LI QUIL.D EPOXY RESIN COVPCSI TI ON Background of the Invention This invention
,relates generally to an epoxy resin conposition and, nore specifically, to
fan i mproved epoxy resin conposition suitable for bondlng el ectric parts
“onto 5 printed wiring boards using a dispenser. It is known to use an
epoxy resin adhesive conposition for bonding electric parts such as IC
~elLenents to printed wiring boards. In this case, it.is the general practice

to apply the adhesive conposition to thel board by 10 means of a
di spenser. One known epoxy re UQDC@HRQSFQ&IR”C b&Pﬁo&Of di spensation with a
. di spenser includes an epoxy T ng agent,. a

't hi xotropi c agent and hydrophggéﬁéﬁyhhaCQE(th%pQHe§ﬁtﬂ%ﬁb|IShed Unexan1ned
Pat ent Appllcatlon No. Rnogﬂ onposition sh

little change in viscosi g? V\H‘f?"ttr"ﬁ’é élﬁxfﬁe?e Ihi eanmepgx)éor[es&p the
conposi ti.on apphmpdsiricnhend howre apewisticadipi e @ncbmvggyiddap¢xu; t he
course of curi @gsﬁ%\b%uim Jﬁ&em&qmo%saﬂ@ Ragcpern phedddbodtd be

ill-suited for used wth I"&)ga ee
5 printed w1r1ng Q rds using a dispenser.

It is known to use an epoxy resin adhesive
composition forLbénding electric parts such as IC elements to
printed wiring boards. In this case, it is the general
practice to apply the adhesive composition to the board by

10 means of a dispenser. '
| One known epoxy resin composition suited for
dispensation with a dispenser includes an epoxy resin, an.
amine~-type curing agent, a thixotropic agent and hydrophilic
silica (Japanese Published Unexamined Patent Application No.
15 4-33916). The known composition shows little change in
viscosity with time. Further, the shape of a dot of the
composiiLion applied ou Lhe Lodaid alwust remaiund unchauyed
during the course of curing. Hdwéver, the known composition
has been found to be ill-suited for used with a high speed
20 dispenser operated with a taéting time of, for example, below
0.15 second. In particular, when a series of dots of the
adhesive composition are successively formed on a board at a
high speed with a dispenser, a greater part of the dots
thread in the direction parallel with the moving direction of
25 the dispenser relative to the board. Namely, as shown in
Figs. 1(a) and 1(b), a dot 2 applied onto a board 1 threads
to form a tail-like portion 3 along the movement of a
dispensing nozzle 4 in the direction shown by the arrow
relative to the boérd 1. When the length of the tail-like
30 portion 3 exceeds 20.% of'the diameter of the dot 2, it is
necessary to slow down the tacting_time of the dispenser.

Summary of the Invention

It is, therefore, an object of the present
35 . invention to provide an epoxy resin composition which is
| suited for use with ' a hlgh speed dlspenser. '
Another object of the present invention is to



20 + dispenser operated with a tacting time of, for exanple, below 0.15
second. In—ﬁarrrCUTar “when a series of dots of the adhesi ve conposition

L

are succeSS|veI feddoard at a high speed with a

greater part ead in the direction parallel iTHIS $IHETHBHS|B@EN
directidn of ﬂﬁ ﬁiﬁ ‘%penser relative to the board. ||. NameREPLASEPhown
i n Figs. 1(a) t 2 applied onto a board 1 th Foforma
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the tail-1like 30 portion 3 exceeds 20 % of the dianeter of the dot 2,
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5 In accomplishing the foregoing objeét, there is
provided in accordance with the present invention a liquid
epoxy resih composition comprising a liquid epoxy resin, an
amine curing agent, an inorganic filler, and an organic
rheology additive.
10
Brief Description of the Drawings
Other objects, features and advantages of the
present invention will become apparent from the detailed
description of the preferred embodiments which follow, when
15 considered in_light of the accompanying drawings, in which:
Fig. 1(a) is a vertical sectional view showing a
shape of a dot of an epoxy resin composition applied to a
surface of a board with a dispenser; and
Fig. 1(b) is a plan view of Fig. 1(a).

20 . .
Detailed Description of the Preferred

Embodiments of the Invention
The liquid, epoxy resin composition according to

~ the present invention contains an epoxy resin, a curing
25 agent, an inorganic filler and an organic rheology additive.
The epoxy resin is a liquid epoxy resin having two
or more epoxy groups in its molecule. Examples-of suitable
epoxy resins include diglycidyl ethers of bisphenol A,
bisphenocl F, bisphenol AD, brominated bisphenol A, phenol
30 novolak resins, glycerin and polyalkylene oxides; glycidyl
‘esters of carboxylic acids such as dimer acid and isophthalic
acid; epoxidized pblyputadiéﬁe'obtained by reaction of
polybutadiene withfpefacetic acid; urethane-modified
diglycidyl ethers of bisphenol A; heterocyclic epoxy resins;
35 and mixtures thereof. These epoxy resins may be used singly
or as a mixture of two or more. The use of epoxy resins
which are liquid at room temperature is preferred. ‘But; it



REPLACEMENT SKEET provi de an epoxy resin conposition of the above-nentioned
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to the present

dicyandiamide, imidazole compounds, organic acid hydrazides,

amine-adducts, spiroacetal compounds, modified polyamides,

modified polyamines and amine-urea adducts are suitably used.

Illustrative of suitable imidazole compounds are 2-

10 heptadecylimidazole, 2-phenyl-4,5-dihydroxymethylimidazole,
2-phenyl-4-methyl-5-hydroxymethylimidazole, 2-phenyl-4-
benzyl-5-~hydroxymethylimidazole, 2,4-diamino-6-{2-
methylimidazolyl- (1) }ethyl-5~triazine and an addition product
of the triazine with isocyanuric acid. Illustrative of

15 suitable hydrazides are succinohydrazide, adipohydrazide,
isophthalohydrazide, o-oxybenzohydrazide and
salicylohydrazide. Examples of Amine adducts include AMICURE
PN-23 (manufactured by Ajinomoto Co., Inc.), AMICURE MY-24
(manufactured by Ajinomoto Co., Inc.) and NOVACURE HX-~3721

20 (manufactured by Asahi Kasei Kogyo K. K.). Examples of
spiroacetal compounds'include.AMICURE ATU CARBAMATE 3
(manufactured by Ajinomoto Co., Inc.). Examples of modified
polyamides include Hardner HT939 (manufactured by Japan Ciba
Geigy Inc.), examples of modified polyamines include Hardner

25 H4070s (manufactured by ACR Japan Inc.) and examples of
amine-urea adducts include Fujicure FXE-1000 (manufactured by
Fuji Kasei K. K.). The amine curing agent is generally used
in an amount of 3-60 parts by weight, preferably 5-40 parts
by weight per 100 parts by weight of the epoxy resin.

30 Any known organic rheology additive may be used for

' the purpose of the present invention. Illustrative of

suitable rheology additives are modified castor oil rheology
additives and organic amide rheology additives. The modified
castor oil additive having a melting point of 60-140°C is

35 . suitably used. The modified castor oil additive is a product

obtained by hydrogenating. castor oil and may he, for example,

Thixcin-R manufactured by Rheox Intern. Inc. The modified



i nvention contains an epoxy resin, a curing agent, an inorganic filler and

an organi c rheeloegy addi-tive——The epoxy resin is a liquid epoxy resin

having two or nore epoxy groupsiin its nolecul e. Exanpl es ffEsartabre—gpoaesy
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hydroxycarboxylic acid, such as ricinoleic acid or 12-

hydroxystearic acid and which are disclosed in Japanese
Published Unexamined Patent Application No. 63-145332. The

, -rheology additive is generally used in an amount of 0.1-15

10 | parts by weight, preferably 1-10 parts by weight per 100
parts by weight of the epoxy resin.

Any inorganic filler may be used for the purpose of
the present invention. Illustrative of suitable inorganic
fillers are silica, calcium carbonate, dolomite, calcium

15 silicate, alumina, mica, talc and clay. The inorganic filler
generally has an average particle diameter of 0.5-20 um,
preferably 1-10 pm. It is-preferréd that calcined talc be
used as the'iﬁorganic fillexr for féasons of improved pot life

_ and storage stability. The calcined talc is a product

20 obtained by heating talc at a temperature sufficient to
effect the dehydration thereof, preferably at 900-1,200°C.
The inorganic filler is §enerally used in an amount of 1-100
parts by weight, preferabiy 5—50 pérts-by weight per 100
parts by weight of the epoxy resin. :

25 The liquid epoxy resin composition of the present
invention may further conﬁain-various conventional additives
such as a reactive diluent, a pigﬁent, an antifoaming agent
and a leveling agent. The reactive diluent is a compound
which has at least one epoxy group and which is a low

30 viscosity liquid at room temperature. Examples of suitable
reactive diluents include phehyl glycidyl ether, polyethylene
glycol digiycidyl ether, polypropylene glycol diglyecidyl

. ether, methyl glycidyl ether, prbpyl_glycidyl ether,
pentaerythritol polygljcidyl ether, sorbitan polyglycidyl

35 ether,'n-butyi glycol glycidyl ether and'z—ethylhexyl
glycidyl echer. The reactive diluent is used for decreasing
the viscosity of thé composition.
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FXE- 1000 (manuhmekbi®dnRyifkW iviscosity of the composition at a rate of

shear of 10 sec”! and Sc represents a Casson yielding point
which is determined according to the following equation:
10 o s/2 = (sc)¥2 4+ (p. x D)V?
where 8 represents a sheafing stress of the composition, Sc
" is as defined above, D is a rate of shear of the composition
and . represents a Casson viscosity of the composition. The
R-value may be controlled by selecting the kind and particle
15 size of the inorganic filler and the amount of the organic
rheology additive.

The liquid epoxy resin composition of the present
invention can be prepared in any known manner by, for
example, using a milling device. The epoxy resin

20 composition, when used as an adhesive for fixing electric
parts on a printed wiring board, may be applied onto a
surface of the board by a method ﬁSing a high speed dispenser
without forming undesirable threads or tails.

The following exampleg will further illustrate the

25 present invention.

Example
Epoxy resin cdmpositions Nos. 1-12 having the
- formulations shown in Table 1 were prepared. 1In Table 1,

30 "Epoxy Resin", "Curing Agent B-1 thorcugh B-3", "Rheology
Additive" and "Inorganic Filler D-1 through D-5" are as
follows: '

Epoxy Resin: 'Bisphenol A diglycidyl ether, Epikote 828,
manufactured by Yuka-Shell Epoxy Inc.
35 Curing Agent
' B-1: ”imi#e adduct curing agent, Amicure PN-23,
manufactured by Ajinomoto Inc.



Kaseir K K.). The am ne curing-agent is generally used in an anount of 3 -
-60 parts by weight, preferably 5 - 40 parts by weight per 100 parts by

wei ght of the e mg/SHeasHasrBee laf:eded castor oil rheol ogy
organi c am de rhe -are used in the present HAS® EN
modi fi ed castor r% %gﬂbﬁﬁ -

|ng a melting point of 6
preferably used. castor 0|I additive is a pretbet—abt-atned—hy
hydr ogenat i ng castor 0|I and may be, exanple Thi xci n- R manuf act ured by
Rheox Intern. Inc. The nodified anlde rheol ogy additives are products
whi ch are obtained by reacting a pol ycarbocylic acid, such as cebasic acid,
dodecane di carboxylic aiad, or MidiFdiedcpalyawité curiagt hqmﬂ}yﬂaugm
cont ai ni ng conmpound, such as 1, iga e

r g2 %Mﬁ&gﬂﬁed begt‘ibé‘”% % gE such s

1, 6- hexanedi ol , using a capping a rocycar
ricinoleic acid or 12- Bdroxyst f&eﬁcﬂi‘é‘ﬁa’-ﬁ\mwa‘é‘ﬁée g s BeER
Japanese Published Unexam ned PetRetihrdyed (H>40008), Nanubide thdedBBy Atre
rheol ogy additive is generally #ged in an anount of

Rheology Additive: Castor oil rheology addltlve, Thixcin-R,
manufactured by Rheox Intern. Inc.,
melting point: 86°C

Inorganic Filler '

10 _ D~1: Hydrophilic silica, Aerosil #300,
manufactured by Nippon Aerosil Inc.
-D-2: Hydrophobic Silica, derosil R202,
manufactured by Nippon Aerosil Inc.,
silicone oil-treated silica
15 D-3: Sintered silica, Enstac 24, manufactured
by Asada Seifun K. K., average particle
size: 3.0 um, talc sintered at 1,100°C
D-4: Talc, LMP-100, manufactured by Fuji Talc
' Industry Co., Ltd., average particle
20 . size: 3.0 um
D-5: Silica, Imsil Al08, manufactured by

Tatsumori Inc.

Each of the epoxy.resin compositions Nos. 1-12 thus
25 obtained was measured for the R—vaiue, adaptability to high
speed dispeﬁsation and pot'life in the manner described
below. The results are shown in Table 1.

R Value: _

30 Using a cone plate rotational viscometer (EHD
Rotational Viscometer manufactured by Tokimec Inc., cone
diameter: 28 mm, cone angle: 3 degree), a relationship
between the rate of shear D (sec™!) and the shearing stress §
{(Pa) of a sample.composition is measured at 25°C at

35 rotational speeds of the cone plete of 0.5, 1.0, 2.5, 5.0 and
10 rpm after 5 mlnutes from the commencement of the rotation.
In the case of the:above viscometer, the rates of shear D at



0.1 - 15 parts by weight, preferably 1 - 10 parts by weight per 100 parts
by wei ght of the epoxy resin. Calcined talec is used a the inorganic filler
for reasons of inproved pot |life and storage stability. The calcined talc
is a product obtained by heating talc at a tenperature sufficient to effect:
t he dehydration thereof, preferably at 900 - 1,200 degree C. The inorganic
filler is generally used in an anount of_ 1 - 100 parts by wei ght,
preferably 5 - 50 parts by wei ght per 1db"parts by wei ght of the epoxy
resin. The liquid epoxy resin conposition of the present invention may
further contain various conventional additives such as a reactive diluent,
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Casson viscosity. Thus, the measured data are plotted on a
- coordinate system with S!”2 and DY? as the x and y axes,
~ respectively. The Casson yielding point Sc!/? is determined
10 by extrapolating the relationﬁhip between S8}2 and D¥? into a
state where DY? is 0. From the viscosity T, and the Casson
yielding point Sc thus obtained, the R value is calculated
according to the equation:
R = ny0/8c.
15

Adaptability to High Speed Dispensation:
| A sample composition is charged in a dispenser and
is dispensed at 28°C with a shot time of 0.05 second and a
tacting time of 0.12 second through a dispenser nozzle having
'20 an inside diameter of 0.7 mm, so that 5,000 shots of the
. sample are éontinuously applied onto a substrate. The
dispensing pressure is so controlled that each of the applied
dots has a diameter of 1.4 mm. Then, the 5000 dots thus
appliéd are checked for the formation of threads. When the
25 length (L, in Fig. 1(b)) of the thread. (designated as 3 in
Figs. 1(a) and 1(b)) of an applied dot (designated as 2 in
Figs. 1(a) and 1(b)) exceeds 20 % of the diameter (L, in Fig.
1(b)) of the dot, then that dot is determined as being
defective. The number of such defective dots are counted,
30 from which the adaptability to high speed dispensation is
evaluated. The evaluation is rated as follows:
A: excellent (the number of defective dots is
not greater than 50)
B: fair (the number of defective dots is over
35 _ ' 50 but is less than 100)
' C: no good (the_number'of defective dots is
100 or mdfe) .



‘conposi tion. It is preferred that the |iquid epoxy resin conposition of
‘the present invention have an R-value of not greater than 0.4 for reasons
of . inproved adaptability to high speed di spensation. The R-value is a

val ue obtained by the 5 follow ng equation: R = T110/Sc wherein [err]
is a viscosity of the conposition at a rate of shear of 10 sec[err] and Sc
represents a Casson yiel di ng point mhICE I's determ ned according to the
foll ow ng equation: 10 [err] = (SO 1[err] + [err]
where S represents a shearing stress of the conposition, Sc is as defined
above, Dis a rate of shear of the conposition and pc represents a Casson

viscosity of the conposition. - The R-value may be controlled by selecting
t he ki nhd and lee. 15 size of the inorganic filler and the anount
of the organigﬁéaegﬁggy addi tive,

The viscosity of a sample composition just prepared
is measured at 25°C with the rotational viscometer as used
5 for the measurement of R values. The rotational speed of the
cone plate is 0.5 rpm. The sample is stored at 40°C for 3
weeks and thereafter measured for the viscosity thereof
again. The viscosity changing rate V is calculated according
to the following eqﬁétion:
10 V = A/B x 100 (%).
wherein A represents the viscosity after 3 weeks storage and
B represents the initial viscosity. The pot life of the
sample is rated as follows: '
' A: excellent (90 < VvV £ 110)
15 B: fair (70 < V £ 90 or 110 < V < 130)
C: no good (VS 70 or 130 < V)

" Table 1

20 Composition No. 1 2 3 4 5 6
Epoxy Resin 100 100  .100 100 100 100
Curing Agent B-1 10 10 10 25 10 10
Curing Agent B-2 - 40 40 40 = - - 40
Curing Agent B-3 - - - - 40 -

25  Rheology Additive 1 5 10 5 5 s
Filler D-1 - - - - - -
Filler D-2 _ - - } - - - -
Filler D-3 30 30 30 30 30 5
Filler D-4 ' - - - - - -

30 Filler D-5 - - - - - -
R-Value 0.40 0.33 0.26 0.31 0.35 0.26
Adaptability A A A A A A

Pot Life A A A A A A

35



The Liquid epoxy resin conposition of the present invention can be prepared
i-n any known manner by, for exanple, using a nilling device. The epoxy
resin 20 conposition, when used as an adhesive for fixing electric
parts on a printed wiring board, nay be applied onto a surface of the board
by a met hod using a high speed di spenser wi thout form ng undesirable”

threads or tails. The follow ng exanples will further illustrate the 25
present invention. Exanple Epoxy resin-cbmpositions Nos. 1-12 having the
formul ati ons shown in Table 1 were prepared. |n Table 1, 30 " Epoxy

Resin", "Curing Agent B-1 thorough B-3", "Rheol ogy Additive" and "Il norganic
Filler D-1 through D-5" are as folda@pwe: 1 Esvaicilfesdn:  Bi sphenol A
di gl yci dyl ether, Epikote 828, manufactured by Yuka-Shell Epoxy Inc. 35

Curing Agent B-1: Amine adduct curing agent  Anicure PN-23

manuf act ur ed bgompesipmoNpnc. 7 8 . 9 10 11 12
Epoxy Resin 100 100 100 100 100 100

5 Curing Agent B-1 10 10 10 10 10 10

Curing Agent B-2 40 40 40 40 40 - 40

Curing Agent B-3 - - - - - -

Rheology Additive 5 5 5 5 5 -

Filler D-1 - 5 - - - -
10 Filler D-2 - - 5 - - 5

Filler D-3 . 50 30 30 - - 30

Filler D-4 | - - - 30 - -

Filler D-5 - - - - 30 -

_ R~Value  0.33 0.37 0.40 - 0.33 0.55 0.66

15 Adaptability A A A A B C

Pot Life A - A A C - A A

The invention may be embodied in other specific

forms without departing from the spirit or essential

20 characteristics thereof. The present embodiments are
therefore to be considered in all respects as illustrative
and not restrictive, the scope of the invention being
indicated by the appended claims rather than by the foregoing
description, and all the changes which come within the

25 ' meaning and range of equivalency of the claims are therefore
intended to be embraced therein.

- 30

35




REPLACEMENT SHEET B- 2: Nbdlfled polyam-de curing agent Har dner HT939,

manuf actured by Ci ba Geigy Inc. Modi fi ed aliphatic pol yam ne

curing agent, ACR Hardner ured by ACR 5

I nc. Rheol ogy Additive: mmﬁ“ﬂﬁnﬁmﬂt mt/ additive, Th
manuf act ured by Rheox Interm CIne "netti'ng point: 86[er
Fil'ler 10 Hydrophilic silica,

manuf act ured by Ni ppon Aer05|l Inc. D-2: _4g. Hydrophobic

XH8-SREET HAS BEEN
C | rﬁﬁfgaﬁrﬁ@

]

Er oS T 7300,
silica, Aerosil

R202, manufactured by N ppon Aerosil Inc==ilicone oil-treated silica 15
D 3: calcined talc, Enstac 24, nanufactured by Asada Seifun K K.,

average particClyfiap 1s CLAIMED IS:

1. A liquid epoxy resin composition comprising a

liquid epoxy resin, an amine curing agent, an inorganic

filler, and an organic rheology additive.

2. A composition according to-claim 1 and having an R-

value of not greater than 0.4, wherein R-value is defined by

the following equation:
R = my/Sc

wherein 1,y is a viscosity of the cdmposition at a rate of

shear of 10 sec”! and Sc represents a Casson yielding point

determined according to the following equation:

sz - (sc)l/Z + (pe % D-)1/2

wherein S8 represents a shearing stress of the composition, Sc
is as defined above, D is a rate of shear of the composition
and §, represents a Casson viscosity of the composition.

3. A composition according to claim 1, wherein said

- rheology additive is selected from modified castor oil

additives and organic amide rheology additives.

4. A composition according to claim 3, wherein said

modified castor oil additive has a melting point of 60-140°C.

5. A composition according to claim 1, wherein the

inorganic filler has an average particle diameter of 0.5-20

pm.

6. A composition according to claim 1, wherein said

inorganic filler is calcined talc.



size: 3.0 pm talc sintered at 1,100[err]C D 4: —Talc,;,—tvP=-1006+

.manuf actured by Fuji Talc Industry Co., Ltd., :average particle 20

size: 3.0 pmD-5: Silica, Insil A108, manufactured by Tatsunori Inc.
Each of the epoxy resin conpositions Nos. 1-12 thus 25 obt ai ned was

- measured for the R-value, adaptability to high speed di spensation and pot
life in the manner described bel ow. Theltesults are shown in Table 1. R
Val ue: 30 : Using a cone plate rotational visconeter (EHD
Rot ati onal Vi sconeter nmanufactured by Tokinec Inc., cone dianeter: 28 nmm
cone angle: 3 degree), a relationship between the rate of shear D
(sec[err]) and the shearing stress'S (Pg) of a sanple conposition is
nmeasured at 25C at 35 rotational speeds of the cone plate of 0.5, 1.0,
2.5, 5.0 and 10 rpmafter 5 mnutes fromthe commencenent of the rotation.
In the case of the above visconeter, the rates of shear D at

5
LIQUID EPOXY RESIN COMPOSITION
10
Abstract of the Disclosure
15
A liquid epoxy resin composition is disclosed which
comprises a liquid epoxy resin, an amine curihg agent, an
inorganic filler such as calcined talc, and an organic
20 rheology additive such as modified castor oil. The epoxy
resin composition having not greater than 0.4 of an R-value
defined by the following equation:
- R = 1n)0/Sc
wherein mn,, is a viscosity of the composition at a rate of
25 shear of 10 sec™! and Sc represents a Casson yielding point
shows excellent adaptability to a high speed dispenser.
30

35



rotati onal speeds of 0.5, 1.0 Thi and 10 rpmare 1.0, 2.0, 5.0, 10
‘and 20 sec[err], respectively. rel ati onship bet ween D and
S, Casson yi el di ng point Sc is ﬁl’ iﬁmﬂordl ng to {fe—Torrow ng ‘
equation: [err] = (Sc)1/2 + ﬁ ere S Sc-"a'ﬁﬁlstﬁl‘éﬁ’-:é“a'
defi ned above and [err] repr esents a Casson viscosity. [(Thus, REREAKE ad
data are plotted on a coordinate systn/pvmth [err] -and [®err] as the X an"
axes, respectively. The Casson yielding point [err] is determ ned 10

by extrapol ating the relationship between [err] and [err] into a state
where [err] is 0. Fromthe viscosity [err] and the Casson yiel ding point
Sc thus obtained, the R value is calculated according to the equation: R =
[err] 15 Adaptability to H gh Speed Di spensation: A sanple conposition is
charged in a dispenser and is di spensed at 28[err]C with a shot ti e of

0. 05 second and a

FlG. | (a)

L.




tacting tinme of 0.12 second through a di spenser nozzl e having 20 an
inside diameter of 0.7 mm so that 5,000 shots of the sanpke—=are
continuously applied onto a substrate. The di spensing pre:sum&AcEMKkTSHEET
control l ed that each .of the applied dots has a dianeter off 1.4 henmqg
the 5000 dots thus applied are checked for the formation 3f“t@rh 52 2\hel...
the 25 - length [err] in Fig. 1(b)) of the thread. ( desrgrRatred—as——FR——
Figs. 1(a) and 1(b)) of an applied dot (designated as 2 in Figs. 1(a) and
| (b)) exceeds 20 % of the diameter (L23im Fig. |(b)) of the dot, then that
dot is determi ned as being defective. The nunber of such defective dots are
counted, 30 fromwhich the adaptability to high speed dispensation is
eval uated. The evaluation is rated as follows: A excellent (the nunber of
defective dots is not greate han ) By fair (the nunber of defective
dots is over 35 r:t bul is(]ess than 100) C. no good (the
00 '

nunber of defective dots is or. nore)”
: -

-

FIG.I b




..P6t ‘Life: The viscosi ty of a sarrpl e corrp05|t|on j ust prepared S rreasured

at 25[err]Cwith the rotational visconeter as used 5 flo

measurenent of R values. The rotational speed of the cone pﬁé?*?%MBNESHEET
rpm The sanple is stored at 40[err]C for 3 weeks and thereafterszqa:g\;ﬁeaggﬁ
for the viscosity thereof again. The visé@osity changi ng rat et

cal cul ated according to the foll ow ng equati on: “\7 A B

fopr oo EEHUERE i ARy SORIL Rkl Sapee o8 e TR
fol | ows: ABOEK A% FLOrage Stphd HE) “1‘519 pot life) and WhBCh fdges @?9 £oxm <
90 or 110a<lahgH30)l @henoapmiloicd( ¥t<a 71Q|.g]r sp88d by )mehabl 6f la Hispenser.
Conposi tion No. 1 2 4 5 6 Epoxy Resin

1
100 109 acgéﬁ%llsh%gg the (g%e901néKLbject there is provided in

accordance with the present invention a liquid epoxy resin
composition comprising a liquid epoxy resin, an amine curing agent,
calcined talc and a organic rheology additive selected from modified
castor oil additives and organic amide rheology additives.

Brief Descripti £ the Drawi

Other objects, features and advantages of the present invention will
become apparent from the detailed description of the preferred
embodiments which follow, when considered in light of the
accompanying drawings, in which : |

Fig. 1(a) is a vertical sectional view showing a shape of a dot of
an epoxy resin composition applied to a surface of a board with a
dispenser; and

Fig. 1(b) is a plan view of Fig. 1l(a).

The liquid, epoxy resin composition according to the present
invention contains an epoxy resin, a curing agent, an inorganic
filler and an organic rheology additive.

The epoxy resin is a liquid epoxy resin having two or more epoxy
groups in its molecule. Examples of suitable epoxy resins include
diglycidyl ethers of bisphenol A, bisphenol F, bisphenol AD,
brominated bisphenol A, phenolnovlak resins, glycerin and
polyalkylene oxides; glycidyl esters of carboxylic acids such as
dimer acid and isophthalic acid; epoxidised polybutadiene obtained
by reaction of polybutadiene with peracetic acid; urethane-modified
diglycidyl ethers of bisphenol A; heterocyclic epoxy resins; and
mixtures thereof. These epoxy resins may be used singly or as a
mixture of two or more. The use of epoxy resins which are liquid at
room temperatures is preferred.



curi ng Agent B-1 ' 10 10 10 25 10 _ 10 Curing

Agent B-2 40 40 40 - - 40 - _

- - - - 40 - 25 Rheol ogy AJABRLAGEMENT SHEET
5 10 5 5 5 Filler D1 - -4

s w5 5 N P
- Filler D3 30 30 30 30 30— ) ii..bD_5
F>4' But it is pos51b1e to use crystal%insaPr solid epox%ores¥?§46f tgégg
0.26 0.3t ablego by éssmla‘tﬁdalanl Fhg liquid epoxy\resin uged. A A
A A Pot Life A A A A A 35

Iib|e 1 (ﬁQnEHé“&ﬁihecgﬁPﬂﬁétdd@ﬁtNocggventlfB%I laﬁﬁﬂf curiﬁ% agegﬁﬁoh%QiT%O 5
Curing Agefl ¥“°re primapy, secpgdary oxertially) aminejgroups, ggch as

dlcycandlamlde, derivatives of dicycandiamide, imidazole compounds,
organic acid hydrazides, amine-adducts, spiroacetal compounds,
modified polyamides, modified polyamlnes and amine-urea adducts are
suitably used.

Illustrative of suitable imidazole compounds are 2-
heptadecylimidazole, 2-phenyl-4, 5-dihydroxymethylimidazole, 2-
phenyl-4-methyl-5-hydroxymethylimidazole, 2-phenyl-4-benzyl-5-
hydroxymethylimidazole, 2,4-diamino-6-{2-methylimidazolyl- (1) }ethyl-
5-triazine and an addition product of the triazine with isocyanuric
acid. Illustrative of suitable hydrazides are succinohydrazide,
adipohydrazide, isophthalohydrazide, o-oxybenzohydrazide and
salicylohydrazide. Examples of amine adducts include AMICURE PN-23
(manufacture by Ajinomoto Co., Inc.), AMICURE MY-24 (manufactured by
Ajinomoto Co., Inc.) and NOVACURE HX-3721 (manufactured by Asahi
Kasei Kogyo K. K.). Examples of spirotacetal compounds include
AMICURE ATU CARBAMATE 3 (manufactured by Ajinomoto Co., Inc.).
Examples of modified polyamides include Hardner HT939 (manufactured
by Japan Ciba Geigy Inc.), examples of modified polyamines include
Hardner H4070S (manufactured by ACR Japan Inc.) and example of
amine-urea adducts include Fujicure FXE-1000 (manufactured by Fuji
Kasei K.-K.). The amine curing agent is generally used in an amount
of 3 - 60 parts by weight, preferably 5 - 40 parts by weight per 100
parts by weight of the epoxy.resin.

Modified castor oil rheology additives and organic amide rheology
additives are used in the present invention. The modified castor
oil additive having a melting point of 60 - 140 degree C is
preferably used. The modified castor oil additive is a product
obtained by hydrogenating castor oil and may be, for exaﬁple,
Thixcin-R manufactured by Rheox Intern. Inc.



Curing Agent B-2 ‘ 40 40 40 40 40 40 CQuring

Agent B-3 - - .- - - - [[RAeeogy
5 5 5 5 5 - Filler D1
- - - - 10 Filler D2

5Filler D3 - 450 30 S@ten. LNy e
30 Fi l I er D4 - 30 -
D-5
0.33 0. gge m°dlfied §"43° “b“%é’gy 3% iyes are %"ad“tcgﬁl Y’#”t%f‘ are A
A talnqu 3% reagglng a gglp5§rQ9qx;1c acid, such as pcebasic Acid, A
C Adodecar;e Hicarhogyliomcidy de dmeadaefld] rwiahhan sPesid Ilﬁ}dﬁragéﬁ-
wi t hout d@@ﬁféiﬂ!ﬁlgf B oREd S Rivicht 2871 eé%%?ﬁ&hé&neb 1, Qh@:{%ﬁ rol Ic%&ﬁg or
t her eof . resel nt _enbodi ments are therefore to be ¢tonsi al
respects A8 etf%)ua%’te AP1y e EHRY Rof3PRERY jagENbe, atwré’Eéfﬁér%‘?"}flﬁé’ Pﬁ\?@nt i on

bei ng i ndFeel etf Bicineleapp ardddotl 32 thy drairet eadian aloy dt &md fuirietoang

descri pti abscrodbdlih thparndidN $as1 Mh&d &%E&m.’]gﬁéci“ﬁthh‘é ;gpllcatlgﬁ Jraggegnd
{ﬁg?e of §9LH4§§§%”CYTRL éﬁ%olog Ig&dlrf%é:ggrgeﬁgf%flgtgge in an amount of
0.1 - 15 parts by weight, preferably 1 - 10 parts by weight per 100

parts by weight of the epoxy resin.

Calcined talc is used a the inorganic filler for reasons of improved
pot life and storage stability. The calcined talc is a product
obtained by heating talc at a temperature sufficient to effect the
dehydration thereof, preferably at 900 - 1,200 degree C. The
inorganic filler is generally used in an amount of 1 - 100 parts by
weight, preferably 5 - 50 parts by weight per 100 parts by weight of
‘the epoxy resin.

The liquid epoxy resin composition of the present invention may
further contain various conventional additives such as a reactive
diluent, a pigment, an antifoaming agent and a leveling agent. The
reactive diluent is a compound which has at least one epoxy group
and which is a low viscosity liquid at room temperature. Examples
of suitable reactive diluents include phenyl glycidyl ether,
polyethylene glycol diglycidyl ether, polypropylene gylcol
diglycidyl ether, methyl glycidyl ether, propyl glycidyl ether,
pentaerythritol polygylcidyl ether, sorbitan polyglycidyl ether, n-
butyl gylcol gylcidyl ether and 2-ethylhexyl glycidyl ether. The
reactive diluent is used for décreasing the viscosity of the
composition.



.30 -35 VWHAT IS CLAIMS IS 1. A liquid epoxy resin conposition
‘conprising a liquid epoxy resin, an am ne curing agent,

an organi c rheol ogy additive selected from nodified cag ﬁgpgAtEﬁﬂﬂTQHggi

and organi c am de rheol ogy additives. 2. A conpositign accgé&erA to
1 and having an R-value of not greater than 0.4, wherei
by the follow ng equation: R = [err] wherein [err] IS J

Ia m

conposition at a rate of shear of 10 sec[erT] and Sc represents a Casson

yi el ding point determ ned according to the follow ng equation: S err]

(Sc)[err] + ([err] x D[grs] wherein..S represents a_shearing stress_of
conposition, Sc is as de i%bd ab&i\%ff]ﬁfii g-ggy%?(? 5‘!“%%%“8?" graner
conposition and [err] HT939, manufactured by Ciba Geigy Inc.
B-3: Modified .aliphatic polyamine curing agent,
ACR Hardner H-4070S, manufactured by ACR
5 . Inc. :

Rheology Additive: Castor oil rheoclogy additive, Thixcin-R,
manufactured by Rheox Intern. Inc.,
melting point: 86°C

Inorganic Fillér

10 D-1: Hydrophilic silica, Aerosil #300,
manufactured by Nippon Aerosil Inc.
D-2: Hydrophobic silica, Aerosil R202,

manufactured by Nippon Aerosil Inc.,
silicone oil-treated silica

15 D-3: ‘calcined talc, BEnstac 24, manufactured
by Asada Seifun K. K., average particle
size: 3.0 um, talc sintered at 1,100°C

D-4: Talc, LMP-100, manufactured by Fuji Talc
Industry Co., Ltd., average particle
20 size: 3.0 um
D-5: Silica, Imsil Al108, manufactured by

Tatsumori Inc.

Each of the epoxy. resin compositions Nos. '1-12 thus
25 obtained was measured for the R-value, adaptability to high
speed dispensation and pot life in the manner described
below. The results are shown in Table 1.

R Value: ' :

30 _ Using a cone plate rotational viscometer (EHD
Rotational Viscometer manufactured by Tokimec Inc., cone
diameter: 28 mm, cone angle: 3 degree), a relationship
between the rate of shear D (sec™) and the shearing stress S
[(Pa) of a sample composition is measured at 25°C at

35 rotational speeds of the cone plate of 0.5, 1.0, 2.5, 5.0 and

: 10 rpm after 5 minutes from the commencement of the rotation.
In the case of the above viscometer, the rates of shear D at

-t he



_rep}esents a Casson-viscosity of the conposition. 3. A conp05|t|on

according to claiml1l, wherein said nodified castor oil adg has
cmzmmg
anet e2 PfAlR; 5995

melting point of 60 -.150 degree C. 4. A conposition ac
| Date :

1, wherein the inorganic filler has an average particle
29 Am - 10 -

WHAT IS CLAIMS IS:

1. A liquid epoxy resin composition comprising a liquid epoxy
resin, an amine curing agent, calcined talc and an organic rheology
additive selected from modified castor oil additives and organic
amide rheology additives.

2. A composition according to claim 1 and having an R-value of not
greater than 0.4, wherein R-value is defined by the following
equation:

R = 1,,/Sc

wherein 1,, is a viscosity of the composition at a rate of shear of
10 sec™ and Sc represents a Casson yielding point determined
according to the following equation:

s*¥ = (Sc)%¥ + (u. x D)¥
wherein S represents a shearing stress of the composition, Sc is as
defined above, D is a rate of shear of the composition and g,

represents a Casson viscosity of the composition.

3. A composition according to claim 1, wherein said modified
castor oil additive has a melting point of 60 - 150 degree C.

4. A composition according to claim 1, wherein the inorganic
filler has an average particle diameter of 0.5 - 20 um.



