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! Parts by weight based on 100 parts of epoxy resin



“ ‘ n ‘1";L°
Q' e A 4
(AAL wa) O

2 Fhe Jelss 5l o o g ol oa s (Hlb (255U (s, b Jguz Gl ot agd ) o)le b Jgazr Billae bz aiged
Sgs Cel FALore glos )0 bdiged Cou o)

Jelse 51 Sy o sl g Jolge o tale =) Jgaor

ielejl o)l (PhD) S5 cn5, (P 00iiS anyiz (55 (Ph) Kedews 15556

\ (AYS Y,0 0
Y g I\ <0
Y (A Y +,0
¥ AR Y.0 \

IA (A A \

7 AR \e. \

\4 (AR Y,0 \,0
A AR I\ \,0
a (AR Y. \,0

Com g mbi -¥

el 00 63,51 ¥ oyl Jgaz 55 S Cend 43 o YLl SlSe Lol s

S s )0 (o0 1093T) il ] —puinogd] oo EYLaSl Sl olgs golis =Y Jgo

ialeyToles (MPa) s, ol (MPa)&sl, Jgoe (KIIm3) Ko o (1) s,5
\ VLYY £e 00 YYXV-£e 00 VY8, AFEN W1 0%- 0
\f VAVY £ 09 Ye,-q0%-,vY VAV FY VY NALAETRE
¥ VYFY ooy AARRAE-TRE V0., FeY VOXVVEL Y
\ VYV £ ARALE-DRY ¢ VAT YYVES INEARE-TRN
o VYVAE. - f YYFVYEL ). VRV, FAYEY VEOY V- Y
2 VYFeEe Y Yo A0k \F VY- AEY VAR ES )Y
\ VYEAZ. V4,299 ,\Y V£ FEVEE VP, YOE: N8
A VAVOE. .Y \ARRRL & -TNT2 VY, YAVEY (AR LTE-SRN
1 VYAV oY YoYeEe ) IFARARES V0,9-0%. 1Y
oAl Sl Ve AFE. LY YAXOFE: VD Y),0F5EY OYFIE )
S5l S g IRARE-TIRYZ Yo AY-ENY A FEYEY AR ARE-TRN ¢



Ol! o o
(AAL

<

S 5 S e Sy S0y S 3 1 5ol sl 205 i sl ponks 55 il lieg T 5
45 03....4‘54 OA.QLM ,..«..MS s C.)Lu L 4:>5.| la \.\45*4‘50 >_m55.1‘ L;AJD u,....u‘)ﬂ‘ 90 9 ;.\..SGA L..e rwa" J‘)Ja| L ‘) LQQT
Jol> (Kajiz g plowinl Glime (it il 995 ¥ mhaw ;o Sliwgil 00iiS 5y g 055 ) mhaw ;0 00iiS dejfi> opj, (9
i i ol A g Ngdse (5 yenly Gl 0y S Gl Crge (g pendy (Slo s s (5385 B L G hew S1y550 05l o0
lows EoS Kl l,340 Sy o0 S Y C_la‘u oY C.]a...u 3 Bdew gl Olme Sal3l b Ll Lasg Gia).n} ol Coge
Ry Olee Rl L S 0l s £9,0 (g cpl 51 S5 g Wil ge (i Jlesl ply jo camds LIS obnl crge g 0S5 oo
Cdl g yol cpl g b so Ll e 50 00ldl plo a4 slacls e 025y ol 09 Abol & axgi b oS de i

Do (Sl ols

&S 4o - F
5 50 sl Lablyn oo ala 3] Glisko gilio 1o ol 2514 (S 5 o ol 0 4255 b (Sl sl
5 Gaios cpl o il e olgale day jo colatul 090 (5,50 54Y gla LSl jo oz cpl 0 )5 alox 3ol aid 5 )13
A 33 Sl S35 5 08 an i Jale laie 4 (0 b3l ST LS paslysS SO T el (Sl 51 5 5
ez 53 (Sl eaglie eaims 51 Glsie ar (B0PhN) SGl5id () g 00y el (lgie 4y (+,0-0-),0 phr) mla
as ols plas iiS Cand ol ol soliiw] (55555 Y bttty 10 5,5 5,50 cegaiegl] slobisd Jlasl Cgz o oS!
IS com Ay (Pl 4 (Kb O3l VPIr g 00isS acyd> 5, V0 PhIN e i ao)o oS 5 S 0 oles 0

Bl s alls S gl i dged A Sl S ole>

&l
[1] Zeng S., Shen M., Xue Y., Zheng Y., Zhang K., Han Y., Yang L. (2019). Controllable mechanical properties of
epoxy composites by incorporating self-assembled carbon nanotube—montmorillonite, Composites Part B, 164, 368—
376,
[2] Li H., Liu Z., Gu J., Wang D., Qu Ch., Bai X., Qiao Y. (2019). Performances of epoxy-based composites with
multi-wall carbon nanotubes and acrylic tri-block copolymer, NANOCOMPOSITES, 5(1), 28-35.
[3] Kimura H., Matsumoto A., Sugito H. (2001). New thermosetting resin from poly(p-vinylphenol) based
benzoxazine and epoxy resin. J Appl Polym Science, 79, 555-565.
[4] Wang J., Xue Z., Li Y., Li G., Wang Y, Zhong W., Yang X. (2018). Synergistically effects of copolymer and core-
shell particles for toughening epoxy, Polymer, 140, 39-46.
[5] Kinloch A.J., Lee J.H., Taylor A.C., Sprenger S., Eger C., and Egan D. (2003). Toughening structural adhesives
via nano-and micro-phase inclusions. The Journal of Adhesion, 79,867-873.
[6] Al-Muaikel N.S., and Shokralla S.A. (2010). Thermal Properties of Epoxy (DGEBA)/Phenolic Resin (Novalac)
blends, The Arabian Journal for Science and Engineering, 35(1B), 7-14.
[7] Aerospace Structural Adhesive, Prepared by the AD HOC committee on structural adhesive for aerospace use.
Washington, D.C: NAS-NAE, 1974.
[8] Jouyandeh M., Moini Jazani O., Navarchian A.H., and Saeb, M.R. (2016). High-performance epoxy-based
adhesives reinforced with alumina and silica for carbon fiber composite/steel bonded joints, Journal of Reinforced
Plastics and Composites, 35(23), 1685-1695.



