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HEAT RESI STANT RESI'N ' COMPOSI TI ON, HEAT RESI STANT FI LM ADHESI VE AND PROCESS
FOR PRODUCI NG THE SAME BACKGROUND OF THE | NVENTI ON This invention rel ates
to a heat reSistant resin conposition which is excellent in heat resist-
ance,- sol uble in organic solvent$ and'excelient in 5 noldability, to a
fil madhesi ve which has both heat resistangé;and | ow-t enper at ure
processgbility and is excellent in bohding trength to a silicon substrate
and & netal which are suitable for electrorics uses, particularly suitable
as an | C packagi n@iERT RESTSTANTI RESIN 'COMPOBEREERS ﬁﬁiwpﬁﬂéfgmﬁfrt he sane.
Recent Iy, tends of high performance and | arge capacity have brought

| ar ge- si zed sili c@TIMNIADHESIWER AWRD, PROCESS' FORI PRODHCPRG RS ShmBUi t design
and requirenment of mniaturization of ¢onsuner electronic 15 products
demand the sane or snaller outer size of |IC package. In response to this

t endency, new s@AIRGRQIINIX QR THE SHUVENTUON *have been proposed which neet
the requirenents for high density sem conductor chip and high density
packagi'ng. For exanple, tH&ris Havenitden 28latpsoposadheatlCreéibtantn | ead)
structure in which chips are nounted on a |l ead frame without a die pad
proposed for a ey cmpesitien yhich iel eadedhenhi pp beaticresist-

ance, soluble in 6rganic solvents and excellent in
5 moldability, to a film adhesive which has both heat
resistance and low-tempefatﬁre processability and is
excellent in bonding strength to a silicon substrate
and a metal which are suitable for electronics uses,
particularly suitable as an IC packaging material, and
10 to a process for producing the same.

Recently, tends of high performance and large
capacity have'brought large-sized silicon chips.
However, a restriction in printed circuit design and
requirement of miniaturization of consumer electronic

15 products demand the same or smaller outer size of IC
package. 1In response to this tendency, new several
packaging techniques have been proposed which meet the
requirements for high density semiconductor chip and
high density packaging. For example, there have been

20 proposed a COL (chip on lead) Structure in which chips

| are mounted on a lead frame without a die pad proposed
for a memory device and a LOC (lead on chip) structure
which is a developed form of the COL structure and in
which lead is located on chip. On the other hand, in

25 the case of a logic device, there is a multilayer.lead
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whi ch i's-a devel oped formof the COL structure and in which lead is |ocated
on chip. ,On the other hand, in 25 the case of a logic device, there is a
mul til ayer | ead -2- frame structure in which a power source ground is
formed as a different frame and a netal plate for.heat dispersionis _
mul til ayered. According to them rationafiZation of wiring in a chip and

rati gnal’izati cgtﬂﬂéékfg"gﬂ{%?igﬂggcégﬁgg ééggg%sgﬁ%§£%e=shortenhhg,i

di"spersi on of "heat ‘génerated w an increase 0 oWer and.

mi ni aturi zat i @ehRdd o415y i EEF fvede AELLEVER & %é@gfﬁpfgﬁ\épﬁa}faﬂég

t echni ques, there are 10 bondi ng 1 nterfaces between sane materials and

bet ween di f f e f¥perBicn | 5 SmSLEL fetéd | CONcEO-Ping Ocd oakeh ) ane, |ead franme
and plate, lead frane and lead frane and the |ike,  and the bonding

reliability wetignahizatioon asf switieng eln abi ¢hipy oid ardevon£liddeions to
say, 15 not only such reliability that the device can stand the step
t enper at &r e cff iwigre Hwondbisnge hasglenspeed) signal soy beive+shoetenimgjty at a
time of noisture absorption,
dispersion of heat generated with an increase of
consumed power and miniaturization 6f a device can be
achieved.
In these new packaging techniques, there are
10 bonding interfaces between same materials and between
different materials such as silicon chip and lead
frame, lead frame and plate, lead frame and lead frame -
and the like, and the bonding reliability very greatly
affects the reliability of a device. That is to say,
15  not only such reliability that the device can stand the
step temperature during the device assembling but also
| bonding reliability at a time of moisture absorption,
"heating under moisture or the like are required.
Moreover, bon&ability is an impoftant matter.
20 Heretofore, in bonding them, a pasty adhesive
and an adhesive coated on a heat resistant sﬁbstrate
have been used. As the adhesive, there are used
thermosetting resins of epoxy type, acrylic type and
rubber-phenol resin type; however, it cannot be said
25  that they satisfy the requirements as a highly reliable
adhesive because a large amount of ionic impurities are

contained, a high temperature and a long period of time

are required for curing so that the productivity is bad
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‘heating under noisture or the |ike are required. Mr.eover, bondability is
an inportant matter. 20 ' S Heretofore, in bonding them a pasty
adhesive and an adhesive coated on a heat resistant substrate have been

used. As the adhesive, there are used thernosetting resins of epoxy type,
acrylic type and rubber-phenol resin type§.homever, it cannot be said 25

t hat th tisfy t ' t hj ghl l.iabl dhesj because-& ; ..
et ey St S & Nl IR 5p el A Sl oY, SRR

I i od of  t]j | ' .1 h i pr.od | Vi is bad
|0 per o Ol AR AL S SR NELOReSBIAIRY 0hPiRIUchyy | b2

| eads and hygr%%@%ar(# %%%$g$%%?q5éfg&é rﬁ’oﬁ@&%' allléw.have not

been found by now. opnment of an adheSive suitable 5

for the new p@fé@ﬁ%iﬁ@}?ﬁ%hé’%é&&fbpm&&%‘? & ddedOhessyPEapigere is
mentioned a hot-nelt type filmadhesi've using a polyimde resin. Since the

pol y: Im d;as_r eSifior tIRXGRdw PHcldgd aids N6sers tdeeEred s fA@NGné edpreRat and is
TEe e adhesives, there is mentioned a hot-melt type film
adhesive using a polyimide resin.
| Since the polyimide résin is excellent in

heat resistance, is flame-retardant and is excellent in

10 electric insulation property, the polyimide resin is
widely used as a film in substrates for a flexible
printed wiring board and a heat resistant adhesive
tape, and also use& in the form of a resin varnish for
a semiconductor interlaminar insulation film, a

15 surface-protective coating and the like. However,
conveniional polyimide resins have high hygroscbpicity
and excellent heat resistance, while they are insoluble
and infusible and have a very high melting point, and
hence, cannot be said to be a material easy to handle

20 in respect of prdcessability. The polyimide resins are
also used as a packaging material fof semi-conductors
in an interlaminar insulation film, a surface
protective coating and the like. However, in this
case, an organic solvent solution of a polyamic acid

25 which is an organic solvent-soluble precursor of a
polyimide resin is coated‘on the surface of a semicon-
ductor and then heated to remove the solvent and

simultaneously imidize the polyamic acid. In this
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10 electrlc i nsul ation property, the polyinmde resin is wdely used as a
filmin substrates for a flexible printed wiring board and a heat resistant
adhesi ve tape, and also used in the formof a resin varnish for a ”
semi-conductor interlam nar insulation fil a 15 surface-protective
coating and the like. However, conventidn I‘polyinide resins have high
hygroscopicity and exgcel

i nfusi Bl e and HRESS Vér?r‘ﬂ?ﬁh ?mﬂf%ésé fibrniditefiodcto chiRbPSge 'car a o
be & mteri Al oSl GebRpS! end0n1 b ML CPREEs PLL0T CRESREL bV 1ndhe

pol yi nde resins %s°2 packa grng nateri sem -conductors

in an interl amé@in%néﬂi@é'efpé'églvénéuréa&ﬁ%{’ﬁgtﬁé vgtc€aﬁi g and the

| i ke. However IS case,” an organi c solv olyam c acid

25 which is afefpEPdters 0bF e300%0|dib o 6@ fuided. PANErEfdLSIN 1S
coated on the surface of a sem con- ductor and then heated to renove the

sol vent ands si M t BHEDOWS Yehat OtHE $6RiPOhFastoraLs dexposédi 6o suchsa, in
order to allow the imdization to proceed conpletely, and also to
volatilize the lighh bahpérature, and hence, heat damage of other

méterials and dégradation of the device are brought

about and the yield in the asseﬁbly step is lowered.

Also) since the hygroscopicity of the film is high,

10 there are such problems that the moisture absorbed is
vaporized at one time when it is exposed to a high
temperature to cause blisters and cracks.

As a method for overcoming the above defects,
. a method has been proposed in which a film-shaped

15 adhesive is formed from an organic solvenf-soluble,
already fully imidized polyimide resin composition and
this is subjected to thermal compression bonding to an
adherend (see Jépanese Patent Application Kbkai.Nos. 5-
105,850; 5-112,760; and 5-112,761). However, in such a

20 case that the polyimide resin is used as a hot melt
adhesive, when the polyimide resin has a high glass
transition temperature, a very high temperature is
required for processing and there is a great fear that
the adherend may_be thermally damaged. On the other

25 hand, when the glass transition temperature of the
polyimide resin is lowered for imparting a low-
temperature processability to the polyimide resin,

there is a problem that the characteristics of



poi nt -am de: type-solvent, a drying step at a high tenperature of 300[err]C
or nore is requrred Therefore 5 it follows that the sem conductor is
exposed to Such a hi gh tenperature, and hence, heat damage of ot her

mat eri‘al s and degradation of the device are brought about and the yield in
t he assenbly step is Iomered Al so, since e hygroscopicity of the filmis

hi gh, t here are robl.ens that the npisture absorhed aporiZed
at ‘one tlne wh@Wyx}W >ﬁ§%ﬁﬂjq t?ﬁﬁﬁﬁEﬂQReFﬁQP%%ﬁg% #é#ers and
cracks. As a nethoq:for Q rc%prng the above defects, a nethod has been
proposéd in whi s %ylrﬁ é%ed 15 adhesive is forned froman organic

sol vent-soluble, already fully imdized polyimde resin conposition and
this is subjected to thermal conpression bonding to an adherend (see

Japanese Pat entguMMARY Jj¢ Ko ENION S5- 105, 850; 5-112,760; and
5-112,761). However, in such a 20 case that the polylnrde resin is used

as a hot nelt adhesi ve, RN gl Vindelftoes iHave mald)i gttt el sibde re-
transition tenperature, a very high tenperature is required for processing

and there Bs asgaaath forara thesit tres istiarte nrbsiny Heevitdee rewdd Yl alaindgsat On
the other 25 hand, when the glass transition tenperature of the polyimde
resin is | ower ewsfimtangsaand g ov-4temperature processability, and have
consequently found that when an.epoxy resin and a com-
pound having an active hydrogen group which can react
with the epoxy resin ere added to a polyimide resin
10 having a specific structure, the above problem of
polyimide resin can be solved and that when said heat
resistant resin is used it is possible to obtain a film
adhesive which has excellent heat resistance and which
can adhere at a low temperature in a short time, and
15 thus have accomplished the present invention.

According to this invention, there are
provided a heat resistant resin composition, which
comprises, as the main components:

(A) 100 parts by weight of a polyimide resin which is
20 soluble in an organic soivent and has a glass transi-

tion tempe.rature of 350°C or less,

(B) 5 to 100 parts by weight of an epoxy compound

having at least two epoxy groups in one molecule, and

(C) 0.1 to 20 parts by weight of a compound having an
25 active hydrogen group which can react with the epoxy

compound (B);

a heat resistant film adhesive composed essentially of
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tenperature‘processablI|ty to the polyinmde resin, there is a problemthat
the characteristics of polylnlde resin being heat resi stant cannot be - :
suffi- C|ently utilized. SUMARY OF THE | NVENTI ON The present -inventors have
made extensive re- 5 search on a heat §3|stant resin having excell ent o
heat resistance and | owtenperature procCe sability, and have consequently o

f d .that wh nd_h h

gr oup hi ch czﬁhéeaa%’ ! ohiBREeRES, (a7 cEb (6 e "aiich PsOReBi PR Hreai n
10 havi ng a éhﬁhétﬁg { U851t PEnePPY emPLRREE QS pon|n1de resin can

be solved and t en sal heat re5|stan?mre5|n IS used it is possible to

obtain a filmadnesive "OhéNeliBSa EXERt! 65! thea! 17e8helaACEs ARSI CN can
adhere at a |ow tenperature in a short tinme, and t hus have

acconpl i shed tAlovpéaneht ibhe@héeqt. réﬁsetéhﬂgréslhhcémpagtaibﬁn there are

provi ded a heat resistant resin conposition, which conprises, as the main

conponent 5 (Ayhdbdipathe bympenght (A)aipodypolgemiaei peshbhch is
containing a diaminosiloxane compound represented by

the following general formula (1):

s !}"s |
H,N—R Si=0+4Si—R,~NH
2 1 1 - ] 2 2 ( 1 )
) 4 y Rs ) )

wherein R, and R, represént independently divalent ali-
phatic groups having 1 to 4 carbon atoms or divalent
10 aromatic groups; Rs, R,, R; and R; represent indepen-
dently monovalent aliphatic or aromatic groups; and m
represents an integer of 1 to 20, in a proportion of 5
to 50 mole % of the total amount of the amine
components ; |
15 a heat resistant film adhesive composed of the heat
resistant resin composition;-ér
a process for producing the heat resistant film
adhesive. |
Another embodiment of this invention is the
20 above-mentioned heat resistant resin composition,
wherein the component (A) is a polyimide resin composed

of 4,4'—oxydiphthalid dianhydride as the main acid
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20 soluble in an organlc solvent and has a glass transi- tion tenperature
of 350[err]C or less, (B) 5 to 100 parts by weight of an epoxy conpound
havi ng at |east two epoxy groups in one nolecule, and (C). 0.1 to 20 parts
by wei ght.of a conmpound havi ng an 25 act%ve hydr ogen  group whi ch can
react with the epoxy conpound (B); a heal rfeSistant fil m adhesive conposed

Guctng ¢ he noarcombfieRlo4Fa 8 TREREEAGe ! RhrhSe Shuedife sREPRESRHRELAY! Or
|5 Lhe above: mahd ofisdvheRkn £l oI £5] ) COARCH -stf uhigs gbnLhe

conponent (A) iS a po resin con a dlén1nos oxane tonpound
represented by 4 jﬂéﬁ%@gageeﬁé% iﬂrﬂgiﬁe(&wéﬁ%ﬁ{s- - (1)
wherein [err] and Jerr] represent epe ently valent "ali- phatic groups

having 1 to 4 carkedt af@é@s@én‘é“fﬂiﬁnédﬁgsz.vér@Bﬁbb§e§r@ﬂpﬁhe abete] [err]
and R6 represent indepen- dently nonoval ent aliphatic or aromatic groups;
and mrepr&entest resEgeandirdsin @mposibipnpperti on of 5
a process for producing the heat resistant film
adhesive.
A stili another embodiment of this invention
is the above heat resistant resin composition wherein
10 the component (A) is a polyimide resin composed of
3,3',4,4'-biphenyltetracaiboxylic dianhydride and
3,3',4,4'-benzophenonetetracarboxylic dianhydride as
the main acid components and a diaminosiloxane compound
represented by the above general formula (1) and at
15 least one diamine selected from the group consisting of
2,2-bis[4-(4-aminopﬁenoxy)phenyl]propane, 1,3-bis(3-
aminophenoxy)benzene and dimethjlphenylenediamine as
the main amine components;
a heat resistant film adhesive composed of the above
20 heat resistant resin composition; or
a process for producing the heat resistant film
adhesive. .
A further embodiment of this invention is the
above heat-resistant resin composition wherein the
25 component (A) is a polyimide resin obtained by mixing:
a polyamic acid A obtained by reacting a moles of a

siliconediamine represented by the following formula

(2):



to 50 nole % of the total anount of the am ne conponents; 15 a heat
resistant fil m adhesive conposed of the heat resistant resin conposition;

or a process$ for producing the heat resi'stant fil m adhesive. Another
enbodiment of this invention is the 20 above-nentioned heat resistant resin
conposi tion, wherein the conponent (A) rs3a-poly|n1de resin conposed of

4,4' - oxydi pht hal i ¢ di anhydride as the main acid -7- conponent and a

di am nosi | oxane conpound represented the above general formula (1) and
1, 3- bi s(3-am nophe- noxy)benze ﬂ%é nmai n am ne. conponents; a heat

resi stant film adhesinNg,-c@my ..q_f; (G heat resistant resin
conposition; or a process for ﬂd |l t e hedt resistant fil 02y hesi ve. A
still another enbodi nent of thi &h8ion is the above heat resistant
resin conposition wherein 10 t he conponent (A) is a polyimde resin
conposed of

wherein m is an integer of 1 to 13, and b moles of
another diamine as the amine components with ¢ moles of
at least one tetracarboxylic diénhydride selected from
the group consisting of 4,4’'-oxydiphthalic dianhydride,
5 3,3",4,4'-biphenyltetracarboxylic dianhydride and
| 3,3’,4,4'-benzophenonetetracarboxylic dianhydride as
the acid component in a proportion satisfying the
following relations:
0.02 < a/(a + b) < 0.10 and
10 0.960 < c/(a + b) < 1.04,
with a polyamic acid B obtained by reacting d moles of
a siliconediamine represented by the above formula (2)
and e moles of another diamine as the amine components
with £ moles of at least one tetracarboxylic |
15 dianhydride selected from the group consisting of 4,4’'-
oxydiphthalic dianhydride, 3,3’,4,4'-biphenyltetra-
carboxylic dianhydride and 3,3’,4,4’'-benzophenonetetra-
carboxylic dianhydride as the acid component in a

proportion satisfying the following relations:



3,31, 4, 4' - bi phenyl tetracarboxylic dianhydride and 3, 3'

4, 4" - benzophenonet et racar boxyl i ¢ di anhydride-as the main acid conponents
and a di am fiosi | oxane conpound represented by the above general fornula (1)
and. at 15 | east one di am ne sel ected fron1the group consisting of

2, 2- bi s[ 4- (4- an1nophenoxy)phenyl]propane 91 -3- bi s(3- ani nophenoxy) benzene

and dimet hyl phenyl enedi ami ne as in amne’c nents; a heat reskstant; -
film adhesi ve conposed of the%ag gg ﬁ fe&) & &e@ngﬁaﬁpdre5|n conposi'tion;

or a process for producing th t gnt fil hesive. A further
enbodi ment of this invention ﬁ B?ﬁ -aEZJé'hegg Peglgtant resin conposition

wherein the 25 conponent (A) is a polyimde resin obtained by m xing: a
pol yam c acid A obtained by reacting a noles of a siliconedi am ne

Eg?resented byihhg ﬁebbBWEEanQEQEgiyﬁﬁb the f%llguinbe&ﬁhatlon°

5 and imidating the mixture;
a heat resistant film adhesive composed of the heat re-
sistant resin composition; or.
a process for producing the heat resistant film adhe-
sive.

10 A still further embodiment of this invention
is the above heat resistant resin composition which |
further contains (D) 0.1 to 50 parts by weight of a
coupling agent;

a heat resistant film adhesive composed of the heat re-

15 sistant resin composition; or.

a process for producing the heat resistant film
adhesive.

A still further embodiment of this invention
is the above heat resigtént resin composition wherein

20 component (D) is a silane cdupling agent; a heat
resistant film adhesive composed of the heat resistant
resin composition; or a process for prodﬁcing the heat

resistant f£ilm adhesive.



CH3 wherein mis an integer of 1 to 13, and b nol es of another diam ne as
the am ne conponents with ¢ noles of at | east one tetracarboxylic

di anhydri de” selected fromthe group consisting of 4,4'-oxydiphthalic

di anhydri de, 3,3 ,4,4" - blphenyltetracarboxyllc di anhydri de and

3,3 ,4,4" - benzophenonetetracarboxyl|c di &R hydrlde as the acid conponent I n

a pro ortlon n on 02 < al(a + b) 0. 16
and 18 %%HAS{L)HD %éwf@w/({p el% 1@ Nuwith a pol: yam c acid B ¢
obtai ned by reacting d es con d| & d enr nt ed t he above
formul-a (2) andermlesr;ig\‘e Coit dt? %}é"arﬁrhve{t rfe%ts wth.f
nol es of at I%q_%tf t t t he
group consisting o efocré} ?earoxy ?‘#’al I C dlbfﬂ%fmﬁ i ffhﬂ{ﬁ@

3,3, 4,4 -bi gyt Rﬁtlf‘%rtp@@éiéﬂ; S g kﬁﬁfe&llc dJ.anhyer.de

3,3',4,4' benzophenonet etra- carboxylic di anhydri as the acid conponent
in a propgrti gelerited Wrtth e @dupdhditiaidP e 3,3-%,47-

biphenyltetracarboxylic dianhydride, 3,37,4,4'-
benzophenonetetracarboxylic dianhydride, 4,4~
oxydiphthalic dianhydride and eﬁhylene glycol
bistrimellitic dianhydride.

10 | The aromatic diamine to be used in the
production of the polyimide resin includes, for
example, 2,2-bis[4-(4-aminophenoxy)phenyl]propane, 1,3~
bis(3-aminophenoxy)benzene, 2,2-bis[4-(4-aminophenoxy)-
phenyl jhexafluoropropane, 2,2-bis-(4—aminophepoxy)-

15 hexafluoropropane, bis-4-(4-aminophenoxy)phenylsulfone,
bis-4-(3-aminophenoxy)phenylsulfone and the like.

These may be used alone or in combination of two or
more.
It is preferable that the diamine component

20 of the above polyimide resin contains 5 to 50 mole %,
of the total amount of the diamine components, of a
diaminosiloxane compound represented by the general

formula (1):

AV
—R Si=0+4-Si—~R,—~NH .
HoN 1 7 7 2 2 (1)
4 Re '



0.20 < d/(d + e) 0.70 and 0.920 < f/(d + e) < 1.10, in a proportion
satisfying the following relation: 0.12 < (a +d)/(a +b +d +e) <0.505
and i m'dating the mxture; a heat resistant film adhesive conposed of the"
heat re- sistant resin conposition; or a RroCess for producing the heat
resistant film adhe- sive. 10 = 1X still further enbodi ment of

cantat (00 oK' B wEF L BpbaS R Ty AR IR bR
i st ant [ ' : { { -1 j st ' . .
Lﬁiiolisft” i OE'; oS M EE P X Y dabdi el o Figdfthe (fidbrie o
o : _ . produiHP The g Hiibive &
st urther %R%%f% ﬁog‘(o' S Sy t%g? Ii@déﬁénﬁ@ﬂ%igoﬁg*\fﬁﬁiéﬁiaﬂt At

resin conposition _ C onen a~siTane ng agent;
et on ) one™ ALBAE S AR Yol iy S S oG g L
5 to 20.

It is also preferable that in the polyimide
resin of this invention, the main acid component is
4,4’-oxydiphthalic dianhydride; as ﬁhe other acid
component, there is used at least one tetracarboxylic

10 dianhydride selected from the group consisting of
3,37 ,4,4" -bipheny]_.te#racarboxylic dianhydride,
3,3',4,4'-benzophenonetetracarboxylic dianhydride and
ethylene glycol bistrimellitic dianhydride in such an
amount as not to exceed 50 mole % of the total amount
15 of the acid components; and the main amine component is
a combination of 1,3-bis(3-aminophenoxy)benzene with
the diaminosiloxane Qompound represented by the general
formula (1).
In this caée, as the other amine component,
20 for example, 1,4~bis(3-aminophenoxy)benzene, 1,4-bis[2-
(4-aminophenyl )propyl]benzene, 1,4-bis(4-aminophe-
noxy )benzene, 2,2-bis[4—(4¥aminophenoxy)phenyl]propane,
2,2fbis[4-(4-aminophenoxy)phenyl]hexafluoropropane,
2,2-bis(4-aminophenoxy)hexafluoropropane, bis-4-(4-
25 aminopheﬁoxy)phenylsulfone, bis~4~(3-aminophenoxy)-
phenylsulfone or the like can be used alone or in

combination of two or more in such an amount not to

exceed 50 mole % of the total amount of the diamine



- 10 - -DETAI-LED DESCRI PTI ON OF THE | NVENTI ON The polyimi de resin of this
invention is preferably a resin obt ai ned by pol ynerizing an aromatic -
diamine with at |east one tetracarboxylic dianhydride 5 selected fromthe
group consisting of 3,3 ,4,4"- biphenyltetiﬁcarboxylic di anhydri de, . o
3,3 ,4,4' - benzophenonetetracarboxylic dranfiydride, 4,4,- oxydiphthalic =2 &

di anhydsi de and | ene gl ycol bistrinellitic dianhydride. 10
The aromatic digﬁﬁgéngg%ﬁé used in the production of the polyimde resin

i ncl udes, for exanple, 2,24bi, - Iy I e, 1,3-
bis(3-aninophenoxg?benzenéF }§£§g%§1gﬁ%ﬁ@gﬁ@ﬂ%ﬁﬁ%ﬁ@@&%_kﬂ!QﬁﬁP

henyl ] hexaf | uo ) o] A . : ane,
Eis-£-14-aninop?gﬁ§§9§g%éﬁ%F§SIF§h§% %rggﬁ-g3-gﬁ%ﬁéb%%ﬁ%%g?%ﬁ%%ﬁ%%ﬁﬁgoﬁe
and the [ike: These @By he;ipheaydatetsa@arboxyAil Wanhydiidevany nmore. |t

is preferable that the diamne Conponent 20 of the above polyim de resin
contains 5 50 5@,3pl,@,% -penzdphiedonle trrrdtiar®oxyld odicdEnhgdrdaRoreNt s, of

i the main acid components; and at least one diamine
selected from the group consisting of 2,2-bis[4-(4-
aminophenoxy )phenyl Jpropane, 1,3-bis(3-aminophenoxy)-
benzene and dimethylphenylenediamine, and a diamino-

10 siloxane compound represented by the general formula
(1) as the main amine cdmponents.
| _ When the acid components are a moles of
3,3',4,4'-biphenyltetracarboxylic dianhydride and b
moles of 3,3',4,4';benzophenonetetracarboxylic dianhyd-

15 ride; and the amine components are ¢ moles of 2,2-
bis[4-(4~aminophenoxy)phenyl ]propane, d moles of at
least one diamine selected from the group consisting of
1,3-bis(3-aminophenoxy)benzene and dimethylphenylene-
diamine and ¢ moles of a diaminosiloxane compound

20 represented by the general formula (1), it is

preferable that a, b, ¢, d, and ¢ satisfy the

relations:
(a
25 0.2<b/(a +b) < 0.5 and

As the other acid component, it is possible to co-use



di am nosi I oxane conpound represented by the general formula (1): [err]

[err] [err] wherein [err] and [err] are i ndependently divalent aliphatic
groups having 1 to 4 carbon atoms or divalent aromatic groups; [err] and
[err] are independently nonoval ent aliphatic or aromatic groups; and mis
an integer of 1 5to 20. It is also prefe¥§bre that in the polyimde resin

of thisg invention, the nain aC|d conpon |s 4. 4' oxydi hthallc
di anhydri de; a§ttH§ agith one; Lek ragarhosT: 5 Fiééjéé

tetracarboxyI| di anhydr.i de sel ect,e from r nS|st of

L o) phiEtE FEERE. SRRt ok 97 g 419%&51 Heihriydihe

3,3',4,4'-benz yl # I

bistrinelliti CQ&B:%%?@?.I% e | n%ﬂé%t%’%un&qgg'%ﬁo rAt exceed%gg m)c<"1q'1 % of

t he tot al anougl, %ﬁoun%f %hﬁogp%g afFabd 1§ q}f%? fif-conponent
|

I's a conbination of 1, 3- |s(3 an1nophenoxy benzene wth am nosi | oxane
conpound rgpreggitied.by Ashenhgedthdr amine component, it is also

possible to use 2,2-bis[4-(4-aminophenoxy)pheny11-
hexafluoropropane, 2,2-bis(4-aminophenoxy)héxa-
fluoropropane, bis-4;(4-aminophehoxy)phenylsulfone,
bis-4-(3-aminophenoxy)phenylsulfone and the like alone

10 or in combination of two or more in such an amount as
not to adversely affect the characteristics.’

In any of the above cases, it is preferable

to use the diaminosiloxane compound in an amount of 5
to 50 mole % of the total amount of the diamine

15 components. When the amount of the diaminosiloxane
compound is less than 5 mole % of the total amount of
the diamine components, the solubility in an organic
solvent becomes iow, and when it exceeds 50 mole %, the
glass transition'température becomes remarkably ldw to

20 cause a problem in respect of heat resistance.
Specifically, the diaminosiloxane compound of the
general formula (1) is preferably «,e-bis(3-amino-
propyl)polydimethylsiloxane (APPS) represented by the

followihg formula (2):

CHy
NHz-—(cnz)s{.—o}:s.—(cuz)s-nnz (2)
CH3 ’ .



fornula (1) In this case, as the other am ne conmponent, 20 for exanple,
1, 4- bi s('3- anj nophenoxy) benzene, 1, 4-bis[2- (4-amni nophenyl)propyl]benzene,
1, 4- bIS(4 am nophe- .noxy) benzene, 2, 2-bi s[ 4- (4- an1nophenoxy)phenyl]propane
2, 2-bi s[ 4- (4- an1nophenoxy)phenyl]hexafluorqfropane

2, 2- bi s(4- am nophenoxy) hexaf | uor opr opane, Wsa (4- 25

am nophenoxy) PReRul ST 4nEs Bho1de(deambROBNEROKY) - phenyl sulensia ERBunt
not to exceed 5?§ %fhﬁﬁ&f hie fﬂéabafﬂguaf R 3 Ehfnd£ﬁ31g§n?e pt%3 ¢

conponent s. SO pre erable to use, as t e polyrm esin of this‘

i nvention, a I e Ni g OVDETEEE Of18s8 thafis1LiohcBhbetataRED0XThESive- |
-dlanhydrlde and 5 3,3 ,4,4" -benzophenonet etracar boxyl i ¢ di anhydri de as

the main acid cl@@@@r@MSheaﬂdreélbeaﬁéeonemﬂew Bel16rhA6t e8mpobaAuEhaagr oup
consi sting of 2,2-bis[4-(4- am nophenoxy) phenyl] propane,

1, 3-bis(3- &h\ndmhanam&)alhﬁezenelnndoﬂbﬂnahybnheﬁyteuedrambne, and a
dram no- Particularly, a blend of the compound of m = 1 with the
compound of m = 4-10 is preferably applied to a use in
which adhesiveness is an iﬁportént factor.
Moreover, as the polyimide resin of this

10 invention, there may be pieferably used those obtained
by mixing a polyamic acid having a low silicone content
with a polyamic acid having a high silicone content in
the form of solutions and then imidizing the mixture.
This is characterized in that in the mixed polyiﬁide.

15 resin obtained by mixing two kinds of polyamic acids,
trade off characteristics can be realized by allowing
the portion derived from the polyamic acid having a low
silicone content to bear heat resistance, particularly
excellent mechanical strenéth at high temperatures and

20 allowing the portion derived from the polyamic acid
having a high silicone content to bear excellent
characteristics of silicone-modified product such as
low moisture absorbability, adhesiveness and the like.
Moreover, by conducting the imidization after mixing in

25 the amic acid form, it is made possible to prevent the
separation of the two components and assure the

solvent-solubility.

_Speéking in more detail, there can be



10 si | oxane conpound represented by the general formula (1) as the nain
.am ne conponents When the acid conponents are a nol es of

3,3',4,4" -biphenyl tetracarboxylic dlanhydrlde and b nol es of

3,3',4,4" -benzophenonet et-racar boxylic dlaﬂ‘ ride; and the am ne
cOnponents are ¢ noles of 2,2- bis[4-(4-a nophenoxy)phenyl]propane ”d._

RN B

T ot R Bl A B SPR R B

of a di am nosi | ﬁﬂ&ﬁﬂ@g&ﬂ gsented by the general fornmula (1),
It is.preferable that™ a gg aﬁﬁﬁé satisfy the relations: 0.5 <a/(a +
b )<0.8, 25 1tram.1.c acid R having (& 1% 385PifoR@dcOnfén€ £n/ (¢ + d
+e) <0.5 As the her aci d conponen it is possible to co-use -13-

at | east one tefHiE@dRrdNylés &fadﬂwﬂné&xéeamhﬁdeff@méé@nﬂé@mycanm sting
of 4, 4'-oxydiphthalic dianhydride and ethylene glycol bistrimellitic
dlanhydr|d6||1fhrﬂu1a (2) and b moles of another diamine are used as
the amine components; and ¢ moles of at least one
tetracarboxylic dianhydride selected from the group
consisting of 4,4 -oxydiphthalic dianhydride,
3,3’,4,4'-biphenyltetracarboxylic dianhydride and
10 3,3',4,4’'-benzophenonetetracarboxylic dianhydride is
used as the acid componeht wherein a, b and ¢ satisfy
the relations:
0.02 < a/(a + b) £0.10 and

(
c/(a + b) £ 1.04,

0.960 <

15 with a polyamic acid B having a high silicone content
in which d moles of the silicone diamine represented by
the formula (2) and e moles of another diamine are used
as the amine components; and £ moles of at least one
tetracarboxylic dianhydride selected from the group

20 consisting of 4,4’'-oxydiphthalic dianhydride,
3,3",4,4'-biphenyltetracarboxylic dianhydride and
3,37,4,4'-benzophenonetetracarboxylic dianhydride is

‘used as the acid components wherein d, e and f satisfy

the following relations:

25 0.20 < d/(d + e) < 0.70 and



an amount as not to adversely affect the character- 5 istics. As the other
am ne conponent., it is also possible to use :

2, 2- bi s[ 4- (4- an1nophenoxy)pheny|] hexafluoropropane

2, 2-bi's(4- am nophenoxy) hexa- fl uor.opropane

bIS 4- (4- am nophenoxy) phenyl sul f one, blsL§'C3 an1nophenoxy)phenylsulfone

and the like alone 10 or in c n? at i f tmo or in such an anount -as
not -t 0" adver sel y affect the cha %@t-er-£2§ ¢k .2 -angoi)ﬁ t he above cases, it
is preferable to use the diam nosil oxane conpound in an anmobunt of 5 to 50
nole % of the total anount of the diam ne 15 conponents. \Wen the anount of

t he dlananSI|£% Q e sof %ﬁllttgﬁQtS nDIg Yaofindhg gg&g gnpﬂgt of

t he di am ne conponents y I n an organtc solVent mes | ow, .
and when it exg&iibwﬁﬁbrggfhgﬁcﬁhe glass transition tenperature becones
remarkably low to 20 cause a problemin respect of heat resistance.
Specifically, the diam nosil oxane conpound of the general fornula (1) is
preferably a,[err]-bis(3-am no- propyl)polydinethylsil oxane (APPS)
represented by the fol | o b3 fotaula dpf(a[erk]+[@rt]e) £ 0.50

5 and thereafter imidizing the mixture.

More preferable is a polyimide resin cha-
racterized ih that in the polyamic acid A,.said other
diamine component which is used along with the
siliconediamine is a combination of h moles of at least

10 one diamine represented by the general formula (3):

"‘“2—@—’“@"""2 (3)

wherein X is a divalent organic group, for example,
2,2-bis[4-(4-aminophenoxy)phenyl Jpropane or 4,4’-
diaminodiphenylmethane, with i moles of at least one

diamine répresented by the general formula (4):

(4>

15 wherein ¥, and Y, are independently H or alkyl groups,

for example, p-toluenediamine, 4,6-dimethy1-m—



-14- wherein mls an integer of 1 to 13. It is particularly preferable that
the val ue of misin the range of 4 to 10 in view of glass transition
t enperat ure,” adhesi ve- ness and heat resistance.” These 'si | oxane conmpounds’
may. 5 "be used al one or in conbination of two or nore. Particularly, a blend
of the conpound of m= 1 with the conpound7of m=-4-10 is preferably -

applied to a use in which adhesiveness js an inportant factor. Nbreover ‘as

t he. pol yi m de BQQQYL%“ amifte of ArindigiethaR-ohgnylenpdianingsy used

t hose obt ai ned n1X| am c ac havi n i licone content with
a pol yani c aci. (? \hnndﬂ"% bl %‘Hq @&féi g&mts@ﬁ‘?l%}l cf’cﬁ“f‘f‘r’l‘.ﬁ sol uti ons and
then i mdi zi ng %Pedﬂédlﬂ hi.s IS <{:aracterl d.i.n th.a]y]a £ n:xed
pol yi m de 15 cé‘?ﬁl&ﬁﬁ e blfrﬁs)ﬁ ga]t(mg R ‘fﬁrbe €trade

of f characteri %.tﬁ %ﬁaw ng a ow s &Clﬁ/ fgé % m'%bear %_{ﬁ/gd from

the polyamc acid one cont e rési st ance,
particul arby exeplreditintdf Rl eyl @ﬁmﬂéﬁiﬁ%@twrﬁlé&%ﬁo

al l owi ng the portion derived fromthe polyam c acid ‘having™a high silicone
content to beaateleRistcne diamine represented by the general formula

(4), wherein h, i, j and k satisfy the relation:
0.1 < (h + {1)/(1 + k) < 10.

As the tetracarboxylic dianhydride used in

10 this invention, there are preferably used 4,4'-
oxydiphthalic dianhydride, 3,3’,4,4’'-biphenyltetra-
carboxylic dianhydride and 3,3’,4,4’-benzophenonetetra-
carboxylic dianhydride in view of the balance of
solvent-solubility and heat resistance. These

15 tetracarboxylic dianhydrides may be used alone or in
combination of two or more. The tetracarboxylic
dianhydrides constituting the two kindé of polyamic
acids to be mixed may be the same as or different from
each other and the propbftions of the tetracarboxylic

20 dianhydrides in the polyamic acids may be the same as
or different from each other.

The siliconediamine represented by the
formﬁla (2) used in this invention is «,e-bis(3-
aminopropyl )polydimethylsiloxane or the like, m is

- 25 preferably 1 to 13, particularly preferably 4 to 10, in

view of glass transition temperature, adhesiveness and



characterlstlcs of silicone-nodified product such as IOM/nnlsture
absorbablllty adhesi veness and the |ike. Moreover, by conduct i ng t he _
imdization after mxing in 25 the am c acid forn1 it is nade possible to
prevent the separation of the two corrponenés and assure the

sol vent-solubility. Speaking in nore det there can be - 15-

ferably . :
ﬁ%ﬂ%ﬂm%ﬁ%ﬁ%ﬁ%%ﬁ%ﬁ?%ﬁ%%ﬂmm
a si|cone di agpneycegs ssened; O hienSeinlOR™Y § (Rdficd JTaeneal

anot her di am né are use € aim ne conpénents; nol €50

tet b Leat t f
one. el scer bouthatnd AU oS aLae! e aamaba,uaa SaRea! Whdch

di anhydri de angdﬁQ31vén§SS41é aﬁeﬂﬁggggagﬂegghQ@garboxyl|c di anhydride is
used as the acid component wherein a, b and c satisfy the relations: 0.02 <
a/l(a + b) 5 0.10 and The diamine represented by the general
formula (3) lncludes 2,2-bis[4- (4—am1nophenoxy)-
phenyl Jpropane, 2 s 2-bis[4- (4-am1nophenoxy)phenyl]-
hexafluoropropane, 2,2-bls-(4-amlnophenoxy)hexafluoro-
propane, bis~4-~(4-aminophenoxy)phenylsulfone, bis-4-(3-
10 aminophenoxy)phenylsulfone, 1,3-bis(3-aminophenoxy)-
benzene, 1,4-bis(3-aminophenoxy)benzehe, 1,4-bis(4-
aminophenoxy )benzene, 4,4';diaminodiphenyl ether, 3,4'-~
diaminodiphenyl ether, 4,4’'-diaminodiphenylsulfone,
3,3’-diaminodiphenylsulfone, 4,4’-diaminodiphenyl-
15 methane, 4,4'-bis(4-aminophenoxy)biphenyl and the like.
Among them, diamines having an aminophenoxy structure
are preferable in an application field in which
adhesiveness is an important factor.
The diamine fepresented by the general
20 formula (4) includes o-phenylenediamine, m~
phenylenediamine, p-phenylenediamine and monoalkyl- and
dialkyl-ring substituted derivatives thereof. In the
case where heat resistance is an important fadtor, it
is particularly preferable to use diamines having p-
25 phenylenediamine skeleton. The ratio ef the amounts of
the diamines represented by the general formulas (3)
and (4), namely (h + j)/(i_+ k) is preferably in the
range of 0.1 < (h + 1)/(i + k) £ 10 from the viewpoint



0.960 < c/(a +b) <1.04, 15 with a palyanmic acid B.having a high
silicone content in which d noles of the sili.cone diam ne represented by
the-formula (2) and e noles of another dianine are used as the amine
conponents; and f noles of at |east one tetracarboxylic dianhydride

sel ected fromthe group 20  consisting=ofl34:-4' - oxydi pht hal i ¢” di anhydri de,

3,3 ,4,4" -bi phenyl.t et racar boxylic di gnhydri de and S _ '
3 b%za%a%@ca r%af‘é#mﬁ&ﬁ %faibt h‘a%y?‘l?‘gﬂéﬁ SRR nPoRt o
conponent s erein e _an satis e 0 re i ons: .
0. lzot_<~ (d s eﬁestlsg?aﬂFea'nc?‘Ihes?fo@/S%.?g'é%J‘? ﬁ?gie ’?ﬁt x 1%‘:_%1?%8 .
solution form : ition: O. <
(a +d)/(a + b%?rl_l(#]?aer?geg%%gl@ _%n%%erg%%% t?m]g%mz%‘; g m xt ure.
More prefer abl gdii Py 18 dod el B impRdwindipd éfeddilon héde
polyam c acid A, said other diam ne conponent which is used along with the
5 resistance is confirmed.
The mole :atios of the diamines and the acids
must satisfy the relations: |

0.02 < a/(a + b) < 0.10 and

10 in the case of the polyamic acid having a low silicone
content. When the mole ratio 6f the siliconediamine is
less than 0.02, the feature of solvent-solubility of
the mixed polyimide resin obﬁained is lost, and when it
exceeds - 0.10, the heat resistance of the mixed

15 polyimide resin obtained is lowered, so that said mole
ratios are not desirable. Also, when the_acid/amine
mole ratio is outside the above range, the molecular
weight of the polyimide resin obtained becomes low and
the object of bearing mechanical strength is not

20 achieved, so that said mole ratio outside the range is
not desirable.

In the polyamic acid having a high silicone
content, the mole ratios of the diamines and the acids

must satisfy the relations:

25 0.20 < d/(d + e) < 0.70 and



siliconedianine is a conbi nati on of h nDIes of at |east 10 one di am ne _
represented by the general formula (3): NH2 - : NH2 wherein X S
a di val ent organic group, for exanple, .
2, 2- bi s[ 4- (4- am nophenoxy) phenyl ] propane or_ 4, 4" - dlan1nod|phenylnethane
mnth I nmoles of at |east one diam ne repFéé%hfbd by the general formula .

(4): - H2N (4) 15 wherein [err] [er dep ntly Hor alkyl
groups, for exanple, p- t'ol uened? gﬂ?% ~£}@idFﬁ%P fhfg - 17 -

phenyl enedi am ne or 2, 5-di net hyl - p- phenylenedlan1ne and in the polyanic'
acid B,"said other diam ne conponent which is used along with the '

b coner ey S SEHOR PSS 45 UL bSO Bl
represent ed by t(f‘ezwe“ﬂf%eé&ﬁé@'ﬁn 51B\I€r€érﬁé‘vele%'tl@é'de£céﬂéﬁ£y t he
relation: 0.1 < (h + J)/ (i + k) <1 As the tetracarboxylic di anhydride
used in characteristics of the silicone-modification in the
5 mixed polyimide resin obtained, and when it exceeds
0.70, the mechanical strength of the mixed polyimide
resin obtained is remarkably loﬁered, so that said
ratios are not desirable.
Also, when the acid/amine mole ratio is
10 outside the above range, the molecular weight of the
polyimide resin obtained becomes low, and heﬁce the
heat resistance of the mixed polyimide resin is
remarkably lowered, which is not preferable.
-Purthermore, it is preferable to mix the
15 above two polyamic acids so that the mole ratio of the
total siliconediamine becomes 0.12 < (a + d)/(a +b + 4
+ &) £ 0.50, more preferably 0.20 < (a + d)/(a + _13'+'_c_1_
+ e) £ 0.50. It ie important that the mole ratio falls
wi;hin the above range, and when ﬁhe mole ratio of the
20 siliconediamine is less than 0.12, low moisture
| absorption, solubility, adhesiveness and the like which
are excellent characteristic features of silicone-
modification do not appear, and when it exceeds 0.50,
the mechanical strength at high temperatures is
25 remarkably lowered and a problem is caused in heat

resistance.

The equivalent ratio of the acid component to



10 this invention, there are preferably used 4,4'- oxydi phthalic

di anhydride, 3,3';4,4"'-biphenyltetra- carboxylic dianhydride and

3,3 ,4,4 - benzophenonetetra- carboxylic dianhydride in view of the bal ance
of solvent solubility and heat resistance._These 15 tetracarboxylic
di'anhydrides may be used alone or in corbi #htTon of two or nore. The -

to be m i’iéy'n%& e " P gééﬁéi@@%%?l B e e dz
%3"82%‘8225%@5& %ﬁaa%%ﬁé BRELPE SOz o B LR B ﬁ@%ﬁ%ﬁ mne
represented by %%gﬂ%thy En Eoi§§ﬂ1?ﬂa5?hsob%¥§ﬂéh°” e is[%éﬁ%lﬂh%%ﬁb 13,

ani nopr opyl ) pol refera

particularly preﬁsaaéh&ré &9 40colreYheYof baltmnt Fcﬁasmbu%utl«aesperat ure,
adhesi veness and - - heat resistance. It is also preferable to use a

blend of the SItzesgnedbirranpomwé@gaﬁu—tﬁewphbs&balsph:b@@&heél ¥F Rhehavi ng
m = 4-10 particularly in a use in which :

polymer, particularly between the number average

molecular weight and the mechanical properties. The

larger the number average molecular weight, the better

the mechanical properties. Accordingly, in order to

10 obtain a ptactically excellent strength, it is
necessary that the molecular weight be high to some
extent. 1In this invention, the equivalent ratio r of

the acid component to the amine component is preferably

in the range of:
15 0.900 < r < 1.06,
more preferably in the range of:
0.975 = x < 1.025,

provided that r = [number of equivalents of total acid
component]/[number of equivalents of total amine compo-

20 nent]. When r is less than 0.900, the molecular weight_
is low and the polymer becomes brittle, and hence, the
bonding strength becomes weak. Also, when r exceeds
1.06, the unreacted carboxyli¢ acid undergoes

decarboxylation under heating to generate a gas,



adhesi veness is an | nportant factor. 5 The di am ne represented o

by the general formula (3) includes 2, 2-bis(4-(4-am nophenoxy) -
phenyl ] propane, ' 2, 2- bi s[ 4- (4- an1nophenoxy)pheny|] hexaf’| uor opr opane,
2, 2- bi's- (4-am nophenoxy) hexaf | uoro- propane : L
bi s- 4- (4- an1nophenoxy)phenylsulfone bi s 43 3= 10

h REANEET. -
o e 3 ROTRRFERY,) S8RiAei8 Shipad " BREACKK eﬁeﬁi?%éﬂ%%? in

4,4, -di am nodi p, I 3,4' - di am nodi phenyl et her,
4,4' dlan1nod|d%%ﬁ%lc %?one 3, 3" - di am nodi phenyl sul f one,

4,4' -di am nodi phenyl - 15 q 5?{'@10!4 8£- 8 dféa ng*ﬁ@”&fﬁ{% pplignyk and

the like. Among them diamnes having an am nophe structure are

preferabl e in afiodbahisat tOR ébﬁl:f'olihﬂ\&'ﬁﬁeaﬂbﬁébﬁﬁfsﬁei&hﬁ”of”’Eﬁét ant
factor. The diam ne represented by the general 20 formula (4) includes

o- phenyl enggli anpdlByimid®heayienddi Adt Nparpiohtayl¢nepijestienablenasgoal kyl -
and dial kyl -ring substituted derivatives thereof. In the case where heat
resistance i s afarngertheta¢idiaminétmotepraticufaily withiénabhe to use
di ami nes having p- 25 ' phenyl enedi ani ne skel eton. The ratio of the
anounts of the apeverentipnederargeby the general formul as (3) and (4),
namely (h + 1)/{1 + k) 1s Ré?igégglghlgftgﬁe tetracarboxyllc
dianhydride with the diamine is carried out in an
10 aﬁrotic polér solvent in a known manner. The aprotic
polar solvent includes N,N~dimethylformamide (DMF),
N,N-dimethylacetamide (DMAC), N-methyl-2-pyrrolidone
(NMP), tetrahydrofuran (THF), diglyme, cyclohexanone,
1,4-dioxane (1,4-DO) and the like. The aprotic polar
15 solvents may be used alone or in admixture of two or
more. In this case, the aprotic polar solvent may be
used in admixture with a nonpolar solvent compatible
therewith. As the nonpolar solvent, an aromatic
hydrocarbon is preferably used such as toluene, xylene,
20 solvent naphtha or the like. The proportion of the
nonpolar solvent in the mixed solvent is preferably 30%
by weight or less. This is because when the proportion
of the nonpolar solvent is more than 30% by weight,
there is a fear that the dissolving powei of the
25 solvent may be reduced whereby the polyamic acid may be
precipitated. When the tetracarboxylic dianhydride is

reacted with the diamine, the diamihe component is well

dried and dissolved in the above-mentioned reaction



range of 0.1 < (h +i)/(i + k) <10 fromthe vi ewpoi nt -19- of balance
of processabjlity such as solubility, heat resistance, adhesiveness and the
like. Ratios outside this range are not -desirable because the sol vent-
solubility is lost and no inprovenent effefg on heat 5 resistance is
confirnmed. The nDIe rati os of the diam nes and the aC|ds must satisfy the

rel ations: 6%ﬂ@'ﬁ%@ﬁh?hgs1ﬂe€§mng?QQtedC£é ?&r@ﬁioﬂ4 &Qlf |n the

‘case- of the polyan1c acl aving a Fcone co en th

ratio of the S'ééﬁﬂ&ﬁd'éﬂa”€o'éhée§élﬁ@§8n0192adag& éﬁétﬁéflgarled
sol vent-solubility of the m xed polyimde resin obtained is |ost, and when

it exceeds O. 10te€ﬁ§b£§§éxf§§tS&ﬂﬁﬁﬁ¥@f1&éewﬂléﬁdhé§ a EﬂthaldgutéSIn
obtained is lowered, so that said nole ratios are not desirable. Al so, when

t he aci d/ am ne petreentage of 98%sodembbe, appeferablyg, 99 Bcopvmeesl ar wei ght
of the polyimde resin obtained becones | ow and the object of bearing
mechani cal Str emfjtérivhich the mixture is subjected to the reaction.
The polyamic acid solution thus obtained is
subsequently.subjected to heat-dehydration-cyclization
in an organic solvent to imidize the polyamic acid into
a polyimide. The water generated by the imidization

10 reaction inhibits the cyclization reaction, so that an
organic solvent which is not compatible with water is
added to the system and the mixture is subjected to
azeotropic distillation to discharge the water out of
the system through a means such as a Dean-Stark tube or

15 the like. As‘the erganic'solvent which is not compati-
ble with water, dichlorobenzene is known; however, when
this is used, there is a fear that a chlorine component
may be mixed into the product. This is not desirable
in the field of electronics, so that the above- .

20 mentioned aromatic hydrocarbon is preferably used for
electronics. Anhydrous acetic acid, f-picoline,
pyridine or the like may be used as a catalyst for the
imidization reaction.

In this invention, the higher the degree of

25 imide-ring closure, the better, and when the degree of
imidization is low a further imidization is caused by
the heat generated during the use to produce water,

which is not desirable. Therefore, it is preferable



20 achi eved, so that said nole ratio outside the range is not desirable. -
In the polyam c acid having a high silicone content, the nole ratios of the
di am-nes and the acids nust satisfy the relations: 25 S o
0.20 < d/(d +e) <0.70 and - 20 - 0.9%? < f/(d +e) < 1.10. Wien the -
mole ratio of the siliconediamine is | eSs“tthdan 0.20, it becones inpossible.

Lo devel op the e R o SAAU LTIt d ShaPlof Wellld e s BETALLEL Lon Tn

the- 5 m xed polyinde resi tai ned, -an en T1 exceeds

mechani cal strepgth Iﬁ._tefé}gaﬁf%pqigidmfg resin obtained is remarkably

| ower ed, so that sai rati os -are not desirable. Al so, when the acid/amne

mole ratio is 10  outsi déd pHP\CompBiifd (Bf JBREGH aghé{vq;ég'% of the

pol yi m de resin obtained becornmes 1 ow, 'and hehce the heat resistance of the
m xed polyi m dededsitants reif kidpod IRSe b f NI irSvdittidi ah£y abd €.
Furthernore, it is preferable to mx the
5 any epoxy compound as far as it has at least two epoxy

groups in one molecule and is.compaﬁible with the

polyimide resin (A); however, it is.preferable that the

epoxy cbmpound has a good solubility iﬁ the éolvent for

the polyimide resin (A). There are mentioned, for

10 example, bisphenol A type diglyéidyl ether, bisphenol F
type diglycidyl ether, phenol-novolak type epoxy resin,
biphenyl type epoxy compound and the like.

The amount of the above epoxy compound is
preferably 5 to 100 parts by ﬁeight, more preferably 10

15 to 70 parts by weight, per 100 parts by weight of the
polyimide resin (A). When the amount is less than 5
parts by weight, there can hardly be obtained such an
effect as to lower the softening point of the resin
composition and increase the low-temperature proces-

20 sability by adding an uncured epoxy compound, and when
it exceeds 100 parts by weight, it follows that ﬁhe
heat resistance of the polyimide resin is impaired.
Such amounts outside the range are not desirable.

The-compound having an active hydrogen group

25 which can react with the epoxy compound (C), used in

the heat resistant resin composition of this invention,

is preferably one which has a good compatibility with

the polyimide resin (A) and the epoxy compound (B) and



15 above two polyam c acids so that the nole ratio of the tota

sili conedi ani ne becones 0.12 < (a + d)/(a + b +d + e) < 0.50, nore :
preferably 0.20 < (a +d)/(a +b +d +e) <0.50. It is inportant that the
mole ratio falls within the above range, and when. the nole ratio of the 20
siliconedianmne is:less than 0.12, Iom1ﬁb'§tﬁre-absOrptLon,.squbLLLty,

adhesiveness and the |ik i ch. are excel | ent charact eri stic. feafires of
silicone- nodi %?aﬁ cﬁ'loodg %@“cba‘p]gfe%lf A %éi}ﬁeth[ Q& ehi %‘.’Jsﬁ‘mjf‘ﬁ% :
mechani cal st rq;%- at b at i e 5?@ d d a
probl emis cause Jirhn' he%gkél g& an’ce#g%’ Zrhgt}??/%?ﬁe'ntr%a ] oé(%+£%§a%l
conponent to  ihe Alike ¥ *HéEhdéaﬂﬁﬁéﬁg'ﬂ!‘t %éygfggﬁqgfoghéeaction
i's an inportant ea_ctorefor Sleterm ning t el nol e%gé]i I ght of the polyamc
aci d obtained. démgonerd | (dNDTedded 160 £1 i o RE PaLtAbPredgnesn t he

nol ecul ar 5 weight of a polymer and the physical properties of the polyner,
particul arlsy beinesfsrdbiey rouBeto aMermepet s1ibhyeord bghtneipdd B00 pdretsiesyani cal

properties. The _
weight of the polyimide resin (A). When the proportion
is less than 0.1 part by weight, the conversion of the
uncured epoxy compound becomes éxtremely low and the
desired effect of this invention does not appear.

10 Also, the control of the flow of the resin becomes
difficult when the elasticity of the resin at high
temperatures is low. When the proportién exceeds 20
parts by weight, the resin in the form of a solution
tends to cause a gel, the processdbility is impaired

15 and the heat resistance of the resin composition is
impéired, so that these proportions outside the rahge
are not desirable.

The heat resistant resin composition of this
invention may contain (D) a coupling agent in addition

20 to the above components (A), (B) and (C). In this
case, the coupling agent (D) is preferably one which
has a good compatibility with the polyimide resin (A)
and the epoxy compound (B) and a good solubility in a
solvent for the polyimide resin. For example, silane

25 typé coupling agents, fitanium type coupling agents,
zircon type coupling agents and the like are included
therein. 1In particular, silane type coupling agents

are preferable in respects of compatibility and



| arger the nunber average nol ecul ar weight, the better the mechani cal

properties. Accordingly, in order to 10 obtain a practically excellent :
strength, it“is necessary that the nol ecul ar wei ght be high to sore extent.

In this invention, the equivalent ratior of the acid conponent to the

am ne conponent is preferably in the rarge2®fT 15 | 0.900 < .

r <-1:.06, nore preferably in_the range qf: 0.975 < r <_1.025, provided that
r =.[nunber of gagpgéﬁé s of" oPEPngF&°PoﬁEo ﬁPPﬁGﬁB@ia@F%@huiValents
of total am ne ¢ 0-.2Q nent]. W [, inS 4l €SS than Q. 9 h I ar -
wei ght_-is | ow aﬁgﬂ?‘ﬁé‘nsgl ﬁﬁedrﬁggfgg’gybroi'tlt% , sgn%aﬂ%‘r?cg’% t"}ﬁel%lglo%ﬁd?“% e
strength becone , n d he lic
acid 8nder goes géﬁ?%%?@ﬁ?i‘éwﬁn_ Qr §’?félgg:t%i % f'%g'gg_tr?ér gtégf g%gtag’%ﬂ l%%y
wher eby f oani ngwéigﬁ%U§%dtheT?b§.y'i§tiH%t :%%&lnr e | wheAMRheASPOvelhe

addi tion of a dicafboxylic anhydfide or
5 proportion is less than 0.1 part by weight and when the
resin composition is used in an adhesive use, such an
effect does not appear that intimate adhesion to an
adherend is improved, and when it exceeds 50 parts by
wéight, the heat resistance of the resin composition is
- 10 impaired, so that said proportions outside the range
are not desirable.
| The heat resistant resin composition of this
invention may contain a fine inorganic filler in such
an amount that the processability and heat resistance
15 of the composition are not damaged.

In this invention, it is possible to directly
add, to the obtained polyimide solution per se, the
epoxy compound and the compound having an active
hydrogen group which can_reéct with the epoxy compound,

20 to prepare a heat resistant resin composition solution.
Also, it is possible to pour the polyimide resin
solution into a poor solvent to precipitate the polyim-
ide resin, remove the unreacted monomers to purify the
polyimide resin, then'dry the polyimide resin and use

25 the same as a solid polyimide resin. In uses in which
a high temperature step is hated, particularly in uses
in which impurities and foreign matters become a

problem, it is preferable to dissolve the solid resin



nmonoam ne for controlling the nmol ecul ar weight of the 5 polyinmde resin is
not particularly objectionable as far as the acid/amne nole ratio falls
wi thin the above-nentioned range. The reaction of the tetracarboxylic

di anhydride with the diamne is carried o in an 10 aprotic polar
solvent in a known manner. The aprotic pdi‘al sol vent includes

D
cycl ohexanone, é'oﬂz%i&f(a@g éﬂeé’af@ _a‘p%:ﬁfghl | Ky JhEs APLQL 1 ct?%l ar 15
ed al one Or admi xture of two or

sol vents may be Us n nmore. 1n I s case,

the aprotic pol ﬂﬁg éfggg' aglq & Pbd ar sol vent
conpati bl e thersgél‘t;%y%gg? e sngﬁf)o ar ﬂ§1(;¥vent%<t:{:agn aronlgtﬁfbﬁe’g{r?ocar bon is
preferably usech#$yily afow BAENEng Pooies EdkingOl¥ENbrocessaBi Pityhe |ike.
The proportion of the nonpolar solvent in the m xed solvent is preferably

30% by wei ght cint®escondideratidecause when the proportion of the nonpol ar
solvent is nore than 30% by weight, there is a fear that the dissolving

power of the 25 sol ventAsrayhéel owehbeilindiesebyent chapuiygna cbatlingay be
preci pitated. Wen the tetracarboxylic dianhydride is reacted with the
di am ne, the dipginte ebHRIEnor degs [for the polyimide resin of this
invention, there can be used kefone solvents such as
acetone, methyl ethyl ketone, methyl isobutyl ketone,
10 cyclopentanone and cyclohexanone; and ether solvents
such as 1,4-dioxane, tetrahydrofuran and diglyme.
These solvents may be used alone or in admixture of two
or more. Alternatively, said low-boiling solvent may
be added to the polyimide resin solution and the
15 resulting solution may be used.

. The resin varnish may,.if necessary, have
added thereto various additives such as a smoothing
agent, a leveling agent, a defoaming agent and the
like. Also, in order to adjust the vaporization speed

20 of the.solvent, an aromatic hydrocarbon solvent can be
used in such an amount that the same is dissolved
uniformly.

The film adhesive to be formed from the resin
varnish in this invention is obtained by casting or

25 coating the resin varnish. For example, a film layer
of the resin varnish can be formed on one or both sides

of a heat resistant film substrate as a support and the

resulting assembly as such can be used as the film



dried and dissolved in the above-nentioned reaction . - 23 - solvent which
has been subjected to dehydration-purifi- cation, and to the solution is .
added the well-dried tetracarboxylic dianhydride which has a ring- closure

percentage of 98%or nore, preferably 99%.or nore, 5 .after which the
m xture is subjected to the reaction. Tma%ﬁwyanic acid solution thus

b d b I bj dt deh | i ion_ip.an -
organt e sol ventSRIETEToN B¥ heE bR S CAcFAEMTCPY BB SYFhacEherBendne,
db hj h I
I'ggg.g[ ?Ejﬁ S)C/) E ﬁ a Ol’%inl Cc SO %/eeélggm%#%%t Qué ééco%rpa C é\fmﬁékgwat er S

added to the sy, é&&é‘% O%%‘f%%ﬁfr&é t H?J €ﬁéeﬁ1fc8 ﬁg%&&RQ'Sfdésﬂ%at hon

to di scharge the wa e SysS hrou ns such as

Dean- Stark tube-@4tds, atf‘éli'i‘@atef‘sofhﬁhé’rﬂﬂaéc REAYEALi¥Ai §hHai S not
conpati- ble with wat er, ‘di chl orobenzene i s known, however, when this is

used, theres is ghéosaftdmat péeLéd Of t i ﬁmpﬁébéasaayhbetnweﬂrepaﬁetae
product This is not de5|rable in the field of electronics, so that the
above- film adhesive.

The heat resistant film substrate used in
this invention is preferabiy a polyimide resin film
because it has a small thermal expansion coefficient,

10- and is excellent in dimension stability against
temperature change, rich in flexibility, easy to handle
and excellent in adhesion to the resin of this
invention. In particular, a polyimide resin having a
glass transition temperature of 350°C or more is

15 excellent in workability and stability -in the step of
drying the coated varnish.

In the coating and drying of the resin
varnish, there can be used an apparatus in which a
coating means such as flow coater, roll coater or the

20 like is combined with a hot-air drying oven, or the
like. After the coating of the resin varnish on a
support, the resulting assembly is introduced into the
hot-air drying oven, in which the coating is diied at a
temperature and air flow enough to volatilize the

25 solvent of the varnish.

The method of use of the film adhesive of
this invention is not particularly limited; and, it can

be used as an adhesive tape prepared by cutting the



20 - nmentioned aromatic hydrocarbon is preferably used for el ectronics.
Anhydrous acetic acid, [err]-picoline, pyridine or. the tike my be used as .
a catalyst for the imidization reaction. -in this invention,.the higher the’
degr.ee of 25 i mde-ring closure, the betfer, and when the degree of
imdization is low a further imidization i 9 caused by the heat generated

during-the use to.produce.water, which is.not. desirable.. Theretfor it is
pref.erabl e -EiigLaaﬁﬁﬁlyﬁelﬂgﬁrg eoge§}F892§SF8 r §5ﬁ£5%§%3§¥ﬁ§- re, . -
nor e preferab!yt88g%8é_?threggeﬁﬁpgxﬁogo gggq (B) used in the heat
resistant resin conmposition of thrs’invention may be 5 any epoxy conpound

as far as it has at 'eaStThgohEQQ?%e?%%ﬂgﬁtiQe%ﬁ% ?Phﬁgg%?i%gd | aiq%%: e

conpatible with the polyimde resi / owever, eferable t _
epoxy conpound B§Saadﬂﬁggi f%al ghil pbiyifilbee realiveodt &ahist Raveaittion,dan esin

(A). There are nentione or 10 exanpl e, .bi sphenol A type diglycidyl
et her, bi sphenokpbxiypemgoghuciaddl actbapoupde hakingyanalhciife dyRtovgedsi n,
| group which can react with the epoxy compound, and a
film adhesive comprising éaid resin composition as the
main resin component ﬁave an apﬁarent glass transition
temperature lower than the glass transition temperature
10 of the polyimide resin and have an improved low-
temperature processability. On the oiher hand, the
adhesions of the resin composition and the film
adhesive in a higher temperature zone than the glass
transition temperature of the polyimide resin are
15 improved as compared with that of the polyimide resin,
and the physical properties in a high temperature zone
are so improved that even when a thermal shock such as
IR reflow or the like is applied, no delamination is
observed. Thé detailed mechanism of this peculiar
20 phenomenon has not completely been clarified; however,
it seems that a low molecular weight product formed by
reaction between the epoxy compound and the compound
having an active hydrogen group acts as a plasticizer
on the polyimide resin having the specific structure to
25 lower moduius of the polyimide resin in the lower
temperature zone than the glass transition temperature
of the polyimide resin, théreby bringing about an

improvement in workability at a low temperature such as



bi phenyl type epoxy conpound and the like. The anount of the above epoxy
conmpound is preferably 5 to 100 parts by weight, nore preferably 10 15 * to
70 parts by weight, per 100 parts by weight of the polyimde resin (A. =~
When the anount is |less than 5 parts by mgight; there can hardly be.
obt ai ned such an effect as to | ower theTs Pténing point of the resin

conposition an%dg{gg%eeégw(éﬁ%}?ésg%}g%w ??’P%ﬁéed%‘?‘g%o SGRI LY by &

addi ng” an uncured epoxy conp part-s by meight,

it follows that, he r esi ég% Wl [y Seqd ired.
Such anounts ott?tﬁst{%e t éi'rg'ﬁig_zg gﬁ?qhéc}{ écé&s‘?ra%ﬂeﬂ ?f%ﬁ%gén%%%ﬁtc}& a nggan
active hydr 0gen. @Bt ion teMpdrhiiare | AE iV ddhd {tfe PO Ah£O P OLiEd L) |
used in the heat resistant resin conposition of this invention, is
preferably one difientsivifaln mnicbvXapaitRidtdne id Edhmed By inede gosen (A
and the epoxy conpound (B) and -25- has a good solubility in a solvent
for the polsyi mide gadsd reond-ato ehowaat ebhe efldw  promeetkiesindfieclh@npound and
the like are included therein. The proportion of the

polyimide resin, thereby keeping or improving the heat

resistance of the polyimide resin. By the above-men-

tioned mechanism, 1OWhtemperatu£e proceésability and

heat resistance reliability at high temperature are
10 achieved simultaneously.

According to this invention, a highly
reliable film adhesive which has both heat resistance
and processability can be provided. The film adhesive
is soluble in a solvent having a low boiling point, so

15 that it is possible to vaporize the residual solvent
substantially completely, and since the adhesive has
already been imidized, no high temperature stép for
imidization is required in processing and hence water
is not generated. Also, the film adhesive can be used

20 as a tack-free film, so that the film adhesive is very
effective for uses requiring continuous workability and
clean circumstances. Therefore, the film adhesive has
a very high utilization value in industry as an
electronic material requiring high reliability and heat

25 resistance.

The method of using the resin composition of
this invention is not particularly limited; and, the

resin composition can be used in coating and dipping as



conponent (C) blended is 0.1 to 20 parts by weight, 5 preferably 0.5 to
10 parts by weight, per 100 parts by weight of the polyimde resin (A). :
When the proportion is less than 0.1 part by weight, the conversion.of the
uncur éd epoxy conpound becones extrenely |low and the desired effect of this
i nventi on does not appear. 10 Al so, the ntrol of sthe ftow-of the resin.

owe unen 1 ne' phoFSPER FRERERRSAASHAYSR! a1l chE7Ehoth, REABLUEHRRRS, KERY

| ow: When the proportion exceeds parts

of a solution tﬁﬂﬂfo%@l?a5§§salggh’l hSanBQSﬁgéP%%%%§gg§ pdRapeed 15 and

! ih
t he heat resistance he resin conpositio SO that these

proportions out ghegelhentanger2is B! adesbl hbCmetheancaha' 8358! 8o &Sl 1

conposition of this invention may cOntain a coupling agent in addition

20 to the aboyge@OABOARNIAsOPAting) maBEri&), ahNaliibgivas€ilimhercene! i ng
agent (D) is preferably one which has a good conpatibility with the

pol yi m de r®si nl{k¢ idndwhbeheboxl heapoyesibBaneedandgpedceskabillity i n a
solvent for the polyimde resin. For exanple, silane 25 type coupling
agents, titani uareypatisfipedng agents, zircon type coupling agents and the
| i ke are included therein. In particular, silane type coupling agents
DESCRIPTION OF REFERRED EMBODIMENTS OF. THIS INVENTION
This invention is explained below in detail

referring to Examples; however, this invention should

10 not be construed to be limited thereto.

[Synthesis of polyimide resin PI-1]
In a four-necked flask equipped with a dry
nitrogen-introducing tube, a condenser, a thermometer
-~ and a stirrer was placed 791 g of dehydration-purified
15 NMP, and vigorous stirring was conducted while a
nitrogen gas was allowed to fléw for ten minutes.
Subsequently, 73.8926 g (0.180 mole) of 2,2-bis[4-(4-
aminophenoxy)phenyl Jpropane (BAPP), 17.5402 g (0.060
mole) of 1,3—bis(3-aminophenoxy)benzehe (APB) and
20 50.2200 g (0.060 mole) of a,m-bis(3-aminopr6pyl)poly-
dimethylsilokane having an average molecular weight of
837 [APPS represehted by the formula (2)] were poured
into the flask, after which the system was heatéd to
60°C and stirred until the system became uniform.

25 After uniform dissolution, the system was cooled to 5°C

in an ice water bath, and 44.1330 g (0.150 mole) of



are preferable in respects of conpatibility and - 26 - solubility. The
proportign of the coupling agent contained is preferably 0.1 to 50 parts by
wei ght., nore preferably 0.5 to 30 parts by weight, per 100 parts by weight
of the polyimde resin (A). Wen the above 3 proportion is less than 0.1
part by weight and when the resin conposi fi # s used in an adhesive use,

S e et oy 10 RN DR AP Al B BB ERR)
the resin COWOSI&A&Q&%‘Z%% gl'.lh@'ﬁie%fqu&st&te ferpé %éés‘% ns out si de

t he range are not resistant resin c ion of this

i nvention may co '&ﬁﬂéjmi@%mefdf%#é ?{]mﬁbfuﬁi"ﬂ{é FEHR of NBdwdde

processability and heat resistance 15 e conposition are not” damaged.
In this inventiorgerd ddddPSiEd Rilfe ot Bsn | in APE tdsh bt s NeEiter

pol yi m de sol ution per se, the epoxy conpound and the conpound havi ng an
active hydrogen gatigh Whe hetiafr irificéasVi ¢dht irtuep obkyr Cthpsel lKours,
during which the flask was kept at 5°C.

Thereafter, the nitrogen gas-intioducing tube
and the condenser were taken apért from the flask and
the flask was fitted with a Dean-Stark tube filled with

10 xylene, after which 198 g of the xylene was added to
the system. The system was heated to 175°C in an oil
bath to remove the water generated out of the system.
The heating was conducted for four hours, upon which
the generation of water from the'system was not

15 observed. After cooling, the reaction mixture was
poured into a large amount of methanol to precipitate a
polyimide resin. The solid content was separated by
filtration and then dried at 80°C for 12 hours under
reduced'pressure to remove the sélvent, whereby 227.79

20 g (yield: 92.1%) of a solid resin was obtained. The
infrared absorption spectrﬁm was measured by a KBr
tablet method to observe abSorption at 5.6 um due to
cyclic imide bond; however, no absorption at 6.06 um
due to amide bond was observed. Therefore, it was

25 confirmed that the above resin was subétantiallj 100%
imidized.

The polyimide resin thus obtained was

confirmed to have a glass transition temperature of



20 to prepare a heat resistant resin conposition solution. Also, it is
possi bl e to pour the polyimde resin solution into a poor solvent to
precipifate the polyim ide resin, renmove the unreacted nmononers to purify.
t he .polyimde resin, then dry the polyimde resin and use 25 the sane as

a solid polyinide resin. In uses in whith38 high tenperature step is " - -

hat ed, -particularly in uses in which ingurities'and.f?re;gn matters becone
B

a problrem it i<48rerandpkctensiiesBrdulufeofolpl kg mm® ‘and Xo be, 4y
organi ¢ sol vent aggin gnd_filter, and rify the solution_tq py.epare a
varnish. In thi ¥edds@olihie; dn, gimethyd fornamids 40MF o oo e

sol vents having lo0 I in oiLnts taking its cessability 5 into
consi derati on. A&’ﬁ%@ )o o%ﬁFﬁ&i§8F§5H%aﬁéJFﬁ§%a boi l i ng point of
200[err]C or less for the polyimde resin of this invention, there can be
used ketone solvents such as acetone, nethyl ethyl ketone, nethyl isobutyl

ketone, 10  cy¢kopneRbaiane aRbIMHideC3ARANS P elepragvents such as
1, 4-di oxane, tetrahydrofuran and~di gl yne.

5 In the same manner as in the synthesis of
polyimide resin PI-1l, polyimide resins PI-2 and PI-3
were obtained. |

The physical properties of the polyimide
resins PI-1, PI-2 and PI-3 obtained are shown in Table
10 1.
Incidentally, the abbreviations used in
Tables 1 to 3 have the following meanings:
BTDA: 3,3’,4,4’'-Benzophenonetetracarboxylic dianhydride
ODPA: 4,4’'-Oxydiphthalic dianhydride
15 DPX: 2,5-Dimethyl-p-phenylenediamine
APDS: 1,3-Bis(3-aminopropyl)tetramethyldisiloxane (in
the formula (2), m = 1)
APB: 1,3~Bis(3-aminophenoxy)benzene
'BPDA: 3,3’,4,4’-Biphenyltetracarboxylic dianhydride.
20 PPA: para-phenoxy aniline
In the "Solubility" sectipn, "S" ghows that
the resin was dissolved in the corresponding solvent.
The glass transition temperature was determined by the
DSC measurement. The tensile test was conducted at
25 room temperature at a drawing speed of 5 mm/min. The
Young’s modulus was determined by a viscoelastospectro-

meter.



These sol vents may be used alone or in adm xture of two or nore.

Al ternatively, said | ow boi i ng. sol vent may be added to the polylnlde resin

sol uti on and the 15 resul.ting sol ution may be used. The resin varnish. _ ;_”w_
may, if necessary, have added thereto various addi ti ves such as. a snDothlng
agent, a leveling agent, a defoam ng agent34rmd the like. Also, in orfder to

adj ust .t he vaporjizatjon spe the sol vent, aromati ¢ -hydro ar bon
sol vent can be Dégﬂtﬁﬁséﬁcﬂ aﬂ°g¥ﬁﬂh?etﬁ§FLPﬁeP§aﬁe FL-dirsEordel & drn1y

The fil dh to be for: f th t
obfaiheg]gy §§§¥?ngoor6259“n§33t%%§g w%nﬁgg:%sviﬁzﬁgﬁ syﬁ%gegilnv A Ignf:Fm
layer of the r ébgg¥@3§é59e9§9 Be_forpge gegﬁaaerggﬁggtBIShde 0% apﬁe%t

resistant film e as suppoft e resu asdenbl y "as “such

can be used as jhg §ILﬁ1were %%oduééhes'wﬁe gh 1&hh”b%6ﬁeb%1&§r6&dthé
appl ying the resin varnish 0 a rel ease sheel such as roll, a netal
sheet, a p0$yeStEﬁsSBBEélﬁédtﬁ@l&LthHYréﬁiﬁS 9&-4,fPQ“5, PI- 6 and PI-

7 are shown in Table 2.



coater,

a roll

coater

or the like;
t he release sheet to prepare a fil m adhesive.

The heat

heat-dried and 5 thereafter peeled from
resistant film

substrate used in this invention is preferably a polyimde resin film

because it has a smal

I n dimension stability against terrperatu're"%
easy to handl e and excel |l ent
a polyimde resin having &

nore is 15

‘particul ar,

350[err] C or
step of dryj==
ere can be used an apparatus

varni sh, t

f1om1coater

oven, or t
resul ting

coating is
sol vent of
i nvention i

t her mal

excellent

B

ange,

expansi on coefficient,

10

and is excel | ent

rlch I n erX|b|I|ty

\Mplﬂlzic

in adhesion to the resin of this invention.
transition tenperature of
|Iity and stability:in-the_

oatpiige e

In

r_OT I coaqrer O 1 ne ZU j T Ke I S LUHUI 4] cr WL n ad [
| i ke. Affdeidhe cohBPRA of the rd n vdrni shlon 4 he
senbly is| FREPBducedl o thelhot-air drlyi ng,pven, he
ried at pe eratu-EEQéi4u4_iLeugennuch_LdEEQLaL' PS5
he var ni sh(MPHE net hotpaf use of t-he f|In1adhesive
not part té aPpy | X —freran
TMEG - -
Recipe Amine BAPP 60 20 65
compo-
(mole -
ratio) DPX - 20
APPS 20 23 15
APDS - 2 -
Acid/amine equivalent 1.00 1.00 1.00
ratio (r) _
DMF
Item
Solubility* 1,4-DO S
THF _ S
Glass transition temp. (°C) 148 133 176 _
WﬁEnsile modulus (kgf/mm?) 180 170 219 “
Elongation (%) 6.02 5.81 5.94
Tensile strength (kgf/mm?) 5.33 5.13 5.82
Young’'s | @ 30°C GPa 2.05 1.58 1.94
modulus .
@ 250°C MPa < 0.5 < 0.5 0.80
Note: *: "S" means "soluble".



be used as an adhesive tape prepared by cutting the
into the desired shape,
resi stant
resin‘of this invention,

The heat

active hydrogen group mhich can react Wt

adhesi ve conprising said resin conposi
an apparent glass transition tenperatu
tmmaaunelo

kaBlend,

-20-

fil m adhesive
which is bonded to sone adherend by a hot press.
resin conposition obtained by adding, to the polyinmde -
an 5 epoxy conpound and a conpound having an .
t™he epoxy conpound, and a fil-m

t he. main resin conponent. have
than the glass transition

of the pon|n1de resin and have an inproved | ow

t enper at yes athar_band _tha adbacion
conposi tifon and the ft[{:g}“adhe3| ve in q>1h.|49Her ﬁﬁ.[g)erai,p.[@ zZ
gl ass tr dpsTtTomtEnpeET at oy e ot put yirmde TEST T ar e
conpared |wi th that{ 8¢idhe pOPPAni d¢ rddith, land 8he phy%'i’%al
hi gh tengerat ure zjpGeMBPe % |nproved’that even whgn a ther
as IR reffl ow or t nPPEe i 5 BB ,_no dellani datidn is”obs
det ai | ed Jpechani s at1g9|°3a65p|| ro. 20 _
APB 70 40 90
; Amine
Recipe | compo- | BAPP 15 40 -
nent | appg 15 20
(mole _
ratio) | APDS - - -
DPX - - - 30
PPA - - - 2
Acid/amine 1.00 1.00 0.98 1.00
equivalent (r)
DMF S S S S
Solubility* 1,4-D0 s S S
THF S ]'
Glass transition 151 138 150 158
temp. (°C)
Tensile modulus 211 196 205 229
(kg £ /mm?)
|[Elongation (%) 5.52 4.91 5.73 5.83 “
Tensile strength 6.11 5.72 6.21 5.62
(kgf /mm?)
Young’s | @ 30°C GPa 1.62 1.34 2.25 1.54
{| modulus
@ 25¢0°C MPa < 0.5 < 0.5 1.18 0.60
=
Note: *: "S" means "soluble".



20  phenonenon has not conpletely been clarified; however, it seens that a.
| ow ol ecul ar wei ght product formed by reaction betmeen the epoxy conpound
and t he  conpound haV|ng an active hydrogen group acts as a plasticizer on
the polyimde resin having the specific structure to 25 | ower nodul us of
the polyimde resin.in the | ower tenperatud@ zone than the gl ass trapsition

tenperature of the pol yi.m de. resin, thereby brlnqgﬁg about an |nproveHEnt
in workability. &ﬁygtp§ﬁlﬁeﬁﬁeﬁ§@§ﬁ@ Fesdn PL adhesi veness, :

bilit | ik hand hi gh t t
ge(r)\gef?rgnl t Iheygaﬁs ?’nglgr%tdﬁn[ Q%E?P mca%tdﬁé&cgns: gereed teLrgterg ?LrGee-
di nensi onal reticular str Lﬁf ur %olnﬁ:-fn%r % Q&a@%teﬂéﬁ;ébd's v*(q._ szg qhﬁpne to

e resin

| ower the flow properties ™of the p eepi ng

i mproving the haaturo%gt&% nglgregtd&r etnlge B Sriktider '336 e R

ti oned mechani sm ocessablllty and Heat resistance

Lo e S e et 29 e i At O
NMP, and vigorous stirring was conducted for ten
minutes while a nitrogen gas was allowed to flow.
Subsequently, 25.4519 g (0.0620'mole) of 2,2-bis[4-(4~-
aminophenoxy)phenyl ]Jpropane (BAPP), 4.2221 g (0.0310

10 mole) of 2,5-dimethyl-p-phenylenediamine (DPX) and
5.8590 g (0.0070 mole) of a,w-bis(3-aminopropyl)-
polydimethylsiloxane'(APPS) having an average molecular
weight of 837 were poured into the flask and the system
was heated to 60°C and stirred until the system became

15 uniform. After uniform dissolution, the system was
cooled in an ice-water bath to 5°C and to the solution
was added 31.0222 g (0.1000 mole) of 4,4'-oxydiphthalic
dianhydride (ODPA) in the form of powder in ten min-
utes and thereafter stirring was continued for five

20 hours to obtain a polyamic acid solution, during which

the flask was kept at 5°C.

(2) Preparation of polyamic acid B
In the same manner as in the preparation of
polyamic acid A, 303.6 g of NMP was vigorously stirred
25 for ten minutes while a nitrogen'gas was allowed to
flow. Subsequently, 11.4944 g (0.0280 mole) of 2,2-

bis[4~(4-aminophenoxy)phenyl ]propane, 1.9067 g (0.0140



reliable fil madhesive which has both heat resistance and processability
can be provided. The film adhesive is soluble.in a solvent having a | ow
boiling point, so 15 that it is possible to vaporize the residual solvent
substantially conpletely, and since the adhgsive has al ready been i m di zed,
no high tenperature step for inidization'i§ réquired in processing and

hence water .| ted.. .Al the fil dhesi b '

Lack. troe fi1m TQInaE Bro-FrARch- P e PRt atas A 4 T e ™
) ) TR R Y i

{1 I'm adngsi ve. hdd 8500y PERe o efiis S A LR 10

el ectroni ¢ Mt Clgl;dloxe@@H it o avdlrlald ddiecib SRl gl of WIPLAKL:

The met hod of using the resin conpositi f this invention is not
particularly |i ?oui@d dndto the MA@ N anITROE ldyitcai vdtf Hesed e Ggecng and
di ppi ng as -31- a resin varnish in which all the resin constituents are
uni formy dbssolandd siti raiedo u@iiilc thel \$3iitent Vedind AniFbAn\t 0 2EHdd M by a
casting nethod, and al so can be _
uniform dissolution, the system was cooled to 5°C in an
ice-water bath and then 31.0222 g (0.1000 mole) of
4,4’-oxydiphtha1ic dianhydride was added in the form of
powder to the solution in ten minutes, after which
10 stirring was continued for five hours, during which the

flask was kept at 5°C.

(3) Preparation of polyimide resin
| The same weights of polyamic acid A and

polyamic acid B were weighed and placed in a flask. At

15 this time, the average amount of siliconediamine was
32.5 mole % of the total amount of the amine compo-
nents. The nitrogen gas;introducing tube and the
condenser were taken.apart from the flask and the flask
was fitted with a Dean-Stark tube filled with xyleﬁe,

20 after which the xylene was fed to the flask. The ice-
water bath was replaced with an oil bath and the system
was heated while the water generated was taken out of
the system. When the system was heated for four hours,
the generation of water was not observed. After

25 cooling, the reaction mixture was poﬁred into a large
amount of methanol to precipitate a polyimide resin.

The solid content was separated by filtration and dried



used as an insulating material, an adhesive filmor the 5 [|ike in which
bot h heat resistance and processability are satisfied. DESCRI PTI'ON OF .
REFERRED EMBODI MENTS OF THI'S I NVENTION Thi's invention is explained belowin -
detail referring to Exanpl es; however, this inventionh should 10 not be =
construed to be linmited thereto. (Synthesi®? of polyinide resin Pl-1] In a

v ek | SR BIG e fi, LSRR EERELED 3 et o
dehydr ati on- | fl 15 . NW d vi tirpl d whi |
eyt on PUTALL B4 Ao PP S B L8R, MRS L,

(0060 ol o) or™4e it edeublnoBp € RRL) ERBTYS b ORARCH B EERY s 7
(0,060 1m0l ¢) ofaBebebéloh! dhd 85! APRLPEYLARELYboHATEE K\ B! LAY 2fiEwbgUENO 2
average nol ecul ar wei ght of 837 [ APPS represented by the fornula (2)] were

poured intothendl Bkorpticn dbéCtolRigysbentivat beobedmt wa80hstr] C and
stirred until the system becanme uniform 25 After uniformdissol ution,

thle )sys]'Eem was eonf beméd. S[PhisC iD wasi e6ndeinedbehAt 8hd #4sin3W@ag (0. 150
mol e) o
approximately 100% imidized. The acid/amine mole

ratios at this time were as follows:

a +b) =0.07, ¢/(a+b) =1,

(
10 e=4j+k,d/(d+e)=0.58 (h+])/(i+k) = 2,

f/(d+e)=1, (a+d)/(a+b+d+e)=0.325.

It was confirmed that the polyimide resin thus obtained

was well dissolved in dimethylformamide (DMF), 1,4-

dioxane (1,4-DO) and tetrahydrofuran (THF). The glass
15 transition temperature was 166°C and the tensile

‘modulus was 215 kgf/mm?.

[Synthesis of polyimide resin PI-9]
In the same manner as in the synthesis of
polyimide resin PI-8, polyimide resin PI-9 was
20 obtained. The results of evaluation of these polyimide

resins are shown in Table 3.
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3,3,

4, &

(0.150 nol e) .of ethylene glycol

form of powder were added to the solution in fifteen m nutes,
whi ch the stirring was continued for three hours,
the nitr
condenser. were taken apart fronlthe flas
xerneTa

was kept at

S[err]C. Thereafter,

Dean- St'ark tube filled wi-th 10

was added tqQ

af t

er 5

- bi phenyl tet racar boxyl i ¢ di anhydride (BPDA) and 61.5445 g
‘bistrinmellitic dianhydride (TMEG). in the -
during which the flask
88err gas-introduci ng tube and the

the flask was fitted with a

%

mhlch 198 g of the xylene

to remove tife id
for four ho Forthe—systentrweas '1
15 obser vdd. 1 'pﬁoﬁynmmpe WQQMamﬂaﬂiBoﬁyamndawge
amount of nyt hanol _to preC|p|t.t@Cadpblvinﬁaedr83|n arid 2ol i d asid dht_ wdls
separ at ed by f éiﬁﬁilon and t hgn drégd at 80028for |2 hours unpder reduce
pressure t o |r efre—the—selvenrt1whefeby—2R 9206 —yet-e—-92—304—ef
solid resinjjwagaRit ai ned. The Jinfrared apsorption gpectBBum wgs nmex®sur ed jby
a Kb DPX 31 14 37 20
APPX 7 58 8 50
ODPA 100 100 30 27.5
BPDA 72.5 70
Mole ratio n
a/(a+b) 0.07 0.08
c/(atb) 1.00 1.025
d/(d+e) 0.58 0.50
£/ (d+e) 1.00 0.975
Mole ratio after
mixing
(h+j)/(i+k) 2.0 1.49
R
(a+d)/ (atb+dte) 0.325 0.29 1'
DMF S II
Solu-~
bility 1,4-DO S S
¥ THF S K
Glass transition 166 142
temp. (°C)
Tensile modulus 215 198
(kgf /mm?)
IlElongation (%) 4.72 5.28 "
Tensile strength 6.77 6.54 _
(kgf/mm )
@30°C 1.52 1.62
Young'’s GPa
modulus Iar500 < 0.5 0.64
— MPa — —
Note: *: "S" means "soluble".



tabl et method to observe absorptior at 5.6 umdue to cyclrc |n1de bond,;

Therefore

however, no absorption at 6.06 um due to am dé bond was obserw@gsm%ﬂﬂwamande

100% i mi“di zed. The polyimde resin thus obt aj ned was confrrned
gl ass transition tenperature of 33- 1481 ér]r]'C and a tensile

180 kgf/ 2 and t be_ﬁeli sol ubl e in dinethyl formam de (DWF), 1, 4-di oxane
u

(1;4-DO) "and tetr an (THF). (Synthesi.s of polyimde resins PI-2 and -

PI-3] 5

it was 25 confirned that the above resin .was subst Bm m‘

resin Pl-l polyrnrdenregfngﬁgﬁ.ng grE?gﬁkag%ggo§¥§§%§3i89ﬁé 8%;!:22?6

properties of th

in Table 10

P. P nd« P, homn
e?ef*g%ﬂaée 585h"81E) - hnaPs58 gndePh # ﬁgyiﬁgo 3 have

ntal t he abbrevi ati ohs use

the fol | owing rrea@uﬂﬁfci&refy st8rrdd4at B@Béﬁphemgeeaear:acabbeasmbnetely

di anhydri de

5

10

15

20

25

dissolve the polyimide resin in DMF. After the uniform
dissolution, 40 g of a bisphenol A type epoxy'compound
(Epikote 828'manufactured by Yuka Shell Epoxy, Co.,
Ltd.) was added to the solution'énd.the resulting
mixture was stirred for two hours at room temperature.
After it was confirmed that the epoxy compound was
uniformly dissolved, 5.0 g of a resol resin (PR-50781
manufactured by Sumitomo Durez, Co., Ltd.) was
gradually added while the system was stirred. The
stirring was continued for a further two hours to
prepare:a heat resistant resin solution. This solution
composition did not gel and was kept in a uniform
solution state even when allowed to stand at room
temperature for five days.

The resin solution thus obtained was coated
on a planished stainlees steel plate by means of a
doctor blade to obtain a film having a thickness of 50
um. The drying temperature was at most 195°C and tﬁe
drying time was 20 minutes. Solubility, glass
transition temperature, tensile characterietics and
Young'’s modﬁlus are shown in Table 4.

This varnish was coated on one_side of a
polyimide film (Upilex SGA having a thickness of 50 um,

a trade name of Ube Industries, Ltd.) by means of a

I



ODPA: 4, 4" - Oxydi pht hal i ¢ di anhydride 15 DPX: . cet Has Boen Replaced

2,5-Di nethyl p- phenyl enedi am ne APDS: '
1, 3- Bi s(3- am nopropyl ) tetramet hyl di sil oxane (in the forrrul a Hﬂl“\‘“\# \l

APB:- "1, 3- Bi s(3-am nophenoxy) benzene BPDA:

3,3, 4, 4 Biphenyltetracarboxylic dianhyﬂr4%é' PPA:  par a- phenaxy
anlllne In the "Sol ubilit S8 'S ws t at the Les IL.n_was di ssol ved
in the correspoﬁﬁ?ﬁﬁsgoroiﬁt %Srg|§SS°P§§ﬁ |FPoﬁdP$ﬁ6¥ratapg s

determ ned By LRALPRCEARHIENRRL, JBech8nahheelGal 1408 ,C0adu 0ot 20

roomtenperature a raw ng speed oung” s “nodul’us was

determ ned by aTHésﬁfﬁiﬂﬁt eéﬁgsssaeuraehs]g at mos$200PSYaMdeshé @I‘y

polyim de resins Pl-4 In the same manner as in the
synt hesi s of pO{Yh&‘QSer§'ﬂlﬁhtés po@ﬁhg‘Q&hé@ib@stgbe4wa8|sﬁb;@bt@dﬁ”d
Pl -7 were produced. The physical properties of the 5 ~ thus obtained
pol yi nmi de r®si ngoPthérm&l- BomBrebsabfl Bbndingr €oshopnaite dEbke alloy

to prepare a test piece (Thermal compression bonding
was effected at 250°C for two seconds and after release
of pressure, annealing was effeéted.at 250°C for 30
seconds. Tﬁe pressure applied to the bonding surface
10 was 4 kgf/cm? as calculated from gauge pressure and
bbnding aréa). The results obtained by measuring a
180° peel strength in a tensile tester are shown in
Table 4. The bonding strength is the result of
measuring a 180° peal strength (drawing speed: 50
15 mm/min) at room temperature in the normal state and
after the treatment in a pressure cooker (125°C, 48
hours, R.H. 100%). At the ruptured cross-section of
- the test piece, the bonded resin layer underwent

cohesive failure and no bubble or void was found.

20 Example 2
The same varnish as in Example 1 was coated
on a biaxially oriented polyester filﬁ (Diafoil héving
a thickﬁess of 50 pm, a trade name of Diafoil Hoechst
Co., Ltd.) by means of a reverse roll coater, and after
25 drying; was peeled from the polyester film to obtain a
uniform moﬁolayer film adhesive having a.thickness of

30 ym free from support}' Peeling was easy and no



-35- Table 1 PI-1

; Pl -2 Pl-3 Acid BPDA }EQH BeenR laced
60 K - nent 'BTDA - - - 40
ODPA - - 70 TMEG e II um
- Recipe Am ne BAPP 60 20 - :
APB 20 55 - (mof2 - DPX
20 ratlo) APPS APDS -
; O askiruei rarbhe vad coused. L Beuics of bomaing oy
ratio (r) DWF uli | i,ty*
1 4- DO- | .Sto-a platésof 42 allgg +ﬁFthe s2me! ﬁggﬁgE Bl i §xample S
A ass transition LeAPchbwl) in Tabl1d%%. 133 176

Examples 3 to 6

In

the same manner as in Examples 1 and 2,

resin solutions were prepared with the recipes shown in

Table 4 and a film and an adhesive tape were obtained.

The evaluation results obtained are shown in Table 4.

Incidentally, the abbreviations shown in

10 Tables 4 to 10 have the following meanings:

S i

n the "Solubility" section means that the

resin was dissolved in the corresponding solvent. The

glass transition temperature was determined by a DSC

measurement.

The tensile test was conducted at room

15 temperature at a drawing speed of 5 mm/min.

YX-4000H:

EOCN-1020:

20
Epikote 828:
PR-50781:
25 .
PR-175:

Biphehyl type epoxy compound, Epikote ¥X-
4000H manufactured by Yuka Shell Epoxy
Co., Ltd; |

Phenol-novolak type epoxy compound, EOCN-
1020 manufactured.by NIPPON KAYAKU CO.,
LTD.

Bisphenol type epoxy compound,
manufactured by Yuka Shell Epoxy Co., Ltd.
Resol resin manufactured by Sumitomo Durez
Co., Ltd.

Resol resin manufactured by Sumitomo Durez

Co., Ltd.



Ten5|le nDdqus (kgf/nn{err]) : 180 170 ation

(% . 6. 02 . 5.81 5. 94 Ten3||eTE nRﬂ'm*d
(kgf/nnﬂ) 5. 33 © 5.13 5.82 Young S @@30

2.05 1.58 "~ 1. 94 nodul us @ 2500C

0.80 Note: *: "S" means "sol uble". 7'3%4- Table 2 Iten1

Pl-4 - PlI-5 - | -7 Agi d ODPA . 00 100 -
conpo- *nent g#D2219§. flovolak Fesin mapu%agturegoh@maﬁgl;ﬁpr) BTDA
20 50 APB Du£82780" Ltép 90 - Reci pe

Ani ne., - BAPP .15 39 conpo- nent . APPS
%5 20 PR-586472 SRovBRhg +RE4iR) maftfactured by Sumitomo

Durez Co., Ltd.

5 Comparative Examples 1, 2 and 3
A film'composed only of each of polyimide
resins PI-1, PI-2 and PI-3 was prepared and the bonding
strength to a plate of 42 alloy was measured in the
same manner as in the Examples to obtain the results

10 shown in Table 5.

Comparative Example 4

An adhesive tape was obtained from a resin
prepared from only 100 g of polyimide resin PI-1 and 20
g of Epikote 828 and subjected to measurement of

15 bonding strength in the same manner as in the Examples
to obtain the results shown in Tablé 5.

From Tables 4 and 5, it can be seen that the
bonding strengths of the resin films of the Examples
are only slightly lowered even after absorption of

20 moisture; however, the bonding strengths of polyimide
resin films of the Comparative Examples after
absorption of moisture are.remarkably lower than those.

in the normal state.
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1.54 nodulus @

eans

"sol ubl e".

polyam c acid A

DPX - - 30 PPA
2 AC|d/an1ne . 1.00 1.00 0.98
S S S S Solubility* _ , 4- DO
S THF S S S 'S ass tranS|t|on
138 150 - 158-te Il e nodul u
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/mferr]) Young's gPa 1.62 1} 3 2125
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In a four-necked flask equi pped with a dry ni t rogen-i nt r odasi dﬂth&maelmxd
condenser, a t her nometer 5 and a stirrer was. placed 213 g

dehydratlon purified NWP, and vigorous stirring was conduct

m nutes while a nitrogen gas was al | owsd4®o~f | ow. Subsequent 1y

(0.0620 nol'e) of 2, 2-bis]
(0.0310 10. :

4-(4- an1no-henox phen I]propane (BAPP) 4 2221 g

neolar ne (DPX) and 5.8590 ¢

(0:0070 nole) of a,|[ern pol y{li met hyl si | oxane (APPS)
havi ng an aver age ol dcul a ke po!red into the fIa and
the system was heatjed |to 6 ﬂ}untll t he systen1bec

uniform After uniff oim di
bath to 50C and to |t hg sol
4, 4" - oxydi pht hatcdrgmrydy
utes and thereafter] stfirri
polyam ¢ acid so utfi gn), 2duf |
Preparation of p@lyanac-ac
polyarmic acid AY303*4 § o
while a nitrogen gas jas a
nol e) of 2, 2-

ks cooled in an |§? mater

g (0.1000 nol e)

of powder in ten T

e 20 hours to dptaln a
kept at 5[err]C8(2)

as in the preparahon of

rred 25  for tempm nutes

bnt |y, 11.4944 g ¢9.0280

ubsequ

188

5.92
5.08
1.62
1.64

Diafoil
1.56%*
1.50%*

196
5.46
5.24
1.9
1.1
Ugilex ggilex
1.73 1.81
1.38 1.52

**: Bonding strength when film adhesive was broken.

(*3): Compound having active hydrogen group which can react with
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bi s[ 4- (4 an1nophenoxy)phenyl]propane 1.9067 g (0.0140

2, 5-di net hy| - p- phenylenedlan1ne and 48.5460 g (0.0580. nDIe) mmgﬂ&ﬁ%ﬂﬁ&iﬂxd
a,[err]-bis(3-am nopropyl) pol ydi net hyl - sil oxane having an av ul‘l&llll mﬂl

mol ecul ar wei ght of 837 were poured into the NWP, and the syst

to 60[err]C 5 and stirred until the Sy%?eﬁ1becane uniform After unlform
di ssol.ution, the systemwas cooled to 50C in an ice-water bath and then
31:0222 g (0 1000 nol e)- of 4, 4'-oxydlgﬁéﬁﬁ{g§ di anhydri de was added in the
formof powder to the solution in ten after which 10 stirring
was continued for five hours, during which the flask was kept at 5[err]C.

(3) Preparatlon of polylnlde resin The same weights of polyan1c acid A and
t he

pol yam c afi=e—B=nere—pei-glret— ae—plaeet—ts
average a ¢ thp.% DCofpe t 0f Ponfrount fof
t he am ne fonpo- nents _ iiInExodRci hgxt.uBe apdEsx.hat congenser
wer e taken\apa‘T Tromine 1] ask gnd the 1ljask yas |tt§d W {1, _a Dean- §t ar k
tube fillefl wi{hCRHRIRENT ((;1) PI-1 P1- PI- PI-1
Amount (g) 100 100 100 100 “
Component (B) - - - Epikote
_ (*2) 828
) Amount (9) - - ~ 20
Component (C) - - -~ -
' (*3)
Amount (9) - - - ' -
Bonding Normal 1.98 2.07 1.82 2.05
strength | state
to 42
alloy After PC- 0.72 0.68 0.83 0.51
kgf/cm treatment

- Note: (*1): Polyimide resin
(*2): Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.



’ ;) | \\
20 after which the xylene was fed to the flask. The iceg- water bath was
replaced with an oil bath and the system was heated- whi | e T EB&chjmmd.

generated was taken out of the system When the systen1was
hours, the generation of water was.not obsepved. After
to prec

reaction m xture was poured.into a |arge™aflBunt of nethanol
a pol yj.m.de resin. Tq% §D|Id content was separated by filtration and drled
- 39 - “under re ssure at 80[err]C for 12 hours to obtain-a solid

resin. The infrared absor ed by a KBr
t abl et, rrethod to confirma sorﬁﬁ'%%% to cé% e mdosqbdﬁg%g 5.6 um

however, to3 _am yayd h&ﬂ? I rmed.
Thus, i t vvas coﬁ?’qﬁqﬁ'ﬁheﬁr} %e Iirieg naq%as ap@aom rratel y 100% 1"m di zed. The

aci d/ ani ne ol es&&tﬂl%ieaxttlwshtff& WY Sodh fidigitdte” do tdmpRideay- b) =
0.07, c/(a + b) 1, e =] + ko dl(dfe) =0.58, (hE /(I +k) =

2, f/(d + ep = ﬂis(saalved)dr(eapbllymﬁa&)sm An32MF. t Afrerc qirfiiford t hat
t he pol yi m de resin thus obtai ned

dissolution, 40 g of bisphenol A type epoxy compound
{Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution and the resulting
mixture was stirred at room temperature for two hours,

10 after which it was confirmed that the epoxy compound
was uniforﬁly dissolved in the solution. With
stirring, 5.0 g of a resol resin (PR-50781 manufactured
by Sumitomo Durez Co., Ltd.) was gradually added to the
system, and stirring was continued for a further two

15 hours to prepare a heat resistant resin solution. This
solution composition did not gel even after allowed to
stand at room.temperature for five days and was kept in
the uniform solution state.

The resin solution thus obtained was coated

20 on a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50
um. The drying temperature was at most 195°C and the
drying time was 20 minutes. Solubility, glass
transition temperature, tensile characteristics and

25 Young'’s modulus are shown in Tabie 6.

This varnish was coated on one side of a

polyimide film (Upilex SGA having a thickness of 50 um

manufactured by Ube Industries Co., Ltd.) to obtain an



was wel l. dissolved in dinmethylformam de (DWF), 1,4- di oxanerh{sBhebt MEBeauRe lmmd
tetrahydrofuran (THF). The gl ass 15 transition tenperature
the tensile nodul us was 215 kgf /mm{err]. [Synthe5|s of polyl

PI-9] ‘In the same manner as in the synthesis of polyinide resin -
polyimde resin-Pl-9 was 20 obt ai ned. -2 results of evaluation of these

E?[élﬁjde resins gg%l%ggggpgnﬁﬁgb: i the t.40 - Tabl%P :teq&e ﬁﬁ .

Polyam c acid A acid A acid B BA
28yAPB | ' was ﬁﬁlum. The hrylng tedperq&gre was at 5855P§00%2
31 7 RX
3 CDﬁRd th% drying tiﬁ%bggs 15 mﬂ&?tes. Thlfbgdhe31ven%%3$ BPDA
72.5 70 Mahg Eﬁbﬁ%cted to thermal compression bondlng to a plate

5 of 42 alloy to prepare a test piece (Thermal compres-
sion bonding was effected at 250°C for two seconds and
after release of pressure, annealing was effected at
250°C for 30 seconds. .The preséure applied to the
bonding surface was 4 kgf/chﬁ as calculated from the

10 gauge pressure and bonding area.), and a 180° peel
strength was measured in a tensile tester to obtain the
results shown in Table 6. The bonding strength means
the 180° peel strength at room temperature measured
(drawing speed: 50 mm/min) in the normal state and

15 afﬁer.the treatment (125°C, 48 hours, R.H. 100%) in a
pressure cooker. At the ruptured cross-section of the
‘test piece, the bonded resin layer underwent cohesive

failure and no bubble or void was confirmed at all.

Examples 8 to 12

20 In the same manner as in Example 7, resin
solutions were prepared with the recipeé shown in Table
6 and films and adhesive tapes were prepared therefrom.

The evaluation results obtained are shown in Table 6.
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Note: *:."S" means "sol uble". Exanple 1 In a gl ass flasmy\g{eamimmﬂeﬁiced

100 g of polyimde resin PI-1 and 355 g of DMF, and they wer j I \
stirred at roomtenperature to conpletely 5 di ssol ve the pal\ ' i
in DM. After the uniformdissolution, .4@,g_of a bisphenol epoxy
conpound ( Epi kote 828 manufactured by Yuka Shell Epoxy, Co., Ltd.) was

added to the s s stirred for two hours
at toom tenperaturg. hat t he epoxy conpound
was uniformy dissd R-50781 manuf act & ed by
Sum toro Durez, Co. le the system wag
stirred. The stirri two hours to 15 &prepare
a heat resistant re nposition did nog gel and
was kept in a whif owed to stand at % oom
tenperature for fiVv obt ai ned was co@! ed 20
on a pl ani shed st ai ne of |a o
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ddctor bl ade to obtain a filmhaving a thi ckness of 50 um The (dry Replaced
tenperature was at nmost 195[err]C and the drying tinme was 2 SHLY il Beon Replace

Solubil'ity, glass transition tenperature, tensile characteris BH mm‘ﬂﬂl‘
Young's nodul us are shown in Table 4. This_varnish was coated
of a polyimde fil'm (Upilex SGA having a t¥# ckness of 50 um a trade nane

of Ube—lndustrigs, Lid.) ﬁy neiﬂs of a - 42 - reverse roll coater, to
obtai n” an adhesP¥8™PABE LA &Ri ¥ the thi ckness of the adhesive | ayer was. 30

um The drying tenperatur at _nmpst _200[err] C apd the diyi ng tine was 15
utoe. - ThiS beheel ve-t 3 Ehet belll hafiggroa"! 1n” BkapRle T AhaiE o
bonding to a pl a t Qi ls..C SSi on
bondi ng vas erf Sofafiofié Bsre/pracRLeRtiaeh LhS rleifRsl ROUE 1ot 2B

pressure, anneahi ngpyagiemseah8dadhesd298Crhpes3Wetecprdpartae thepasur e
applied to the bonding surface 10 was 4 kgf/cnR as calcul ated from gauge

pressure ansl boggbmy arTha) evalaatesy resabtsi bbiabnedease’ showa i80[err]
peel strength in a tensile tester are shown in

Table 7.

Comparative Examples 5, 6 and 7
A film composed only of polyimide resin PI-4,
PI-5 or PI-6 was prepared, and the bonding strength to
10 a plate of 42 alloy was measured in the same manner as
in the Examples, and the results obtained are shown in

Table 8.

Comparative Example 8
An adhesive tape obtained from only 100 g of
15 polyimide resin.PI—4 and 20 g of Epikote 828 was
subjected to measurement of bonding strength in the
same manner as in the Examples to obtain the results

shown in Table 8.

Comparative Example 9

20 A film composed only of polYimide resin PI-7
was prepared, and the bonding strength to a plate of 42
alloy was measured in the same manner as in the

Examples to obtain the results shown in Table 8.



Tabl e 4. The bonding strength is the result of nmeasuring a 1800 peal
strength (drawi ng speed: 50 15 . mminmin) at room tenperature This Shkae HasxBepreReplaced
state and after the treatment in a pressure cooker (125[err]C,
R H. 100% . At the ruptured cross-section of the test piece, t
resin | ayer underwent cohesive failure amd “bubbl e or void was Tound.

Exanpl e 2 The sape varnish as in Exafale 1 was coated on a biaxially
oriented pol yeste?™PRF-EYR FE¥PLAviNg a thickness of 50 um a trade name

of Diator] Foschst Co L) oRofEOR% Bho yhe BESaRhl sE0ALE paldl 1
rono) syer 111 S008S Von B - Shrecen L0800 L BESLAIRLANER

trouble was causpfl.o TAgd ' 26 Uyt &£ Ofp PROEE NG28 CaRd Pab§elted?2t 8! heYsubel e
same manner as in Exanple 1 are shown in Table 4. Exanples 3 to 6

5 ment of bonding strength in the same manner as in the

Examples to obtain the results shown in Table 8.

Form the results shown in Tables 6 to 8,it is
seen that the bonding strengths.of the resin filﬁs of
the Examples are only slightly lowered even after the

10 moisture abs§rption} while the bonding strengths of the
polyimide resin films of the Comparative Examples after
. moisture absorption are remarkably lower than those in

the normal state.



5 In the same manner as in Exanples 1 and 2, resin sol utlons

wer e prepared with the reci pes shown in Table 4 and a f| I malnfds ced
tape Were obtained. The eval uation results obtained are sho ‘

I nci dental ly, the abbreviations shown i 53 - Tables 4 to 10

following neanings: S in the "Solubility" section neans that the resin was-
di ssol ved in the corresponding solvent. The glass transition tenperature

was determined by a DSC neasurement. The tensile test was conducted at room
15 tenperature at a drawi ng speed of 5 nmmin. YX-4000H: Bi phenyl type
epoxy. corrpound St 8O S —rrerTEr mwm Shel | Epoxy Co.,
Ltd. EOCN- 1020 ~ Phenol novol ak type gpoxy ¢onpoynd, EOCCN- 20
1020 manuf actued by NI PP@N KAYAKU CO.,| LTD. | Ep] kqte 8p8: Bi sphenol type
epoxy conpound§ @anuf acturmeg by Yuka SheII Epoxy do., Ltd. PR 50781:
Resol resin mau'&actured oSum tono Dureg 2% Co., Ltd.
PR-175: ResBl resin ufactured By $umjtopo |Durex Co., Ltd.
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This Sheet Has Been Re laced - 44 - PR-22193: ‘Novol ak resissiesita nR aced
by Sum.tonmo,Durez Co., Ltd. PR-53647: - Novol ak resin manuf ac I

Sum tonmo Durez Co., Ltd. 5 Conpar ati ve Exanples 1, 2 and 3

corposed only of each of polyinmide resins Pl-1ggPL-2 and Pl-3 was prepared
and the bonding strength to a plate of 42 alloy was neasured in the sane
mannet- as in the Exanples to obtain the results 10 shown in Table 5.
Comparati ve Exanpl e 4 An adhesive tape was obtained froma resin prepared

fromonly 100 g of polvimide resin Pl-1 and 20 g of Epikote 828 and 8
subj ected to neasurenent of 15 bonfdi g dtreng he sane manner- asgin
the Exanples to obtain fhel resglt$ sho ifn Tab rom Tabl es 4 and
it can be seen that the|bonding syrepgtlhs jof th films of the o
Exanpl es are only slighily] | owgrefl eveny @lter apsorptflon of 20 noistte;
however, the bonding st[engths|of | pof yinideX, x o
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(* 2) ‘ | | 828 Armunt ( g) Th1 Sh BeenRe laced

20 Conponent_ (C) o - (*3) AnDu
Bondi ng Nor mal 1.98 - 2.07 1 gé 2.05 st
42 al l'oy After PC 0.72 ~ 0.68 © 83 -0 51 (k

treat ment Note: &;ég Pqlyi m de resin (*2): Epoxy conpound (* 3) Cbnpound
havi ng..acti ve hy &ﬁ gégup whi ch can react wi.th the epoxy conpound. -

48 = Exanple 7 In a glass S L€ égg) resin Pl-4-
and 355 g of DWMF, and thef%%r?l\gtjsr |fg entﬁ‘g/ Stl rre doq'(w ?mqt&errperature to

conpl et-ely 5 di i)'iﬂ'y‘iﬂuﬁée Heiyl P % 355 PO¥E DMF eradﬂ“'ﬁrféfy“were
di ssol ution, 40°g of bisphenol. A type epoxy conpound
sufficiently stirred at room temperature to completely
5 dissolve the polyimide resin in DMF. After uniform
~dissolution, 40 g of bisphenol A type epoxy compound
(Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution and the resulting
- mixture was stirred at room teﬁperature for two hours,
10 after which it was confirmed that the epoxy compound
was uniformly dissolved in the solution. With
stirring, 5.0 g of a resol resin (PR-50781 manufactured
by Sumitomo Durez Co., Ltd.) was gradually added to the
system, and stirring was continued for a further two
15 hours to prepare a heat resistant resin solution. This
solution composition did not gel even after allowed to
stand at room temperatﬁre for ten days and was kept in
the uniform éolution state.
The resin solution thus obtained was cbated
20 6n a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50
um. 'The.drying temperature was at most 195°C and the
drying time was 20 minuies. Solubility, glass
transition teﬁperature and tensile characteristics are
25 shown in Table 9.
This varnish was coated on one side of a
polyimide film (Yupilex SGA having a thickness of 50

um, a trade name of Ube Industries Co., Ltd.) to obtain



solutiop and, the resulting mixture was stirred at room tenperat
hours, 10 after which it was confirned tgé\t t he epoxy conpoun
uni formy dissolved in the solution. Wth iTring, 5.0 g of a resol resin

{ho System - andebt ARRER oasEdust T, B Sh, Bhe ehlibnet o AbiRdap V00 °

prepare a heat L.stant. RSk SOkt : [ 't;u‘}_% |t did not
gel even after_g'??(l?\%egg%o??tsgﬁld atﬂ%og tlg%gr%g‘?%rfé or ?‘ié{/ge)%?ay_sog;nd was
kept in the uni hepae SghdlttRe &t¢ifg fRe 9851 50MhLLEs | hugn 9Bt @i ned was
coated 20 on a planished stainleSs steel plate by neans of a doctor bl ade

to obtain a fil gghesive apei eala%e%&bgﬁec?t%mmo thertial kReniprEsidnre was at
nost 1950C and the drying tine was 20 m nutes. Solubility, glass transition
t enper at ure5 t ebsndénghaoaat pliatel of #2d adJoy ‘touprepareds testy @iduewn in
Table 6. This varnish was coated on one side of a polyimde film (Upilex
SGA havi ng a t hi(Thesns loconpressionu bankdingd was dffdotedstati &5000. fokt d. )
to obtain an

(Epi kote 828 manufactured by Yuka Shel| Epoxy Co., Ltd.) was é‘BE &‘mﬂaﬁrl{mard

two seconds and after release of pressure, annealing
was effected at 250°C for 30 seconds. The pressure
applied to the bonding surface was 4 kgf/cm? as |

10 calculated from the gauge pressure and bonding area.),
and a 180° peel strength was measured in a tensile
tester to obtain the results shown in Table 9. The
bonding strength means the 180° peel strength at room
temperature or 240°C measured (drawing speed: 50

15 mm/min) in the normal state and after the treatment
(125°C, 48 hours, R.H. 100%) in a pressure cooker. At
the ruptured cross-section of the test piece, the
bonded resin layer underwent cohesive failure and no

bubble or void was confirmed at all.

20 Examples 19 to 23 _

In the same manﬁer as in Example 18, a heat
resistant resin soiution was prepared with the recipe
shown in Table 9 and a film or an adhesive tape was
prepared therefrom. The evaluation results obtained

25 are shown in Table 9.



- 49 - adhesrve tape in which the thickness of adhesive Iaye %&ﬂﬂﬁhR
The drying tenperature was at nost 2000C and the drying ti

m nutes. This adhesive tape was subjected 9_therm&1l corrprgz Y@“ “H‘H“\
a ptate 5 of 42 alloy to prepare a tesf é'eEe (Ther ma

bondi ng was eff%% gagx%tt ;;’é)[ﬁ{arr&(PCi%sorzl%[ ialgnnqls and after reI ease of
was “ef err

pressui-e, annealin for 30 seconds. The pressure

applied to the bonding surflpc&é/vassdmﬂe gﬁr{r%%eésr] ,&?A éad dd dande 10

gauge pressure and bondi ng area. err strength was

measured in a tenSd &dmhs t&:féid%e GHIY %ﬁ&ﬂinﬁﬁé%ﬂ P10 £hf-arlhe

bondi ng strength neans “the 1 rr peel strength at room tenperature

neasured (drawi REhepIcs thd emﬂdiﬂ'gﬁsém driley e P 1yintilde a9l werdifpes- t he
treatment (125[err]C, 48 hours H 100% in a pressure cooker. At the

ruptured cr@ss- paredyn anfd tthe teRidipie et rdritioed rEiate |off 642 wbbsyent
cohesive failure and no bubble or void was confirned at all. Exanples 8 to
12 20 weren measuredt tmobiain tthe Bespltes Bhowsiin Skdhite k. wer e
prepared with the recipes shown in Table 6 and filns and adhesive tapes
were prepared therefrom '

Comparative Example 13
An adhesive tape was prepared from a resin
composed only of 100 g of polyimide resin PI-8 and 20 g
10 of PR~50781 and subjected to measurement of bonding
strength in the same manner as in Example 18 to obtain

_ the results shown in Table 10.

Comparative Example 14
An adhesive tape was prepared from a resin
15 composed.only of 100 g of polyimide resin PI-8 and 20 g
of Epikote 828 and subjected to measurement of bonding
strength in the same manner as in Example 18 to obtain
the results shown in Table 10.
From Tables-9 and 10, it is seen that the
20 strengths at a high tempefature of the adhesive tapes
of the Comparative Examples after the treatment in a
pressure cooker are remarkably lower than those of the
adhesive tapes obtéined from the resin compositions of
the Examples.

25 From the above Examples, it is seen that a



The eval uat | onrresui ts obtained are shown in Table 6. BeenRe 1a°ed
This Sheget Has Been Re |aced - 51 - Thi s Sheet Has Been Re I u &mnll
Exanples 13 to 17 In the sanme manner as |n6 anple 7, resin sol

prepared with the recipes shown in. Table" 7, and filns and adhesi ve t apes

were prepared t ati o r.e shown.in

Tabl e 7. . Conpar 2? F@eaégggg% -'e-g?:eg.‘i%hg %’ln %;&Jgtgﬁﬁg%%gg!en%%f of * pol Vi m de
resin Pl -4, moldability is obtained by this invention.




Pl-5 or PI-6 was prepared,~and t he bohding strength to 10
all oy was neasured in the sane nmanner as in the Exanples

obtai ned are shown in Table 8. Conparative Exanple 8

obt ai ned fromonly 100 g of 15

828 was subjecte
I n the .Exanpl es
9 20 -

and t he bondi ng

manner, -as i n thej|Egam

Conpar ati ve Exa
prepared only fr
and subjected to
as in the Exanpl

Table 9

a asmwdmmsam
and th
An adhe5|ve

pol yi m degnesin P-4 and 20 ¢

sane nanner

arative Exanple
-7 was prepared,
d in the sane
bl e 8.

resin solution
pf Epi kote 828

he sane nanner

- to be continued -
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In a glass flask were placed 100 g of polyimde resin PI-8 and 355 ¢
DMVF, and they were sufficiently stirred at roomtenperature w’:ﬁ‘u‘:'
di ssolve the polyimde resin in DMW. After uniformdissoluti H

bi sphenol A type epoxy conpound (Epi kote 828 manufactured by i (iR
Epoxy Co., Ltd.) was-added to the sol utiorPdm t he resulting m xture was
stirred.at roomtenperature for two hours, 10 -  after which it was
confirmed that the epoxy conmpound was qﬁg% di ssolved in the solution.:
Wth stirring, 5.0 g of a resol resin (PR manuf act ured by Sum t ono
Durez Co., Ltd.) was gradually added to the system and stirring was
continued for a further two 15 hours to prepare a heat resistant resin

sol uti on. Tir=s=—sr SOt e pe st Epn—ttt—not=get—avei—attar—a]
stand at roojm Reefipeature for ten fi@pmpand WeComgept [l Compe uni fabmpsol ufi on
state. The rfsin solution thus obt piexed 1as |dEas xR A0Ex. ob3a p} &xi.shad
stai nl ess stel p %te b meaRs of doct or lﬂadeéo obfarpn a T{I'm_havinp a
t hi ckness oflf 50 u °W8¥‘l?|“§:i %ltﬁmaelpét'@re JaEt? mystFAo80c ahd PERE drffi ng
time was 20 | nutles. Sol ubilitly~/glass trangition tgnperature pnd tensife
characteristfcs 4 -r—Fabl-e—0-
Amount  (g) 100 100 100 100 "
Component (B) - - - Epikote
(*2) 828
Amount (9) - - - 20 “
Component (C) - - PR-50781 -
(*3)
Amount (g) 1. - - 20 - "
Normal 2.71 2.43 1.88 2.25
Bonding state
t th
S aa " I after pc- | 2.10 1.98 | 1.76 1.78
alloy treatment
(kgf/cm) @ RT
After PC- 0.36 0.20 0.18 0.23
treatment
@ 240°C

Note: (*1): Polyimide resin
(*2): Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.



Thi s varniéh was coated on one side of a polyimde fiIn1(YUpTMeﬂm66mstw

This Sheet Has Been Re | aced an adhesive tape in which the thi

a thickness af 50 um a trade name of Ube Industries Co., Ltdjg!gﬁu
adhesive | ayer was 30 um The drying tenperature was at nost

the drying tine
conpression 5

(Thermal conpressi on bondi

after rel ease of

was 15 minutes. This adhesi®® tape was subjected to ther
bondi ng toﬁg plate of 42 allo Q prepare-g test piece

WEE SEr WOCEEY Bt % &9 ko Shd

lilmced
err’% an

mal

1$e
seconds: The pre?§§?§8§%gﬁpgg%§%%{%%sg%%aﬁ%;%%%ﬁgb%%méggggﬁ%%§7%¢#§§§% as’

10 cal cul at ed

peel strength waS neasured™in a

in Table 9. The

1098160 TS BIEIRME (FNRA BIRE Felerdldel (0L
pRBAbRgsst rength means the 180[err] peel strength at roo

tenperature or 240[efr] C measured (draw ng speed: 50 15 mimn) in the
normal state and after the treatnent (125[err]C, 48 hours, R H 100% in

pressure cooker.
5

10

15

20

25

At the ruptured cross-section of the test piece, the
Example 24

In a glass flask were placed 100 g of
polyimide resin PI-1 and 350 g of DMF, and they were
sufficiently stirred at room temperature to completely
dissolve the polyimide resin in DMF. After uniform
dissolution, 40 g of bisphenol A type epoxy compouﬁd
(Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution and the resulting
mixture was stirred at room temperature for two hours,
after which it was confirmed that the epoxy compound
was uniformly dissolved in the solution, and 5 g of a
silane coupling agent (trismethoxyethoxyvinylsilane,
KBC 1003 manufactured by Shin-Etsu Chemical Co., Ltd.)
was added and stirring was effected at room temperature
for one hour. After it was confirmed that the silane
coupling agent was completely dissolved in the solu-
tion, 5.0 g of a resol resin (PR-50781 manufactured by
Sumitomo Durez Co., Ltd.) was gradually added to the
system while the system was stirred. Stirring was
continued for a further two hours to prepare a heat
resistant resin solution. This solution composition
did not gel even after allowed to stand at room

temperature for five days and was kept in the uniform

rl
wn
m

a



bonded resin | ayer underwent cohesive failure and no bubble or void was
confirngd at,all. 20 Exanples .19 to 23 I'n the sane manner as in Exanple
18, a heat resistant resin solution was prepared with the recipe shown in-
Table 9 and a filmor an adhesive tape was prepared therefrom The .

eval uation results obtained 25 are shown 6dn-Tabl e 9. I the sane
manner, as in Exanpl e 18, an adhe- sive tape conposed only of .polyimde
resin PI-8 and &f %®e conposed only of polyinide PI-9 were pre- 5

a
pared, and the bonding strengths to a plate of. 42 agllo re neasured to
obtain the results shown iﬁ“egfa"ﬁﬁ%”msp R B4R @%%‘?%\gl‘ﬁain"% ive

PIT6 and 20 g 10" bbwRiTR SHPtieaerf PRt e it Raing |
LoD Ronme ST MRS 5 SRS eS¢ DAECLEGH e

5 pm. The drying temperature was at most 195°C and the
drying time was 20 minutes. Solubility, glass
transition temperature, tensile characteristics and
Young’s modulus are shown in Table 11.

This varnish was coated on one side of a

10 polyimide film (Upilex SGA having a thickness of 50 um,
a trade name of Ube Industries Co., Ltd.) to obtain an
adhesive tape in which the thickness of adhesive layer
was 30 um. The drying temperature was at most 200°C
and the dryihg time, was 15 minutes. This adhesive tape

15 was subjected to thermal compression bonding to a plate
of 42 alloy to prepare a test piece (Thermal compres—
sion bonding was effected at 250°C for two seconds and
after release of pressure, annealing was effected at
250°C for 30 seconds. The pressure applied to the

20 bonding surface was 4 kgf/cm? as calculated from gauge
pressure and bonding area.), and a 180° peel strength
was measured in a tensile tester to obtain the-results
shown in Table 11. The bonding strength means the 180°
peel strength at room temperature or 240°C measured

25 (drawing speed: 50 mm/min) in the normal state and
after the treatment (125°C, 48 hours, R.H. 100%) in a
pressure cooker. At the ruptured cross-section of the

test piece, the bonded resin layer underwent cohesive



15 conposed onIy of 100 g of polyinide resin PI-8 and 20 g of  Epikote 828
and subj.ected to neasurenent of bonding strength in t he same manner as in
Exanple 18 to obtain the results shown in Table 10. From Tables 9 and 10,

it is Seen that the 20 strengths at a hl%h tenperature of the adhesive -
tapes of the Conparative Exanples after th®é6treatnent in a pressure cooker
are renarkably | ower than those of the adhesive tapes obtained fromthe .
resin conpositi dRLHITe RAEaRPERbleor void was cenfirned aboRel Exanpl es,
it is seen that a Thi s Sheet Has Been Re | aced fil m adhesive excell ent

I n heat- resistance and- noldability is obtained by this invention. Thi s

Sheet Has Been Re | aced 5815 29

In the same manner aé in Example 24, resin
solutions were prepared with the.recipes shown in Table
5 11 and films and adhesive tapes were prepared there-
from. .The evaluation results obtained are shown in
Table 11. |
Incidentally, the abbreviations for the cou-
pling.agent (D) used in Tablés 11 to 18 have the:
10 following meaningss
KBC 1003: Trismethoxyethoxyvinylsilane (manufactured by
Shin-Etsu Chemical Co., Ltd.)
KBE 1003: Triethoxyvinylsilane (manufactured by Shin-
Etsu Chemical Co., Ltd.)
15 KBM 573: N-Phenyl-y-aminopropyltrimethoxysilane (manu-

factured by Shin-Etsu Chemical Co., Ltd.)
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treatment @ 2400C Note: (*1): Polyimde resin (*2): Epoxy conpound (*3):
Compound havi ng active hydrogen group which can react with the epoxy .
conpound. Thi s Sheet ‘Has Been Re laced - 64 - The case where a coupling -
agent is further added to.the heat resi st Tesin conmposition of this '
invention is explained in detail belowreferring to Exanples. 5 Exanple 24

In a glass fl - poi| |-1 and 350 g of s
DMF, and they werg s ¥y s{i#fed gt roorhtenpergture to conpl.etely
di ssol ve the pol yi{rm gle resir if Atdrzuni flokm 10 | di ssolutiong 40 g
of bi sphenol A tyge -e¢poxy| cqmpqundl B EPT kqt® 824 Panuf aqt ured by Yukg Shel |
Epoxy Co., Ltd.) Jasfadd tlo fhe s9 uﬂ!idn'_;and tixe resylting mxturga-was
stirred at roomténperature {foq tywo pourg, S
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after which it was confirned that the epoxy conpound 15 was unifornly
dissolved in the solution, and 5 g of a silane coupling agent
(trisnmethoxyet hoxyvinyl sil ane, KBC 1003 manufactured by Shin-Etsu Chem caI
Co., Ltd.) was added and stirring was effected at roomterrperature for one
hour. After it was confirnmed that' the si r'aﬁg 20 coupl i ng agent was '
conpletely dissqlved in the soI u- t| 0 of a resol resin ((PR-50781
manuf act ured by S, AR rl-ﬁ gradually added to the system-

whil e the system was stirred Stirrin s. continued for further 1
hours to prepare a-heat 2B %sé’:ﬂ cté‘?’ﬁqoq‘wgs’lcﬁ‘ s%qntﬁﬁloﬁfngﬁ} %i]
conposi tion di d (%(lrggloqlve%rafltnerc&m.qygg&& o qgﬁu“ X a%farm%at ure for

five days and was S HE dnl form e resin

sol ution thus O%l?&% 4 A S! al Iﬁ;e by
means of a doctor bl ade to obt aln ?T ?Blngathlsélnes P
The drying senpaihd! Wathe\darier s 1&95{1‘5& rExanpied headlied ivge tta{@eg\laﬁei’@

m nutes. Solubility, glass
prepared and subjected to measurement of bonding
- strength to a plate of 42 alloy. The results obtained
are shown in Table 12.
From Tables 11 and 12, it is seen that the
10 bonding strengths of the resin films of the Examples
are only slightly lowered even after moisture absorp-
tion. Also, the hot bonding strengths after moisture
absorption are lower than those in the normal state;
however, as compared with the Comparative Examples, it

15 is possible to prevent the bonding strength from being

greatly lowered.



transition tenperature, tensile characteristics and Young's nodulus are
shown in TablLe 11. This varni sh was coated on one side of a 10 pol yi m de
film (Upilex SGA having a thickness of 50 um a trade nane of Ube

I ndustries Co., Ltd.) to obtain an adhesiye tape in which the thickness of
adhesi ve layer was 30 um The drying teﬁpg afure was at nost 2000C and the
drying..time -was 15 mnutes. This adhes&%sltaag 15 was subjected to

t her mal- conpressi on bonding to a plate %2 |l oy to prepare a.test piece
(Thermal conpres- sion bonding was effected at 2500C for two seconds and
after release of pressure, annealing was effected at 250[err]C for 30 '
seconds. The pressure applied to the 20 bondi ng surface was- 4

kgf / Crr[ er r] ”;‘"‘—5_-""_3'“’_;'_“7':-““"—:';__:';‘3':"—:"_;';;':"_‘*;'_':_:'3';’2“—":‘—-_*"* o Y
180[ err] peql BécHpgt h was neasur gdcompa t epgomp.t e$tComg.0 obtjaddmp he
results sho in Table 11. The borjdExg ¥5r ep@xkh d6ahEx.hd7.80[|cEx] Dp&el
strength at ffroom t eratuye 240{err] C npasyred 2 (drawijn peged:j 50
mimn) in fghe noréﬁﬁb%?%ﬁé ﬁﬁél?fteﬁif e treggﬁént (f?glerr]d;gﬁg' ours,
R H 100% ”n a pressure cooker.’ At the rupfured crgss-sectior of the tfest
pi ece, the Rondeg—+es+h—tayer—urdgrrert—ecohpstve
| Amount  (g) 100 100 100 100
Component (B) - EOCN- - Epikote
(*2) _ 1020 828
Amount  (g) - 50 - 20 “
Component (C) - PR~ PR-175 -
(*3) 53647
Amount (9) - 10 10 -
Component (D) - - KBM573 -
(*4)
Amount  (g) - - 5.0 -
Normal 1.98 2.07 - 1.82 2.05
Bonding state :
t th
s o [ after pc- | 0.72 0.68 0.83 0.51
alloy treatment
(kgf/cm) @ RT
After PC- 0.24 0.43 < 0.1 0.26
treatment
@ 240°C

Note: (*1): Polyimide resin
(*2): Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.

(*4): Coupling agent



- 66 - failure and no bubble or void was confirnmed at all. Exanples 25 to
29 In the sage manner as in Exanple 24, resin solutions were prepared with
the recipes shown in Table 5 11 and filnms and adhesive tapes were
prepared there- from The evaluation results obtained are shown in Table
11. Incidentally, the abbreviations for thdlcou- pling agent (D) used in
Tabl es:11 to 18 have the_10 . follow ng neani ngs: KBC 1003: :

Tri smethoxyet hoxBXATBARi $%ne (manufactured by Shin-Etsu Chemical Co., Ltd.)

Eﬁghiégg: Tkéﬁf??éYVIQYLﬁ; aﬂfyégigﬁgﬁf% rﬁ%??%eﬁﬂ%@@%Fi@ﬁég?e nﬁ?lfggihred
by Shin-Et su Ch%ﬂ&ffimf&b’rééfh)PI-4'a§g 350 g of DMF, and they were
sufficiently stirred at room temperature to compleiely
5 dissolve the polyimide resin in DMF. After uniform
dissolution, 40 g of bisphenol A type epoxy compound
(Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution'and the resulting
mixture was stirred at room temperature for two hours,
10 after which it was confirmed that the epoxy compound
was ﬁniformly dissolved in the solution, and 1 g of a
silane coupling agent (trismethoxyethoxyvinylsilane,
KBC 1003 manufactured by Shin-Etsu Chemical Co., Ltd.)
was added and stirring was effected at room temperature
15 for one hour. After it was confirmed that the silane
coupling agent was completely dissolved in the
solution, 5.0 g of a resol resin (PR-50781 manufactured
by Sumitomo Duréz Co., Ltd.) was gradually added to the
system while the system was stirred. Stirring was
20 continued for a further two hours to prepare a heat
resistant resin solution. This solution composition
did not gel even after allowed to stand at room
temperature for five days and was kept in the uniform
solution state.
25 The resin solution thus obtained was coated
oﬂ a ﬁlanished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50

pm. The drying temperature was at most 195°C and the



- 68 - -69- Conparative Exanples 15 to 18 A resin conposition conprising
t he pol yinide resin alone or in conbination of one or two of the components
(B) to (D was prepared. Subsequently, in 5 the sane manner as in the

Exanpl es, adhesive tapes were prepared and subjected to measur enent of

bondi ng strength to a plate of 42 aIon ~Ti#é results obtalned are shown in

Table 12.. From T, Ies and 12 seen t ndlng st rengths -
of the -resin f|| 'gt#é“ wfcﬁﬁy sé]‘?ald'mgt’hyl ®ven affter

noi sture abso h {

ab!szrgtl on zrepltortv\élr J’[thloﬁl ?ﬁ%ﬁsﬂeh |anmq“i1?1e’0%ér%f tceii%a oe\?\}cevsg? ég)l "gorrpar ed

with the Conpar gt q'[qa‘ﬁﬁ’ 'érelSshovh? Jﬂpsfdﬂé iP, prevent the bondi ng
at owe

strength frontbelng gre
This varnlsh was coated on one side of a

5 polyimide film (Upilex SGA having a thickness of 50 um,
a trade name of Ube Industries Co., Ltd.) to obtain an
adhesive tape in which the thickness of adhesive layer
was 30 um. The drying temperatﬁre was at most 200°C
and the drying time ﬁas 15 minutes. This adhesive tape

10 was subjected to thermal compression bonding to a plate
of 42 alloy to prepare a test éiece (Thermal compres-
sion bonding wae effected at 250°C for two seconds and
after release of pressure, annealing was effeeted at
250°C for 30 seconds. The pressure applied to the

15 bonding surface was 4 kgf/cm? as calculated from gauge
pressure and bonding area.), and a 180° peel strength
was measured in a tensile tester to obtain the results
shown in Table 13. The bonding strength means the 180°
peel strength at room temperature or 240°C measured

20 (drawing speed: 50 mm/min) in the normal state and
after the treatment (125°C, 48 hours, R.H. 100%) in a
pressure cooker. At the ruptured cross-section of the
test piece, the bonded resin layer underwent cohesive
failure and no bubbie or void was confirmed at all.

25
Examples 31 to 35

In the same manner as in Example 30, a resin

solution was prepared with the recipe shown in Table



- 70 - Table 12 Reci pe _ ' .Conp. COnp. Conp. - Conp.
. Ex..16 Ex. 17 Ex. 18 Conponent (A) PI-| PI-2  PI-3
*1) Amount  (Q) 100 - 100 100 100 Conponent (B)

Ex. 15
Pl-1 (
Amount
PR-
10
Amount
2. 07
0. 68
0.24

. Ex..16

EOCN-
(9)

(9)
1.82

0. 83
0. 43

10

15

20

Epi kote (*2) - 1020
_ 50 -73 - 20 Component (O

0P8y ood " Be and an aandSB BB ere Sapared

therpfron, . e evalyasiof rempits (RdRied are Andin
in .%%t’lelaﬂpy treatnment (kgf/cm @RT After PC

0. 26 treat ment

Comparative Examples 19 to 22

_Résin compositions composed of the polyimide
resin alone or in combination with one or two compo-
nents of the components (B) to (D) were prepared.
Subsequently, in the same manner as in the Examples,
adhesive tapes were prepared and subjected to measure-
ment of bonding strength to a plate of 42 alloy. The
results obtained are shown in Table 14.

From the results in Tables 13 and 14, it is
seen that the bonding strengths of the resin films of
the Examples are only slightly lowered even after
moisture abéorption. Also, the boﬁding strengths at a
high temperature after moisture absorption are lower
than those in the normal state; however, as compared
with the Comparative Examples, it is possible to

prevent the bonding strength from being greatly

| lowered.

828



@240[err]C Note: (*1):
Coupl i ng agent - 71 - Exanple 30 In a ?
pol yi m de resin PI-4 and 350 g of DM, an

at room tenpe

Polyim de resin (*2):
havi ng.active hydrogen group which can react wth the epoxy conpound.

Epoxy conmpound (*3):

After  unifor , 40 ¢ of blsphenol Altype onpg
828 manuf actu Yuka SBel | Epoxy Co., Ltd.)j wgds & o th
and the resul §iBg i xture stirred at room tlenger atufe for t
after which i confirngd@that the epoxy conpoynd uni f or
di ssolved in ol uti on, wand 1 g of a silane jcodpliing
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15 for one hour. After it was confirnmed that the silane coupling agent
was conpletely dissolved in the solution, 5.0 g of a resol .resin (PR-50781
nmanuf actured by Sumitonp Durez Co., Ltd.) was gradually added to the system
while the systemwas stirred. Stirri ng wag528 continued for a further two
hours to prepare a heat resi stant .resin solution. This solution conposition

did npt gel ature for five days
and was kept in The resin
solution thus ob | ess steel pijate by
means:of a docto kness of 50 fm The
dryi ng tenperatufle “'_. 72 - drying |me was
20 m nutes. Sol ubil i T A ,ftensile ;_:,
characteristics & are 13. This v nish was
coated on one sige pt a5 pol yf mijde 11 havi ng a thhckness
of 50 um a trade¢ nane df Ubell nfdustrie$ Co., Ltd ) t§ obtain an
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adhesi ve tape in'mhich the thickness of adhesive | ayer was 30 un1.The_
drying tenperature was at nost 200[err]C and the drying tine was 15

9%

m nut es.

Thi s adhesi ve tape 10

wassum

ed to thermal

conpr essi on.

bonding to a plate of 42 alloy to prepare Cest piece (Thermal conpres-
si on bonding was effected at 250[err]C gﬁf; seconds and after rel ease of
pressure, annealing was effected at 2588 or 30 seconds The pressure
applied to LL-«;———:L:= ---------------------------------- 2l efraom
gauge pr ess r er@d@tpdondi ng area.), a 18p [:gan] p( Hong." €NYL t‘c&ﬁg; ’
measured infa tensile tester to otk 19e |exul 29 %h@ww12n1 Tdbge, 182 The
bondi ng strdngt fTmeans tne 1380 errjl peel stfengtin ay room tengerature
2400C neasuffed 40 Comper®Rtg(Bheed: B n} nPLrR t he BHordmal Jt RE-4nd
after the tffeatfent (125C, 48( rls, R H 1P0% in § pressure |cooker.
t he rupt ur eg crqQss-=section of th ,L_e_s_t_p;_&' —the handed resi Jnypr
under went theS|vem$@ﬁﬁﬂre el ngjbubpb@ or voﬁdowa; canfg r med aio@JI.|P5
Exanpl es 31)to 5 T the Sane Imanm ' anpte $O A TESTI SOrutToTf was
prepared wi flh t He ¢eRPEReR®OM) i n [Tabl e XY- - Epikote
o - (*2) 4000H 828
Amount (g) - - 20 - 20
Component (C) - PR~-175 PR- -
(*3) 53647
Amount  (g) - 10 10 - ll
Component (D) - ~ KBC1003 -
(*4)
Amount  (g) - - 10 - "
Normal 1.57 1.75 1.51 1.38
Bonding state
t th
taan " I after pc~ | 0.66 1.08 0.37 0.42
alloy treatment
(kgf/cm) @ RT
After PC-~ 0.18 0.32 < 0.1 < 0.1
treatment
@ 240°C
Note: (*1): Polyimide resin
(*2): Epoxy compound
(*3): Compound having active hydrogen group

which can react with the epoxy compound.

(*4):

Coupling agent



- 73 - 13, and a filmand an adhesive tape were prepared therefrom The
eval uation results obtained are shown in Table 13. Conparative Exanples 19
to 225 Resin conpositions conposed of the polyimnmde resin

al one or 'in conmbination with one or two conpg— nents of the conponents (B)
to (D were prepared. Subsequently, in the™s fe “manner as in the Exanpl es,
adhesi ve..t apes vver%%{l-eféirgg and subjected to neasure- 10 ment .of bonrdjng
strength to a plat P |l oy. The results obtained are shown*i'n Tabl e

14. Fromthe results in Tablfg éq%gggiéﬁ%?éi *éré§§P§é§?f§ﬁ@ﬁab pdi ng

strengths of the resin filns of t es are owered even

after 15 nDiStL”éEF§§m&&@i in/ 502 448 D90U; NGt ShMPNUAKE Bhed BEHE

tenperature after I'sture absorption are | ower than those in the nornmal

state; homever,zx%ﬁgyg@géﬁky*tgmifgeéb@@af@éﬁVﬁeﬁﬁéﬁ@t@ﬁe td tempLetebye
to prevent the bonding strength frombeing greatly 20 | ower ed.

5 dissolve the polyimide resin in DMF. After uniform
dissolution, 50 g of phenol-novolak type epoxy compound
(EOCN-1020 manufactured by NIPPON KAYAKU CO., LTD.) was
added.to the solutioh and the resulting mixture was:
stirred at room temperature for two hours, after which

10 it was confirmed that the epoxy compound was uniformly
dissolved in the solution, and 10 g of a silane
coupling agent (trismethoxyethoxyvinylsilane, KBC 1003
manufactured by Shin-Etsu Chemical Co., Ltd.) was added
and stirring was effected at rooﬁ temperature for one

15 hour. After it was confirmed that the silane qoﬁpling
agent waé completely dissolved in the solution, 10 g of
a novolak resin (PR-53647 manufactured by Sumitomo Du-
rez Co., Ltd.) was gradually added to the system while
the system was stirred. Stirring was continued for a

20 further two hours to prepare a heat resistant resin
solution. This solution composition did not gel even
after allowed to stand at room temperature for five
days and was kept in the uniform solution state.

The resin solution thus obtained was coated

25 on a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50

pm. The drying temperature was at most 195°C and the '

drying time was 20 minutes. Solubility, glass



. 74 - - 75- - 76 - Table 14 Recipe Conp. Conp

Conp. . CQm. Ex. 19 Ex. 200 Ex. 21 Ex. 22 Conponent (A) PI<4'
PI-5 - PI-6 Pl-4 (*1) Amount  (Q) , 100 100 100

100 Conponent (B) - : XY- - Epi kote (*2)

4000H 828 Amount  (g) - 78 ~ 20

20 Co it (C PR- - *3) '
53647nﬁﬁgﬁﬂt ( %gfranSLtlon tempé%giﬂyéiRteqﬁile chqgéﬁ?ﬁﬁﬁﬁtyqﬁ and

. KBF1003 Yéﬁng s modulus are shown in Table 15.

This varnish was coated on one side of a
polyimide film (Upilex SGA having a thickness of 50 um,
5 a trade name 6f Ube Industries Co., Ltd.) to obtain an
adhesive tape in which the thickness of adhesive layer
‘'was 30 pm. The drying temperature was at most 200°C
and the drying time was 15 minufes. This adhesive tape
was subjected to thermal compression bonding to .a plate
10 of 42 alloy to prepare a test piece (Thermal compres-
sion bonding was effected at 250°C for two seconds and,
after release of pressure, annealing was effected at
250°C for 30 seconds. The pressure applied to the
bonding surface was 4 kgf/cm? as calculated from gauge
15 pressuré'and bonding area), and a 180° peel strength
was measured in a tensile tester to obtain the results
shown in Table 15. The bonding strength was obtained
by measuring a 180° peel strength (drawing speed: 50
mm/min) at room iemperature or 240°C in the normal
20 state or after the treatment (125°C, 48 hours, R.H.
100%) in a pressure cooker. At the ruptured cross-
section of the test piece, the bonded resin layer
underwent cohesive failure and no bubble or void was

confirmed at all.

25 Examples 37 to 41
| In the same manner as in Example 36, a resin

solution was prepared with the recipe shown in Table 15



Anount (@) - 10 - Normal - = 1#57 1.75

1.51. + 1.38. Bonding. state strength After PC 0.66° . : ~1..08

0. 37 . 0.42 to 42 alloy treatment (kgf/cm @RT After PG~ 0.18
0. 32 <0.1 . < 0.1 treatnent @?240[eiré Note: (*1): Polyimde resin
(*2): Epoxy conpound (*3): Compound havi ng”acti Ve hydrogen group: mhisph scan

react w-th the epgug 4O ' x4y I e 10~ e 36 In

a glass flask wer e pl %c@q%%_“g(@@ &#%%-‘;(fneq}a SN P fbfﬁ&,tﬁfg% DIVF,

and they were su lehheNt ibhes v idlon HUBLIUR Yritatifed @reP BHSRKP!th S

di ssol ve- the polyimde resin in DVF._After uniform _
Table 15. o

Comparative Examples 23 to 26

5 . A resin composition comprising a polyimide
resin alone and resin compositions comprising a poly-
imide resin and one or.two membérs selected from the
components (B) to (b) showh in Table 16 were prepared.
Subsequently, in the éame manner as in Example 36,

10 adhésive tapes were prepared therefrom and subjected to
measurement of bohding strength to a plate of 42 alloy.

The résults obtained are shown in Table 16.
.From the results in Tables 15 and 16, it is
seen that the bonding strengths of the resin films in
15 fhe Examples were only slightly lowered even after

moisture absorption. Also, the hot bonding strengths
after moisture absorption were lower than those in the
normal state; however, as compared with thoée in the
Comparative Examples, it is possible to prevent the

20 strength from being greatly lowered.



di ssol ution, 50 g of phenol -novol ak type epoxy conmpound ( EOCN-ThB 3feet Has Been Replaced
manuf act.ur ed.by N PPON KAYAKU CO., LTD.) was added to the sol ut “‘mr“\
resulting mxture was stirred at roomtenperature for two hours

whi ch 10 it was confirnmed that the epoxy 8®rmpound was uniformy dissol ved

in the solution | | :

(trismet hoxyet hgxyvipyl sil ane, KBC 1003 manuf act ur ed by S i nf Et sy Cheni cal
Co., Ltd.) was §dded}j and stimring was effected at} rqomjt efrpef at urje for one
15 - hour. Aftgr .i3| was confgmed that the silanke douglifhg hgentf was
conpl et.el y di sslgegl in the @dfiution, 10 g of a nchaH resip (PR- 53647
manuf act ured by]San%} ono Du- @8z Co., Ltd.) was gfadualll y]adfed tjo the
system whi l e th tS’Q%Femwas firred. Stirring was| cgntifnu¢d for g 20
further two houlls to] prepare a heat resistant resjn{soljutjyon| Thi|js sol ution
conposition didjfnot pel vem af tler jal | o to Ft d fat |[ropm errpirature for
five days and s kept in the unifqrm spl ution|stpatd. ‘ifheLresin ol bition
t hus obt ai ned S .cgg)atbed 25| gon a pg\_'an sheg st ai nlesiste,el pl atie By neans
of a doctor bl aflegt o} obt dio}ackd|l ea|havi he lant h| ekhedsudfuplabire Thezdryi ng
tenperature wasla ,@Pﬂ 1981 <5 & C“ﬁm‘d the;ldgyi hg:iti e vas| 20| & ndt 5.
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- 78 - transition tenperature, tensile characteristics and Young's nodul us
are shown in. Table 15. This varnish was coated on one side of .a polyimde
film (Upilex SGA having a thickness of 50 um a trade nane of Ube

I ndustries Co., Ltd.) to obtain an adhesive™t Qge'i n which the thickness of
adhesi ve Iayer was 30 um The dry| ng terrperature was at nost 2000C and t he
drying time was de=rimatietr—at=—a0Rasixo—t-na—un st 00 ed to thernal

conpr essi on bondi ng a test piece
(Thermal conpres- si or two secongs
and, after rel ease of 250[ err] C fof 30
seconds. The pressur¢ 4 kgf/cnferr]Qas
| oY
cal cul ated fromgaug¢ 1 d a 180[ err] peel
strength was neasured | , sults shown gn
Tabl e 15. The bondi ngh s{rengt h jwa$ opta isuri ng d 180[err] pegl
strength (draw ng spé=£ &0 IM@irim) ., tgnpenagure of 240[err]C iW the
nor mal 20 st at ewor 1e:ﬁ tihe [tng¢at fram p err]Gp 48 hgurs, R H 1082
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section of the test piece, the bonded resin |ayer underwent cohesive
failure .and no bubble or void was-confirmed at all. 25 Exanples 37 to 41
In the same manner as in Exanple 36, a resin solution was prepared with the
reci pe ‘shown in Table 15 -79- and a filmand an adhesive tape were
obtained there- from The evaluation resu82s-obtained are shown i.pn Table
15. Cbnparatlve Exanples 23 to 26 5 A resin conpOSItlon‘ ‘
conprising a polyimde resin alone and T%E1% %Bnp05|t|ons conprising a

pol y- imde
 Rebine

16 were prepar

S tlﬁ the sf nne
cg%gﬁﬁpargg§§§§4e#ggﬁ?ggd S Eﬁ?

in Exanple 3 sive tapes Werggy f
measur enment f b,nmu aye) otreﬂgth LUT‘:T"pII ate—qt—42—aH —FRe—f-eptr+s
obt ai ned ar eff shojn Compaleing 1(29. F{omE-le rsuPIslin TBE#@S 15| ami-16, [t
is seen thatfthe|bonding strerddtlis|{of the rdgsin fllnF in
Amount (9) 100 100 100 100
Component (B) - XY~ - Epikote
(*2) 4000H 828
Amount (g) - 20 - 20 "
Component (C) - PR-175 PR~ -
(*3) 53647
Amount (g9) - 10 10 -
Component (D)' - - KBC1003 -
(*4)
Amount (glﬁ - - 1.0 -

Normal 2.07 2.01 1.43 1.86

Bonding state
t th
SoESt | after pc- | 0.68 1.63 0.35 0.41
alloy treatment :
(kgf/cm) @ RT
treatment
@ 240°cC

Note: (*1): Polyimide resin
(*2): Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.

(*4): Coupling agent



15 the Exanples were only slightly |owered even after noisture absorption.
Al so, the hot bonding strengths after noisture absorption were |ower than
those in the normal state; however, as conpared with those in the : 2
Conparative Exanples, it is possible to preyent the 20 strength from

bei ng greatly | ower ed. . - 81 - 82-8?able 16 Reci pe - )
Comp. . Comp. Ex. 23 = Ex. 24 Ex. 25 - "Ex. 26“”
Conponent (A) Exaﬂiﬂ‘iel“ "Pl-1 PI-2 Pl-1 (*1) Amount  (g)
100 100 - 100 In &“¥1é§¥“¥¥¥§ﬁ wede placed 100 g oY )

Epi kot e
polyimide resin PI-1 and 355 g of DMF, and they were

sufficiéntly stirred at room temperature to completely

5 dissolve the polyimide resin in DMF. After uniform
dissolution, 40 g of bisphenol A type epoxy compound
(Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution.and the resulting
mixture was stirred at room temperature for two hours,

10 after which it was confirmed that the epoxy compound
was uniformly dissolved in the solution, and 1 g of a
silane coupling agent (trismethoxyethoxyvinylsilane,
KBC 1003 manufactured by Shin-Etsu Chemical Co., Ltd.)
was added and stirring ﬁas effected at room temperature

15 for one hour. After it was confirmed that the silane
coupling agent was completely dissolved in the |
solution, 5 g of a resol resin (PR-50781 manufactured
by Sumitomo Durez Co., Ltd.) was gradually added to the
system while the system was stirred. Stirring was

20 continued for a further two hours to prepare a heat
resistant resin solution. This sélution composition
did not gel even after allowed to stand at room
temperature for five days and was kept in the uniform
solution state.

25 ' -The resin solution thus obtained was coated
on a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50

pum. The drying'temperature was at most 195°C and the



(*2) 4000H . 828 Anount (9) -

20 R 20 Conponent (C) : PR-175 PR- -
(*3) : 53647 Amount - (Q) - 10 210
- Cbnponent (E» - KBClOOB - (*4) Anmou t (9)

1.0 _ Nor nal - 8% 97 - 2.01 1. 43

1 86 Bondlng state tQ ' Af t.er PC -4 8.35

0.41 al l oy dWé&err&H“e( R’&ﬁ/ @&) minut@syr &%Jg&’i#étlh blg%f 0.38 <
Compound (+3): EABBMARa s AP %w}é&:f G ARG A FARE AT (
t he epoxy CO”pOQRQWn(lﬁ)TaSﬁ%ph7ng agent
This varnish was coated on one side of a
5 polyimide film (Upilex SGA having a thickness of 50 um,
a trade name of Ube Industries Co., Ltd.) to obtain an
adhesive tape in which the thickness of adhesive layer
was 30 pm. The drying temperature was at most 200°C
and the drying time was 15 minutes. This adhesive tape
10 was subjected to thermal compression bonding to a plate
of 42 alloy to prepare a test piece (The thermal
compression bonding was effected at 250°C for.two
seconds and, after release of pressure, annealing was
effected at 250°C for 30 seconds. The pressure applied
15 to the bonding surface was 4 kgf/cm? as calculated from
gauge pressure and bonding area.), and a 180° peel
strength was measured in a tensile tester to obtain the
results shown in T&ble 18. The bonding strength was
obtained by measuring a 180° peel strength (drawing
20 speed: 50 mm/min) at room temperature or 240°C in the
normal state or after the treatment (125°C, 48 hours,
R.H.'lod%) in a pressure cooker. At the ruptured
cross-section of the test piece, the bonded resin layer
underwent cohesive failure and no bubble or void was

25 confirmed at all.

Examples 43 to 47

In the same manner as in Example 42, heat



- 83 - -Exanple 42 In a glass flask were placed 100 g of polyimde resin
"Pl-1 and 356 g of DMF, and they were sufficiently stirred at room B
tenperature to conpletely 5 . dissolve the polyimde resin in DW. After
uni form di ssol uti on, 40 g of bisphenol A type epoxy conpound (Epi koete 828.
manuf act ured by Yuka Shell Epoxy Co., Ltd.°P was added to the solution and
the resulting m xture s _stirred at. roomtenperature.for, two hours, 10
after which it TeRiTEAAY Feetl h%‘?l‘?frﬂe°’é$o‘§?r%o%%ﬂ?ﬁae‘3va‘§lmi$’6?m-y -
di ssolved int i ng f si ] ane.coupl i ng agent. s
(trismet hoxyet h%gﬁ(é%én%lésiﬁ%‘?em 3%%’@%0%7 ha%@aﬁ'ﬁpgdmb‘g %‘ﬂ%’%gﬁ’(%ut?ﬁ%ﬁi cal
0., Ltd) vas addedm idd {ndite#Bom °f [ vl ud OO0 L EORR{ gL UM e 15 for
t ha

one hour. After 1t was confirne t the siTane coupling agent was

conpl etely di sedtsthded 47 Sidwt | B0, TabDe 0f72 resol resin (PR-50781
manuf actured by Sum tono Durez Co., Ltd.) was gradually added to the system

whil e the systemwas stirred. Stirring was 20 continued for a further two
hours to prepare a heat resistant resin solution. This solution conposition
~did not gel5 evdlomgiaratialé EBwahplest2ihcka@t3® oom tenperature for five days
and was kept in the uniform
A resin composition comprising a polyimide
resin alone and resin compositibﬁs.comprising a boly-
imide resin and one or two components sélected from the
components (B) to (D) shown in Table 18 were prepared.
10 Subsequently, in the same manner as in Example 42,
adhesive tapes were prepared and subjected to.
measurement of a bonding strength to a plate of 42
alloy. The results obtained are shown in Table 18.
From the results in Tables 17 and 18, it is
15 seen thaﬁ the hot strengths of the adhesive tapes in
the Comparative Examples after the treatment in a
pressure cooker were remarkably lower than those of the
adhesive tapes obtained from the resin compositions in
- the Examples.
20 From the above Examples, it is seen that this
inventioﬁ enables the prevention of the hot bonding
strength after moisture absorption from being greatly

lowered, whereby film adhesives excellent in heat

resistance and moldability can be obtained.



sol ution .S't ate. 25 The resin solution thus obtained was coat éed
on a planished stainless steel plate by neans of a doctor blade to obtain a
filmhaving a thickness of 50 jim The dr |ng tenperature was at nost 1950C

and the - 84 - drying tinme was 20 ninu Sol ub|I|ty, glass transition
t enper at ure ang—tas o ch a

leasile-charactorlolice—are o howy able 17 This varnish
was coated on dne side of a 5 poI yimde film (Upi ' a
t hi ckness of 5( om |a trade hane of Ube | ndustrigs obt ai.n an
adhesi ve tape |nown ch the thickness of adhesive 80 uny The
drying tenperatjufesfas at mgh 200[err] C and the|drling t|i m was| 15
m nutes. This Em ve tapedl® was subjected tp therpal Dpr epsi on
bonding to a plfla pf 42 alloy to prepare a test|pipcg (Thelt herpal
conpressi on borydi nglwas effected at 2500C for tw smmis_a.[ﬁ_d__after
rel ease of pre sure(Jj anr*eal ing was effectpd af 2pO[err]l C|fof 30 peqonds.
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gauge pressure and bonding area.), and a 180[err] peel strength was
measured in a tensile tester to obtain the results shown in Table 18. The
bondi ng strength was obtained by neasuringgf 1800 peel strength (drawing 20
speed: 50 mmmn) at roomtenperature or 240[err]Cin the normal state or
after the treatnment (125[err]C, 48 hours, R H 100% in a pressure cooker.

At the ruptur &0, ClOSY-Secfr o gr 1 ded resin | ayer
under vient cohesivg fgilurg apnd no confirmed at all..
Exanpl es 43 to 47 [In}jthe pang - i eat - - 85%
resi stant resin sql utli ons] wey e |pr 4 shown in Tgole 17,
and filnms and adhesi\we t apes re e eval uati om
results obtained gre|shown in Tabl Exanpl es 2750 30 A
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conponents (B) to (D) shown in Table 18 were prepared. 10 Subsequently,
in the same manner as in Exanpl e 42, adhesive tapes were prepared and

subj ected to. measurenent of a bondlng stégngth to a plate of 42 alloy. The
results obtained are shown in Table 18."FF8BnTthe results in Tables 17 and
18, it is 15 seen that the hot strenﬂ Q? isthe adhesi ve tapes:in the
Conparative Exanples after the t r eat ment ﬁ pressure cooker were:

remar Kabl y F”J --------------------------------------------- in
conposrtronr|R§dﬂ§éEyanples. 20 | comp. cohpn theompove EXadMgs, #t is
seen that this invention enables e preventeen 28 | Re.hob bohdixng 3¢ r gngt h
after noistlire aE§UTpTTUﬂ‘TTTﬂﬁTKﬂT$£i¥1§n%%r|omere ) mnereoy T
adhesi ves efcel | efilomRe Rk | stFa land JmoPEaBi | | t FIcdn be otﬁIa'ilned|
- 86- - 8 -
Amount (9) 100 100 100 100 "
Component (B) - XY- - Epikote
(*2) 4000H 828
Amount  (g) - 20 - 20
Component (C) - PR-175 PR~ -
(*3) 50781
Amount _ (g) - 10 20 -
Component (D) - - KBC1003 -
(*4) .
Amount '(g) - - 10 - AJ
Normal 2.7% 2.20 2.01 1.99
Bonding state
t h
SeresIt | after e~ | 2.10 1.65 1.55 1.64
alloy treatment
(kgf/cm) € RT
After PC- | 0.36 0.15 0.15 0.11
treatment
@ 240°C

Note: (*1): Polyimide resin
(*2): Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.

(*4): Coupling agent



- 88 - Table 18 Reci pe ' - Conp. Comp

Ex. 27.. Ex. 28 Ex. 29  Ex..30 Conponent (A) -I Tmsleheea{asaedal aced
Pl-1 (*1) Amunt ~ (g) 100 - 100 100 © 100
XY- - Epi kote (*2)  4000H |
Amount (g) 20 89 - 20 CO
PR-175 PR 50781 Ambunt C
10 ° 20 COnpm I(f"D)Cm”ﬁ[M*‘-‘D 1S: - KBClOOS - *4) "Amount
(9) | 2.71, 2.20
2.01 1.99 Bondi ng %t‘%ﬁaéﬂ sﬁ%ﬂﬁ{‘t Aﬁ%‘rﬂ [EmpOs;i tpn,, 1. 65
1.55 1.64 t%arac erlzed bytégﬁﬁfgggng, as the main components,

(A) 100 parts by weight of an organic solvent-soluble
polyimide resin having a glass transition tempera-
ture of 350°C or less, |

(B) 5 to 100 parts by weight of an epoxy compound
having at least two epoxy-groups in one molecule,
and

(C) 0.1 to 20 parts by weight of a compound having an
active hydrogen grdup which can react with the
epoxy compound (B).

2. The heat resistant resin composition

according to Claim 1, characterized in that the

component (A) is a polyimide resin comprising a

diaminosiloxane compound represented by the fplléwing

general formula (1) in an amount of 5 to 50 mole % of

the total amount of the amine components:

i3 ?s -
HN—R,—{S1-0-Si—R,~NH, (1)

wherein R, and R; represent independently divalent
aliphatic groups having 1 to 4 carbon atoms or divalent
aromatic groups; Rss Rir R and R, represent indepen-
dently monovalent aliphatic or aromatic groups; and m

represents an integer of 1 to 20.

* [ L M S *
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(kgf/cm @RT After PC 0. 36 0.15 0.15. anetiﬂsﬁeE@ meudt
@ 2400C Note: (*1): Polyimde resin (*2): Epoxy conpound '
havi ng active hydrogen group which can react with the epo

Coupl i ng agent This Sheet Has Been Re lLaced 89 WHAT" IS

A heat resistant resin conposition, charaé eri zed by conpr|5|ng, as the
mai n conponents, (A) 100 parts_ by weight of an organic sol.vent-soluble
pol yi i de resin Baving a gl - 4% qa§n£§%¥% 3 err]C or

Luo. epoxy g1 oups SCRBRE oI frath by (B e D a1 07

conpound having @0yyimide resin (A) comprises, as the main acid

H
1
H

L8

component, 4,4’'-oxydiphthalic dianhydride and, as the
main amine components, the diaminosiloxane compound
represented by the general formula (1) as recited in
Claim 2 and 1,3-bis(3-aminophenoxy)benzene.

4. The heat resistant résin composition accord-
ing to Claim 1, characterized in that the polyimide
resin (A) comﬁrises, as the main acid components,
3,3’,4,4’-biphenyltetracarboxylic dianhydride and
3,3',4;4'-benzophenonetetracarboxylic dianhydride and,
as the main amine components, the diaminosiloxane
compound represented by the general formula (1) as
recited in Claim 2 and at least one diamine selected
from the group consisting of 2,2-bis[4-(4-amino-
phenoxy)phenyl Jpropane, 1,3-bis(3-aminophenoxy)benzene
and dimethylphenylenediamine.

5. The heat resistant resin composition accord-
ing to Claim 1, characterized in that the component (A)
is a polyimide resin obtained by mixing:

a polyamic acid A obtained by reacting g,moles of a

siliconediamine represented by the following formula

(2)s
CHy
NHz—(CH2)3~€|-O Si—(CH,)3~NH, (2)
CH:, N

* [ L M S *




active hydrogen group which can react with the epoxy corrpouml,ssﬁi)emaBBeenR‘ilaced

The heat resistant resin conposition according to Caim-1

‘that the conponent (A) i.s a polyimde resin conprising a di anﬂ
-conpound represented by the followi ng genegral formula (1) in

"to 50 nole % of the total amount of theTaminé corrponents I [err]

0 e g ] g DTy e LN
[err] and [ err L spiees iyl itensy th%egsrfx{m@gr@nmsgy Rl fed' gt i ©

groups; and m represents an | nteger

heat resistant rtealéaseoraw'eét% 1&9; hgiaqrrgdhﬂde garé&e@aiff&ni n

'that the polyimdeé resin (A) corrprrses i n acl
the group consisting of 4 4'—oxyd1phthallc dianhydride,

3,3’,4,4’'-biphenyltetracarboxylic dianhydride and
3,3",4,4'-benzophenonetetracarboxylic dianhydride as
the acid component wherein a, b and ¢ satisfy the
following relations: N
0.02 < a/(a +b) < 0.10 and
0.960 < c/(a + b) < 1.04,

with a polyamic acid B obtained by reacting d moles of
a siliconediamine represented by the above formula (2)
and e moles of another diamine as the amine components
with £ moles of at least one tetracarboxylic dian-
hydride selected from the group consisting of 4,4'-
oxydiphthalic dianhydride, 3,3’,4,4’'-biphenyltetra-
carboxylic dianhydride and 3,3’,4,4’'-benzophenone-
tetracarboxylic dianhydride as the acid component
wherein d, e and £ satisfy the following relations:

0.20 < d/(d + e) £ 0.70 and

0.920 3;/@ +e) <1.10
in such a proportion that 0.12 < (a + d)/(a +b +d +
e) £ 0.50, and then imidizing the mixture.

6. The heat resistant resin composition

-

) 0 A A VA



conponent, 4, 4'-oxydi phthalic dianhydride and, as the mai N A& Has Been Re
.conponent s, the di am nosi | oxane conpound represented by the

(1) as recited in Cai'm2 and 1, 3-bi s(3-am nophenoxy) benzéne W lﬁ
heat resistant resin conposition accord- ji,ng to Claima1, cha

that the polyimde resin (A) conpri ses, 33 fhe- main acid conponents,

3.3 .4, 4" -b | e

3374 4 - bleﬁtz]“o Ae‘%"gfﬁt‘f Q‘?‘;r b‘%)’i:xpylc}l‘&“fi r@%’#@;aﬁé %haCh%’éiﬁ%r’nﬁ?‘ﬂlré?i ne
t

() as reci tezﬁ‘. n‘%?a%@‘?rﬁ}ﬁ'ﬂ' R n’é&ﬁf AR L) L e O oo

consi sting of e |

1, 3-bi s(3-am n?p)zhe?o%;]tbée?z(gnea{%ld&?net hyl pheny% ene% am ge5nt. The
heat resistant7.resin consiid«an Wsisthnt NEedih (&@hd;sashtf&ar acterized in
that the conmponent (A) is a polyimde resin obtained by mxing: a polyanmc
aci d A obt ai neccdordiaartion@Claimwlés cHaractidr sk dimntheet g esent ed by the

following formula (2): [err]
component (D) is a silane coupling agent.

8. A heat resistant film adhesive, characterized.

by comprising, as the main compenents,

(A) 100 parts by weight of an organic solvent-seluble
polyimide resin having a glass transition tempera-
ture of 350°C or less,

(B) 5 to 100 parts by weight of an epoxy compound
having at least two epoxy groups in one molecule,
and

(C) 0.1 to 20 parts by weight of a compound having an
active hydfogen group which can react with the
epoxy compound (B).

9. : The heat resistant f£ilm adhesive according to

Claim 8, characterized in that the component (A) is a.

polyimide resin comprising a diaminosiloxane compound

represented by the general formula (1) as recited in

Claim 2 in a proportion of 5 to 50 mole % of the total

amount ef the amine components.

10. The heat resistant film adhesive according to

Claim 8, characterized in that the component (A) is a

polyimide resin comprising, as the main acid component,

4,4'-oxydiphthalic dianhydride and, as the main amine

components, a diaminosiloxane compound represented by

* c L M b *
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wherein mis an ihteger'of 1 to 13, and b noles of anot her

. : : id.ae: e%R& '
am ne -conpenents with ¢ noles of at |east one tetracarbox?? |
selected fromthe group consisting of 4,4'-oxydiphthalic di |‘
3,3",4,4" -bi phenyl tetracarboxylic dianhydri de and : !

3,3",4,4" -benzophenonet etracar boxyl'ic dféﬁﬁydride-as'the aci d conpgnent
‘wherein a, b and c satisiy t he ollomﬁng relations: 0.02 < a/(a'+ h) < 0.10
and 0.960 < c/EReiggneral’ farmplan (1),8Fy CeBiR Re8MBy lrdacting d

IRFited; 4B
nol es of a sil'congdianine reﬁreignted by the above fornula (2) and e nol es
of another di aftfk3a8MEARPARNREYIBANARBArs with f noles of at |east one

tetracarboxylig%dian- hygﬁgdﬁ§a€2§§gigF%hgnkFFﬁ gaﬂggiggnghgﬁkagpgaﬁ§h4'-

oxydi pht hal i c anhydri dg, " 3, enyl'tet ra- —car boxy ride

B onant uner CRAHAPEENEREraLELERSBADINY bharILABNLORbORAE AT 2 | |

conmponent wherein e an satls e tollowng r _
e) < 0.70 and Qoﬁfﬂmfdégfgginebgﬁ?%ié@ngp §8CEha RA9AORELANcbARb-0- 12 < (a

+d)/(a+b+d+e , an en imdizing the m xture.
nents, 3,3',4,4'-biphenyltetracarboxylic dianhydride
and 3,3,4,4'-benzophenonetetracarboxylic dianhydride
and, as the main amine components, the diaminosiloxane
compound represented by the general formula (1) as
recited in Claim 2 and at least one diamine selected
from the group consisting of 2,2-bis[4-~(4-amino-
phenoxy)phenyl]prépane, 1,3-bis(3-aminophenoxy)benzene
and dimethylphenylenediamine.
12. The heat resistant film adhesive according to
Claim 8, characterized in that the component (A) is a
polyimide resin obtained by mixing:
a polyaﬁic acid A obtained by reacting a moles of a .
siliconediémine represented by the formula (1) as
reéited in Claim 2 and b moles of another diamine as
the amine components with ¢ moles of at least one
tetracarboxylic dianhydride selected from the group
consisting of 4,4’-oxydiphthalic dianhydride,
3,3’,4,4'-biphenyltetracarboxylic dianhydride and
3,3’,4,4'-benzophenonetetracarboxylic dianhydride as
the acid componént wherein‘g,,g and ¢ satisfy the

following relations:

0.02 < a/(a + b) £ 0.10 and

* C L M s *
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6. The heat resistant resin conposition accor di ng to any one of
Clains 1 to 5, characterized by further conprising, as anoqﬂﬁg e :
(D) 0.1 to 50 parts by weight of a coupling agent. 7. 8& Eﬁlmmd
resi stant resin conposition according to Cla|n16 character

conponent (D) is a silane coupling agent. 34 - " A heat r
adhesi ve, -characterized by co I n S th mai conponents (A) 100
parts by wei ght of an organic sgﬁ& ﬁ?sgg 91@*%3 resin having a

glass transition tenpera- ture of 3500C or Iess (B) 5 to 100 parts by
wei gbt. of an epoxy conpound having at Ieast tmo epoxy groups in one

mol ecul e, and Oﬁl toqy%%lre.a B W ! %)raagddlqasarbfact ive

hydr ogen group mhlc an-react mnt t he epoxy caonmpoun

heat resistant gf b'lTl%BPe&%?az.%%CQfe%f&éxﬁeq Hy"the %@ﬂtaer('lz)e%é n that-
t he conponent (A) Is a polyimde résin conpri$ing a di am nosi|l'oxane

conpound recited in Claim 2 and e moles of another diamine as

. the amine components with £ moles of at least one
tetracarboxylic dianhydride selected from the group
consisting of 4,4’-oxydiphthalic dianhydride,
3,37,4,4'-biphenyltetracarboxylic dianhydride and
3,3',4,4'-benzophenoﬁetetracarboxylic dianhydride as
the acid component wherein d, e and f satisfy the
following relations:

0.20 < d/(d + ¢) £ 0.70 and
0.920 < £/(d + ¢) < 1.10,

in such a proportion that 0.12 < (4 + d)/(a +b +d +

e) £ 0.50 and then imidizing the mixture.

13. The heat resistant film adhesive according to

any one of Claims 8 to 12, characterized by further

comprising, as another component,

(D) 0.1 to 50 parfs by weight of a coupling agent.

14. The heat resistant film adhesive according to

Claim 13, wherein the component (D) is a silane

coupling agent;

15. A process for producing a heat resistant film

adhesive, characterized by casting a solutipn of the

heat resistant resin composition according to any one

* C L L} S *



represehted by the general fornula (1) as recited in Jdaim2in a

proportion.of 5 to 50 nole % of the total anount of the am neThis mreenR Iaced
10. The heat resistant film adhesive accordi ng to d ai m mul

characterized in that the component (A) séa polyim de resin c
am ne conponents, di am.nosi l.oxane co nd r sent b Th| § Sheet
Has Been Re | aegdcﬁ'ﬁénﬁerjre 7f Sng %‘)%uaébrr 3’?9:?'6 d(re? (ﬁ M2 and 1, 3-

the main acid conponent, 4;4'-oxydiphthal di anhydri de and, as

bi s(3-am nophg%%%%%nzene The heat resistant fil m adhesive
according to ‘char act erl zed in that the corrponent (A) is a

pol yi m de resi g gconprisi ?mf ,

3,3, - bi phgnyl tetracar o%ﬁfl Ic di a(ﬁ"ygﬂogie an a Hd¥ resistant

3,3 4 4' benz gphan aumealivRC AlkePding HAT KN 4% Akthardtdia 8 Npm ne
corrponent s, the di am nosil oxane conpound represent ‘ed by the general fornula

(1) as recitedthatCthensdlarmhtaifdreatie GrAutivh F e ticat IreuDdtimigr oup
consi sting of 2,2-bis[4-(4-am no- phenoxy)phenyl ] propane,
1, 3- bi s( 3- am naelsdmoxppesition is an organic solvent having a

boiling point of 200°C or less, and after the casting,

the casted film is dried and thén peeled from the

support.

* c L n S *



< v .o ﬁﬁﬁ i,
and di net hyl phenyl enedi am ne. 12. The heat resistant f|In1ad' '
according to aim8, characterized in that the conmponent (A) is a
pol yi m de resin obtained by mxing: a polyamc acid A obtained by reacting
a noles of a siliconediamne represented by the fornula (1) as recited in
Claim2 and b nol es of another dianine as the amine conponents with ¢ noles
of at |east one tetracarboxylic dianhydride selected fromthe group
consisting of 4,4'-oxydi phthalic dianhydride,

3,31, 4, 41- bi phenyl t et racar boxyl i ¢ di anhydri de and

3,3 ;4,4 -benzophenonet etracar boxyl i ¢ di anhydride as the acid conponent
wherein a, b and c satisfy the following relations: 0.02 < a/(a + b) < 0.10

and [err] w gﬁﬁ#ned by reacting d noles of a
S|I|coned|an1néh$%prese Qphf%yc?ﬁSé#S a (1) asrecited in Caim2 and e

nol es of another diam ne as the am ne conponents with f noles of at |east
one tetracar boxyHEAT RESTBdANGe RESIRC CONPDEITIORG HERYO RESISTANT

FILM ADHESIVE AND PROCESS FOR PRODUCING THE SAME

A heat resistant resin composition
comprising, as the main components,

(A) 100 parts by weight of an organic solvent-soluble
polyimide resin having a glass transition tempera-
ture of 350°C or less,

(B) 5 to 100 parts by weight of an epoxy compound

having at least two epoxy groups in one molecule,
and

(C) 0.1 to 20 parts by weight of a compound having an
active hydrogen group which can react with the
epoxy compound (B),

a heat resistant film adhesive comprising, as the main

components, the above components (A), (B) and (C), and

a process for producing a heat resistant film adhesive

by casting a solution of the above heat resistant resin

composition on one side or both sides of a support.



consi sting of 4, 4' - oxydi pht hal i ¢ di anhydri de,

3,3":4,4" -bi phenyl tetracarboxylic di anhydri de and REPLACEMENT SHEET

3,3 ,4,4" -benzophenonet et racar boxyl i ¢ di anhydride as t eDgtgl d] JogiiNniaed
wherein.d, e and f satisfy the follow ng relation RN e AP o )
and 0.920 < f/(d +e) 1.10, in such a prwo-lct%eé’ﬁraf:ﬁ'a?nt) Sheet B{649§)/(a +

b +d+e) <0.5Qand then inid zing the m xt heat

resistant fil ilve according to any one of [U&inp 10 12,
characterized i fher conprising, as another |cofpohent, |(D) |0.1 to 50
parts by wei ght coupl i ng agent. 14. Tihe [heht |redistgnt film
adhesi ve accorty Cl aim &g wherein the conpongnt| () i;s a Isi |l ane
coupl i ng agent. ; A @ dcess for producing g hpat| re¢sistjant film
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the general formula (1) as recited in Claim 2 and 1,3~

mj .hen

bis(3-aminophenoxy)benzene.

-11. The hgat resistant film adhesive according to
Claim 8, characterized in that the component (A) is a
polyimide resin comprising, as the main acid compo-
nents, 3,3’,4,4’'-biphenyltetracarboxylic dianhydride
and 3,3',4,4'-benzophenonetetracarboxflic dianhydride
and, as the main amine components, the diaminosiloxane
compound represented by the general formula (1) as
recited in Claim 2 and at least one diamine selected
from the group consisting of 2,2-bis[4-(4-amino-
phenoxy)phenyl Jpropane, 1,3-bis(3-aminophenoxy)benzene
and dimethylphenylenediamine. “

12. The heat resistant film adhésive according to
Claim 8, characterized in that the component (A) is a
polyimide resin obtained by mixing:

a polyamic acid A obtained by reacﬁing a moles of a
siliconediamine represented by the formula }é{'as
recited in Clald\ﬂ/;nd b moles of another diamine as
the amine components with ¢ moles of at least one
tétracarboxylic dianhydride selected from the group
consisting of 4,4’-oxydiphthalic di;nhydride,
3,3’,4,4'-biphenyltetracarboxylic dianhydride and
3,3',4,4'-ben26phenonetetraca£boxylic dianhydride as
the acid component wherein a, b and ¢ satisfy the
fdllowing relations:

0.02 < a/(a +b) £ 0.10 and

* [ L M s *
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0.960 < c/(a + b) < 1.04,

with a polyam:Lc ac:l.d B obtained by reacting d moles of
a siliconediamine represented by the formula M as
recited in Clam\QIand e moles of another diamine as
the amine components with £ moles of at least one
tetracarboxylic dianﬁydride selected from the group
consisting of 4,4’-oxydiphthalic dianhydride,
3,3’,4,4'-biphenyltetracarboxylic dianhydride and
3,3’,4,4'-benzophenonetetracarboxylic dianhydride as
the acid component wherein d, e and £ satisfy the

following relations:

0.20 < d/(d + e) < 0.70 and

0.920 < £/(d + &) £ 1.10,

in such a proportion that 0.12 < (a + d)/(a + b + d +
e) £ 0.50 and then imidizing the mixture.

13. ' The heat resistant film adhesive according to
any one of Claims 8 to 12, characterized by further
comprising, as another component,

(D) 0.1 to 50 parts by weight of a coupling agent.

14. The heat fesistant film adhesive according to
Claim 13, wherein the component (D) is a silane
coupling agent. |

15. A process for producing a heat resistant film

adhesive, characterized by casting a solution of the

heat resistant resin composition according to any one
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