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the segments inside parentheses in Ys and Yz being in each case a block or random copolyether when p is
-an integer 1~10 and q is an integer 1-20, or a homopolyether when p or q is O; and (p + q) being squal to or
greater than 1; and Z is
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[err] CH3 50 the segnents inside parentheses in [err] being.in each case a
bl ock or random copol yether when p I's an integer 1-10 and q is.an integer
1-20, or a honopol yether when p orErioBes5®7BNd (p + q) being equal to or
greater than 1;  and Z Is 55 2 EP 0 365 727 B1 [err] [err] [err] 10
characterised in that [err] nmay be identical or different and are [err] .
[err] [err] being identical or differeng “3nd Horglerr]; X being 20 [err]
25 (I'V) the segnents i de par rtheses of [err] being in:
each -case a bl ock or Eﬁ don1co ol yestertwhen r i4 30 an. nteger 1 - 14, or
a hthponester when ahcrhtéyér T5; ahd (r + s) being
equal td or smaller than 15 and equal t¢ or greatfer than 1. Conpounds of

t he present invention shown by the aforE ntlone formul a are pol yesters
synt hesi zabl e from pol yoxyal kyl ene bi sphe ether, maleic acid anhydride
and/ or phthalic acid anhydride and alkylene oxide. In the formla,

Propyl epe cRardciRsddAPRERY afd &m&Soeidehticait aftbrait lafi'se OXi de (abbrevi ated as EO)
in Y 35 (that is, the pol yoxyal kyl ene part) are bl ock and random

' the range o{{ “ebrepe HAGES AALIICHCA R, yefiiﬁ*tﬁ&ﬂ‘pﬁ%s? or part

may be in the e of 1 - 15 but tpeir i ge IS 2- 6 in order
to satnsfy both requirenents of affffynity with * ﬁ%ed pol yester matrix
resins and wettability of carbon flgers.

bi sphenol - pol yal kyl ene gl ycol etherester of the type shown above, the

si zing agent 40 according to the present invention may also contain, if
necessary! 1a"%%u%wgmﬂcg'u%ﬁ'ﬁgeﬁgﬁf°f%r'a|>6ub?"rgcant an emul sifer and the |ike
appropﬁ?ately as long as the effects achievable by the present invention-
are ot affected. Exanples of prior art sizing agent mhlch may be cont ai ned
include epoxy conmpounds suchﬂas'Ul&wph&ﬂ(;IﬂUHAQﬁ qiAci dyl cod ers, epoxy
phenol novol ac re5|nf and N, N, N, Ntetraglycidyl diam odlphenyl- nmet hane.
Exanpl g of 1 ubricantl¥lciude aliphatic esters sucy tearyl |aurate and
ol.eyl ol eate. Exanples 45 of enulsifier Include thy gbt ai nabl e by bl ock
or random additi on of EO and/or PO to a phenol conpdUnd

the. segments inside parentheses of Ay or Az being in each case a block or random copolyester when r is
30 aninteger 1 - 14, or a homopolyester when r is 0; s being an integer 1-15; and (r +s) bemg equal to or
smaller than 15 and equal to or greater than 1.
Compounds of the present invention shown by the aforementioned formuia are polyesters synthesizable
from polyoxyalkylene bisphenol ether, maleic acid anhydride and/or phthalic acid anhydride and. alkylene
-oxide. In the formula, propylene oxide (abbreviated as PO) and ethylene oxide (abbreviated as EO) in' Y
. .85 (that is, the polyoxyalkylene part) are block and random copolysthers. The repstition number r of the -
- - polyester part may be zero or in the range of 1 - 14 and the repetition number s of the polyester part may
‘be in the range of 1 - 15 but their preferable range is 2- 6 in order to satisfy both requurements of affinity
with unsaturated polyester matrix resins and wettability of carbon fibers.

_ _ In addition to a bisphenol-polyalkyiene glycol etherester of the type shown above, the sizing agent
' - 40 according to the present invention may also contain, if necessary, a prior art sizing agent, a lubricant, an
v emuisifer and the like appropriately as long as the effects achievable by the present invention are not

affected. Examples of prior art sizing agent which may be contained include epoxy compounds such as

_ bisphenol -A diglycidyl ethers, epoxy phenol novolac resins, and N,N,N',N‘-tetraglycidyl diaminodiphenyl-

methane. Examples of lubricant include aliphatic esters such as stearyl laurate and oleyl oleate. Examples

45 -of emulsifier include those obtainable by block or random addition of EO and/or PO to a phenol compound

such as alkyl phenol, phenyisthylated phenol, phenylethylated phenylphenol, phenylethylated cumylphenol,

phenylmethylated phenol and phenylmethylated cumylphenol. More specifically, examples of emulsifier

include non-ionic surfactants such as polyoxysthylene (6mol) nonyiphenylether, polyoxysthylene (70mol)

styrenated (5mol) cumyliphenyiether, and polyoxyethylene (30mol) tribenzylated phenylether. The sizing

50 agent of the present invention typically contains a compound shown by aforementioned fermula in an

amount of 50wt% or greater (more preferably 70wt% or greater) and an emulsifier of the aforementioned
type in an amount of 30wt% or less.

Matrix resins to which the sizing agent of the present invention is applicable are unsaturated resins with

_ polyester linkages and include «,8- unsaturated polyester resins and vinyl ester resins. The afore-mentioned

56 a,f-unsaturated polyester resins can be obtained by dissolving in a styrené monomer or another vinyl

‘monomer an unsaturated polyester obtalnable by condensation of a,8-unsaturated dicarboxylic acid and

glycol. Saturated dicarboxylic acid or aromatic dicarboxylic acid may be used supplementarily as the

dibasic carboxylic acid.
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such as al kyl phenol, phenyl ethyl ated phenol, phenyl ethyl ated phenyl phenol ;
phenyl et hyl ated cunyl phenol, phenyl methyl ated phenol and phenyl met hyl ated
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concentratlon of sizi ng solution, when it is used, is 0.5-5wm % The anmount

final Iy attached t{fipcarbon fibers may be controlled by a nmangle roller

af t.e%A npregnatlo% ar by the rotational velocity of an 20 oiling rol I er

and the coating density., After, att n appro |ate met hod may
used for gy yi #g ﬁ cowﬁet@dakl z.%@?gﬁaeﬂgaﬂcuzcﬁzo 00CH,CHy H
4. . f"a
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(V1) 1=~8~, Ajand A = - 0CCH =l:HCOBCH2L‘H200C ' tﬂOCHZCHZOH
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Si zing agents of the present invention are particularly effective on carbon
fibers frompitch and carbon fibers obtained by heating a precursor of
acrylic filaments. They can el i m ERt0B865r72§Bdat |y reduce the probl ens of
prior art agents and significantly inprove the processability of carbon
fibers in later processing 25 steps. For exanple, they can reduce fluffs
and yarn br@dkapuitymi= & acaed®f-¥i ber filanents and tows are wound up or . .
during a weaving process although they are bent repeatedly by gui des and

roll'ers. Being thus provided wi per.Lor..cohesi veness and lubricity, the -
treased carbon fi berf'lyélnﬁsiaaﬁ '{SBCE\EEE&&@;&Z' re iy this

contri But es t‘)"ilt}rproved productivity. Mreover, no o ic solvent is
.needed and ‘the sizing agents can be applied to carb ers directly or as
a uni form stabl e aqueous ermulsion with only 30 a s anount of non-ionic

surfactant. This makes them advantageous fromthe point of view of hygiene-
and opgjator safety. In addition to these advantages, sizing agents of the
present i NVgblQath PN, =SiPes in®k1, adhesi veness to carbon fibers and matrix
resins and hence can inprove the interlam nar shear strength of the
produced CFRP. |In what fol st ggsul t ¢ pREEu rder to show
the effects of the resentA \r%@%rﬁfon (Rse "%F%‘gﬁpg?tgagﬂtcﬁpg pur pose,
the fol#owi ng ten b{WpHenol - pol yal kyl en col etherester copolyners. (P-1

t hrough P-10) defined by the fornula gi nbove were prepared: (i) P-1- _
with p=O,q =5, [err] [err] 45 [err] (I1) P-2 with p =2, q =
7, random so 50 (VI) Z= [err] 55 0 4 EP 0 365 727 B1 (iii) P-3 h wth
p=0 9g=5as in P-1 (V) [err] 10 (iv) P-4 with p=0, g=4, Z as in P-1,
[err] % (V)"'SW't“P"j-q‘?'iﬁﬁ)'H’"zo (v) P-5withp=04q=25,2zasin P-1,
[erri] = randm[err] 25 (1X)

| Ay and &g = random -FLOCCH=CHCOOCH,CHBIHOC  COOCHC Hg0 42+
2 {IX] | Y
. CH4

s  (vi) P-B with p=0, =2, Z as in P-1,

| . Apand Ay = +0C  COOCH,CHy0}50CCH=CHCOOH
B

40 (vii) P-7 with p=5, q=8, random, Z as in P-1,

- Ayand Ay = +OCCH=CHCOOCH,CHYOHH 0 CODCH,CH 0 K

60 (viii) P-8 with p=2,q=0, Z as in P-1,

- Ayand Ap=-0C  COOCH)CH;0+-0CCH = CHCODCH,CHyOH
XI
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[err] 30 (vi) P-6 with p=0, q =2, Zas in P-1, [err] 35 ,
(X!_”40 (vii) P«7 with p =5, q =8, random Z as in P-1, [err] 45 (XI) 50 :
(viii) P-8 wth p =2, =0, Z EPOREeFPTZ,Bferr] (X I) 55 EP 0 365 727 Bl .

I(Dl)iz) P_—9hvvithp2,q=4, block X as in P-1, [err] 5 S (XI'11) 10 (x)
-10 with p=1,9=0,Z as in P-1, [err] (XIV) 20 The chem cal formula for '
P-5 for efaRfwethprg.acs Yogk X asin P-1, [err] [err] [err] 30 where.[err] = -

are groups as shown above with a random | inkage inside the out
par gnt heses. Synt hedyandk &= 400 ) iy
addust of Dbi zglhenol -A, 5929 (4. 0m\) #f phthaficfacid anhydri

(8.0ndl) of [8i c acid anhydride /nd\1.0g of tetranethyl ammonium bronide
as catal yst were placed inside a @- aut ocl ave and agitated at :
120-125[err] for 30 m nutes. There¥=er, 535g (12.16ml) of EO was infused
at ‘125 C over a period of four hours for a reaction and a light brown

vi scopys | i8lBi16 witflp 41, Y618 aPRtPA, Ned as reaction product. Its acid val ue was
3.6 and its (polystyrene-converted) average nol ecul ar wei ght by GPC (gel '
per _m_aa_t:on chr omat ogrgphy) W;SI 1;0(&. P-2 through P-10 were al so synthesized. .
in simlar manners and sizi n@,landuidds= 40€st Exympl 0 and Conpari son
Exanples 1 - 4) shown in Tablé 1 were E)Frueare thgﬁgr’%gy?‘or testi % Tests
condust ed therewith XV escri bed bel ow asul ts are shown in Table 2.

(

To test stability of ‘el sion, each sizi uid with 20 percent sokid -
conponent (Conpari son Exanpl e B

5  [CO0CHaE
0CHy @?0 3-2-00%1{ acmumacegg«égg

\J

20 " The chemical formula for P-5 for example, is

— | ?“3 | -
S A1+ucu2cnzxs—u-®‘?—©—n-—tcnzcazqu Ay
U W, |

30 . )
where A; and A are groups as shown above with a random linkage inside the outer parentheses.

.- Synthesis of P - 1:

.35 - 1335g (2.0 mol) of EO (10mol) adduct of bisphenol-A, 592g (4.0mol) of phthalic acid anhydride, 784g
(8.0mol) of maleic acid anhydride and 1.0g of tetramethyl ammonium bromide as catalyst were placed
inside a 5-liter autoclave and agitated at 120-125* C for 30 minutes. Thereafter, 535g (12.16mol) of EO was
infused at 125°C over a period of four hours for a reaction-and a light brown viscous liquid (A-1) was
obtained as reaction product. lts acid value was 3.8 and its (polystyrene-converted) average molecular -

-l ‘weight by GPC (gel permeation chromatography) was 1700. P-2 through P-10 were also synthesized in
" similar manners and sizing liquids (Test Examples 1 - 10 and Comparison Examples 1 - 4) shown in Table
1 were prepared therefrom for testing. Tests conducted therewith are described below and results are

shown in Table 2. '
To test stability of emulsion, each sizing liquid with 20 percent solid component (Comparison Example

45 4 having been adjusted to 20 percent solid component) was left for seven days at 20°C and their
_separation conditions were evaluated as follows:

A’ = no separation
B = creamy separation floating,
- C = precipitation,
50 D = both creamy separation and precipitation
Unsized carbon fibers obtained by heating a precursor of acrylic filaments (71/6000 filaments) were
impregnated by each sizing liquid by dipping such that the attached sffective component was 1.3wt%. After
they were squeezed by rollers and dried, they were subjected fo a heat treatment inside an oven at 150°C
for 30 minutes. Fiber-metal rubbing friction was tested with each of these sized carbon fibers by means of a

‘55 TM type yam friction and rubbing tester (product of Daiei Kagaku Seiki Company) with a load of 110g/6000
filaments, @ = 150°, rubbing distance = 30mm and by moving a metallic comb 500 times reciprocatingly
at the rate of 150 times/min. In addition, a rubbing tester {product of Toyo Seiki Company) was used with
‘internal angle about 35°, one twist, running distance = 20 mm and by 500 times of reciprocating motion at

6
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45 4 having been adjusted to 20 percent solid conponent) was left for
seven days -at 20[err]C and their separation conditions were evaluated as
follows: A ='no separation B = creEmg3esTanBtion floating, C =
precipitation, 50 D = both creany separation and precipitation Unsized
carbon fibers obtained by heating a precursor of acrylic filanments

(7[ er r ] 6088 *#tp PH M Ml oexpRipe &jﬁ

such that'@'ﬁ'@j}gtﬁchjd@effec i ve conmponent was 1.3wt% After they were
squeezed: byBr;oJ:‘;Ir _a@y HE Gree akP98y were subjected to a heat treatnent )
insi.“ehe’_{ln oge;nlu%ta Qmﬂo jg%‘ip Larindcdibdivges. Fiber-metal rubbing friction
was tested 'W--Iha o Lir éu%?kagé %a% raggh dp€ers by neans of a 55 TMtype
yarn frictigmn g8 gk éﬁg test rsz'?lpro uct i ei Kagaku Sei ki Conpany)
Wi th a | oad @fnoh ibié MHGPnE b R4 8s atofd Wére Tnidre b idalimprbgtall DtofiP i CRsiT
30mm and Ry iP¥dnibedsed dPdoeightpdrtd BORIPORY &L BES(plo8icbdbyPSidvh ReludshPbonhday) Whice Of
150 ti vBSAgd viny! dsiter Al { Wéight pa@t & MR ElityigRfbfioaté BRcOCWEidht Part of BitAbeRBdatd peroxide
Conpany) \@grodise dnitiiebiBd corhpoEitdalby angdidingadekdd (330(* €1y FkgertPe1 hindnS Theirl damon fitgr

di st ance sornkdtsnware 6@l vdymebpdceht #nelhedf dimesiofy weaisme ghickness) >ami (width)BP10nn365
727 Bl t héength). Theinteii@Bindrishens strangth ot eacie xenmosite vas Iepsufediyes mieasucsdivith theRatiowdf t S
of these epenfthicheass®hs were eval uated as follows:- A = hardly any fluffs or
yar n brieakagis rasulis demoristratechin Jeble 2 slgartyrahgw thalraiping agents acedrding Yo iifef pesgpidnvprtion

br eakages haygseraripmenuision| stabifityy rpyidersigaifipantly, replyaad flufts and) vora breakspess RUVRE dnRfpved a
cut at onggrgﬁa‘tbé'wl? <arBerpfipers; and resuit & ipgieasehirtstamingr hepisSuRpgt Af h2 SFRR BrRdwed o d
as above 829572009 BRéfS2d and i npregnated uniformy with a resin nixture
corrposezd of 100 wei ght parts of RIPOXY R - 802 (produced by Showa Kobunshi
Corrp.any)’"v\hich 10 is a vinyl ester resin, 1 weight part of tertiary

but W_per benzoate and 1 wei ght part of butyl benzoate peroxide.to produce

uni di rected conposites by a nolding nmethod (130[err] x 7kg[err]x 1 hour).
Their carbon fiber contents were 60 vol unme percent and their dinensions
were 2.,6mm (thickness) x 6mm (width) x 17mm (length). The interlam nar
shear strength of each conposite was neasured was neasured with the ratio -
of span/thickness = 5. is The results denonstrated in Table 2 clearly
show t hat sizing agents according to the present invention have superior
enmul sion stability, provide significantly reduced fluffs and yarn _
br eakages, confer inproved processability of carbon fibers and result in

i ncreased interlam nar shear strength of the CFRP produced from sized
carbon fibers. 20 25 ' o

e
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30 35 40 45 50 55 7 EP 0 365 727 B1 TABLE 1 . Test Exanples

Conparison1 2 8 4 5 6 7 8 9 10 1 2 3 4 P-1 18 P-2 e}
10 " P-3 17 P- £P 036572711 P-5 19 - P-7 |
17,5 P-8 16 18 P-10 _ 18
20 *1 : 1.7 *2 o
2.0.*3 : 1.0 30 25
AN IABLE L 0.5 *5 |
20 *6 - 50.51*7 :
1 30w *8 —2-—Test Exagples o0 3 2 Cempaxiaon 80 80 80 80 80
80 80 80 80 80 5 cacet gne,
98.3  98.5 *9 234 PAP% 20 2 2 g 4\
Nunbers in table regregent wt % S
_ P=2 20
.10 P23 7
B4 19
-P~5 1y
. P-6 18
i : P-7 : 17,5
P-8 ' ' 16”
P-9 18
P~10 18
20
\ *1 ' 1.7
*2 , 2.0 .
. *3 1.0 30
% *4 : 0.5
: *5 20
*6 S
*7 ) 1 0'? 1 :
30 *8 2 2 11 2 2032 2
' water 80 80 80 80 80 80 80 80 80 80 - 45
acetone . ' 98.3 98.5
*9 98.0

.35

Notes: Numbers in table represent wt$

Epoxidized polybutadiene (BF-1000 produced by
Adeka Argus Chenical). o
Allyl glycidyl ether

Bisphenol-A diglycidyl ether (Epikote 828

produced by Yuka Shell Chemical : Epoxy

equivalent of 190).

*4: Diallyl phthalate precolymer (Daisodap A
produced by Osaka Scda.

45 *5: Condensate of 2.0mol of poyethylene glycol
(2mol) added bisphenocl A, l1l.5mol of maleic acid
and 0.5mol of sebacic acid.

* % Polyoxyethylene (70mol) penta (phenyl ethylated)
cunyl phenyl ether.

' *7: Polyoxyethylene {(6mol) nonylphenyl ether

50 *8: Polyoxyethylene (30mol) tribenzylated phencl

*9: Ethylene dichloride

* ¥ *
2N [ ad
s o8 ..

56
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*1: ~ Epoxidized polybutadiene (BF-1000 produced by Adeka Argus _
Chemcal). *2: Allyl glycidyl ether *3. Bisphenol-A diglycidyl ether
(Epi kote 828 produced by Yuka Sheblo 383eer®1l : Epoxy equival ent of 190).

*4:. Diallyl phthal ate prepol yner (Daisodap A produced by Gsaka Soda. 45

*5: Condensate of 2. Omwl of poyethylene glycol (2nol) added bi sphenol - A,

1.5mol of maleic acid and 0.5nol of sé’lﬁﬁb"?% acid. * 6 Pol yoxyethyl ene

(70mol ) penta. (phenyl ethyl ated) cunyl phenyl ether. *7: _Polyoxyethylene =~

(6nmol )  nonyl phenyl ether 50 Fluffs, Yarfi Bieakaf®| yoxyet hyl ene (30nol) _ '
tri Rgnzyl ated pher . Y ETET A T O OF > 1727 Bl TABLE
2 FFS?fss,- Yarn Br ¢alefyePiee. mﬁ“eﬁes‘t %"%g?tegf 'E%ng/{"r'?d T 1%:‘8 Iss . |
(Kg/[err]) - Enul gian Stabiflity Tept 1 A B _ o
8.2 A 10 Test 2 A - A -
8.5 A 3 1 B A B8 A 8.2 8. % ' A 4
A 10 A 2 8. R A A5 85 A a A
8.4 - A g 3 A g A A 85 8. & _ A 15
7 A . 4 A A 8.5 | 86 Al8 A A
B 8.15 5 AA 9 A f | 84 A 8.5
A 10 . B 6 A A A 8.4 86 A#®Congarison 1
D 15 D 7 7.8 A 85 - A
8 A B ‘ 8.5 A
9 A A 85 A
10 B A 8.4 A
Comparison
20
. 1 D D 7.0 -
N 2 E E ' 6.8 -
' 3 C B-C 7.0 -
4 c - B 75 A
‘25
Claims _ _
. 1. A sizing agent for carbon fibers, the sizing agent containing a bisphenol-polyalky_lene_ glycol etherester -
%0 copolymer shown by the fbllowing. formula: - - .
(1) where Y, is -'Eeew;c_uﬁ;éoi::.ﬂdﬂ—
{ 40
\'_/ . . a“ . _{fc - :’
. amd. Yo is Hz(lmﬁ)p ICH?CﬂzUiE]'-
| C
45 3

the segments inside parentheses in Y1 and Y2 being in each case a block or random copolyether_ when
P is an integer 1-10 and q is an integer 1-20, or a homopolyether when p or q is O; and (p +q) being
equal to or greater than 1;

. 50 and Z is

58
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B-C

E

7.0
A 25 Cainms 1. A sizing agent fOéPB%

E

A 4

6.8

cont ai ni ng a bi sphenol - pol yal kyl'éne "glyco

shown by the follow ng fornula:

[err] (I)

3

C

- C
oy J'Ibers, t he si

et herester

3

nul ¢ where [é&rr}
[err] CMB 45 the segnents inside paresdugeses in [err] being in each case a
bl ock or random copol yether when P is an integer 1-10 and g is an integer

-

i's * Ferf] 40

1-20, or a honogotyetther wien ' a ¥ being equal to or
greater than 1; |50 _and Z s Sﬁ“f&%&ﬁﬁ%é—(z% Bg)c il S TABLE 2
Fl uf fss, Yarn Brdalkixgmpids | T™ Test | Rubbing TBStanHiS84Ka/mmA Y Faylsion | Rubbi ng Test
| LSS (Kg/ mR)  |Enul sion Btabilitly Test 1 A | Stability B
8.2 AT0 Tost 2 A A
8.5 AR B— A — 1875 A 4
A A 1 8.% B Al 82 A A A
8.4 Ale 2 AA AA 85 8. 64 A 15
3 B A 85 A
7 A 4 N 2 8.5 8.8 A8 4 A -
B 845 o A9 s - A 8.4 A A 8.5
A10 B 6 Aa A 84 ag | AR
Conpggison 1 7D A D a 8s/. 0 A
8 A B 8.5 A
9 A A 85 A
10 B A 84 A
20 Comparison |
1 D D 7.0 -
2 E E 6.8 -
3 C- B-C 7.0 -
4 C B 75 A
25 '
Claims

30

35

(1)

A,anisz

where Y, is ;E(-poﬂz.cnﬂ;éoﬁcﬂd,-]—
: 3
and Yo is {-(‘Cﬂzll:ﬂmp" icazwzﬂ‘)'q‘}-

Chg

1. A sizing agent for carbon fibers, the sizing agent containing a bisphenol-polyalkylene glycol etherester
copolymer shown by the following formula:

the segments inside parentheses in Y1 and Y2 being in each case a block or random copolyether when
P is an integer 1-10 and q is an integer 1-20, or a homopolyether when p or q is O; and (p +q) being

50 and Z is

56

equal to or greater than 1;



4 T

2 E E 6.8 3

7.0 4 CB 7. Clains 30_1.
sizi ng agent- for carbon fi bers, Eheasszz'nm agent cont a\u‘m “ﬂ““m(“‘\ u L
bi sphenol - pol yal kyl ene gl ycol etherester copol yner sho '
fornula: 35 [err] (1) * © Vhere lerr] is

[err] 45 the segnents inside parentheses.in [err] and Y2 being in each. case"r"_"‘-..-'i'.';_

a bl ock or random copol yet her when P is i nt egey 1-10 and g is an integer =
1- 20, or a honopol yet her when p or g is(grjand (pgt q) being 50 equal

‘to g(/greater than 1; fi\ Zis 55 365 727"

Terr]®* C L M S ’{frr] 1G=-£H ct-d}‘f-zearl n—lSh'a't [erl'] may be

i dentical or different and are [er?] [erfk] [err] "

20 [err] being identical or different aré_‘&ljl or r] X being 25 [err] 30
the segnents inside parentheses in [err] I ng |nneach case a bl ock or
randop copol yester when 35 r is an integer 1 - 14, or a honopol yester
when r is o; s being an integer 1 - 15; and (r +s) being equal to or '

smal | er t hanyrabRiaath B Uknd A My b8 idaAicaror biletint dnd sl A Si zi ng agent as
clainmed in claim1l characterized in that both r and s are from2 to 6. 3. A

R2

si zi ng agent as cl ai rred in claiml or 2 characterized by furth cont ai ni ng
one ofs nore of r| or atﬁﬂfﬁm&cﬂiﬂfg‘fﬂants Oﬂﬂenﬂﬂz 4. A
si zing agent a il rred in claim3 cpar act cort ai né at least 70%
by wei ght of the said R

- 4

20
K'/ Ry and Rz being identical or different and H or CHa;
X being

25

W, -0CCH = CHCOOH or -0 £OOH
(IV)

30

the segments inside parentheses in A1 and Az being in each case a block or random copolyester when
35 - r is an integer 1 - 14, or a homopolyester when r is 0; s being an integer 1 - 15; and (r +s) being equal
to or smaller than 15 and equal to or greater than 1.
2, A sizing agent as claimed in claim 1 characterized in that both r and s are from 2 to 6.

3. A sizing agent as claimed in claim 1 or 2 characterized by further containing one or more of prior art
sizing agents, lubricants or emulsifiers.

4. A sizing agent as claimed in claim 3 characterized by containing at least 70% by weight of the said
bisphenol-polyalkylene glycol etherester copolymer and correspondingly not more than 30% by weight

45 of the said emulsifier

5. A carbon fibre material characterized by having attached thereto 0.1 to 5.0% by weight of a sizing
agent as claimed in any one preceding claim.

50 6. A GFRP (carbon fibers reinforced plastics) composite characterised by comprising the carbon fibre as
claimed in claim 5 with an a,8-unsaturated polyester resin or a vinyl ester resin.

Patentanspriiche

55 1. Schlichtemittel flIr Kohlefasern, wobsei das Schiichtemittel ein Bisphenol-Polyalkylenglykole-
ther/Polyalkylenglykolester-Copolymer der folgenden Formel enthilt: ‘

10
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bi sphenol - pol yal kyl ene gl ycol etherester copol yner and correspondi-nrgly—hot—

nore than 30% by-wei ght 45 of the said emulsifier 5. A carbon flbre
material characterized by having &Pteagse@7t®iereto 0.1 to “!u
a sizing agent as clainmed in any one preceding claim 50

fibers reinforced plastics) conposite characterised by conpr|5|ng the'
carbon fibre as clained in claim5 with anef=eyr] - meat urated pol yester
resin or a vinyl ester resin. Patentﬂp%ﬁL;(ch 'g allai chtemttel fO

Kohl ef asem wobei das séM I chtenitte ’ Xyl engl ykol e-
thenQPonaIkylenglykolester-Cbponner der - gend- orne1 enthilt: 10

ERP- O 365 727 B1 1 1112171 1222 thidi lii o * C .
L M S * (I) ~A YQ . zOOYQV2 worn Y, 10 -4 QG kCx)1

EQC tl1.F 15 bedeut et urworif? Y0

{~H2CHQLp' (CU2CR2GF K-, CH3 26 bedeutet, wobel das Segment innerhalb der
Klamrer,n von Y1 und Y2 jemells ein Blockcopolyether oder ein Copol yet her .
mt zuffilliger Verteilung ist, wenn. elne gan ah n 1l bis 10 und g
el ne ganze Zanl von 1 bis 20 |st, od4%- G&QQAkﬁﬁLann p oder (q
gleich 0 ist, und wobel (p + q) gleich oder groler 1 ist; und worin
Z 35 _tat-,-coder 1:113 0 40 ist,
dadur chs gekennzei chnet , daG A, und A2 gleich oder verschi eden sein konnen

und 46 %ét G&d ICOOCHCH20O* +4C COOCHCH20++X (z) R1
t 2 50 sind, mobel gl ei ch oder verschieden sind und H

d bed d | .
oder C|;0|3 edeuten, und X 56 {-({Hz?“a,p“ (chnzuf‘ﬂ_

L/.
Chy

25 .
bedeutet, wobei das Segment innerhalb der Klammern von Y: und Yz jeweils ein Blockcopolyether
oder sin Copolyether mit zufélliger Verteilung ist, wenn p eine ganze Zahl von 1 bis 10 und q eine
ganze Zanl von 1 bis 20 ist, oder ein Homopolyether, wenn p oder q gleich 0 ist, und ‘wobel (p + q)
gleich oder gr6Ber 1 ist; .

30 und worin Z
: | lsl
35 <CHo= -l _ -y -
an C_z : .l oder "
Cly 0

ist, dadurch gekennzeichnet, daB A1 und Az gleich oder verschieden sein kénnen und
- -ftoccH =cucnn?ucuzu+,.-+uc cuu?ncuzuh—}.x
(I 3 ) Ry

sind, wobei R und Re gleich oder verschieden sind und H oder CHs bedsuten, und X

65
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EP 0 365 727 Bl bt il i

' COC COCH (1V) H OCCH aCHCUGH

wobel das Segment innerhal b der & egegvzr Bon Al und A2 !“‘H“!Emﬂﬂ“mﬁ

Bl -ock- Copol yester odor ein 10 Copol yester mt zuf ger rter Bung i st :
wenn r el ne ganze Zahl von 1 bis 14 ist, oder eln Hormpol ye- ster, wenn r . .. .
gleich 0 ist, und wobel s eine ganze zahl von | bis 15 UEd (r: leich ..
oder ‘kielner als 15 und gleich oder gr6Ber als 1 ist. Schlj mttel

S ei ne ganze .

nach Anspruch 1, dadurch ekennzelchnﬁh daB sowohl r als
CaBH ruch 1 odor

Zaht _yon 76 @) bis 6 lig,o!ﬂlcﬁﬂ. el i cht eniddeel nac 2\

2, da?jurch gekennzei chnet, daB es ferner bekannte Schlic /- tel,
Schniernittel und/oder Emul gatoren enthalt. 20 4. Schlichremittel nach
Anspruch 3, dadurch gekennzei chnet, daB es wenigstens 70 Gew. - % Bi sphenol

Pol yal kyl epg MX&S%&%%&A@%M&%M%%M Gl %ﬂmﬁnyaﬁmow@bpdﬁmw%ﬁc hend
icQ

ni cht, nehr iTligh & wR 'k Bné banzeza afisa9%tGbedin Bdmopaigsiur ch
gekennze' CQQ'eTmn 01st,QUn§ web wne JanzErdhBon PGI3l 16 Ghd @m)tgte&hsmmﬂa a5
ei nem der gy gidichiva eAﬁgmeche dar auf aufgebracht sind. 6. CFRP

( Kohl efaserverstgrkter Kunst st of f ) - Ver bundwer kst of f, dadurch : '
gekennzed, ¢ bemiéhtentkiBnad e Anspakih U idlduraheyokentzefchnet] idap ddobil edinaush s gemzmpvquc h 5
und etsn a, 2bisBrbgdstent | gt es Pol yesterharz oder ein Vinyle- sterharz um‘ alt.
30 Revendi catlons 1. Agent d' ensimage pour. les fibres de carbone agent
d' ensi medye Sehiettamitteh pach ﬁn@o-gbr' ypries 2edadurchgekpenieinet sisp grioRpY pkennl %?E'tshfe
foncti ons @!ﬁe'rml@mltfelstmélpd ﬁP'@%‘E?ftQ!‘“ﬁ!&r la formul e suivante: 35 AlYlo

3 4 %W% " 00 Y1 est [d*OCHZCHZ C§:le—1 g%f% ~~~~'~-'
CH3 e ! _
copMZt he °'bﬁ' 95‘(5‘°'8‘f‘ ?“ka"?'wgifﬂe opohyyr ﬂ"ﬁ?d’?‘?ﬂ %re%\’ﬁ't'l &My %‘6 ot q
est un nonﬁ?‘% '8?‘ ou un honopol ydther 85 - Iorsque p ou g est
0 et 1" ensgilli&efiietial qéladﬁlrcﬁ %keﬁ%’cm& Qidg DUPEE | £ Bbw. 3% bines IscificiRehittels’ gemB

25 einem der vorstehenden Anspriiche darauf aufgebracht sind.

6. CFRP (Kohlofaserverstirkter Kunststoff)-Verbundwerkstoff, dadurch gekennzeichnet, da8 der Verbund-
werkstoff die Kohlefaser gem#B Anspruch 5 und ein a,8-ungeséttigtes Polyesterharz oder sin Vinyle-
. sterharz umfaBt. , :
80
" Revendications

1. Agent d'ensimage pour les fibres de carbone, I'agent d'ensimage contenant un copolymére -de
bisphénol-polyalkylgne glycol & fonctions éther et ester représenté par la formule suivante:

AY,0 Q z O OY,A, (1)

35

o ol Y, est -F{OCH,CH,) - (OCHCH: 5}
” CH,
et Y, est -FCH,CHO)5- (CH,CH,093-
les segments entre parenthdses dans Y1 et Y2 étant, dans chaque cas, un copolyéther bloc ou aléatoire
lorsque p est un nombre entier de 1-10 et q est un nombre entier de 1-20, ou un homopolyéther
55 lorsque p ou q est 0 et I'ensembie (p +q) étant égal & ou supérieur & 1;

ot Z est

12
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EP 0 365 727 B1 : L1 1111 1itrrr ol

8 io caracteri 56i en c-ngE-e Al-C-et Erq@q{iaﬁ\mmtgég_lrs-e i dentl 4{““[\4“‘“““\““““5

et sont -ffOCCCH CHCOOCHCH20C- -, OC

Rl ~~~~R2 20 Rl et R2 et ant |dent|ques ou dlfferents et H ou o

CHa; X etant H, -OCCH CH ou -CC COOH 75 25 . : R

( 3(I\0 30 | es segnents ent parenth@ses dans Ai et A2 etant, dans chaquefw

cas, un copol yester bl oc ou aleat0|rellorsque r est un nonbre entier de

1 14~pu un hormpolyes@ggn sque r esi._0;, s 6tant un nonbre qTiler de 1-15
1" efsenbl e (r+s) e t 6gal i®ou P! us’petlt que 15 et egé '

sup rieur a 1. 35 2. Agent [ en3|nage|kel gue revendi que dans | a

revendi cation 1, caracterisg.en ce qug r et s sont tous |es deux de 2 N 6.

3 Agent d'ensinmmge tel que Tévendi que dans |a revendication 1 ou 2,

caractngis4 en ce qu'il contient en outre un ou plusleurs agents .

d' ensi mage, chidhitdst bRbS uePll oEALHeBehi %8 icRntiBesl o difeGiB b ant 6ri eure. 4.

Agent d'ensinmage tel que revendiqud dans |a revendication 3, caracterise en

ce qu'il contient au moins 70% en poids dudit copolymre de

bi sphenol - pol yal ky| ef§@C(EHyCHOI006HEH 00 s 4E00§HCI1L§O7;§§t er et{Id)I' avenant,

pas plus de 30% en poids dudit ¢rul sifi arims 5. Mat6riau en fibre de

carbone caracteris6 en ce qu'il gcontient he de 0.1 A 5.0% en poi ds

d'un agent d'ensinmage tel que reVendi quinda une guel conque des

revendi cations precedentes. 6. Conposite v (natlbres plasthues

renforc~es par des fibres de carbone) caracterise en ce qu'il conprend | a

fibre 4& ca&?(QEZ%ekbggﬁéch%%ﬁggsgﬂﬁg &@ns | a revendi cation 5 avec une

resikpe de 5 Stant non sature ou une r~sine d ester. V|nyI|que
55 .13

H, -OCCH=CHCOOH ou -0C COOH

25

(1V)

les segments entre parenthéses dans Ay et Az étant, dans chaque cas, un copolyester bloc ou aléatonre o
lorsque r est un nombre entier de 1-14 ou un homopolyester lorsque rest0; s étant un nombre entier
de 1-15 et I'snsemble (r+ s) étant égal é ou plus petit que 15 et egal A ou supérisur 2 1.

35 2. Agent d'ensimage tel que revendlque dans la revenducatlon 1, caractérisé en ce que r et’ s sont tous Ies
' deux de 2 4 6. -

3. Agent d'ensimage tel que revendiqué dans la revendication 1 ou 2, caractérisé en ce qu'il contient en
outre un ou plusieurs agents d'ensimage, lubrifiants ou émulsifiants de la technique antérisure.

40

b 4. Agent d'ensimage tel que revendiqué dans la revendication 3, caractérisé en ce qu'il contient au moins
70% en poids dudit copolymére de bisphénol-polyalkyléne glycol & fonctions éther et ester et, &
I'avenant, pas plus de 30% en poids dudit émulsifiant.

45 5. Matériau en fibre de carbone caractérisé en ce qu'il contient y attaché de 0.1 2 5.0% en poids d'un
agent d'ensimage tel que revendiqué dans l'une quelconque des revendications précédentes.

6. Composite CFRP (matidres plastiques renforcées par des fibres de carbone) caractérisé en ce qu'il

comprend la fibre de carbone telle que revendiquée dans la revendication 5 avec une résine de
50 polyester «,8-non saturé ou une résine d'ester vinylique.

13



