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ABSTRACT

ypothesis: Some adducts were prepared from three kinds of diglycidyl ether of
Hbisphenol A (DGEBA)-based epoxy resins, phthalic anhydride and an alkanol

amine accelerator, as a latent accelerator for one-pot epoxy/dicy systems.
These adducts come with two kinds of accelerators: DMP-30 A, which is lab-grade
and Ax-10, which is industrial-grade, as well as DGEBA-based epoxy resins Epikote
828, Epiran 06 and ML 504. The adduct made of Epikote 828 and DMP-30 A was
considered as a reference. It seems that it might be possible to prepare a new efficient
latent accelerator with the change of epoxy resin and accelerator.
Methods: For this purpose, four different adducts with resins and accelerators and
four different epoxy/dicy mixtures with four adduct types and AX-10 accelerator
and one with no adduct as a reference were prepared. Measuring the melting point,
viscosity build-up versus time, gelation time, non-isothermal differential scanning

calorimetry (DSC) and glass transition temperature characterization and also lap

shear, interlaminar shear strength, transverse tensile and scanning electron microscope

adduct, (SEM) were used to study the latent properties of the prepared adducts in the epoxy/

latent accelerator, dicy system and find its effect on mechanical properties of the final composites and all
were compared with references.

prepreg, Findings: Melting point of all adducts is above room temperature, so they are solid

epoxy resin, at room temperature. The results show that the adducts containing the industrial

accelerator in one-pot epoxy/dicy system has lower gel time at high temperature,
higher viscosity changes at ambient temperature and pot life and has made no
significant change in cure temperature. The mechanical properties of the composite
made with an adduct consisting of ML 504 resin are accompanied by a decrease in
the related values. In general, the adduct made with Epiran 06 or Epikote 828 resin
and industrial accelerator is an efficient and new latent accelerator and is suitable for
preparing one-pot epoxy/dicy systems.
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Table 1. Chemical structure and characteristics of materials used in this work.

Material

Chemical structure

Supplier

Characteristics*

Role

Epoxy resin

Ho- é ..H + 2cIoH Enion, —NIOH gy

2

Momentiv Co.

EMM: 184-190 g/eq

Matrix and adduct

Epikote 828 (DGEBA) Saemomo- @ comducn oj@a {oomdutn, preparation
Epoxy resin "y TR .'" s 2o, i Adduct
e . Mokarrar Co. EMM: 232g/eq
ML 504 (DGEBA) c{i\chH o~ %(_)ﬁ ()-ocH, dicn 0} (@) —c ( M-ocH,EHeH, preparation
Epoxy resin Khuzestan
Poxy Ho@c @H v 2 cion o, —m g Adduct
Epiran 06 . Petrochemical | EMM: 185-196 g/eq
S lemen o b @ - OJ@4 {-ocmdubn, preparation
(DGEBA) Co.
Dicyandiamide NH MP: 209-212°C Latent accelerator
Alz Chem
(Dicy) Particle size: 10 um and matrix
OH
2,4,6-Tris
sy N MW: 265 4
(dimethylaminomethyl) i . Accelerator and
3 3 Sigma-Aldrich Liquid
phenol o adduct preparation
N BP: 130-135°C
(DMP-30-A) L,
2.,4,6-Tris ik
e, A MW: 265.4
(dimethylaminomethyl) | | Mokarrar Co. Accelerator and
i EHy Liquid
phenol (DMP-30-M) . adduct preparation
R BP: 130-135°C
AX-10 ot
MW:148.12
Adduct
Phthalic anhydride Sigma-Aldrich Solid
preparation

MP: 128-134°C

* EMM, Epoxy molar mass; MP, Melting point; MW, Molar weight; BP, Boiling point.
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Table 2. Coding and formulations of adducts according to the

equivalent ratio.

Adduct-Accelerator-Resin (E /E_ . )*
Material AD-A- | AD-M- | AD-M- | AD-M-

EPK EPK EP ML

Phthalic anhydride L5 L5 L5 1.5
DMP-30-A 1 - - -

DMP-30-M - 1 1 0.5
Epikote 828 1 1 - -
Epiran 06 - - 1 _
ML 504 - - ; 1

*The ratio of the equivalent weight of active hydrogen to the equivalent
weight of epoxy.
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Table 3. Formulations used in this work to investigate the effect of type of adducts and accelerators.

Formulation code

Material
DMP-A DMP-M

ADD-A-EPK

ADD-M-EPK | ADD-M-EP | ADD-M-ML

Epoxy resin (phr) 100 100
Dicy (phr) 7 7
DMP-30-A (phr) 0.6 -

DMP-30-M (phr) - 0.6
AD-A-EPK (phr) - -
AD-M-EPK (phr) - -
AD-M-EP (phr) - -
AD-M-ML (phr) - -

100 100 100 100

7 7 7 7
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Table 4. Codes used in this work for composites

Code Composite
C-DMP-M Composite containing DMP-30-M
C-ADD-A-EPK | Composite containing ADD-A-EPK
C-ADD-M-EPK | Composite containing ADD-M-EPK
C-ADD-M-EP Composite containing ADD-M-EP
C-ADD-M-ML Composite containing ADD-M-ML
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Fig. 1. FTIR spectra of two accelerators of DMP-30-A and
DMP-30-M.
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Table 5. Effect of two accelerators on the gel time of epoxy
resin (in minutes) at 110, 120 and 130°C.

Temperature (°C)
Accelerator
110 120 130
DMP-30-A 15.3 7.9 4.0
DMP-30-M 16.7 9.9 5.5
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Table 6. Effect of prepared adducts on curing behavior of

epoxy/dicy compound.

T T T AH T

C ) d e onset peak fin g
(O | €O | O | (g | €O

DMP-30-M 125 142 174 482 129
ADD-A-EPK | 118 135 166 436 122
ADD-M-EPK | 125 146 171 345 118

ADD-M-EP 127 145 169 407 123
ADD-M-ML 138 153 174 382 120

T

Initiation; prk, Peak and T, , Final curing temperature.
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Table 7. Density, fiber weight and volume fraction of

composites.

Code Density W, \A

(g (%) (%)

DMP-30-M 1.48 0.62 0.51
ADD-A-EPK 1.44 0.56 0.45
ADD-M-EPK 1.45 0.57 0.46
ADD-M-EP 1.44 0.55 0.45
ADD-M-ML 1.45 0.57 0.46
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Fig. 10. Transverse tensile strength and module of unidirec-

tional carbon fiber-epoxy composites at the rate of 2 mm/min.
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Fig. 11. Transverse interlaminar shear strength of unidirec-

tional carbon fiber-epoxy composites at the rate of lmm/min.
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Fig. 12. SEM images of the fracture surface of transverse tensile test of carbon fiber/epoxy composite C-DMP-M at three

magnifications 500, 2000, and 10000.
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Fig. 13. SEM images of the fracture surface of transverse tensile test of carbon fiber/epoxy composite C-ADD-M-EP at three
magnifications 500, 2000, and 10000.
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Fig. 14. SEM images of the fracture surface of transverse tensile test of carbon fiber/epoxy composite C-ADD-A-EPK at three
magnifications 500, 2000, and 10000.
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Fig. 15. SEM images of the fracture surface of transverse tensile test of carbon fiber/epoxy composite C-ADD-M-EPK at three
magnifications 500, 2000, and 10000.
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Fig. 16. SEM images of the fracture surface of transverse tensile test of carbon fiber/epoxy composite C-ADD-M-ML at three

magnifications 500, 2000, and 10000.
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DGEBA Diglycidyl ether of bisphenol A
DPIPP  Diphenyl 1H-Imidazol-1-ylphosphonate
DPPIO  Diphenylphosphinyl-1H-imidazole oxide

DSC Differential scanning calorimetry
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FTIR  Fourier transform infrared spectrometry
ILSS  Interlaminar shear strength

LSS Lap shear strength

SEM  Scanning electron microscopy

T Glass transition temperature
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