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Toughness Improvement of Epoxy Resins for Photofabrication
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Photofabrication technology is getting more and more important to save the cost and time for develop-
ment in automobile, electric and machinery industries. An improvement of toughness of cationic curing
resin was studied in order to apply photofabricated models to simulation purpose. Influence of jag on side
wall surface of photofabricated models was investigated on snap fit durability. It was estimated that the jag
on the side wall behaved as a small crack that induced breakage of the hook. A smooth side wall gave high
snap fit durability to photofabricated models. In addition, the influence of cure behavior of the photofabri-
cated resins was studied as the factor that gave smoothness to the side wall. A combination of suitable
photo acid generator and a phenol derivative gave larger cure depth growth and higher snap fit durability.
It was estimated that the grooves between layers were filled up by growth of curing region and low undula-
tion of side wall introduced good snap fit durability. A newly developed resin, SCRIT] showed far better

mechanical properties especially excellent snap fit durability.
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Fig. 1 Schematic diagram of toughness improvement
by introducing phase separated elastomer parti-
cles.

Laser scan

Fig. 2 Principle of photofabrication system.
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Weight Cured Film

Shock Ball
Pendulum

Fig. 3 Schematic diagram of Yasuda Seiki-made film
impact tester.

Tensile Load 200g T [ :|

Cured Film

I |
Fig. 4 Schematic diagram of MIT film bending tester.

Fig. 5 Snap fit model.
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Table1 Properties of stereolithography resins

MRE] MRE]

Viscosityl mPals[011°CO EEN 1
Young's Modulus§l MPall 11 11
Tensile Elongationl 0 O M M
Bending Resistancél times[] 1 M
Snap Fit Durability 0 O ™ ™
broken side of broken
hook the hook surface
ture direction
MR-1
MR-2

Fig. 6 Broken surface and side of hook of snap fit mod-
els.
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Fig. 7 Evaluation of cure behaviors of resins.
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Fig. 8 Cure behavior of MR-1 and MR-2.
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Table2 Formulations of resins and undulation of pho-
tofabricated model’s side

MR MR MR MR MRO

PAG A B A B B
phenol

o None Yes Yes None Yes
derivative
Cure depth

M [ N ™
growthl um0

Side wall
undulation M O NA M ad
0 um0

Curing region growth will

- fills up the grooves
between layers.

- improves adhesion

| between layers.

!
LLL

Fig. 9 Estimated reason of large cure depth growth
and small side wall undulation.

JSR TECHNICAL REVIEW No0.113/2006

19



chobobooobooobooooobooobbooommoon
coo0mooboobooboooooboopPAGIOOOOO
cobooooooOoOoobooobOobOOoOooOooobooon
goooooooo
U oooooooboooscrIngon
ggomogoboobobogooooobobboooooo
phbbbooooboobobooooooboooooooooo
bbb oooboooooobooooboooooo
ObmoooobooobooooobooooMraoO
cobOo0O0o0ob0ocoOoooooooooowmaOn
coobocooobooobooMRIOOOOOOOOOO
oo ooooboboobooMROOO0OO00000C00O0O
ooobooobooooboooooobooooobobooo
ooooogooooooboMrROOOOOOODOOO
oooobooooobooobooobobooooooooo
oooooooobooobooooooooobooouooo
ooobooboobbOooomoboooooooooo
PAGOUODOOOOOOOOOOOOODOOODOOOOO
cobobObooooOooOooooooooscROooon
gooooogo

g

ggodobboooouoobobooobooobo
gooooobobbooooooobooboon
gooobooooobbooooboobooboooo
oogoooboobbooobobooobooobooogooo
oboboobobobooobobooooboooobooo
gooboooooogooobobobbobobooooo
gobbogboooooooboobobobboboon
gobbooootbomoooobomobooooog
goooboooooobboooooboobbobooboo
gbboboooobobbobbobbobdooobo o
gobbobooobobooooobobobooobon
gobooooboboboooobbobobsCcRIIOO g
gd

Table3 Performance of snap fit durable resin

MR MR MR SCRIT

PAG A B B C
Phenol None Yes  Yes Yes
derivative
Elastomer Yes No Yes Yes
particle
Cure depth M X N X
growthl yum0
Undulation of M g ad O
side walll umQ
Film bending HEN| X HEN| RN
resistancé] timesQ]
Tensile mn| X N X
elongationl 0 O
Notched 1zod gm o gm o
impact kJ/m’'O
Snap fit mn| X N RN
durabilityy 0 O
ooo
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