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Abstract

Studies indicate that the uniform distribution of clay nanoparticles within Received: 4 February 2025
an epoxy matrix, particularly in the presence of chemical modifiers, Accepted: 20 May 2025
significantly enhances the properties of nanocomposites. Research Page Number: 108-123

findings demonstrate that the modification of clay nanoparticles
positively impacts the mechanical properties of epoxy resins. Epoxy
nanocomposites containing modified clay nanoparticles with various
functional groups exhibit notable increases in tensile strength and
Young's modulus. These improvements are attributed to the proper
dispersion of nanoparticles and optimal interactions between the resin
and clay. This study also investigates the thermal stability and thermal
degradation of epoxy nanocomposites, revealing that the incorporation of
clay nanoparticles into epoxy formulations can substantially enhance
their thermal and mechanical properties. Overall, the research concludes
that epoxy nanocomposites utilizing both clay nanoparticles and modified
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clay significantly improve thermal stability and mechanical Keywords:
characteristics, making them suitable for high-performance industrial Epoxy Resin,
applications that require heat and thermal degradation resistance. Nano Clay,
Additionally, this study explores the effects of modified clay nanoparticles Morphology,

on morphology, mechanical properties, thermal stability, and recent Mechanical Properties,
advancements in epoxy resin and hybrid epoxy hanocomposites. Thermal Degradation
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Figure 1. Electron microscope images of epoxy nanocomposites in the presence of modified clay nanoparticles with a modifier [9].
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Figure 2. Electron microscope images: (a) Epoxy resin; (b) Epoxy nanocomposite containing one gram of clay nanoparticles
and one gram of human hair fibers; (c) Epoxy nanocomposite containing two grams of clay nanoparticles
and two grams of human hair fibers [10].
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Figure 3. Electron microscope images: (a) Epoxy resin; (b) Epoxy nanocomposite with 0.25% weight of clay nanoparticles [13].
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Figure 4. Stress-strain graphs of (a). unmodified nanocomposites and(b). modified nanocomposites [9].
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Figure 5. Tensile strength graph of epoxy resin and epoxy nanocomposite [18].
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Figure 6. Storage modulus graph of epoxy resin and epoxy nanocomposites [19].
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Figure 7. Flexural strength graph of epoxy nanocomposite containing carbon fibers and clay nanoparticles [20].
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Figure 8. Thermogravimetric analysis graph of pure epoxy resin, epoxy nanocomposite, and epoxy nanocomposite modified with silane

39 amoys Ve A e S Slaplts gbis b0 ol
P At sles wadpeddlal (Sl () 4 9l
ez ee b mals co 58 Adgl les 5 Wb ol B
b S 6ol oz Sl o SIA 5 7F phr slacdale
) =59 oo ,s jo aS sloplis sy opl @S adoslaiul
Sl eassas ;500 Laalie)s ol S (s luly A phr jlade

IV Jowlasls 6 e
Sl Il CiseelTsil (Tl )y R isle S U]
O Loadz Mol o5l 55l (Sl CaoalSsil 9 5l
9 09 bosdgpdlal (cuS gl Co59malS gl ims by, o) 2
aolyd s sloplis gl g Clégs Sigyas o D slrog )5
Sl oz S9-Sseplanl lal ped &5t oy 55
5 AL (Sl 523 bl s oadpdlol CojeslSsil (le S
S Jele g0 nonlandls (6 (IR (oS sl o jenelS gl
Csy Lyl 5 g o ilaSed (gl S gyl 38,k

IV ]eo!

w2 ool B Sl S g Il g cl bdigad 550 Laslie,o
Lanalio o aigad cal a5 0oLt oysil g5l s 55T 55
dedodn zls il o)l (6,aS g 50 Adgl sleo dadigad Koo
ol a5l oy lS 555 5 5l ST 55 (gl

[YV]"\'“S(SAWS ‘) u‘-\“’dl‘&ﬂ*’ (5”i> 9 o QSMMJMJBA)) ool
S3b> Sl Cojeligil alls caSal (n)) 2l sk
Oy Loatpol gl (5ol (oSl ugralS b 5 ol
olo ylis euile BL Jlej dusys gl ((V) Jgoz) o gy Lo
JLes ameys jlade g (525, H—a> )0 (Sl (5, &5
Oy On= oS e a8 el Lixe lay cpl o105 slowsile 8L
L mizpe Sl 05 b L g hond Ligw (089, 9 (o592
oaibe 8L Ly oo )o jlaie iy jaumelS il 4y o9l (0458
baaslioyd by 089, b (Sl )y (Moo b o33!
(F+A°C g YOY'C) oSy slod 90 425 dymin dodiges 500
9> (S5l C5alS il le)S 55 LT oo tmgyy o

YAl 3y 9be S jf.lL':T U}“JT 3 oui&.udct._a po sLadodidin ) Jgua
Table 1. Key parameters obtained from thermogravimetric analysis test[28].

Initial degradation

temperature

Secondary peak
temperature

Resin Epoxy 315
Epoxy-soybean oil 304
E =
p.oxy soybean 310
oil-nano clay

608

Initial peak Percentage of remaining
temperature char at 700
372 6.55
353 0
356 9.1
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Table 2. Activation energy of epoxy resin and epoxy nanocomposites[37].

Sample Activation Energy (kJ/mol)

Epoxy Resin
Epoxy-cellulose fibers (0.5phr)
Epoxy — Nano Clay (0.5phr)

Epoxy — Cellulose Fiber — Nano Clay (0.5phr )

Epoxy-cellulose fibers-nano clay (1phr)

63.64
57.36
58.54
52.59
65.33

Iranian Chemical Engineering Journal — Vol. 24 - No. 143 (2026)



alosls S (Sl e sla g 2 1) ol iz 5l sl
ool (sl oyl Sloslii sl 45 ams ol aslllae o
Sl Lacugals o cagb, Qi ol 4 ke (s
Syt =2 1y L] (Sl So (sla Sy aSl 00,5 S8
9 Cmgby ©iz Ol yo azgl BB falS aazgl cosloais
2 Lo jsals go5 ol a8 cdlolanil Gl oo dgts o
Adbarsls (e o Ses gl o salame 5 obyo Gloo S
@S L gimelS olse drwgs & Wiy oo Geb (nl slaaidly
DVA=Y oS S s golio 4 Cashs, oo pslie o YL

b gy )0 6 )lS Sge S (Sl () 2 ol S
Sl ibg an Lo yo,9l 09531 a5 oloylas zuls adoslainl
Caogliie 9 (Sle Sloogas g JB jrba wlgion (S g
92,0 VL (el S gl (g oot diSudgee 1) Glule 4
e Sl Galualaglie (suo;0 AY S5 ayzie )9l
Ceslaly ol oyol ilide glaas o L laidisy (nl (S5
30 Lo ,5b sloalawl YU cd )b sasas s lea sl o
LYY=V ]l S el o idig (o 5lwaigs

S )9 (Sl (Sl Cojeralel G (Lhmghy 50
0P 59978 b (oSl Slac el 5l a4 aad el gl
Wl e (Sl 9 SHLSe 2l g B sba
V1S slanign JuSid e aplis (all> (Sl i Sle
o=l omizen Sl Ladgup (ol Jsle (Sl 5 )9l o
E.coli 6251 aide Jle U 5L T S bbb sl sl
1 008 lgael (ga¥ge 3 S plgredn 5 aad ol
15 Ul co s ) d) i ke Lne 25T 0, Sleg S sl
[YY-Y0]ogi 60 )8 (Kdh 5 Caio

iy Aol S5l slailales aS olaylis dalllas gl
eSS g0 Sl g ¢ sy Sl ydeils Lo ol Syl
e Job GRlEIL Slgagil cnl aas ooplis 0955l (g5 S
S S sl @V cedib bl 65 2L e 9 sla >
Ol iz o 0,18 (65, (5o S slaailel s (o
by aboanlie iy Sl & s Sialy o 4z g5 L5
S al S ySlss Glagiadg an ey gl (g8l (S

IVF=YAlans o sli5)| 6 S pir sobas | lag)T o Shas

(Sl o5y 2l S e B PleS dste Sl sl
Mool gl o s ol ¢ Hmssiel laog 5L o5l
o alS ezl oy 5aralS 5l TOA das Lil33l L a5
s Fev oWl el 4y 55 Bimo L 4 dms ol ),
st P8 jobar alle po glp o2 olotunsilE 5 (gl
O3y B 5o Leog,S yiion wes o) Ldd 48 b oo ials
oealS aoy0 0 sles ilazd F 18 Gl & e Cod oS sl
Lol Goganbs B0 YV Ll (@l (onSTsy 035 8l 0039
039 LS 40,0 B (sled woadpdlal sl 5 w5l 0558
Sloassy Sz Grals 4y cuslSan (1alS cnl ol geimly
oS 5997 sl (Sl looin; o catislass
0a bzl )il 5 oyl H9ma> (uiz et Sgdoslolms
5 9550 (S5l Cujoraligil )0 eile Sl Jlo Sl ayomie
IYALl oo ial58l olo )8 (6 Il ey

09l 9> (Sl CojeslSl g (Sl (25 bS5
oy 4 ol Lt gl syt el yiasl Ly Lo
ol o3 jsban col(San el il by slaJsSse
LSS Joypan aas oS ) (5> Caglie 5 wiS39h (Sl
A5 sl ] sl il B TOA (glaools j1 4 oo
o Ale b g ooy anl e 5l eadedlol Guysil (sladiges
Ol el B anld e elS pae aazgl )l Sl
¥ 8]055 g00nb s

) S iy O
2 les b iz 5 Sl )y SlKe oIS 2 oyl S
Sleplis @l ad o) 2 (Sl w5 5 g9 95 (8AS Cuglie
slo Sy = stz JB RPN E5 5 o loj dles a5
Coslie 5 5558 Slaign (IS jsbar o)l OS5 nl (SHle
Esy e Joslisl 5 ool (Sl SLisS 5 0 VL

IF - Tadosnlie coslis
=Sl S sl il SHlSe plsS 5 i Sl piagh 5
S Sl gl o ey SIS Bl 5 sl g5l
oy BLIS g w80 bea s (uSgl slacy ;o5
a S Jb o dls asS sl o uel S a s YY

(e Sluplis ez BB s (e )5il ol o jeelS gl

(VE-8) dumg Jup 9 240 0 loshs — @)l guzsannss Jlw — Olpal o w0 Siieo &g pikis

—~

—

Ve ANYY oo — (G552 S0 9 (5055



—~

Ve A-YYY Lo — @PW 9 ‘.;e;

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

—

Db oyl 38l g Az 0 VYA 4y lacdedy e o340
Oy o) easais e jw CojemalSgil jo LiiS Canglin oy
Jedoa Sl plsm o (malidl cpl g i alls uS el
L ulsT (31,5 Slxaogl jguias g abBliogue (Praw iy Oles

LYO-YV]ogs ool connd Y S5
LS a5 gl 5 ke S (g5l sl nalS il
ol 9 =5 ol )3 (st Sl ralS S slog s
Glroa S gl 0g38l L sy anl )8 s po adiglasad
S90S J=Bgy adoaslin con YL bbby o 9 g0y e
 sles o) 5l sy, Sy anl 3 Joboys ey joelS il boay
Glains Jladl slos rolidl [YAJololid alizes slalos o
S et Lol ;e b (6l gadis 42 )0 Ve leeas
SLl s 80 Gl jomam Jdsan (Al diges Laslie)s
ot 4 e laie 0g381 L owloadonlscans ol
(ol s alonns uldglasglS ( wSel o jeelS 4 < /0 phr
e i sl ke Gl 5l 1S (slaas ;s 5l 45 09 cesleiing
3 el Gl iy T (V) Jgdz 0 0g—Soolail

[YQ—\C\]M‘OMd)BTW @.59)‘ LgLQw)j.,.AlSyL:

ouis] 1ol gt 5
Toooh 0ddpdlol Loyl g5l cuSnl slacyj5elS sl ]
3 SHLSe (ple 9 )3 Slo—e (il YL Syl Basaslas
A oyl g8l as wleslo s ol wlados cwl )l >
Sl slo Sy ez JB b il e Sl slacy;,
w0igdn s a8l ) lbacaeglie 5 —iiS plouul aile
S5 Jedoay woa izl )50 ssls Loy jonelS ol
Sl )5 50wl oo csh) i oS g Sss8 slavisy
(ol pogdle adbarils (g 0o by slakaze 5 (2L
2 @z B slesste (o) b (Sl laca ;555
lgise yol oyl 45 Canloololis 555 5yl 5 S yiSlss ol
S S sleo )5 g (65,5l (gjlwe ;oS railoles dansgs
Lo 5ealS il oyl A5 a0 so sl el e ppiz o S KaS
5 Sy @lie 5o ailg g o8 sl Jb S il ol gl

o o= ol (ot cnl slacasgaze g, S ay (Sudlage

o0 5 55 Bl 55> (Sl el b (cile Cangli
5 bl el Glagty, slostinull (oiols Coglie 0l om)
Sl sl sl 05 58 (Sl sl ol jsbar il
oS St mls b mlb olsa il b lalaslsa 40 5,15
Ol sl GR0IS el 5 ol grlas S5t Sl oy5ili 092

LYYV ]ogs oo baw 4
5 ol olio )0 solitul 0550 (5T 0 lge 5l duo,0 O+ 5l
Lol gl o a8 cal (6588 (slase—nSg o (Seidly

5 oml (S99 Caes Jdoas (ATH) poaiesd] anS's 00

Dylaly 0 ,LS oy

Lo olatil &3 oo en
s yie a0l oo B yarly 10 ATH (YU aom sloslical o ll
o ) D3P (gt ol 50 05t (SLSe el als
LS gy 5 ddends SL| (gl Sl (G y oy jomels
Locujseels ol (> 5 (SlSle (ols> b aisadlal psoiasl
99581 45 slaglis (SilSle slaialesl b [FY]abos
e |y ded g iiS Al ul ) Ol3gLs Y phr
Sl iole;] zls cpzad 025 o tal3l ao 3 Y g oo, )
oy el 53 ¥ PE (35581 48 losLid ecg iy Jlas!
syt Laa il oyl iy seogegs woys FY 1) Loy j5uels
ol 5 SHLSe le gt 4o o) SS9l Bk
S Sdes L slge dawgi 4 Wil oo g Canl Gy (Slala jonalS

[PY]0iS S it pylio o g
7 el oot Mol o)l 5 y8ls SRS (cteghy o
@l 0l gy L S (Sal ) oL ele>
wlasS o5l Wlg s (Caiging) sadgdhol ywysili a5 slsoyled
L 9l g sl g Blyyo ams l Bl (Sl )
S Sl Gy 2l B il b Wl oo medS sloog S
i Sl i ba wed oo oly] slaIGsl, g s yomie
O S Wl oo (Sl ) bS5 ) eadpdlal (5l
L¥FIl oo 29 (2bo)S (g5l i yo g S s 1) (JoSdo
OlsinsS 9 LSt G356 (ol (Sl CuonalS 8l i
L e (Sl CmonalS 6l 3l il l30e Laplox]
Jl slos a5 sl i s gy sluST (31,5 5 lugieS 0958
0998l L g Sl pogndis 4200 AV Al (S gl (slais

Iranian Chemical Engineering Journal — Vol. 24 - No. 143 (2026)



{FA-¥\ Joadip il (slau ) 83U s gla (oS g3 (SLACI ) 53018 931 ju jadl (SLACS pediay ¥ Jgua

Table 3. Recent advancements in epoxy nanocomposites containing modified clay nanoparticles[39-41].

Sample Year Conclusion References
Epoxy - Knauf Fiber - Nano Clay 2025 Improve water absorption [36]
Increasing mechanical strength and examining the effect
Epoxy - Nano Clay 2025 ng : g xamining [37]
of temperature
o [V Gy 2024 Improving the usability of_ coatings and increasing wear [38]
resistance
Increased mechanical and thermal properties, increased
Epoxy - Nano Clay 2024 h ) P ) P [39]
antibacterial properties
Epoxy-glass fiber-nano clay 2023 Increased mechanical properties [40]
Epoxy - Nano Clay 2024 Epoxy dielectric coatings [41]
Epoxy-glass fiber-nano clay 2024 Increased mechanical and thermal properties [12]
Epoxy-Nano Clay-Carbon Fiber 2023 Improved abrasion resistance [11]
Epoxy - Glass Fiber - Aluminum Increased thermal properties and flame retardant
. 2024 . [39]
Hydroxide - Nano Clay properties
Epoxy-Siloxane-Nano Clay 2024 Increased mechanical properties [32]
Epoxy - Nanoclay (bentonite) -
modified with calcium 2023 Increased thermal stability [22]
. . Green and environmentally friendly synthesis, increased
Epoxy - Graphene Oxide — Chitosan 2022 Vi ot . .y LSS ° [23]
thermal stability
| ing di i ith the simult f
T e 2024 mproving dispersion w! e simultaneous presence o [34]
cellulose fibers and nanoclay
Epoxy-Nanoclay modified with silane 2024 Increased thermal stability [26]
group
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