EP0318862B1 Description The present invention relates to the use of a gl ass
fiber product in the reinforcenment of fluororesin which is inproved in
adhesi veness to fluoroplastic. 5 EPO31B 862 Bl esins are different from other
plastic materials in-sthat'they have an excellent heat resistance, chem cal
resi stangQemidndi €l ectric property. For this reason, fluoroplastics are
used in various fields. Oiginally, a fluororesin is a soft material. In
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adhesi on Vgl Adn S@mbtMaI pF éJH‘thBJfbekn%ﬁ%eﬁéHl @ﬂahe Rduplofs 601)exan€p@ aAEienatJf%lH% to
appl y t he chiplef atilonli eI sigRNBIFMr ahdl ladiithet QUER a8 faSsillchrid! resh P or adfiubloRBA Of
sil ane copmh&).s, a blend of a silane coupler and a prinmer such as a

Si | 1 cane r Hewelerriohd8fithesé atibmpis ouldéxbibit Sny[3ighifigant) effedt.5 However, none of

t hese att eAptass fibbal prdduekkhidh is pertrpated gith perfinenoélkyisiidne dst alredydhavesirdm GB-a-1pr0dduct
which i s#fre-treated with perfluoroal kyl silane is al ready known from GB-A-1
107 443. |t is thetdbischbij be tprasénttilvention ds @revide @vglass ifiber forouser in\ihed winforegmastsoff | ber
for use fluproresiey whish isfiroprevedhinthe athesivenass torfluespresin.whi ch is i nproved in the
adhesPwenedhe prasen| invanineis| drectghto the upp of gralase fbrej piedupt; whinh is Prefipatect wiiat o

t he use R§fflugrogliiyisilage reprgpented by tha fallowipg fernulas pretreated with a

perfl uoroalc§IyI S ne represented by the following fornmula: [err] 35 wherein
X repres A ”‘f‘é}’&rol yzabl e group such as an al koxy group having 1 to 4

carbog avsh%gﬁl )E represen?s a hydrolyzable group such as an alkoxy groub having 1 to 4 carbon atoms for the

reinforcement of a fluororesin.

The present invention makes it possible to improve the adhesion of glass fibers to fluororesin to a great
exient and to prevent the deterioration in insulation resistance.

LZ The perfluoroalkylsilanes which can be employed in the present invention include 3,3,3-trifluoropropyl-
40- trimethoxysilane, 3,3,3-trifluoropropyliriethoxysilane, 3,3,3-trifluoropropyliri(s-methoxyethoxy)silane. As the
" "Xs",-Cls is also usable in place of said alkoxy groups having 1 to 4 carbon atoms.

The amount of perfluoroalkylisilane used in the invention varies depending on the kind of glass fiber
product. However, it is usually 0.2 to 3.0% (by weight, hereinafter the same) and preferably 0.5 o 2.0%, as
expressed in terms of the conceniration of the treating solution. Further, the amount is usually 0.06 to

45 0.50% and preferably 0.10 to 0.35%, as expressed in terms of the amount attached to the glass fibers. In
carrying out the surface treatment, some contrivance, such as preparing a solution of the perfluoroalkyl-
silane in an organic solvent is necessary, because these perfluoroalkylsilanes are relatively poor in water-
solubility. The pH should be 4 or below, and preferably in the range of 2 to 4. As the organic solvent,
methanol is particularly preferable. The concentration of the organic solvent in the solution is preferably 30

50 to 40% by weight. Ordinary surface treatment processes for glass fibers, such as dipping, roll coating, or
spraying, may be adopted in the invention.

As the glass fiber usable in the invention, E glass (non-alkali glass for elecirical use), S glass (high
strength glass), D glass (low dislectric constant glass), quartz glass, A glass {acid resistant glass) and C
glass (alkali-containing glass for chemical use) can be referred to.

55 As the glass fiber product, glass fabric, glass tape, glass yarn, glass mat, glass paper and glass powder
can be roferred to.

Although there are known several kinds of perfluoroalkylsilane compounds resembling the perfluoroal-
kylsilane used in the present invention, they are all unsatisfactory from the viewpoint of production process,
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rei nforcement of a fluororesin. The present I nvention makes it possible to
| nprove the adhesion of glass fib § éﬁ?(arore3|n to a great extent and
to prevent the deterioration in i 9 18 %S|stance The

per fluoroal kyl sil aness which can be enployed in the present invention

include 334 Jalef- SdidoHB £ RNCRNE of shiface lbhthiBrit RP ¥ 4P Surface treating agent. For example,

3, 3, 3- t i horkkitdaiyisiaes rdpred Ste 1IdRing formulas:
3,3,3-trifluoropropyltri([err]-methoxyethoxy)silane. As the "[err]", [err]

i s al so ugalitB)sCR.GM.8ifoMe)f sai d al koxy groups having 1 to 4 carbon atons.
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us S gl agigssstigd) strength g?ass D glass (low dielectric constant

gl aSS) quarﬁha ofiicR8rShe HvelloR F e iBRdd by IRSbS iRt ab @ FEdna sl HegdiiiRBtho affinity and

(al kal i - c aéHesibribahbet b PoruckdaliylSIBR En6 @ ludispRabtics Sddurkcd & hiRIT6IBRiNg Bhendnienon is alés

t he gl ass aésulgbile, (i @ddisth, Tigh &5 Sn thalHighCtom@brattd fratpss, at03s05G ty A00T.C, @l RMSofNmd |,

gl ass papaoraplasticGbrms tadjpals\ahich caase aotosslinkiny actlot. 0. Al t hough there are known

several ki nd&e @briiyesalilsitaneotakde \pas inl this eeacionab leaxt padiatig.chubto thiy rbdvtionpie afiditivo tmal -

kyl si | ane thed-id Ni, it farhea [inkegeevith flsaryesint | on, they are all unsatisfactory from

t he vi ewpoi nt of production process, 2 EP 0 318 862 Bl cost,

wat er - SM|ﬁﬁmmqy at the tine of surface treatnent or effect as a surface

treatirg agB For exanpl e, perfluoroal kylsilanes represented by the

fol | owi ng? P%ﬂﬂﬁ%mm[ERR] | ack water-solubility and surface treatment with

their nethanolic solutions exhibit no effect. At the time of the surface

treatnent, some_additives (surfactant. other silane coupler) may be added
to 3,3,3-Trifluoropropyltriethoxysilane (FTS-E manufactured by Chisso K.K.) 1.0%
35 s
Acetic acid 0.2%
Methyl alcohol 30.0%
Water 68.8%
L Total 100%
ot w©
2) Glass fabric
o WE-116F (a glass fiber fabric manufactured by Nitto Boseki K.K.) was degreased by heat cleaning and
put to use.
3) Surface treatment
50 The glass fabric of 2) was dipped into the treating solution of 1) and squeezed by means of squeezing
rolls. Then, it was dried in an oven at 110° C for 5 minutes.
4) Preparation of a laminate
55 The surface-treated glass fabric was dipped into a tetrafluorosthylene resin dispersion (Teflon 30-J,

manufactured by Mitsui Fluorochemical K.K.) and air-dried, after which it was dried at 370° C for 2 minutes.
This procedure was repeated twice to obtain a prepreg having a resin content of 55%.
Sixteen sheets of the prepreg were stacked. After superposing a copper foil (35 wm in thickness) on
both sides of it, the whole was compression-molded at 400° C under a pressure of 50 bar (kg/cm?) for 60
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10 the surface treating solution to increase the flexibility of the glass
fi bers, thereby pronoting the phé;igﬂé Rfﬁ ation of the tetrafl uorocarbon
resin into the interstices of th 8I 8 er filaments. Said

perfl uoroal kyl sil anes are*excellent in affinity and conpatibility with

f1 uoror e,ﬁimgstog,ggépggljz&gertf@'_“;,&qa,iﬂmfgnti on, the surface of a glass fiber
product 1s treated wth such a perfluoroal kyl silane, thereby inproving

af fi ni t ys)gosngbiisd veness between the glass fiber product and the
fluororesin. 15 (1) The organic functional group [err] of the

per f | yor oakisathical Insutetior ssikthndsWae Smdasuirdd addortiifg taa thb i tekiig/ mahel aldlnsisasn, \aitdrh t he
f | uaLe* asilifg a festrpidde &t, 1087C fond kourspol yner network (1. P. N.) seens to be
formed between the fluororesin and the nol ecul ar chain of the organic
functi onddamgle @up noiety. (2) The hydrol yzable group X of the sil ane
conpound i s hydrol yzed under specified conditions (at a pH value of 4 or

bel owyo i N Tepetingrsoluient t he gl ass fiber surface treated with the

per fl uoroal kyl si | ane exhi bits 20 suf ficient adhesiveness or bonding
force, and the resulting silanol group fornms a siloxane |linkage with the

gl ass surf 888-TrifkidRpiRhyAGEthdRYsiline X064 €8) inaflifactufod B Mbshibh BiicoRyKKNE  1.0%
above- nent aggieeeidrechani sm Regarding the affinity and adhesi ol bet2edn a
perflﬂ%robWhmMakHane and a fluoroplastic, occurrence of the fqllsmng
phenonenopWatr al so assumabl e, in addition. That is, in the hidh @s&%pdrat ure
process afL&TT] (0 [ErT], a part of the 25 1ruoroptastic Tormakadiical s
whi ch caube—a—crosslinkingreaction—The porfluogroalkylsilanc )art in
this pgeaction at |least partially. Due to this reaction in addition to the
I \p/ N, The qthsr penditions wete Ahpesatip £%in Exampleck esi n. Exanpl e 1 30 1) Treating
solution_3,3,3-Trifluoropropyltriethoxysilane (FTS-E manufactured by Chisso

K.K)  Compasiva RxamRle L¢j g

0 0
3\&'{2 e/(; ';:Et hyks t%le 8Igshsq|abric, WE 116F not subjected to heat cleaning and carrying a greige good was us%l& 8%30- 0%
Tot al 100% 40 2)

d ass fa%or"fpgraglngxampl%-116[err] (a glass fiber fabric manuf act ur ed by Nitto

Boseki K. Kad Qs bH-ORE 4 16=Ribhich Fal bdoh Sbibci8d oftf b MbiinlifirytRGreasinl abido: 846
LT 6at ek 1 Bt ek Aol Do M el G i pae L TP eal g Solit Fon of
1) ané® squeezed by nmeans of squeezing 50 rolls. Then, it was dried in an

oven at ddkiparative Eiéthples M Nnut es.

General silane coupler blend
As the glass cloth, WE 116% which had been degreased by heat cleaning and then treated with a
treating solution having the following formulation was used.

W Phenyltrimethoxysilane <:::>-Si(OCH3)3

(AX43-040, manufactured by Toray

Silicone K.K.) 0.8%
45
v-{(2-Aminoethyl)-aminopropyl-
trimethoxysilane
NHZCHZCHZNHCHZCHZCBZS:L (OCH3) 3
50 (SE 6020 manufactured by Toray
Silicone K.K.) 0.2%
Acetic aciad 2.0%
55 Water o | 97.0%
Total : 100%



4) Preparation of a lam nate The surface-treated gl ass fabric was dipped
into a tetrafl uoroethyl ene resin.q%ﬁﬁs{ghaqg(Teflon 30-J, manufactured by
M tsui Fluorochem cal K K ') and ai fter which it was dried at
[err] for 2 mnutes. :Thi s’ procedure was repeated twice to obtain a prepreg
having a gaRpdrkiePBa@pib 40f 55% Sixteen sheets of the prepreg were stacked.
After superposing a copper foil (35 [err] in thickness) on both sides of

it, the wholse psRGor6MERR" TFICRACHRCHISROGH:)s[ 93.3-4.4-5,58817-B dXfi@R SMbBochitrinmdthoRar
(kg/[err] ysilbri@r (xﬁéb &8, makthiclired 16y BleRibBEIiEonE KICS 1.6.08 PoiRDIISRNG résORRRG the per-
foi | -1 i g1eduokosithé o¢ttiea préspnt Trveritibiig stittures) dlatused in thelslifeb tréatidnt.i Nsul at i.on

resikstance was neasured according to the testing nethod of JI S C 6481,

after boiling a test piece at 10 g) Exanple 2 10 1) Treating
solution 3,3,3-Trifl uoropropyl t““r)écs 'gésys %Lgaf(XCQS-M& manuf act ured by
Toshiba Silicone K K) 1. 096Acet|qmﬁ§| 3.5%

0.2% 13¢ Met hyl al cohol Acetic acid 05%

30. 0% Wat er

68. 8% Tot al Total 100%

100% 20 The other conditions were the sane as in Exanple 1. Conparative
Exanpl e 1 25he samph® df 'RRangpledSt addad andC ConfarafiveOib@inplps N@d 4 ek @aminel fob elbgiidal
cl eani HE] maudbticravesistaneg The gpselis g sgamatizedid Taded. Conparative Exanple 2 As the
glass fabric, WE 116[err] which had been subjected only to a prelimnary
degreasing at [err] for 30 20 to 30 seconds until the greige good was
appropriately scorched was used. Conparative Exanple 3 General silane
cogﬁ/eqmblend As the glass cloth, WE 116[err] which had been degreased by
cl eaning and then treated with a treating solution having the
followi ng formul ati on was used. Phenyltrinethoxysil ane [err]
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46 (A>Z43- 040, manufactured by Toray Silicone K K.)

0.8% 45 y-(2- Am noet hyl ) -am noprcl)ﬂpa/l - trinethoxysilane [err] 50
3RRE2BY )

(SH 6020 manufactured by Toray &
0. 2% Acetic acid ’
2. 0% 55 Wat er
97. 0% Tot al : 100%
4 EP 0 318 862 [E At i ve Exam)ll§ 4 A perfluorpsilane [err]
(3,3-4,4-5,5-6,6-7, ri degaf:lc_c‘grgocgy trimethoxt ysilane| (XC95-468,
manuf act ured by Tos cpr&e;K@ﬁ,gg.e; b perfluoresilane resenbling
the _per- 5 fluorosi he e gsemt= Envention i n stfuctye, was used in
the surface treatng 4§§;3;q13§%$/b hanott 95. %6 W} er
3.5% 10 fE slingxc Ateticeacid 0! 5% [rot al
100% The sanpl es of 3 *@E(ﬁ}‘{@ ~®@nparative Exanples 1jto 4 were
examued for electr Ul &ty B rest Stemce. The resuwlts are summari zed
in Table 1. 20 25 3 - m
O - V)
cToQ < ~
[ T M e .-: u':
o s§25% s -
> ~ Qe O
15 ot mon o
e
<
S > b
(] Lo IR o
Q. sce 2o
g -s';-z‘u: ; b~
S CHEAE g g
20 *
~ 5538 © ~
WO O
pMOOoODYVDY
~ S
) gaomu ~ 3
= 2 2388 - -
] Wt O rd et
] O oOow
[}
)
30 w0 R
WO [~ - P~
7850 3 z =
L IR VO a9 o -
~OE T S
(] LETET-EIR
= ard Mol s O
[<9 Mol e~
35 £
o
o3 11
<] ord ort
Go1 & © ©
ARXE T . "
\J ~o2R83 e -
40 At e O
Lo IR - "N )
0
T N L 0
-B-N o T ] [
g0nsc | = o (2 PE
DE ¥ e L2 ] ]
g0 cCLHLDLO 2 [~
45 w g sSo o 4] orat o~
HOOO OO~ .-t € E
3 N G E M DR LS mE
mIgP < DT~ [ R

50

55



45 50 55 5 EP O 318 862 Bl [ERR] = EP 0 318 862 Bl [ERR] 60 A
fluoroplastic nolding material filled and reinforced with the glass fiber
product of the invention is not oRPQ318B6%HBLd i n abrasion resistance, creep
resi stance and el astic nmodul us; but al so markedly prevented 55 fromthe
deterioration of insulating resistance which is a side effect having been
unavoi dabl e according to the prior techniques. Particularly, printed
circuit boards made of fl uoropl T T with the glass fabric of
the invention do show only a s deterioratipn in i'nsul ation resistance
after Reing boiled, so that theiy usefulness i$ very 7 EP0318862B1 hi gh
and_they are useful in the field of multi-layefed print circuit boards
where these types of products have hithkerto be¢n unenpl oyabl e because of

the deterioration in insulation fesistagce. Clainms 5 1. Use of a glass
fibre product which is pretreated with g perfl goroal kyl silane represented
by thes ol l owing formula: [err] -
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A fluoroplastic molding material filled and reinforced with the glass fiber product of the invention is not

only improved in abrasion resistance, creep resistance and elastic modulus, but also markedly prevented

55 from the deterioration of insulating resistance which is a side effect having been unavoidable according to
the prior techniques. :

Particularly, printed circuit boards made of fluoroplastic reinforced with the glass fabric of the invention

do show only a small deterioration in insulation resistance after being boiled, so that their usefulness is very
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10 wherein X represents a hydrol yzabl e group such as an al koxy group havi ng
1 to 4 carbon atons, for the reinforce rEO! of a fluororesin.

Pat ent anspr Uche 15 1. VervvendungFPeq @sg% sf aser produkt es, das mt einem
Per fl uoroal kyl silan der fol genden Fornel vorge- handelt wurde:

CFs- CH2 g, d%e?yﬁ%r F Etg gﬁ &1 M- efédcﬂrl){tsdlraflt%&rﬁs WHolbRS3e typbsot Bloliets have

Al koxyg;, e binethn @%tdg iGMtBARhstiaton fedfslatce. ZUI Ver starkung ei nes
Fl uorharzes Reven catl ons . Uilisation d un produit en fibre de

verre gejaisst trait4 avec un perfl uor oal kyl sil ane reprdsent4 par |la formule
sui vapite: CFs-CH2- CH2-Si Xs 30 dans | aquelle X repr~sente un groupe pouvant
At r\_,Jﬂydr Qlisy Sfla lieds fifite’ prodiug WaldIDIE pedtreaet,with\saetiudkoalkyldiland mpesentdd by thelfalieing pour

| e renforcesri d une r~sine fluorde. 35 40 45 50 55 8 EP 0 318 862 B1
hi gh and they are useful in.the field of nulti-layered print circuit boards
wher e t hes@FatOHp©bl2-6¥ pr oducts have hitherto been unenpl oyabl e because of

the deterioration in insulation resistance. Clains 5
wherein X represents a hydrolyzable group such as an alkoxy group having 1 to 4 carbon atoms, for

the reinforcement of a fluororesin.

Patentanspriiche
15
1. Verwendung eines Glasfaserproduktes, das mit einem Perfiuoroalkylsilan der folgenden Formel vorge-
handeit wurde: :

CF3-CH2-CH2-SiXs

( ;20
A worin X eine hydrolysierbare Gruppe, wie eine Alkoxygruppe mit 1 bis 4 Kohlenstoffatomen darstellt,
zur Verstarkung eines Fluorharzes.
Revendications
25
1. Utilisation d'un produit en fibre de verre qui est traité avec un perfluoroalkylsilane représenté par la
formule suivante :
CF3-CHz-CH2-SiXs
30
dans laquelle X représents un groupe pouvant &tre hydrolysé tel qu'un groupe alcoxy ayant 1 44
atomes de carbone, pour le renforcement d'une résine fluorée.
35
o/
40
45
50
55



1. Use of a glass fibre product which is pretrea

per fl uoroal kyl si | ane represent eg%B éﬁg%égl | ow n%ﬂﬁmmnm’ﬂ‘m, l!l 10 wherein
X represents a hydrol yzable gro an al k l1to 4
carbon atons, for the reinforcenent of a fluororesin. Patentansprilche 15

1. Ver H@ﬁ‘%ﬂﬂeﬁr&‘ﬁs%fuﬁn%%f R RufdSHyEre& Brint G&%&Bﬁ%&\% 'iﬂe?@l&éés‘b%@éﬂcl%ﬂa@ lan

der f ohgRRSISSN GRIBRlyabidbedtirse BARSIGdtdroNtidndei 3 20 worin X eine
hydr ol ysi erbare G uppe, w e eine Al koxygruppe mt 1 bi s 4 Kohl enst of f at onen

dar st elcldims zur Ver st arkung ei nes Fl uorharzes. Revendi cations 25 1.
Utilssation d un produit en fibre de verre qui est trait4 avec un
per ff1 udr oddeloy b glassoiibes preductoshich tiscprateaatet witlf a perfilomalisylsilermromese@bBbyOhia fd]iNBngSl X3
30 dans Ifequiet | e X represente un groupe pouvant 8tre hydrolys4 tel qu'un
groupe al coxy ayant 1 & 4 atones de carbone, pour l|le renforcenent d une
r~si ne flér@-CHaSIX40 45 50 55 8

10

wherein X represents a hydrolyzable group such as an alkoxy group having 1 to 4 carbon atoms, for
the reinforcement of a fluororesin.

Patentanspriiche
15
1. Verwendung eines Glasfaserproduktes, das mit sinem Perfluoroalkylsilan der folgenden Formel vorge-
handelt wurde:

CF3-CHz-CH,-SiXs

worin X eine hydrolysierbare Gruppe, wie esine Alkoxygruppe mit 1 bis 4 Kohlenstoffatomen darstellt,
zur Verstérkung eines Fluorharzes.

Revendications
25
1. Utilisation d'un produit en fibre de verre qui est traité avec un perfluoroalkylsilane représenté par la
formule suivante :

CF3-CH2-CH2-SiXa

30
dans laquelle X représente un groupe pouvant &tre hydrolysé tel gu'un groupe alcoxy ayant 1 3 4
atomes de carbone, pour le renforcement d'une résine fluorée.
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