Fchehical

GROUFOFCOMPANIES

Performance Division

lNMPOLJTIEHUE CPOKA CPOKA CJ1YXbbI 3ITOKCULHbIX
KOMIO3NTOB

Toine Dinnissen, February 28 2012

AMNOKCWOHBLIE KOMMO3UTbl MPUMEHAKOTCA B WMPOKOM CIEKTPE
BbICOKOTPEBOBATESIbHbIX MPOMbILWNEHHbLIX OBJTACTEN. KOMMO3UTbI
HA OCHOBE O3lMOKCKMOHbIX CBA3YHOWWX OTIUYAKOTCA OCOBbIMU
XUMUYECKMUN N MEXAHWYECK/MUN CBOVCTBAMW MO CPABHEHWMIO C
KOMMNO3NTAMM HA OCHOBE [OPYIMX CBA3YHOWWNX  CUCTEM.
ANMUTENBbHBIE N UWMKNWYECKWME, TEPMWYECKME W MEXAHWYECKWE
HAMPY3KM TEM HE MEHEE CIMNOCOBHblI BbI3BATb OBPA3OBAHUE
MMWKPOTPELWWMH N, KAK CNEOCTBUE, PAHHEE PA3PYLWEHWE MATEPUATNA.
OAHHOM TMPE3EHTAUMW BYOYT OMUCAHbI TPU  PASJIMYHBIE
HONOI K, KOTOPbIE MOIyYT NMOMO4b NPEAOOTBPATUTL

BPEMEHHOE PASPYLWLEHME TYTEM AACOPBUUN 3SHEPIUN
, TPELLI,I/IHbID,BYXCDA3HbIMVI CUCTEMAMMW. /

\ ‘5‘4’:'.

Composite-Expo - 2012

5" International Specialized Exhibition
on composite materials and technologies
Moscow, Russia



<> FchEhical

Performance Division COdep)KaHue

ONOKCUAbl B KOMMO3NTAX
Pa3pyLueHue
MexaHunyeckue CBOWCTBA U TEOPUS TPELLMHBI

Kak noBbICUTb NPOYHOCTL?
* /13mMeHnTb ycnosus
* 13MeHNTb MONeKyNApHYo CETb

* [13mMeHnTb Harpysku

YnpoyHstoLime texHonorum Dow Epoxy
« Kayuyk-cmona — Mmoandukaums
« Cononuvep — mogudmkaLms
« Kayuyk aapo B 06onoyke - mogudukaums

Toine Dinnissen, February 28t 2012 - —




<> FchEhical

Performance Division D.E.R. ™ 3nOKCUOHble CMOﬂbl B KOMnO3umaX

CeowcTaa:
» OTnNn4Has agresns Ko MHOMM, B T.4. CIIOXHbIM cybcTpaTam
* Hwu3skas ycagka npu oTBepxaeHnm
* [IpekpacHas XumMmn4eckast CTOMKOCTb
* OTnnyHble MexaHWyeckne CBOMCTBa
 XopoLuas TEPMOCTOMKOCTb

YacTo Mcnonb3yloTcs Npy NPOM3BOACTBE NErKOBECHBIX KOMO3UTHbIX U3aeniil,
KOTOPbIE MOTYT 3aMeHWUTb MeTans.
Hanpumep TpyObl, AeTanu MallnH, eMKOCTM, NOnacTu...




Fchehical
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Performance Division  OCHO@HbI€ NPUYUHbI Pa3pyWweHus KoMNo3umoe

Yenoeeyeckuu chakmop

HenpasunbHbIN BbIOOP MaTepuana u
* WsHauanbHo cnabble cBoMCTBA
mMaTepuana
|

HenpaBunbHas goopma
]
HenpasunbHasa obpaboTka
| B
HenpasunbHas akcnnyataumns

21%

TpeLLI,I/IHbI OT BHeLUHero Bo34encTens

Pa3nom BcneacTeme ToOMEYHOro

®u3.-XUM. NPUYUHbI

nedekrta

XnmMmmn4yeckoe Bo3aencTemne
6% Tepmunyeckaa gerpagauus
AnHamunyeckas yctanocTb
Hedopmaums/paccnabnenune

YO Bo3gencreumne

Data ex. Smithers Rapra
://www.rapra.net/consultancy/product-design-and-manufacture-plastic-design-and-material-selection.as




<> FchEhical

Performance Division MexaHquCKue Ceoacmea

I'Ipenen NPOYHOCTU Ha Pa3pbIB U JKeCTKoCTb
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Polyester ~ Vinlyester Epoxy Polyester ~ Vinlyester Epoxy

JnoKCKOHOE CBA3YIoLLEe, OTBEPXAEHHOE NPpK KOMHATHOW TemnepaType - Ha 20-30% npoyHee nonnadupHoro. [ns
NOCT-OTBEPXKAEHHBIX MaTepnanos pasHuua ewe bosnblue. Jlogky Ha NONMAUPHBIX CBA3YIOLMX 0OLIYHO He NOCT-
OTBEPXKAAIOT, B OTANYME OT ANOKCUAHBIX. MoNnacmpHble NOQKM «NOCT-0TBEPXKOAIOTCA» B XOAE KCnnyaTauum.

Cneacteus:
* M3HavanbHO yABOEHHAs NPOYHOCTL NOCTOTBEPXKAEHHBIX ANOKCUOHBIX NOAOK MO
CpPaBHEHWIO C M3HaYanbHON NMPOYHOCTBLIO NONUIPUPHBIX
* BHewHun Bua;
-YCap;Ka ANOKCKOHOM KOoMNo3numm — okono 2% cpasy
¥ normdmpa 0o 7% 3a AnuTenbHbIN Neprnog - ekt otnevaTka

Toine Dinnissen, February 28" 2012 e ——




S Dow 2 CI%‘Imcol

performance Divisin [ IUKPO-MpPeWjUHbI / Ycmoiiyugocms K ycmanocmu

MakcumansHas NpoYHOCTb — He CaMbln A Uttimate Tensile
BaXHbIi1 kpuTepuit. OBbIYHO M3ENM e BECHMA e
PEKO UCTILITLIBAET TAKME HArpPY3KU.
MuKpoTpeLLMHbI 06pasyoTcst v npy Gonee
YMEPEHHBIX Harpy3Kax.

[loTepst aaresnn mexay BOSIOKHaMM 1
CBSA3YIOLLMM BbI3bIBAET NPOANIEHNE TPELUMHI
Briy0Ob CBA3YIOLLETO.

Harpy3ka, KoTopyto KOMNO3UTHOe 13enue
MOXET BblepxaTb A0 BO3HUKHOBEHUS >
TPeLVHbI, OyaeT 3aBMCETb OT aareaunm Siinlofirs Foro/Resin Sirain to

BOJTOKHO-CBS3YHOLLEE N NPOYHOCMU M
ces3yole20

[loBbILLEHNE CNOCOBHOCTb NPOTUBOCTOSATh Foljestac
LIMKIIMYECKUM Harpyskam (CTOMKOCTb K |
yctanoctu) ectb [MTABHOE npenmyLectso .
AMNOKCUAHbLIX CUCTEM MO CPABHEHMUIO C |
|
|
|

I
I
First Fibre/Resin I
Debonding |
I
I
I
I

Tensile Stress

Vinylester

Stress

NoSM3aOMPHLIMK U ApYruMU. IMEHHO NO3TOMY
B BbICOKOTPEOOBaTESbHbIX MPUMEHEHNAX . .

MH%VIG BCErfla 0TOaeTCs AMoKCHAaM —
\

A e TUNUYHbIE KPUBLIE «Harpy3ka — pacTsaxeHue» ans
—_— CMCTEM Ha Pa3HbIX CBA3YHOLMX
(MocT-oTBepxAaeHue — 5 yacos npu 80 °C) J—

Toine Dinnissen, February 28t 2012 b _,“,.;:.,*—«—:;:,?—""—"




FchEhicdl
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Performance Division Xpynkue Mamepuanbl
CTeKJ'IOBM,EI,HbIe peaKTonnacThbl,
Brittle Harnpumep, sanoKCUaHbIE C BbICOKOW CTEMNEHbIO CLUMBKU

I ° TeMHepaTypa CTeKkioBaHd HaAaMHOIO Bbllle pa6oq|/|x T-P.
° XpynKMe, NOJTHOE pa3pyLleHne npu noBpexaeHnm

’(; r\ Plastic

0_ TSI,

=

? Elastic

£

’ 4

Strain ——»

OnacTomepHble peakTonnacTbl
« TemnepaTypa CTEKNOBaHUS HUxe paboumnx TemnepaTtyp
* He nedhopmupyroTCst — NPOYHOCTb 3a CYET PaCTSKEHNS MONeEKYI

Stress (O)

| | I ] J

\ 0 0.1 0.2 0.3 0.4 0.5
Strain (€)

Toine Dinnissen, February 28t 2012




<> FchEhical

Performance Division Bﬂ3kocmb pa3pyweHUH

B Hayke 0 maTepuanax BA3KOCTb pa3pyLLUEHNS 3TO CBOMCTBO, KOTOPOE OMUCbLIBAET
CMnocobHOCTL MaTepuana, UMEeLLEro TPELLWHY, CONPOTUBNATLCS PaspyLUEeHno. ITO
CBOWICTBO ABMSAETCS OOHWUM M3 CaMblX BaXHbIX 19 NPAKTUYECKUN BCEX KOHCTPYKLMOHHbBIX
NPUMEHEHUN.

Bs3kocTb pa3pyLieHus onpenensercs (akTopoM MHTECUBHOCTW Harpysku, Npu KOTOPOW
TOHKas TpeLmHa HaunHaeT pacTu.

BA3KOCTb pa3pyLUeHns — 3TO KONMMYECTBEHHOE BbIPaXeHWE YCTOMYMBOCTM K XPYMKOMY

pa3pyLueHuto. Mpu 6oMNbLLON BA3KOCTM paspyLLEHWs MaTepuan ckopee OyaeT paspyLuaThbCcs
no naacmuyHoMy nyTu. A NPy HU3KON BASKOCTM pa3pyLLEHNS — MO XPYMKOMY MyTHW.

KC dimension Pa \/ m

Toine Dinnissen, February 28t 2012




> Pacmsixumble Mamepuanbl Fchinica

Performance Division

PacTsKMMOCTb - 3TO CBOWCTBO
TBEPAOro Matepuana aeopMmnpoBaTbCs
oA BO3AEWCTBUEM PACTSKEHMS, NPU
9TOM MaTepuan MOXeT ObITb NNACTUYHO
necopmupoBaH 6e3 paspyLeHns

YnapHasa npo4YHOCTb 3T0 OanaHc
NPOYHOCTYU W PACTSHKUMOCTU U SIBRSIETCS
CMNocobHOCTLI0 MaTepuana nornoLathb
MeXaHWYECKYH (KMHETUYECKYIO) SHEPTIIO
BNMOTb 4O pa3spyweHuns. JTo 0bnacTb
noa Kp1BOW «BO3AENCTBME/PACTSIKEHNEN

Stress (O)

| | | J
: 0.4 L ’4‘.6 2.8 3.0

Strain (€)

——

Toine Dinnissen, February 28t 2012




Fchihical

<> . Kak ynyywums pacmsxumocms 6
Performance Division
peakmonnacmax?

W3ameHnTb ycnosus
« Temnepatypa (paboyas T no OTHOLLEHMIO K TQ)
 CKopocTb Aedopmaumm (Kak bbICTPO NpUKNaabIBaeTCs Harpyska)

V3MeHNTL MONEKYNAPHYIO «CETbY»
* [INOTHOCTb CLLMBKM nosinmepa

I3MmeHeHune Tuna BO3OenNCTBUS

Toine Dinnissen, February 28" 2012
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<> N U3meHeHUe memnepamypbl
Performance Division
u ckopocmu deghopmayuu
,//»—\u
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Performance Division - A3MEHEHUE MOJIEKYIIPHOU cemu nosiumepa

YMeHbLUEeHWe NIOTHOCTM CLUNBKK

* [lnacTudumkartopsl
— Oranartbl
— [NlanbmoBoe macno
— YrneesogopoaHble CMOnbI

» CneuuanbHble maTepuansl
— [nbkue anokcuaHble cmonbl (Hanpumep XZ 92466.00 / D.E.R.™ 3913)
— WM3ounaHat 6rnoyHbIn Npeanonuvep
— YpeTaHoBble CMOJbl C aKpUIaTHON yHKLUMOHANBHOW rpynmnoil

 (PeakTuBHble-) Paszbasutenu
— MoHo-(yHKUMOHaNbHbIE anudaTuyeckue (Hanpumep Polypox® R-24 / D.E.R. 721)
— MoHo-(pyHKUMOHaNbHbIE apomatideckune (Hanpumep Polypox R-6 / D.E.R. 723)
— bun-yHkumoHaneHble (Hanpumep D.E.R. 732P)
— Mynbmu (3/4) - pyHKUyUOHanbHble (Hanpumep Polypox R-20/D.E.R. 742)

Toine Dinnissen, February 28" 2012 — ™ Trademark of The Dow Chemical Company /




<> FchEhical

Performance Division N3meHeHue muna eo3delicmeusi

TpewmHa ot
pa3oBoro
BO34ENCTBUS

nnn

TBepaas matpumua

TpewmHa ot
LIMKITNYECKor
o]
BO30EeNCTBUSA

Xpynkoe paspyLeHne oTnM4yaeT ocobas NOBEPXHOCTb
n3noma — oHa 0bbI4HO OTHOCUTENBHO rnaakas. TpeLlmHa
NPOrpeccupyeT CKBO3b Matepuar, NpoUCXOANUT packon.
Ha pucyHke cnpaBa NOBEpXHOCTb packosia cTanu nocne aw
pa3pyLeHna Xpynkoro Tuna @814 20KV K2,000 1@vm WD39

PacTaXnWMOCTb CTanu 3aBUCKT OT NermpyroLmx gobasok.
Yewm Bonblue yrnepoaa, TeM MeHee pacTsxumas (bonee TBepaas, Xpynkas)
Byaert cTanb

Toine Dinnissen, February 28" 2012 e —




<> YMmeHbwumbs mun gosdelicmeusi. KAK ? #Chical

Performance Division

YnpoyHeHWe (NOBbILWEHNE PACTHKUMOCTH)
Xpynkoro Xpoma (TBepaoctb no Bukkepcy 1060 MPa)
3a CYET BKIMHOYEHUN meam (TBepaocTb no Bukkepcy 369 MPa)

TpeLUmnHa, pacnpocTpaHasacs crnesa
Hanpago, JosmkHa aedhopmmposaThb
YyacTuUy mMeau, 1 3apoanTbCA CHOBA.
OHeprns NPOHNUKHOBEHUS TPELLMHDI
pacnpegenseTca no kpynuiue Meam no
BCEM HanpaBJieHUAM 1 JOIMKHA 3aHOBO
CKOHLIEHTPMPOBATBLCS, YTODb|
NPOAOMKNTL pacTpecKuBaHme

Aob6aBbTe YNPOYHAOLWMUNA areHT
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Performance Divison Y IPOYHEHUE 3@ cHem cucmembl dsyx ¢ha3

TpewmHa ot
pa3oBoro
BO34ENCTBUS

nnn

TpewmHa ot
LMKIIn4YecKor
o]
BO31ENCTBUS

YnpoyHeHMe 3a CHET CUCTEMbI ABYX (ha3, U3MEHAEMbIE NapaMETPbI:
[0 Csonctea gobasku

0 KoHueHTpauus

[0 TlpoyHOCTb Ha CABMI HA NOBEPXHOCTM pa3aena a3

0 Pa3mep vacTtuuy

0

[TonmamcnepcHoCTb

Toine Dinnissen, February 28t 2012




<> FORTEGRA™ 201 Fohgical

Performance Division
ydaponpoy4Hasi anoKcudHasi cmona

TexHonorus agaykra CTBN — LER
Carboxyl-Terminated Butadiene acrylo-Nitril copolymer - Liquid Epoxy Resin

AU —p NV

CTBN Kayuyk " CTBN-LER kayuyK

PeakTUBHO MHIYLMPOBaHHBIN «NpOLIEce» pasaeneHus das

] E-v. ”1‘.
noKcuaHble rpynnbl 06ycnaBnuMBarT pasaeneHue gas u . @ .~ T
0bpa3oBaHie JOMEHOB f ’ ‘
FORTEGRA 201 no cpasHeHnwuto ¢ npocto CTBN ¢ .
XuMunyeckas moaudukaums B Fortegra npmBogmT k pasgenexunto gas a
ObpasytoTcs MeHblune, bonee 06HOPOAHbIE AOMEHbI »
Habnodaemcs 6onee pasHoMepHoe »® % 4 LY

ycuneHue npo4yHocmu 2 pm e {

=

Toine Dinnissen, February 28t 2012

e

™ Trademark of The Dow Chemical Company m—
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> FORTEGRA™ 201 FcHBinical

Performance Division
ydaponpoy4Hasi anoKcudHasi cmona
Viscosity Curve of FORTEGRA™ 201

1000 -
] 20-30% Free Liquid Epoxy Resin
40% Elastomer Content
EEW: 320 - 360 grleq
Viscosity: 150,000 — 230,000 mPa.s @ 25°C
- 100 :
4;‘ ]
o
=
U4}
o
Q
L
= 10 -
1 1 I I 1 I I I I
0 10 20 30 40 50 60 70 80 90

Temperature (° C)

Toine Dinnissen, February 28" 2012 ™ Trademark of The Dow Chemical Company




Fchgmical
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- FORTEGRA™ 201

Performance Division

ydaponpoy4Hasi anoKcudHasi cmona

Mpo3payHan 3anuBKa: 7 4. npu OGpaszey
70°C

dopmynmpoBaHHas 76.3 63.4
anokcmngHaga cmona

dopMynMpoOBaHHbIN 23.7 24.1
aMUWHHbIV OTBEpAnTEnb
FORTEGRA 201 0 12.5
yaapornpo4yHasa cMmona
BaskocTb 3anokcuaHoro 1400 2800
KOMIMOHEHTa
Temnepartypa creknoBaHus [°C] 93 91
YnapHas BA3KOCTb KIC [Pavm] 0.75-0.85 2.8-3.2
ASTM D-5045
7 4acos npy 70°C T

Temnepartypa cteknoBaHus [°C] 86 85
OHeprus paspywenus G, [)/m?  820-1060 1970-2350
]
ASTM D-5528
Yctanoctb matepuana Cm.rpadomk

» Moaynb casura (GPa) 7.8 8.1

- JluHenka , + 45° laminate

Toine Dinnissen, February 28t 2012 — ——————— ™ Trademark of The Dow Chemical Company
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FchEhical

Per.formance Division FOR TE GRA ™ 2 01
ydaponpoy4Hasi anoKcudHasi cmona

Fatigue Resistance of the Composite Epoxy System with and without Toughened Epoxy Resin

0.6
= =Control

— +12.5% wt FORTEGRA™ 201
w
w
o
k7]

- 0.5
2
=
Q.
(4]
©
[« V]
N
g
5 0.4

=

0.3 . ; .

1000 10000 100000 550K 1000000
Cycles to failure 760K
\

Toine Dinnissen, February 28" 2012 ———— : s ™ Trademark of The Dow Chemical Company /
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FchEhicdl

Per.formance Division FORTEGR " 100
Modudgbukamop npoyHocmu

TexHonorust 6rnok-cononumepa

Yy

“3NoKCMPUNBbHLIN" “INOKCUOBHBLIN” flobasnetue B
SMOKCUAHYI0

pewenTypy v
OTBEpPXAEHNe

CamMoopraHuayoLLuiics npoLecc

e 3aBUCUT OT

- Peu,enyTypbu TUN OTBEPANTENA, KONTMYECTBO HAMNOMHUTENA U T.M.
- Ycnosus OTBEPXKAEHUA. TEMNEPATYPa, BPEMA U T. 1.

™ Trademark of The Dow Chemical Company




> FORTEGRA™ 100 FchEinical

Performance Division
Modudgbukamop npoyHocmu

100% npoYHoCTHast JobaBka
EEW: OTCYTCTBYET
Bsiskoctb: 3,000 — 4,000 mPa.s npu 25°C

MNMpo3payHas 3anuBKa KoHTponb O6pasey
(2 yaca npu 90°C + 4 yaca npu 150°C)

anokcuaHada cmona D.E.R.™ 330 43.1 49.3
AHrMgpnaHbIn OTBEPANTESb 45.9 44.7
FORTEGRA 100 mogudomkaTop 0 5
NPOYHOCTHN

Bs3KkoCTb 3NOKCMOHOIo KOMMNOHEHTa 9000 8000
Temnepartypa cteknoBaHua [°C] 142 140
YnapHas BsskocTb K| [PaVm] 0.61-0.77 1.57
ASTM D-5045

™ Trademark of The Dow Chemical Company /

Toine Dinnissen, February 28t 2012




FchEhicdl
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Per.formance Division FORTEGR " 100
Modudgbukamop npoyHocmu

6-CNTOMHbIN CTEKNOMNMacTuK KoHTponb O6pasewy
(24 yaca npu 90°C)

dopmynmpoBaHHasi cmona 76.3 73.1
AMWHHbLIN OTBEPAUTEND 23.7 21.9
FORTEGRA 100 0 5
MoaudmnKaTop NPOYHOCTU

BsaskocTb anokcmaHoro 1400 1600
KOMMOHEHTa

Temnepartypa cteknosaHuA[°C] 86 84

OHeprus paspyweHna G /m?]

ASTM D-5528
Yctanoctb matepuana Cwm. rpachumk
Mopaynb casura(GPa) 7.8 7.4

JInHewnka, + 45° laminate

™ Trademark of The Dow Chemical Company /
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FchEhical
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Per.formance Division F OR TE GR ™ 100
Moodughukamop npoyHocmu

Fatigue Resistance of the Composite Epoxy System with and without Toughened Epoxy Resin

0.6
== Control
| + 5% FORTEGRA 100
0.5
@
ot
»
o
2
e
[y}
©
(O]
N
g 04
S
—
0.3 ; . ;
1000 10000 100000 1000000

Cycles to failure

Toine Dinnissen, February 28" 2012 ‘-‘;;:_\H — : -~ \-j Trademark of The Dow Chemical Company - _/




S Dow 2 FORTEGRA™ 301 il

Performance Division
ydaponpoy4Hasi anoKcudHasi cmona

TexHonorus iapo-000moyka

‘ Yxe 2omoeast

BTopas pa3a — aMcneprupoBaHHble YacTuLbl — YXKe roTOoBbI

YHukanbHas
TexXHomnorus
AncneprupoBaHunsa

Toine Dinnissen, February 28t 2012




FchEhicdl

Per‘formance Division FORTEGR " 301
ydaponpoy4Hasi anoKcudHasi cmona

Mpo3payHan 3anuBkKa KoHTponb OGpa3zeu
(7 yacoB npwu 70°C)

dopmynmpoBaHHasi ANoKCHUAaHas 76.3 39.2
cmona
0
85% Ceoboatas xuakas AMUWHHBIN OTBEpAUTErb 23.7 22.5
3nokcnaHaa cmona
15% Kayuyk 500 B 0GONOUKe FORTEGRA 301 ygaponpo4Has 0 33.3
anokcugHas cmona
Core Shell Rubber (CSR)
BaskocTb anokcmaHoro 1400 2200
BrskocTs: 68,000~ 72,000mPas @ 25°C  Teneparypa crexnosanns(“cCl 03 -
3,000 -4,000 mPa.s @ 50°C
YnapHas BsskocTb K| [PaVm] 0.75-0.85 3.4-3.7
ASTM D-5045
8 CNNOMHbIN CTEKIONMacTUK KoHTponb Obpasew
(7 vacos npwu 70°C)
Temnepartypa cteknosaHus [°C] 86 80
OHeprus paspywenns G, [J/m*  820-1060 1360-1620

]
ASTM D-5528

Yctanoctb matepuana CwMm. rpacpumk

_ Mopynb casura (GPa) 7.8 7.3
nMHeMKai i 450 Iaminate“" Trademark of The Dow Chemical Company E

Toine Dinnissen, February 28" 2012 . —




- FORTEGRA™ 301

Performance Division
ydaponpoy4Hasi anoKcudHasi cmona
Fatigue Resistance of Epoxy Systems with and without Toughened Epoxy Resin

FchEhical

0.6
= =Control
= 66.7 % wt FORTEGRA™ 301
(10% wt Core shell rubber)
g 0.5
»
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Toine Dinnissen, February 28" 2012 — - : s ™ Trademark of The Dow Chemical Company
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> FORTEGRA™ Fchhical

Performance Division

yNnpoYHeHuUe 3NOKCUGHbIX COCMaes o8
FORTEGRA ™ 100 series FORTEGRA ™ 201 FORTEGRA ™ 301
CaMOoOpraHN3yoLLMIACS Apnykt CTBN-LER Kayuyk siapo B obonouke
Briok coponumep |
lpu Yxxe eomoeas
Mpu omsep)KdeHuu
omeepx0eHUU
BsaskocTb 1600 2800 2240
Y koutponsa 1400
Jlecye 8

ucrnoJsib308aHuu

O ™ Trademark of The Dow Chemical Company /

Toine Dinnissen, February 28" 2012




<> FchEhical

Performance Division nepequb MapoK Fortegra

FORTEGRA 100 100% BCP FORTEGRA 100
FORTEGRA ™ 100 series

FORTEGRA 102 50% BCP in LER FORTEGRA 383-50
(6rnok - cononumep)

FORTEGRA 104 12% BCP in SER FORTEGRA 664-12
FORTEGRA 200 series FORTEGRA 201 40% CTBN (B apgaykTe) N/A
( aaayKT CTBN-LER )
FORTEGRA 300 series

FORTEGRA 301 15% CSR in LER N/A
(Kay4yk 20p0 B 0GOMoUKe-

CSR)

5 —10% ynpoyHuTens,

UT0 31O 3HAUNT?

FORTEGRA 100 0 5% Bec. B peuenType
FORTEGRA 201 112.5% - 25% Bec. B peLenType
FORTEGRA 3011 33% - 66% Bec. B peuenType

Toine Dinnissen, February 28t 2012 - . /
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Performance Division FORTEGRA™ g 3nokcudHbix Komnosumax

Yeenuyasaemcsi HadexxHocmb U dosico8e4yHocmb!!!

YCTOMYMBOCTb K (HEOXKMAAHHBIM) BO3OENCTBUSM
* YpoapHas BA3KOCTb K,

YCTONYMBOCTb K NOCTOSAHHBLIM UMKITMYECKMM Harpy3kam

» CTOWMKOCTb K yCTanocT

3 ceMenCcTBa YNPOYHAOLWMX [00aBOK

 (OcHoBaHbl Ha TPeX pasHbIX TEXHONOTMSX
* PasHbIn 3pekT ycuneHus

,  Pa3nnyHas BA3KOCTb

§O6nacm MPUMEHEHUS:

Y KomnoanTbl

(MopoLukoBble) MoKpbITHS

3anuBku

HanonbHble NOKPbITHS

™ Trademark of The Dow Chemical Company . /

Toine Dinnissen, February 28t 2012
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Performance Division KOHmaKmb’

3A0 "HEO Kemukan"

,Clqgf'nmd lOnus TalwkuHoBa

T —— tashkinova@neochemical.ru
(8313) 32-06-74, 33-68-68, 32-59-63

[ay KOpon, Mockosckoe MpeacTtaBuTesCTBO
OmuTpunin benobopoaos

@ dbeloborodov@dow.com

Dow Europe GmbH
Toine Dinnissen
tdinnissen@dow.com

Toine Dinnissen, February 28" 2012
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Performance Division Mechanical Properties Comparison
Black Steel Stainless Steel Hastelloy® C GRP
316 (Mat & Roving)

Density [gr/cm?] 7.8 7.9 8.9 1.5
Tensile Modulus [GPa] 207 193 180 10-15
Tensile Strength [MPa] 450 590 950 120-250
Heat Conductivity [W/m°C] 46 15 12 0.2
Thermal Expansion Coefficient 12 16 12 23
[mm/mm °C]x10-6

PE PP PVC PVDF GRP
Density [gr/cm®] 0.95 0.90 1.4 1.75 1.9
Tensile Modulus [MPa] 80 80-130 300-350 1200 10,000-15,000
Tensile Strength [MPa] 30 30 60 50 120-250

~JHeat Distortion 40 45 75-100 90 100-200

Temperatuse [°C]

All data are typical data and not to be construed as specifications /
= --—i—a“‘"’"/
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Performance Division

Fibre Reinforced Composites

FchEhicdl

cured laminate

Property Epoxy Unsaturated Polyester (UPR) and Phenolic
Epoxy Vinyl Ester Resin (EVER)
Cure mechanism Polymerization of resin Catalytic Condensation
plus hardener copolymerization Polymerization
(produces water)
Wet impregnation, typical | Liquid resins plus amine | Styrene-modified resins plus peroxide Liquid phenolics plus acid
system or other hardeners catalysts catalysts
Cure temperature (°C) 25-150 25-100 25-170
Typical cure time (min) 60-180 10-60 60-180
Stability of resin (alone) Excellent Fair Poor
Cure-shrinkage of system Low (2-3%) High (6-8%) High
Adhesion to metal Excellent Fair Fair
Physical properties of Excellent Excellent Excellent/Bad (best heat

resistance, most brittle)

Toine Dinnissen, February 28t 2012

All data are typical data
and not to be construed
as specifications
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Performance Division Fatigue Testing
1. Run standard tensile testing and determine
the stress at break (Sg.. )
1.1 1
*cycle ™ Max
2. Run fatigue test series at a fraction of the oo M\ [Fad [\
maximum stress the specimen could 57 |
withstand (S) L.
* Sinusoidal loading in tension-tension - WA —
: air| \ Ul
* R=min. load / max. load = 0.1/1 = 0.1 & e Wl B
 Test Frequency =5 Hz
* 4" gauge length
Record the amount of cycles after which the == )
specimen fails £ .

1000 10000 100000 1000000 10000000
Cycles to failure

a@%

Toine Dinnissen, February 28t 2012
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Performance Division BaCk-up FraCture-mOdeS

}

v

Mode I: Mode II: Mode III:
Opening In-plane shear  Out-of-plane she¢

Toine Dinnissen, February 28t 2012
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Schematic appearance of round metal
bars after tensile testing.

(a) Brittle fracture

(b) Ductile fracture after local necking
(c) Completely ductile fracture
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Performance Division Compact Tension Testing of Epoxies
ASTM Standard D 5045) _ 4
O fracture
e O (plane strain)
O
v
Stress intensity factor
P P =load at failure
K. = malx/z f(a/ W) B = sample thickness
BW W = length
a = crack length
Strain energy release rate f(a/w) 1s geometry dependent
K2
Glc T 2)
E

Toine Dinnissen, February 28" 2012
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Performance Division

Stress

Stress Strain Curve
Ductile Material

Ultimate Tensile
Stress

Rupture
Stress

\Yield

Stress
Stress

Toine Dinnissen, February 28t 2012
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Brittle

N__F_"_as__ﬁf

Elastic

_J

Strain ——»

Stress (MPa) ——»

. Strain Hardening Necking

c
S A ]
8 x ; Ultimate Strength
4 Plastic Flow Region S
i (Part permanently
E deformed.) Yield Strength
L
Rise
Strain
Run
Young's Modulus = Rise = Slope
Run
> Strain

/
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Performance Division Amphiphilic block co-polymer self-assembly

Spherical

@ icelle
@ﬁ ﬁ @ mice

+ Epoxy Matrix % Vesicle
Epoxy Miscible Block Epoxy Immiscible Block s

Amphiphilic block copolymer toughening phase

Wormlike
micelle

wormlike vesicles _ ™
5 nm = 100 nm 200 nm
micelles micelles




