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High performance adhesive bonding of VICTREX® PEEK™ at elevated temperatures

1. Introduction
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A previous study has shown that adhesive bonding is a suitable technique to prepare joints with PEEK™ polymer. Joint strength may be increased significantly if the surface of PEEK™ has been exposed to physio-chemical treatments which effect surface chemistry and topography. Methods employed were simple surface abrasion, acid etch, plasma chamber, laser treatment, UV radiation and corona discharge. Abrasion was shown to triple lap shear strength as compared to untreated samples, while acid etch, plasma, laser and UV radiation increased lap shear strength nearly 7-fold. These results are shown in Figure 1. The corona discharge occurs through the sample and is therefore restricted to thin samples. Testing joints of PEEK™ film therefore required a peel test which can not be compared to results from a lap shear experiment and consequently must be viewed separately. Peel force increased from 0.13N to 2.2N upon corona treatment.

Figure 1: comparison of different surface treatment methods using an epoxy AV138M and hardener HV998 from Ciba. 10 replicates were tested in single overlap shear experiments. 6 bulk failures occurred with UV treated samples and 7 bulk failures occurred with plasma treated samples; the remaining failures were interfacial.

In this study the effect of different adhesives on joint strength at temperatures up to 200°C was investigated. Acid etch was chosen as surface treatment since it improved bond strength by the same amount as the other more cost intensive methods and it is an easy technique. Acid etch increased surface roughness from 0.12(m to 0.18(m and decreased contact angle from 77° to approximately 72° indicating changed topography and changed surface chemistry. 

2. Experimental procedure

All tests were performed at the University of Erlangen-Nuernberg (LSP) in Germany. Standard grade unfilled VICTREX® PEEK™ 450G tensile bars (DIN 53455, 3mm x 10mm cross section) were cut in half. The ends were dipped into an acidic solution for 30s, rinsed with distilled water and dried in air. The acidic solution was of following formulation

0.15l H2O + 0.25kg K2Cr2O7 + 1,65l H2SO4.

Adhesive joints were prepared in a bonding jig for proper alignment of both halves to form a single overlap shear test specimen with 12.5mm overlap. The adhesives were mixed and cured according to suppliers recommendations. Samples were pulled at a cross head speed of 10mm/min. The matrix in Table 1 gives an overview of experiments performed.

Table 1: adhesives and test temperatures for single overlap shear experiments

	Adhesive
	Type
	Manufacturer
	23°C
	120°C
	150°C
	200°C

	NuSil MED-1511
	Silicone
	Silicone Technology
	X
	
	
	

	S-4215 RA
	Acrylic tape
	ATP Klebetechnik
	X
	X
	
	

	Araldite AV138M + HV 998
	Epoxy
	Ciba
	X
	X
	
	

	Araldite AV 119
	Epoxy
	Ciba
	X
	X
	X
	

	HAF 8401
	Nitrile rubber  phenolic resin
	tesa
	X
	X
	X
	

	Duralco 4460
	Epoxy
	Cotronics
	X
	
	X
	X

	Duralco 4703
	Epoxy
	Cotronics
	X
	
	X
	X

	EPO-TEK 353 ND
	Epoxy
	Epoxy technology
	X
	
	X
	X

	Duralco 4525
	Epoxy
	Cotronics
	X
	
	
	X


3. Adhesives and key features 

The requirements that customers have on adhesive joints made of PEEK™ polymer are as manifold as adhesives available on the market. Therefore the aim of this study was to demonstrate the versatility of adhesive joints that may be produced with PEEK™ by choosing adhesives which differ in chemistry, temperature performance or that differ with respect to ease of application rather than to present specific solutions for any single application. Key features of adhesives tested are as follows: 

NuSil MED-1511 from Silicone Technology is a one component silicone adhesive. It contains no solvents or plasticizer and cures at room temperature to form a silicone rubber. Consequently properties are high elasticity at moderate strength only at ambient temperature. It is USP-VI classified and therefore suitable for medical applications. It withstands sterilisation with ethylene oxide, dry heat or steam autoclaving.

S-4215 RA from ATP Klebetechnik is a tape adhesive that handles like a double sided tape: a fleece covered with an acrylate based adhesive is covered with a protective film that needs to be peeled off for application. No cure is necessary. Key properties are very good UV and ageing resistance as well as easy handling. Thermal performance up to 120°C. 

Araldite AV 138M / HV 998 from Ciba is a two component thixotropic epoxy for room temperature cure. It is an all purpose structural adhesive of medium strength, excellent chemical resistance, temperature resistance up to 120°C and low out gassing.  

Araldite AV 119 from Ciba is a one component thixotropic heat cure epoxy. It is an all purpose structural adhesive of high strength and toughness, moderate chemical and temperature resistance and very good peel strength. It fills gaps up to 3mm. Handling is easy as it requires no mixing. 

HAF 8401 from tesa is a heat activated film adhesive based on nitrile rubber and phenolic resin. It is easy to handle and requires heat cure. Temperature performance is up to 250°C shortly and 150°C continuously. It further exhibits good chemical resistance against oils, gasoline, diluted bases and acids. 

Duralco 4460 from Cotronics is a two component epoxy of very low viscosity. Key property of this unfilled structural adhesive is high strength at high temperature. Temperature performance is stated as 285°C short term and 260°C for long term applications.

Duralco 4703 is a heat cure two component paste epoxy. This system is filled with Al2O3 + metal for increased thermal conductivity and reduced shrinkage during cure. Temperature performance of Duralco 4703 is stated as 350°C short term and 320°C for long term applications.
EPO-TEK 353ND manufactured by Epoxy Technology is a two component heat cure epoxy of low viscosity which sustains service temperatures of  200°C continuously and 300°C for several hours. It shows excellent resistance against many solvents and chemicals. It is USP-VI classified and suitable for medical applications and fibre optics.

Duralco 4525 is a two component paste epoxy that cures at room temperature. It is filled with Al2O3 and is of nearly the same temperature performance as Duralco 4460. Highlights are furthermore good resistance against moisture, very low shrinkage during cure and excellent resistance against hydrochloric, phosphoric, sulphuric and  nitric acid.

4. Results

In a single overlap shear experiment different types of fracture may be observed. Basic fracture modes are shown Figure 2. They may be classified according to DIN EN ISO 10365 and will bear the following abbreviations: 
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Interfacial or adhesive failure (if): here the adhesion of the adhesive to the substrate at the interface is the weak link. Upon rupture the entire layer of adhesive sticks to the tensile bar. There is no crack propagation within the adhesive. 

· Cohesive failure (cf): in this case fracture propagates within the layer of adhesive so that both halves of tensile bar show a layer of adhesive.

· Substrate failure (sf):  under some circumstances the adhesive itself and the interface are strong enough to sustain the applied load. In this case the stress concentration at the end of overlap causes fracture within the substrate (tensile bar).

· Interfacial/cohesive failure (icf): this is a mixed mode failure where fracture propagation jumps back and forth between fracture at the interface and fracture within the adhesive.

Since each test was repeated several times it may well be that samples showed more than one fracture mode. 

Joints at 23°C

All adhesives were tested at room temperature. In case of substrate failure the fracture stress is a normal stress which is calculated by division of the recorded force and the cross sectional area of the tensile bar (30mm2). In case of the remaining fracture modes the fracture stress is a lap shear stress which is calculated by division of the recorded force and area of overlap (125mm2). It is quite clear that the fracture stress at constant force is much higher in case of substrate failure than in remaining failure modes; they can not be compared directly in terms of fracture stress. Therefore the results at room temperature are separated into two categories depending on fracture mode. Failure stress of samples showing substrate failure at 23°C are listed in Table 2 and shown in Figure 3. The remaining tests are listed and shown in Table 3 and Figure 4. Results for the high temperature epoxy Duralco 4703 appear in both tables since some of the joints tested showed substrate failure while others failed within the adhesive joint.

Joints that failed within the tensile bar fractured at forces between 500N for the Duralco 4703 (high temperature resistant filled epoxy) and 1400N for the film adhesive HAF 8401 (nitrile rubber/phenolic resin based film adhesive). Based on a cross sectional area of a tensile bar the fracture strength is between 16.7MPa and 47.3MPa as depicted in Fig. 3. Fracture was caused by the stress concentration at the end of overlap resulting in a brittle fracture at much lower forces than necessary to cause fracture of PEEK™ polymer. A simple tensile bar of PEEK™ 450G yields at 2800N (93MPa) followed by cold drawing to finally fracture at a force of 2500N (83MPa). The broad variation in fracture stress (Fig. 3) demonstrates the enormous effect of basic properties of adhesives on the shape of stress distribution which at last causes failure within the bulk of PEEK™. 

The remaining adhesives tested at 23°C are listed and shown in Table 3 and Figure 4. These joints fractured within the adhesive joint at stress levels between 0.2MPa and 5.5MPa which corresponds to applied forces between 25N and 690N. The film adhesive S-4215 RA from ATP is the easiest to use as it needs no mixing or curing but it shows lowest performance in terms of lap shear strength. Cohesive failure of this adhesive occurred at the boundary of the woven substrate used to carry the adhesive. The other extreme is the two component epoxy AV138M/HV998 from Ciba which is more complex to handle as precise mixing and curing is required but it also showed highest lap shear strength. As indicated in Fig. 4 some joints failed within the adhesive (cf: S-4215RA, Duralco 4525), others showed mixed mode failure in every adhesive joint tested (icf: Duralco 4703, Duralco 4460),  while AV138M/HV998 and MED-1511 had some samples fracture at the interface (if) while the remaining samples fractured within the adhesive (cf).

Joints at 120°C

Four adhesives were tested at 120°C which is below Tg of PEEK™ polymer. Results are listed in Table 4 and shown in Figure 5. This temperature was chosen because there are many structural adhesives based on epoxy resins on the market that show nominal temperature resistance up to 120°C. Lap shear strength of the tape adhesive S-4215RA has diminished. Lap shear strength of the other adhesives is between 2.4MPa and 4MPa and therefore comparable in strength to other epoxies at room temperature (Table 3). Fracture mode of the heat cure epoxy AV119 and heat activated film adhesive HAF 8401 have changed from substrate failure at 23°C to failure within the joint at 120°C. 

Joints at 150°C

Table 5  and Figure 6 show results of lap shear tests at 150°C which is above the softening point Tg of PEEK™ polymer where the properties of unfilled PEEK™ have changed significantly (reduced stiffness). The joints prepared with Duralco 4703 failed at 3.4MPa lap shear strength at 150°C. Within experimental error this is nearly unchanged as compared to 3MPa at 23°C. Failure mode is clearly within the adhesive at 150°C. The heat activated film HAF 8401 is with 1.9MPa lap shear strength also a rather suitable structural adhesive at 150°C since this stress level is still 80% of fracture stress measured at 120°C. USP-VI classified epoxy 353ND is also suitable to form rigid joints with 3.1MPa. The strength of AV119 has dropped from 4MPa at 120°C by 60% to 1.5MPa at 150°C. This may indicate the end of temperature resistance of this heat cure epoxy since fracture occurred within the adhesive. Duralco 4460 is the unfilled epoxy from Cotronics and shows lowest strength of all epoxies investigated at 150°C.

Joints at 200°C

3 Duralco epoxies which are specified to be of extreme temperature performance and the medical grade epoxy 353ND with USP-VI classification have been tested at 200°C (Table 6, Figure 7). Values obtained reach up to 1MPa. With the joint geometry used loads of 125N are sustained by the joint at 200°C. Dominant fracture mode was cohesive which means that the adhesive itself failed.

Table 2: fracture stress, 95% limits of confidence of n replicates W(95,n) and fracture mode of samples showing substrate failure at 23°C

	T = 23°C
	AV 119
	HAF 8401
	353 ND
	Duralco 4703

	( [MPa]
	41.8
	47.3
	36.2
	16.7

	W(95,n)
	6.4
	3.3
	14.8
	2.1

	n
	10
	6
	6
	6

	fracture mode
	sf
	sf
	sf
	sf


[image: image3.wmf]23°C

0

1

2

3

4

5

6

AV138M

HV998

S-4215RA

MED-1511

Duralco

4525

Duralco

4460

Duralco

4703

lap shear strength [MPa]

Figure 3: fracture stress of samples showing substrate failure at 23°C

Table 3: fracture stress, 95% limits of confidence of n replicates W(95,n) and fracture mode of samples failing within the adhesive joint at 23°C

	T = 23°C
	AV 138M HV 998
	S-4215RA
	MED-1511
	Duralco 4525
	Duralco 4460
	Duralco 4703

	( [MPa]
	5.5
	0.2
	0.7
	3.3
	1.7
	3

	W(95,n)
	0.1
	0.03
	0.5
	0.7
	0.5
	0.7

	n
	10
	6
	6
	6
	6
	4

	fracture mode
	if + cf
	cf
	if + cf
	cf
	icf
	icf
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Figure 4: fracture stress of samples failing within the adhesive joint at 23°C

Table 4: fracture stress, 95% limits of confidence of n replicates W(95,n) and fracture mode of samples tested at 120°C

	T = 120°C
	AV 119
	HAF 8401
	AV 138M / HV 998
	S-4215 RA

	( [MPa]
	4
	2.4
	3.4
	0.03

	W(95,n)
	0.5
	0.3
	0.1
	0.004

	n
	6
	6
	6
	6

	fracture mode
	cf
	if
	cf
	cf
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Figure 5: fracture stress for samples tested at 120°C

Table 5: fracture stress, 95% limits of confidence of n replicates W(95,n) and fracture mode of samples tested at 150°C

	T = 150°C
	AV 119
	HAF 8401
	353 ND
	Duralco 4460
	Duralco 4703

	( [MPa]
	1.5
	1.9
	3.1
	0.5
	3.4

	W(95,n)
	0.3
	0.2
	0.7
	0.4
	0.4

	n
	6
	5
	5
	5
	5

	fracture mode
	if + cf
	if
	cf
	cf
	cf
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Figure 6: fracture stress for samples tested at 150°C

Table 6: fracture stress, 95% limits of confidence of n replicates W(95,n) and fracture mode of samples tested at 200°C

	T = 200°C
	Duralco 4525
	Duralco 4460
	Duralco 4703
	353 ND

	( [MPa]
	0.6
	0.4
	1
	1

	W(95,n)
	0.05
	0.1
	0.1
	0.2

	n
	5
	5
	5
	6

	fracture mode
	cf
	if + cf
	cf
	if + cf
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Figure 7: fracture stress for samples tested at 200°C

5. Summary
A variety of adhesives have been tested in single overlap shear joints. The results are summarised in Figure 8 in terms of force at point of fracture. These adhesives were different with respect to underlying chemistry, ease of application and classification. Basically we may state:

· Joints of high strength may be obtained by choosing appropriate adhesive (see Fig. 8)

· With the geometry chosen some adhesives caused failure outside the adhesive joint at ambient temperature at very high forces within the bulk of PEEK™ (AV119, HAF 8401, 353 ND, Duralco 4703)

· Adhesives with USP-VI classification for use in medical applications are available (MED-1511, 353 ND), even with high temperature performance (200°C for 353 ND) 
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Adhesives which stand out in easy handling are available (S-4215RA, HAF 8401, AV119), some even with superb strength and high temperature performance (HAF 8401, AV119)

Figure 8: Summary chart of adhesives tested at 23°C, 120°C, 150°C and 200°C. Results are in terms of fracture force; some adhesive joints at room temperature caused fracture outside the joint.

For adhesive bonding a surface treatment prior to bonding is essential. The choice of an adequate adhesive seems to primarily depend on the environmental conditions of the application which the customer should discuss in detail with a supplier of adhesives. Joint design needs to be matched with the adhesive to influence bearable loads and to avoid substrate failure. Please note that adhesives tested represent only a minute part of the ones available so that higher performance is not unlikely.

6. Contacts

for more information regarding the adhesives tested above please contact:

· Ciba products 

Bodo Möller Chemie GmbH 

Senefelderstr. 176-178 

D-63069 Offenbach. 

Phone: (0049) 69/98406-01, fax: -199

· Tape adhesives:

ATP Alltape Klebetechnik GmbH

Eichenhofer Weg 71

D-42279 Wuppertal

Phone: (0049) 2339/909-750 (Mrs. Dr. Brodowski), fax: -501

· Tesa heat activated films:

Beiersdorf AG

Unnastr. 48

D-20245 Hamburg. 

Phone: (0049) 40/4909-3949 (Mrs. Michaelis), fax: -6008

· Nusil MED-1511 from Silicone Technology, Duralco products from Cotronics and EPO-TEK 353ND from Epoxy Technology are distributed by: 

Polytec GmbH

Polytec-Platz 1-7

D-76337 Waldbronn.

Phone: (0049) 7243/604-0, fax: (0049) 7243/69944
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Figure 2: fracture modes
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Diagramm1

		AV119		0.5		0.5

		HAF 8401		0.3		0.3

		AV 138M / HV 998		0.1		0.1

		S-4215RA		0.004		0.004
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adhesives

		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				W(95%,6)		6.4		0.1		3.3		0.03		0.5		14.8		0.7		9.1		0.5

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				W(95%,6)		0.5		0.1		0.3		0.004

				bulk failure		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				W(95%,6)		0.3				0.2						0.7				0.4		0.4

				bulk failure		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				W(95%,6)												0.2		0.04		0.1		0.1

				bulk failure												af + cf		cf		cf		af + cf





adhesives

		0		6.4		6.4		0		0.5		0.5		0		0		NaN		NaN		0.3		0.3

		0		0.1		0.1		0		0.1		0.1		0		0		NaN		NaN		NaN		NaN

		0		3.3		3.3		0		0.3		0.3		0		0		NaN		NaN		0.2		0.2

		0		0.03		0.03		0		0.004		0.004		0		0		NaN		NaN		NaN		NaN

		0		0.5		0.5		0		NaN		NaN		0		0		NaN		NaN		NaN		NaN

		0		14.8		14.8		0		NaN		NaN		0		0		0.2		0.2		0.7		0.7

		0		0.7		0.7		0		NaN		NaN		0		0		0.04		0.04		NaN		NaN

		0		9.1		9.1		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4

		0		0.5		0.5		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4



23°C

120°C

150°C

200°C

lap shear strength [MPa]



RT

		room temperature results

		substrate failure

		T in °C				AV119		HAF 8401		353ND		Duralco 4703

		23		t [MPa]		41.8		47.3		36.2		16.7

				W(95%,n)		6.4		3.3		14.8		2.1

				n		10		6		6		6

				failure mode		sf		sf		sf		sf

		cohesive failure (cf), adhesive failure (af), or combination of adhesive and cohesive failure (acf)

		T in °C				AV138M HV998		S-4215RA		MED-1511		Duralco 4525		Duralco 4460		Duralco 4703

		23		t [MPa]		5.5		0.2		0.7		3.3		1.7		3

				W(95%,n)		0.1		0.03		0.5		0.7		0.5		0.7

				n		10		6		6		6		6		4

				failure mode		if + cf		cf		if + cf		cf		icf		icf





RT

		0		0.1		0.1

		0		0.03		0.03

		0		0.5		0.5

		0		0.7		0.7

		0		0.5		0.5

		0		0.7		0.7



t [MPa]

lap shear strength [MPa]

23°C



120°C

		0		6.4		6.4

		0		3.3		3.3

		0		14.8		14.8

		0		2.1		2.1



t [MPa]

lap shear strength [MPa]

23°C



150°C 

		120°C results

		T in °C				AV119		HAF 8401		AV 138M / HV 998		S-4215RA

		120		t [MPa]		4		2.4		3.4		0.03

				W(95%,n)		0.5		0.3		0.1		0.004

				n		6		6		6		6

				failure mode		cf		if		cf		cf





150°C 
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		0		0.3		0.3

		0		0.1		0.1

		0		0.004		0.004



lap shear strength [MPa]
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200°C  

		150°C results

		T in °C				AV119		HAF 8401		353ND		Duralco 4460		Duralco 44703

		120		t [MPa]		1.5		1.9		3.1		0.5		3.4

				W(95%,n)		0.3		0.2		0.7		0.4		0.4

				n		6		5		5		5		5

				failure mode		if + cf		if		cf		cf		cf





200°C  

		0		0.3		0.3

		0		0.2		0.2

		0		0.7		0.7

		0		0.4		0.4

		0		0.4		0.4



lap shear strength [MPa]
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		150°C results

		T in °C				Duralco 4525		Duralco 4460		Duralco 4703		353 ND

		120		t [MPa]		0.6		0.4		1		1

				W(95%,n)		0.05		0.1		0.1		0.2

				n		5		5		5		6

				failure mode		cf		if + cf		cf		if + cf





forces
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		0		0.1		0.1
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		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		results in terms of force causing fracture

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				failure mode		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				failure mode		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				failure mode												af + cf		cf		cf		af + cf

		T in °C		AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23°C		1254		688		1419		25		88		1086		413		500		213

		120°C		500		425		300		3.75

		150°C		188				238						388				425		63

		200°C												125		75		125		50

																		500N: 6*sf

																		375N: 4*acf
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Diagramm1

		AV119		0.5		0.5

		HAF 8401		0.3		0.3

		AV 138M / HV 998		0.1		0.1
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adhesives

		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				W(95%,6)		6.4		0.1		3.3		0.03		0.5		14.8		0.7		9.1		0.5

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				W(95%,6)		0.5		0.1		0.3		0.004

				bulk failure		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				W(95%,6)		0.3				0.2						0.7				0.4		0.4

				bulk failure		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				W(95%,6)												0.2		0.04		0.1		0.1

				bulk failure												af + cf		cf		cf		af + cf





adhesives

		0		6.4		6.4		0		0.5		0.5		0		0		NaN		NaN		0.3		0.3

		0		0.1		0.1		0		0.1		0.1		0		0		NaN		NaN		NaN		NaN

		0		3.3		3.3		0		0.3		0.3		0		0		NaN		NaN		0.2		0.2

		0		0.03		0.03		0		0.004		0.004		0		0		NaN		NaN		NaN		NaN

		0		0.5		0.5		0		NaN		NaN		0		0		NaN		NaN		NaN		NaN

		0		14.8		14.8		0		NaN		NaN		0		0		0.2		0.2		0.7		0.7

		0		0.7		0.7		0		NaN		NaN		0		0		0.04		0.04		NaN		NaN

		0		9.1		9.1		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4

		0		0.5		0.5		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4



23°C

120°C

150°C

200°C

lap shear strength [MPa]



RT

		room temperature results

		substrate failure

		T in °C				AV119		HAF 8401		353ND		Duralco 4703

		23		t [MPa]		41.8		47.3		36.2		16.7

				W(95%,n)		6.4		3.3		14.8		2.1

				n		10		6		6		6

				failure mode		sf		sf		sf		sf

		cohesive failure (cf), adhesive failure (af), or combination of adhesive and cohesive failure (acf)

		T in °C				AV138M HV998		S-4215RA		MED-1511		Duralco 4525		Duralco 4460		Duralco 4703

		23		t [MPa]		5.5		0.2		0.7		3.3		1.7		3

				W(95%,n)		0.1		0.03		0.5		0.7		0.5		0.7

				n		10		6		6		6		6		4

				failure mode		if + cf		cf		if + cf		cf		icf		icf





RT

		0		0.1		0.1

		0		0.03		0.03

		0		0.5		0.5

		0		0.7		0.7

		0		0.5		0.5

		0		0.7		0.7



t [MPa]

lap shear strength [MPa]

23°C



120°C

		0		6.4		6.4

		0		3.3		3.3

		0		14.8		14.8

		0		2.1		2.1



t [MPa]

lap shear strength [MPa]

23°C



150°C 

		120°C results

		T in °C				AV119		HAF 8401		AV 138M / HV 998		S-4215RA

		120		t [MPa]		4		2.4		3.4		0.03

				W(95%,n)		0.5		0.3		0.1		0.004

				n		6		6		6		6

				failure mode		cf		if		cf		cf





150°C 

		0		0.5		0.5

		0		0.3		0.3

		0		0.1		0.1

		0		0.004		0.004



lap shear strength [MPa]
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200°C  

		150°C results

		T in °C				AV119		HAF 8401		353ND		Duralco 4460		Duralco 44703

		120		t [MPa]		1.5		1.9		3.1		0.5		3.4

				W(95%,n)		0.3		0.2		0.7		0.4		0.4

				n		6		5		5		5		5

				failure mode		if + cf		if		cf		cf		cf





200°C  
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		0		0.4		0.4



lap shear strength [MPa]
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forces

		150°C results

		T in °C				Duralco 4525		Duralco 4460		Duralco 4703		353 ND

		120		t [MPa]		0.6		0.4		1		1

				W(95%,n)		0.05		0.1		0.1		0.2

				n		5		5		5		6

				failure mode		cf		if + cf		cf		if + cf





forces

		0		0.05		0.05

		0		0.1		0.1

		0		0.1		0.1

		0		0.2		0.2



lap shear strength [MPa]

200°C



		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		results in terms of force causing fracture

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				failure mode		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				failure mode		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				failure mode												af + cf		cf		cf		af + cf

		T in °C		AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23°C		1254		688		1419		25		88		1086		413		500		213

		120°C		500		425		300		3.75

		150°C		188				238						388				425		63

		200°C												125		75		125		50

																		500N: 6*sf

																		375N: 4*acf
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		Duralco 4525		0.05		0.05

		Duralco 4460		0.1		0.1

		Duralco 4703		0.1		0.1

		353 ND		0.2		0.2
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adhesives

		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				W(95%,6)		6.4		0.1		3.3		0.03		0.5		14.8		0.7		9.1		0.5

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				W(95%,6)		0.5		0.1		0.3		0.004

				bulk failure		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				W(95%,6)		0.3				0.2						0.7				0.4		0.4

				bulk failure		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				W(95%,6)												0.2		0.04		0.1		0.1

				bulk failure												af + cf		cf		cf		af + cf





adhesives

		0		6.4		6.4		0		0.5		0.5		0		0		NaN		NaN		0.3		0.3

		0		0.1		0.1		0		0.1		0.1		0		0		NaN		NaN		NaN		NaN

		0		3.3		3.3		0		0.3		0.3		0		0		NaN		NaN		0.2		0.2

		0		0.03		0.03		0		0.004		0.004		0		0		NaN		NaN		NaN		NaN

		0		0.5		0.5		0		NaN		NaN		0		0		NaN		NaN		NaN		NaN

		0		14.8		14.8		0		NaN		NaN		0		0		0.2		0.2		0.7		0.7

		0		0.7		0.7		0		NaN		NaN		0		0		0.04		0.04		NaN		NaN

		0		9.1		9.1		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4

		0		0.5		0.5		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4



23°C

120°C

150°C

200°C

lap shear strength [MPa]



RT

		room temperature results

		substrate failure

		T in °C				AV119		HAF 8401		353ND		Duralco 4703

		23		t [MPa]		41.8		47.3		36.2		16.7

				W(95%,n)		6.4		3.3		14.8		2.1

				n		10		6		6		6

				failure mode		sf		sf		sf		sf

		cohesive failure (cf), adhesive failure (af), or combination of adhesive and cohesive failure (acf)

		T in °C				AV138M HV998		S-4215RA		MED-1511		Duralco 4525		Duralco 4460		Duralco 4703

		23		t [MPa]		5.5		0.2		0.7		3.3		1.7		3

				W(95%,n)		0.1		0.03		0.5		0.7		0.5		0.7

				n		10		6		6		6		6		4

				failure mode		if + cf		cf		if + cf		cf		icf		icf





RT

		0		0.1		0.1

		0		0.03		0.03

		0		0.5		0.5

		0		0.7		0.7

		0		0.5		0.5

		0		0.7		0.7



t [MPa]

lap shear strength [MPa]

23°C



120°C

		0		6.4		6.4

		0		3.3		3.3

		0		14.8		14.8

		0		2.1		2.1



t [MPa]

lap shear strength [MPa]

23°C



150°C 

		120°C results

		T in °C				AV119		HAF 8401		AV 138M / HV 998		S-4215RA

		120		t [MPa]		4		2.4		3.4		0.03

				W(95%,n)		0.5		0.3		0.1		0.004

				n		6		6		6		6

				failure mode		cf		if		cf		cf





150°C 

		0		0.5		0.5

		0		0.3		0.3

		0		0.1		0.1

		0		0.004		0.004



lap shear strength [MPa]

120°C



200°C  

		150°C results

		T in °C				AV119		HAF 8401		353ND		Duralco 4460		Duralco 44703

		120		t [MPa]		1.5		1.9		3.1		0.5		3.4

				W(95%,n)		0.3		0.2		0.7		0.4		0.4

				n		6		5		5		5		5

				failure mode		if + cf		if		cf		cf		cf





200°C  
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		0		0.7		0.7

		0		0.4		0.4

		0		0.4		0.4



lap shear strength [MPa]

150°C



forces

		150°C results

		T in °C				Duralco 4525		Duralco 4460		Duralco 4703		353 ND

		120		t [MPa]		0.6		0.4		1		1

				W(95%,n)		0.05		0.1		0.1		0.2

				n		5		5		5		6

				failure mode		cf		if + cf		cf		if + cf





forces

		0		0.05		0.05

		0		0.1		0.1

		0		0.1		0.1

		0		0.2		0.2



lap shear strength [MPa]

200°C



		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		results in terms of force causing fracture

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				failure mode		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				failure mode		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				failure mode												af + cf		cf		cf		af + cf

		T in °C		AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23°C		1254		688		1419		25		88		1086		413		500		213

		120°C		500		425		300		3.75

		150°C		188				238						388				425		63

		200°C												125		75		125		50

																		500N: 6*sf

																		375N: 4*acf
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Diagramm2
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adhesives

		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23				41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				W(95%,6)		6.4		0.1		3.3		0.03		0.5		14.8		0.7		9.1		0.5

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120				4		3.4		2.4		0.03

				W(95%,6)		0.5		0.1		0.3		0.004

				bulk failure		cf		cf		af		cf

		150				1.5				1.9						3.1				3.4		0.5

				W(95%,6)		0.3				0.2						0.7				0.4		0.4

				bulk failure		af + cf				af						cf				cf		cf

		200														1		0.6		1		0.4

				W(95%,6)												0.2		0.04		0.1		0.1

				bulk failure												af + cf		cf		cf		af + cf





adhesives

		0		6.4		6.4		0		0.5		0.5		0		0		NaN		NaN		0.3		0.3

		0		0.1		0.1		0		0.1		0.1		0		0		NaN		NaN		NaN		NaN

		0		3.3		3.3		0		0.3		0.3		0		0		NaN		NaN		0.2		0.2

		0		0.03		0.03		0		0.004		0.004		0		0		NaN		NaN		NaN		NaN

		0		0.5		0.5		0		NaN		NaN		0		0		NaN		NaN		NaN		NaN

		0		14.8		14.8		0		NaN		NaN		0		0		0.2		0.2		0.7		0.7

		0		0.7		0.7		0		NaN		NaN		0		0		0.04		0.04		NaN		NaN

		0		9.1		9.1		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4

		0		0.5		0.5		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4



23°C

120°C

150°C

200°C

lap shear strength [MPa]



RT

		room temperature results

		substrate failure

		T in °C				AV119		HAF 8401		353ND		Duralco 4703

		23				41.8		47.3		36.2		16.7

				W(95%,n)		6.4		3.3		14.8		2.1

				n		10		6		6		6

				failure mode		sf		sf		sf		sf

		cohesive failure (cf), adhesive failure (af), or combination of adhesive and cohesive failure (acf)

		T in °C				AV138M HV998		S-4215RA		MED-1511		Duralco 4525		Duralco 4460		Duralco 4703

		23				5.5		0.2		0.7		3.3		1.7		3

				W(95%,n)		0.1		0.03		0.5		0.7		0.5		0.7

				n		10		6		6		6		6		4

				failure mode		if + cf		cf		if + cf		cf		icf		icf





RT

		0		0.1		0.1

		0		0.03		0.03

		0		0.5		0.5

		0		0.7		0.7

		0		0.5		0.5

		0		0.7		0.7



t [MPa]

lap shear strength [MPa]

23°C



120°C

		0		6.4		6.4

		0		3.3		3.3

		0		14.8		14.8

		0		2.1		2.1



t [MPa]

lap shear strength [MPa]

23°C



150°C 

		120°C results

		T in °C				AV119		HAF 8401		AV 138M / HV 998		S-4215RA

		120				4		2.4		3.4		0.03

				W(95%,n)		0.5		0.3		0.1		0.004

				n		6		6		6		6

				failure mode		cf		if		cf		cf





150°C 

				0.5		0.5

				0.3		0.3

				0.1		0.1

				0.004		0.004



lap shear strength [MPa]

120°C



200°C  

		150°C results

		T in °C				AV119		HAF 8401		353ND		Duralco 4460		Duralco 44703

		120				1.5		1.9		3.1		0.5		3.4

				W(95%,n)		0.3		0.2		0.7		0.4		0.4

				n		6		5		5		5		5

				failure mode		if + cf		if		cf		cf		cf





200°C  

		0		0.3		0.3

		0		0.2		0.2

		0		0.7		0.7

		0		0.4		0.4

		0		0.4		0.4



lap shear strength [MPa]

150°C



forces

		150°C results

		T in °C				Duralco 4525		Duralco 4460		Duralco 4703		353 ND

		120				0.6		0.4		1		1

				W(95%,n)		0.05		0.1		0.1		0.2

				n		5		5		5		6

				failure mode		cf		if + cf		cf		if + cf





forces

				0.05		0.05

				0.1		0.1

				0.1		0.1

				0.2		0.2



lap shear strength [MPa]

200°C



		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		results in terms of force causing fracture

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23				41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120				4		3.4		2.4		0.03

				failure mode		cf		cf		af		cf

		150				1.5				1.9						3.1				3.4		0.5

				failure mode		af + cf				af						cf				cf		cf

		200														1		0.6		1		0.4

				failure mode												af + cf		cf		cf		af + cf

		T in °C		AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23°C		1254		688		1419		25		88		1086		413		500		213

		120°C		500		425		300		3.75

		150°C		188				238						388				425		63

		200°C												125		75		125		50

																		500N: 6*sf

																		375N: 4*acf
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adhesives

		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				W(95%,6)		6.4		0.1		3.3		0.03		0.5		14.8		0.7		9.1		0.5

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				W(95%,6)		0.5		0.1		0.3		0.004

				bulk failure		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				W(95%,6)		0.3				0.2						0.7				0.4		0.4

				bulk failure		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				W(95%,6)												0.2		0.04		0.1		0.1

				bulk failure												af + cf		cf		cf		af + cf





adhesives

		0		6.4		6.4		0		0.5		0.5		0		0		NaN		NaN		0.3		0.3

		0		0.1		0.1		0		0.1		0.1		0		0		NaN		NaN		NaN		NaN

		0		3.3		3.3		0		0.3		0.3		0		0		NaN		NaN		0.2		0.2

		0		0.03		0.03		0		0.004		0.004		0		0		NaN		NaN		NaN		NaN

		0		0.5		0.5		0		NaN		NaN		0		0		NaN		NaN		NaN		NaN

		0		14.8		14.8		0		NaN		NaN		0		0		0.2		0.2		0.7		0.7

		0		0.7		0.7		0		NaN		NaN		0		0		0.04		0.04		NaN		NaN

		0		9.1		9.1		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4

		0		0.5		0.5		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4



23°C

120°C

150°C

200°C

lap shear strength [MPa]



RT

		room temperature results

		substrate failure

		T in °C				AV119		HAF 8401		353ND		Duralco 4703

		23		t [MPa]		41.8		47.3		36.2		16.7

				W(95%,n)		6.4		3.3		14.8		2.1

				n		10		6		6		6

				failure mode		sf		sf		sf		sf

		cohesive failure (cf), adhesive failure (af), or combination of adhesive and cohesive failure (acf)

		T in °C				AV138M HV998		S-4215RA		MED-1511		Duralco 4525		Duralco 4460		Duralco 4703

		23		t [MPa]		5.5		0.2		0.7		3.3		1.7		3

				W(95%,n)		0.1		0.03		0.5		0.7		0.5		0.7

				n		10		6		6		6		6		4

				failure mode		if + cf		cf		if + cf		cf		icf		icf





RT

		0		0.1		0.1

		0		0.03		0.03

		0		0.5		0.5

		0		0.7		0.7

		0		0.5		0.5

		0		0.7		0.7



t [MPa]

lap shear strength [MPa]

23°C



120°C

		0		6.4		6.4

		0		3.3		3.3

		0		14.8		14.8

		0		2.1		2.1



t [MPa]

lap shear strength [MPa]

23°C



150°C 

		120°C results

		T in °C				AV119		HAF 8401		AV 138M / HV 998		S-4215RA

		120		t [MPa]		4		2.4		3.4		0.03

				W(95%,n)		0.5		0.3		0.1		0.004

				n		6		6		6		6

				failure mode		cf		if		cf		cf





150°C 

		0		0.5		0.5

		0		0.3		0.3

		0		0.1		0.1

		0		0.004		0.004



lap shear strength [MPa]

120°C



200°C  

		150°C results

		T in °C				AV119		HAF 8401		353ND		Duralco 4460		Duralco 44703

		120		t [MPa]		1.5		1.9		3.1		0.5		3.4

				W(95%,n)		0.3		0.2		0.7		0.4		0.4

				n		6		5		5		5		5

				failure mode		if + cf		if		cf		cf		cf





200°C  
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		0		0.4		0.4



lap shear strength [MPa]
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forces

		150°C results

		T in °C				Duralco 4525		Duralco 4460		Duralco 4703		353 ND

		120		t [MPa]		0.6		0.4		1		1

				W(95%,n)		0.05		0.1		0.1		0.2

				n		5		5		5		6

				failure mode		cf		if + cf		cf		if + cf





forces

		0		0.05		0.05

		0		0.1		0.1

		0		0.1		0.1

		0		0.2		0.2



lap shear strength [MPa]

200°C



		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		results in terms of force causing fracture

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				failure mode		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				failure mode		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				failure mode												af + cf		cf		cf		af + cf

		T in °C		AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23°C		1254		688		1419		25		88		1086		413		500		213

		120°C		500		425		300		3.75

		150°C		188				238						388				425		63

		200°C												125		75		125		50

																		500N: 6*sf

																		375N: 4*acf



cf                                if + cf                             cf                           if + cf
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		HAF 8401		0.2		0.2

		353ND		0.7		0.7

		Duralco 4460		0.4		0.4

		Duralco 44703		0.4		0.4
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adhesives

		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				W(95%,6)		6.4		0.1		3.3		0.03		0.5		14.8		0.7		9.1		0.5

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				W(95%,6)		0.5		0.1		0.3		0.004

				bulk failure		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				W(95%,6)		0.3				0.2						0.7				0.4		0.4

				bulk failure		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				W(95%,6)												0.2		0.04		0.1		0.1

				bulk failure												af + cf		cf		cf		af + cf





adhesives

		0		6.4		6.4		0		0.5		0.5		0		0		NaN		NaN		0.3		0.3

		0		0.1		0.1		0		0.1		0.1		0		0		NaN		NaN		NaN		NaN

		0		3.3		3.3		0		0.3		0.3		0		0		NaN		NaN		0.2		0.2

		0		0.03		0.03		0		0.004		0.004		0		0		NaN		NaN		NaN		NaN

		0		0.5		0.5		0		NaN		NaN		0		0		NaN		NaN		NaN		NaN

		0		14.8		14.8		0		NaN		NaN		0		0		0.2		0.2		0.7		0.7

		0		0.7		0.7		0		NaN		NaN		0		0		0.04		0.04		NaN		NaN

		0		9.1		9.1		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4

		0		0.5		0.5		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4



23°C

120°C

150°C

200°C

lap shear strength [MPa]



RT

		room temperature results

		substrate failure

		T in °C				AV119		HAF 8401		353ND		Duralco 4703

		23		t [MPa]		41.8		47.3		36.2		16.7

				W(95%,n)		6.4		3.3		14.8		2.1

				n		10		6		6		6

				failure mode		sf		sf		sf		sf

		cohesive failure (cf), adhesive failure (af), or combination of adhesive and cohesive failure (acf)

		T in °C				AV138M HV998		S-4215RA		MED-1511		Duralco 4525		Duralco 4460		Duralco 4703

		23		t [MPa]		5.5		0.2		0.7		3.3		1.7		3

				W(95%,n)		0.1		0.03		0.5		0.7		0.5		0.7

				n		10		6		6		6		6		4

				failure mode		if + cf		cf		if + cf		cf		icf		icf





RT

		0		0.1		0.1

		0		0.03		0.03

		0		0.5		0.5

		0		0.7		0.7

		0		0.5		0.5

		0		0.7		0.7



t [MPa]

lap shear strength [MPa]

23°C



120°C

		0		6.4		6.4
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		0		14.8		14.8
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t [MPa]

lap shear strength [MPa]

23°C



150°C 

		120°C results

		T in °C				AV119		HAF 8401		AV 138M / HV 998		S-4215RA

		120		t [MPa]		4		2.4		3.4		0.03

				W(95%,n)		0.5		0.3		0.1		0.004

				n		6		6		6		6

				failure mode		cf		if		cf		cf





150°C 
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		0		0.1		0.1
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lap shear strength [MPa]

120°C



200°C  

		150°C results

		T in °C				AV119		HAF 8401		353ND		Duralco 4460		Duralco 44703

		120		t [MPa]		1.5		1.9		3.1		0.5		3.4

				W(95%,n)		0.3		0.2		0.7		0.4		0.4

				n		6		5		5		5		5

				failure mode		if + cf		if		cf		cf		cf





200°C  
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lap shear strength [MPa]
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forces

		150°C results

		T in °C				Duralco 4525		Duralco 4460		Duralco 4703		353 ND

		120		t [MPa]		0.6		0.4		1		1

				W(95%,n)		0.05		0.1		0.1		0.2

				n		5		5		5		6

				failure mode		cf		if + cf		cf		if + cf





forces

		0		0.05		0.05

		0		0.1		0.1

		0		0.1		0.1

		0		0.2		0.2



lap shear strength [MPa]

200°C



		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		results in terms of force causing fracture

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				failure mode		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				failure mode		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				failure mode												af + cf		cf		cf		af + cf

		T in °C		AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23°C		1254		688		1419		25		88		1086		413		500		213

		120°C		500		425		300		3.75

		150°C		188				238						388				425		63

		200°C												125		75		125		50

																		500N: 6*sf

																		375N: 4*acf



cf                                if + cf                             cf                           if + cf
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Diagramm1

		AV138M HV998		0.1		0.1

		S-4215RA		0.03		0.03

		MED-1511		0.5		0.5

		Duralco 4525		0.7		0.7

		Duralco 4460		0.5		0.5

		Duralco 4703		0.7		0.7
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adhesives

		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				W(95%,6)		6.4		0.1		3.3		0.03		0.5		14.8		0.7		9.1		0.5

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				W(95%,6)		0.5		0.1		0.3		0.004

				bulk failure		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				W(95%,6)		0.3				0.2						0.7				0.4		0.4

				bulk failure		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				W(95%,6)												0.2		0.04		0.1		0.1

				bulk failure												af + cf		cf		cf		af + cf





adhesives

		0		6.4		6.4		0		0.5		0.5		0		0		NaN		NaN		0.3		0.3

		0		0.1		0.1		0		0.1		0.1		0		0		NaN		NaN		NaN		NaN

		0		3.3		3.3		0		0.3		0.3		0		0		NaN		NaN		0.2		0.2

		0		0.03		0.03		0		0.004		0.004		0		0		NaN		NaN		NaN		NaN

		0		0.5		0.5		0		NaN		NaN		0		0		NaN		NaN		NaN		NaN

		0		14.8		14.8		0		NaN		NaN		0		0		0.2		0.2		0.7		0.7

		0		0.7		0.7		0		NaN		NaN		0		0		0.04		0.04		NaN		NaN

		0		9.1		9.1		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4

		0		0.5		0.5		0		NaN		NaN		0		0		0.1		0.1		0.4		0.4



23°C

120°C

150°C

200°C

lap shear strength [MPa]



RT

		room temperature results

		substrate failure

		T in °C				AV119		HAF 8401		353ND		Duralco 4703

		23		t [MPa]		41.8		47.3		36.2		16.7

				W(95%,n)		6.4		3.3		14.8		2.1

				n		10		6		6		6

				failure mode		sf		sf		sf		sf

		cohesive failure (cf), adhesive failure (af), or combination of adhesive and cohesive failure (acf)

		T in °C				AV138M HV998		S-4215RA		MED-1511		Duralco 4525		Duralco 4460		Duralco 4703

		23		t [MPa]		5.5		0.2		0.7		3.3		1.7		3

				W(95%,n)		0.1		0.03		0.5		0.7		0.5		0.7

				n		10		6		6		6		6		4

				failure mode		if + cf		cf		if + cf		cf		icf		icf





RT

		0		0.1		0.1

		0		0.03		0.03

		0		0.5		0.5

		0		0.7		0.7

		0		0.5		0.5

		0		0.7		0.7



t [MPa]

lap shear strength [MPa]

23°C



120°C

		0		6.4		6.4

		0		3.3		3.3

		0		14.8		14.8

		0		2.1		2.1



t [MPa]

lap shear strength [MPa]

23°C



150°C 

		120°C results

		T in °C				AV119		HAF 8401		AV 138M / HV 998		S-4215RA

		120		t [MPa]		4		2.4		3.4		0.03

				W(95%,n)		0.5		0.3		0.1		0.004

				n		6		6		6		6

				failure mode		cf		if		cf		cf





150°C 

		0		0.5		0.5

		0		0.3		0.3

		0		0.1		0.1

		0		0.004		0.004



lap shear strength [MPa]

120°C



200°C  

		150°C results

		T in °C				AV119		HAF 8401		353ND		Duralco 4460		Duralco 44703

		120		t [MPa]		1.5		1.9		3.1		0.5		3.4

				W(95%,n)		0.3		0.2		0.7		0.4		0.4

				n		6		5		5		5		5

				failure mode		if + cf		if		cf		cf		cf





200°C  

		0		0.3		0.3

		0		0.2		0.2

		0		0.7		0.7

		0		0.4		0.4

		0		0.4		0.4



lap shear strength [MPa]

150°C



forces

		150°C results

		T in °C				Duralco 4525		Duralco 4460		Duralco 4703		353 ND

		120		t [MPa]		0.6		0.4		1		1

				W(95%,n)		0.05		0.1		0.1		0.2

				n		5		5		5		6

				failure mode		cf		if + cf		cf		if + cf





forces

		0		0.05		0.05

		0		0.1		0.1

		0		0.1		0.1

		0		0.2		0.2



lap shear strength [MPa]

200°C



		10s acid etch, lap shear experiments using different adhesives.

		Summary of Results dated 05/06/00

		results in terms of force causing fracture

		T in °C				AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23		t [MPa]		41.8		5.5		47.3		0.2		0.7		36.2		3.3		11.2		1.7

				failure mode		sf		af + cf		sf		cf		af + cf		sf		cf		sf + acf		acf

		120		t [MPa]		4		3.4		2.4		0.03

				failure mode		cf		cf		af		cf

		150		t [MPa]		1.5				1.9						3.1				3.4		0.5

				failure mode		af + cf				af						cf				cf		cf

		200		t [MPa]												1		0.6		1		0.4

				failure mode												af + cf		cf		cf		af + cf

		T in °C		AV119		AV138M HV998		HAF 8401		S-4215RA		MED-1511		353ND		Duralco 4525		Duralco 4703		Duralco 4460

		23°C		1254		688		1419		25		88		1086		413		500		213

		120°C		500		425		300		3.75

		150°C		188				238						388				425		63

		200°C												125		75		125		50

																		500N: 6*sf

																		375N: 4*acf





		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



23°C

120°C

150°C

200°C

fracture force [N]



sf

sf

sf

acf: 375N

sf

SF






SF




SF + ACF






SF + ACF




ACF






ACF




AF + CF






AF + CF




AF + CF






AF + CF




CF






CF




CF






CF





