
ald ol b g ey mie b dle OT oy youdy @l
Sl slal il a8 cul S5 BB Ll snd oSS 1Se oS
Cojgrall gl (bl Copols o 4 o Cans I3 2 )b

W] oo o 59 1)

26 KV 20.0 KX KYKY-EM3200 SN:0774

a v ln @

26 KV 40.0 KX 1um KYKY-EM3200 SN:0767

9 (YU) Jgbguel-Y Ly SEM g5 -¥ JS
(u-n-l‘-’) J5 ddg, U /Jy&wl—T %)9“,159_,1,

e Sapbd )y el ps Slitio gbesd JlSle oy
93 Ao (55 05101l aslizol L ([ losS”

e ol (Soiud ol Sy S 5y g alais &S u;l:zﬂ 5
LiSly Sy celn 03,515 bl (gloylins 5l S5 sie 4 o ;)
)p&».a;wwmu@w%wwg,w
S 50ilul bawg ((ylogS (S 9)a= ¥ csbisin Ol
b glis (Vi) Jobs @l 85 )8 (cwyp 390 g3 abail
D]l cisllas dgr g0 glio b ool cuwd 4 lacl a8

—E)- el i Ol g i Y Jgir

(o2logS (oS g 00

DSl ol Jsaze olyis & B Clighad S s)hnll- o)

it Sl iy (TGA) ol 2w (g j U] ol ey
ol

Sogt (923 4 e b o sl O 1) oo Yo 0KT03 S5le
aid Y oloj e )3 g ool 4 Sygr 9 Joloe s ely Jlas]
Sl Sy 9300 9 S50 G039, pagige bglee (giny Jol Jgloxe 4
2 b 0djed (eb bwe g 4 Jsbre Gae cpl )0 .0 03938
b ol ey il LS5 Cojorels (9,5 Slo 1 sl
O3l 0993 53 L 5 030> guitand Jgilie yid Jue Vool odlazal
W S o Sl a3 £ J100 slod o el YF e 4
(plosS” S g ped =Y s — el o litito dugi 49,

S Y o —op i Olitde i 3l glaJle
JstioiaaY b o2l yaly CaiouolS 55 ozl b (cypylesS
ol g 5tt LaLS 5 Sanl bl ol J56 g

Y] s
oSN ) s el s Sl b S oyl sy 2 gy
(Cnsless”

v g oS gl () o 35 bl Jl ey 5y a1 b o
s> 4 B A8 o i Gt dy g0 S gl (15 bgloes coniS
L (ogla) ey Jole b Sl ) ok (2 93 s 2
2 e Oygo & MolS 5 05 bglsee yasuiie (6 ptogeS il Copud
linie odiS Cou p)5 IYYA & Sl opjy p,5 /N ) el
bl 5> Wigas (48 ABLSI ()legS (oS 9y F ) — b
slod 3> g g A-°C ebod 5 091 09 el Y e 4
21,8 6 cd,F )5 atwal oy bl celwf wrea VWW-°C

D)5 eSS oy

oy g b
Oliuie gl Clasuie 5 CojaelSal olal isu ol j»
SBSEST L ol jis ((eplesS (oS 9)d=T ) o — (e
St dallae polate & (pivmed (8)5 )8 gy )90 Alisee
—or Ol Olide b odd 8y (wSal () Sl eSS

kb plnl Sl (e (i U lesS (S0
A g dbgiye slalged ()l g il ol gl ) eslinal
bocoles )+ €85 )3 Jdod g wja 3)90 Jobs (slaodls 4
=0 Sl oMl oo Yol () 5l (Lo (65 il drlore
b dulie 0S5 | od5 i (gla

bodd du cspack Cujpcelpl 5 ok slo Sy 5 2l (o
OEM) oiss) oigpi oipKogsSio puglaai il avlizl

5 JsdgiealY s (o (s5lshise sy 9 D ol (s
S5 ) olial b 55 gyl [ gbgel-Y el il
S dogsyo SEM pyglas 085 plol (o) (59,0 gng Se
=V b ol buwgio o)l smy o Ui Cul o o3ygl ¥ S5 )
P el B sl (:Sils g 109l VAY 390> Jsidgicel
ol jeuds 258 0 daliie &S jalailon ABL o yiegl ¥ 2gi>
9215 (b 434l 4 Jled o jedly (S (Shius cuols s 4
dged > Lol Lol i JedeielY b dger o @l)d slal



Gl M) 5 W3l e alie b b by sl e
TP con el b o daggomie 4 g L agd oo osnlite
g Cuaglio (VL ()legS (S 9)den=F )= (Cneh 5 918
(o8 93308 F )= s —(3eb g s —F Y5 ¥ sy ole b ey

o3 e ol 1y ()l caslie cnoml (omlesS

120
100 | emmm a: 4-nitro

) b: 4-Clore
20 c: 4 Flouro

d: 4-Methyl

Weight loss (%)

A i s a
—_———.—.—.- b
o C
20
d
100 200 300 400 500 600 700 BOD

Temperature (°C)

b o 8y (oSl (5, TGA o Y JSU5
(Cr2 oS oS 9 =€)y ozt 51 o liulo
g oaseSy (wSal ) (EA) g5l (5] aplrs (s
JISs1 g,y oyb 5 by sl TGA (o goxie (slaodls ]
00] g9y 9 VY] S pemsug)9m <¥oleo (ke
In[In(1-a) -1] =E4B/RT 142
(V)alslas
ablxo
In[In (1-a) -] = =Eo/RTmax v)
s> Tmax Tmax 3 T s cglis 0 «co 56 cuns O S
bl p Ea col Jlons) 58 <ob R g 159 (ool ey yiSTos
oanlio 0 5 ¥ (sl JSid 13 gy ddlas 5 5 50— 5990 dlolae
ol 03 LS Y Jodo 53 dbgy o luslre Cpioren g o

L]

o5y Horowitz-Metzger ,1vgei —£ JSUS
(£ 5l09S (oS 9502

(°C) g ais sl )
YYY-YYF KW/ FSANCE 4 \
YOF-YoA Az g 5-F Y
YI-YYY RV JAR NS Y
YSS-YSA 2l Je¥ \

Sl By )y g dllae (sl Gyl LT sla b, 5l ealisl
ool ool b sl Jgane sl (S gl (325) G 58 St 9
sl )d b )3 oad plonl sl iiSly (St slojially g,
~0h9y ol O 3l cal el B (S il oy Sl oS
0 St adllae il (TGA) (oriw 0j5 LS Uiy do
ol il ()l 55 anly 5 Jols (g5l alone 5 (5>
g g0

Cusl gloj b bod (Rl L diges (]9 s (Peiusla)S (29 (ol
b Lges ()l 58 (iSly oSy Dl 4 dagi L oS
P90 )

955 XYY S Y LA g8 JidelS 00 Syl 23
P o D AP (S UYCRPR FYRWES W (SR
559518 ¥ Yo% {oalesS (S 532 )= (Ceh 3
S ¥y (obesS S pa ¥l (oaihisn
5 )5 B ey cod (onilesS (S 9340 ) e —(ib
S 2 odlisel )l 2wy U5 Ol el eop can
03)sl & JSB 53 (g il dopd & G bod s 2 ()] lge0
ool o Ar O b oo (glod 039050 4> (6 pS 031l .ol 0

W) fl.’?ul Y/ OC/mln LSR).)U)IP S yuw l; 9 u)MM§| 9 U)ﬁ)“"

S 930X~ ot —(02ebi 5 5% F Y9 S e
slod ) Jgl (59 8l 98 g0 013 o903 ) (359 <l 93 (L2 lesS
Al o O &5 Mo 55 4 bgsye 45 395 e saalin V++°C
Sy cdl ol GiSly 5 ol (Sl sgg s 4 Vel §
asl LS claign cunsis (6500 45 ol YVO'C (slod y3 (s
YU (olesS (S 502 Flpm ~(0ebngsn FY ¥ L

253 Sl 6Ly (CnolegS (S g )den T )= (il 50 liiie

0.4
0.2 =: 4-Chloro =
0.0 «: 4 Flouro -
= : 4-Methyl .
302 : 4-Nitro g.-g"
= -U.4 e 5
G "
,El -0.6 .
= -0.8
-1.0
-L.Z
30 -20 -10 0.0 10 20 30

O (T-Tuwmax)



=S¥ cptbj Olitde b Sl o)) coy axd
wl Je Gl ol 9 Yo Ll L wSal )y conlesS
CondBlS 98 )3 (ylagS (S g)daF cpae o litde 03
loled duglio b b s J59 65,6 Jdgiael-¥ Cojgrels g
b oS (St sl 5 oxiloBl ()8 e )55 98
oy Gl @l adl Centy (o ojgle)S 3T ) eolizl
o i) A b Ui gls .cd,8 8 LT 590 s Cou (S 'g)]
¥ Gl Buie conjlegS (S gptuan =¥ cpidhin linie
b 4o )3 93 (6 YL awilesdl ()8 g o 55 9y (slod
s> & Algie &S )b Clitde plo 4 Cos YL )l
023> 258 (3Lalled (6551 (pizmom 215 G 095 (0l 53 ()39
5 oolazul b odel Cuwdy gy =¥ ()b gdie b ot coy (S gl
Oty g2 Slide plo Sl VL 5 9 3 g S e 5995l sl 2,
(oS (S 9yenF Cpddl s Clitde b odd C5y (Sl sl
el oidle sleail g 3gs «Solog)l glo dils o> Sy
S @2V ()l

05950l & At Cusle)S sl yoly | gl (S gl slacn)
ol cle a4 by, cpl Wloa S s 23 4 (o0l s g
@Vl sl o2 b Sl (e )3 cegtie jlu a8
@ g hol o) 3 2 Sl Ginj) ol g oo Bpas
950 Lol (i385 oS LI5S dgnte s (e Slo0g)S 5
S Cpthin Slinde il ol iagh
OlegS (omS 9,0 g dell iy Wl b 28Ty 5155 (oplesS
Ompes 3D e 55 )/ Jidgial Y Cojgels’ gU jpan >
b cnsy cnl polyd g 0 plodl sy Jole ¥ Sl 05y e
6 313 s gl 185 )5 adllan g sy 3590 ko (gl ]
ooz o S-FYY nle Loead coy )
el )98 1 s par Sl oMb S (olesS (S 9y
OB M g5 &5 )L

Bl ol

039 gdlio (ojlas aigS W6yl dlie Baiy Hlbl ply
Lol

M Olbiade

oARgd Y Jgeol 5l 595m

o s3g0] (oo Loy alalST asl ol (slapyd (pols adlas 5
ws‘.xn 9 J)A\j J.>19 L;a)’t.u)l JI)T oKy L;‘.bwb )I 41.:»,9 L)i‘b
Sy g S5 dilesens 3o opl )0 odlaiwl 3jyge Cljpss
D)5

0.4
* : 4-Flouro
0.2
.~ : 4-methyl
0.0 e :+ 4-Chloro
. :
= |02 e + 4-Nitro
I? .,
= |04 e
= .
= .
- 0.6 .
= .
= | .08
1.0
12
144 146 148 15 152 154 156 158 L6

1000/T
U ol Cony oS 92! (323, Broido ylages 0 JS
(o2 slogS (oS 9 =€ )= ot (s 31 COliio

SOy w3l (0855 (SR Ew S el )L Y Jgua
“Flomi sl Oliie b s

(Os)bosS (w5982

Jee¥ 95598 95— 9y ¥

RV KWt WS Ll

NSNS ISVINYINS AV/AYRND £Y[FNY Activation

energy:
AAFFA/D) ADYY/AS | AAVE./¥A FYYEVIAY

00+ OFA ooy 200 IDT

FYA $0- £YY SV Tmax

Yy Yo YA YY | Char Yeild

@l I olimal b ord s (uSal (pjy (ulid CSu) (o)

(SEM) (sag) (59U g8y Sse
“FRYY L esd ey Sl op) 4 by SEM ol
035 035 £ S5 53 (02 logS oS 93000 )= L —(peby g i
o (oMbiugs SF)Yy Yooy (Sasly el
bli (5 ) o8 0gd o0 odalin polai )3 (()logs (ouSgylud
Syl 3gmg (K3l a4 fles

b o gl syl )31 b SEM g S 1 JSub
—£)-T9 ¥ b oad ey Sl (5, 4
(025LogS (oS g =€ )- oy —(yus 339 50

(8 325 4o



Graphene/ Epoxy Resin
Interpenetrating Shape Memory
Polymer Composites”, Compos: Part
A, 90: 286-295, 2016.

9. Yarovsky, I; Evans, E.; “Computer
Simulation  of  Structure  and
Properties of Crosslinked Polymers:
Application to Epoxy Resins”,
Polymer, 43: 963-969, 2002.

10.Vafayan, M.; Ghoreishy, M.H.R.; Abedini,
H.; Beheshty, M.H.; “Development of
an Optimized Thermal Cure Cycle for
a_Complex-Shape Composite Part

Using a Coupled Finite
Element/Genetic Algorithm
Technique”, Iran. Polym. J., 24: 459-
469, 2015.

11.Waddill, H.G.; Su, W.Y.; “Accelerator for
curing epoxy resins”, 1993.

12.Hara 0., Curing agents for epoxy resin.
Three Bond Technical News, 32,
pp.1-10 (1990).

13.Nazarifar, M.R.; Rahpeima, G.; Khezri, J.;
“Synthesis of Benzylidene Bis(4-
Hydroxycoumarin) Derivatives
Using a  Conductive  Polymer
Nanocomposite Based on  2-
Aminophenol and the Palm Date as
an _Efficient Catalyst’, Iran. J.
Chem.Chem. Eng. 40 (1): 45-53,

2021.

14.Horowitz, H.H.; Metzger, G.A;; “A New
Analysis  of Thermogravimetric
Traces”, Anal. Chem., 35: 1464,
1963.

15. Broido, A, “A simple, sensitive
graphical method of treating
thermogravimetric analysis data”, J.
Polym. Sci. Part A-2: Polym. Phys., 7:
1761, 1969.

References

1. Balguri, P.K; Harris Samuel, D.G,;
Thumu, U.; “A Review on Mechanical
Properties of Epoxy
Nanocomposites”, Mater. Today:
Proc., 44: 346-355,2021.

2. Nazarpour-Fard, H.; Rad-Moghadam, K;;
Shirini, F.; Beheshty, M.H.; Asghari,
G.H.; “Reinforcement of Epoxy
Resin/ Carbon Fiber Composites by
Carboxylated Carbon Nanotubes”, A
Dynamic Mechanical Study,
Polimery, 63: 253-263, 2018.

3. Jin, F.L,; Li X, Park S.J.; “Synthesis and
Application of Epoxy Resins: A
Review”, J. Indust. Eng. Chem., 29: 1-

11, 2015.

4. Pham, H.Q., Maurice, ]. M., “Epoxy

resins, Ullmann's Encycl”, Ind. Chem,
156-244, 2000.

5. Montserrat, S.; Jiti, M. “A_Kkinetic
analysis of the curing reaction of an
epoxy resin”, Thermochim. Acta,
228:47-60,1993.

6. Liu, K;; Sun-Mou, L.; Jin-Lin, H.; Kuo-
Huang, H.; “Properties of Sugarcane
Fiber/ Polyurethane-Crosslinked
Epoxy Composites under Different
Interfacial Treatments”, Polym.
Compos, 41: 4277-4287,2020.

7. Du, H.; Zhao, C.X,; Lin, |.; Guo, ].; Wang,
B.; Hu, Z.; Shao, Q.; Pan, D.; Wujcik,
E.K.; Guo, Z.; “Carbon Nanomaterials
in Direct Liquid Fuel Cells”, Chem.
Record, 18: 1365-1372, 2018.

8. Zhang, L.; Jiao, H.; Jiu, H.; Chang, |;
Zhang, Sh.; Zhao, Y. “Thermal
Mechanical and Electrical Properties
of Polyurethane/(3-Aminopropyl

Triethoxysilane Functionalized



https://www.sciencedirect.com/science/article/abs/pii/S2214785320374940
https://www.sciencedirect.com/science/article/abs/pii/S2214785320374940
https://www.sciencedirect.com/science/article/abs/pii/S2214785320374940
https://www.researchgate.net/publication/323798580_Reinforcement_of_epoxy_resincarbon_fiber_composites_by_carboxylated_carbon_nanotubes_A_dynamic_mechanical_study
https://www.researchgate.net/publication/323798580_Reinforcement_of_epoxy_resincarbon_fiber_composites_by_carboxylated_carbon_nanotubes_A_dynamic_mechanical_study
https://www.researchgate.net/publication/323798580_Reinforcement_of_epoxy_resincarbon_fiber_composites_by_carboxylated_carbon_nanotubes_A_dynamic_mechanical_study
https://www.sciencedirect.com/science/article/abs/pii/S1226086X15001033
https://www.sciencedirect.com/science/article/abs/pii/S1226086X15001033
https://www.sciencedirect.com/science/article/abs/pii/S1226086X15001033
https://pdfcoffee.com/epoxy-resins-pdf-free.html
https://pdfcoffee.com/epoxy-resins-pdf-free.html
https://www.sciencedirect.com/science/article/abs/pii/004060319380273D
https://www.sciencedirect.com/science/article/abs/pii/004060319380273D
https://www.sciencedirect.com/science/article/abs/pii/004060319380273D
https://4spepublications.onlinelibrary.wiley.com/doi/abs/10.1002/pc.25710
https://4spepublications.onlinelibrary.wiley.com/doi/abs/10.1002/pc.25710
https://4spepublications.onlinelibrary.wiley.com/doi/abs/10.1002/pc.25710
https://4spepublications.onlinelibrary.wiley.com/doi/abs/10.1002/pc.25710
https://onlinelibrary.wiley.com/doi/10.1002/tcr.201800008
https://onlinelibrary.wiley.com/doi/10.1002/tcr.201800008
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16302378
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16302378
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16302378
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16302378
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16302378
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16302378
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16302378
https://www.sciencedirect.com/science/article/abs/pii/S0032386101006346
https://www.sciencedirect.com/science/article/abs/pii/S0032386101006346
https://www.sciencedirect.com/science/article/abs/pii/S0032386101006346
https://www.sciencedirect.com/science/article/abs/pii/S0032386101006346
https://link.springer.com/article/10.1007/s13726-015-0337-0
https://link.springer.com/article/10.1007/s13726-015-0337-0
https://link.springer.com/article/10.1007/s13726-015-0337-0
https://link.springer.com/article/10.1007/s13726-015-0337-0
https://link.springer.com/article/10.1007/s13726-015-0337-0
https://link.springer.com/article/10.1007/s13726-015-0337-0
https://polymerinnovationblog.com/accelerators-for-latent-epoxy-curing-agents/
https://polymerinnovationblog.com/accelerators-for-latent-epoxy-curing-agents/
https://www.nsmsi.ir/article_36375.html?lang=en
https://www.nsmsi.ir/article_36375.html?lang=en
https://www.nsmsi.ir/article_36375.html?lang=en
https://www.nsmsi.ir/article_36375.html?lang=en
https://www.nsmsi.ir/article_36375.html?lang=en
https://www.nsmsi.ir/article_36375.html?lang=en
https://pubs.acs.org/doi/10.1021/ac60203a013
https://pubs.acs.org/doi/10.1021/ac60203a013
https://pubs.acs.org/doi/10.1021/ac60203a013
https://www.fs.usda.gov/psw/publications/broido/psw_1969_broido001.pdf
https://www.fs.usda.gov/psw/publications/broido/psw_1969_broido001.pdf
https://www.fs.usda.gov/psw/publications/broido/psw_1969_broido001.pdf

