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Table 1: Relative Cost and Quality of Various Surface Treatments [9]

Surface Treatment Cost Quality
None Low Poor
Solvent Degrease
Vapour Degrease
Mechanical Abrasion
Plasma
Chemical Etch v v
Anodising Expensive Excellent




N1DNN YA At NND - NV 19 NN
DTN OV PAX 2N 11D PRE T

Table2: Maximum Exposure Time Between Surface Preparation or Priming Metal
Substrates, and Associated Variation in Tensile Shear Strength

Surface Treatment Maximum Exposure Strength Variation (%)
Time
None [-2 hrs +20
Solvent Degrease [-2 hrs +20
Vapour Degrease 1-2 hrs +20
Dry Grit-Blasting (Steel) 4 hrs +20
Wet Grit-Blasting (Steel) 8 hrs +20
Wet Grit-Blasting (Aluminium) 72 hrs +20
Chromic Acid Etch (Aluminium 6 days +10
Sulphuric Acid Etch (Stainless Steel) 30 days +10
Anodising (Aluminium) 30 days +10
Dry Grit + Organosilanes (Aluminium) 2-5 hrs +5




Surface Preparation

Vapor Degreasing:

Vapor Degreasing is usually used for parts which have
crevices or intricate surface detail which may be difficult to
clean with a rag.

Chemical Cleaning:
» Hot Alkaline Cleaning

> Pickling
» Etching

The difference between etching & pickling is a matter of
severity. Pickling removes only the surface oxides and
part of the underlying surface.

Surface Preparation for Bonding, April 16/2008 page 5



Effect of substrate pretreatment on adhesive

bonded joint Strength

Adherend Treatment Adhesive Shear Strength
Aluminum As Received Epoxy 444 psi

Vapor Degreased 837 psi

Grit Blast 1751 psi

Acid Etch 2756 psi
Stainless As Received Vinyl Phenolic 5215 psi
Steel Degreased 6306 psi

Acid etched 7056 psi

Surface Preparation for Bonding, April 16/2008 page &



Effect of substrate pretreatment on adhesive

bonded joint Strength

Adherend Treatment Adhesive Shear Strength

Cold Rolled As Received Epoxy 2900 psi

Steel Vapor Degreased 2912 psi
Grit Blast 4260 psi
Acid Etch 4470 psi

Titanium Acid etched Epoxy 3183 psi
Liq. pickle 3317 psi
Hydroflourosilicic acid 4005 psi

As Received Vinyl phenolic 1356 psi
Degreased 3180 psi
Acid Etch 6743 psi

Surface Preparation for Bonding, April 16/2008 page 7
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“Phosphoric acid anodize




Polymer matrix

HO—Si—QH HO>-Si—QH HO>Si—OH

| | i
AlZ Al7Z AlZ

Aluminum thin film

Silane based primers
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Surface energy (mJ/m2)

I I I I -

Solvent
cleaned

Handground Gritblasted Gritblasted Gritblasted
0.5mm 0.25mm 0.125mm

Surface type

Figure 3. Surface energy.
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Polycarbonate, ABS, Polystyrene, PC-ABS,
ASA, SAN
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Surface Energy of Multiple Surfaces

SURFACE SURFACE ENERGY (Dynes /cm)
Copper 1,103
Aluminum 840
Glass 250 to 500
High Surface Energy
Kapton 50
ABS 42
Polycarbonate 42
Low Surface Energy
Polyethylene 31
Polypropylene 29
Teflon 18

Surface Energy of Various Materials
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Shear Strength (PSI)
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FIGURE 9

Effect of Surface Roughening on the Bond Strength of

Epoxy and Polyurethane Adhesives on Aluminum

O Control - 8 rms

B Roughened - 68 rms
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Loctite® Brand Epoxy and Polyurethane Adhesives
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PRODUCT DESCRIPTION
Hysol® E-220IC™  provides the following product
characteristics:

Technology Epoxy

Chemical Type Epoxy

Appearance Grey pastet™s

Components One component - requires no mixing
Viscosity Paste

Cure Heat cure or Induction cure
Application Bonding
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Cured @ 90 amps,for 90 seconds, using an Induction Cure System,
achieving a peak substrate temperature of 230°C, tested @ 22 °C,

0.13 mm gap
Induction Cure:

Lap Shear Strength, 1ISO 4587:
Steel (grit blasted)

Aluminum (abraded)
Aluminum (anodized)
Stainless steel

Nylon to Steel (grit blasted)

Wood (Pine) to Steel (grit blasted)

Block Shear Strength, ISO 13445:
Ferrite Magnet to Steel (grit blasted)

N/mm?
(psi)
N/mm?
(psi)
N/mm?
(psi)
N/mm?
(psi)
N/mm?
(psi)
N/mm?
(psi)

N/mm?
(psi)

20
(2,970)

23

(3,360)

12 <
(1,690)

22

(3,250)

1.5

(230)

5

(740)

23
(3,360)
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Cured for 60 minutes @ 125 °C, tested @ 22 °C, and 0.13 mm gap,

Heat Cure: _
Lap Shear Strength, ISO 4587: Pn n n D)]_r
i 2
Steel (grit blasted) r(\:)fgi']}m (2:1990) n-\-\r)l n Pl—rn
Aluminum (abraded) N/mm?2 24
bs) (3550) 019X PAT DY
Aluminum (anodized) N/mm? 24 <
(psi)  (3,510) DY D'WNNH
Stainless steel N/mm? 33
(psi) (4,760)
Polycarbonate N/mm? 3
(psi) (370)
Nylon to Steel (grit blasted) N/mm? 2
(psi) (260)
Wood (Pine) to Steel (grit blasted) N/mm? 4
(psi) (610)
Block Shear Strength, ISO 13445:
Epoxy N/mm? 29
(psi) (4,280)
Glass N/mm? 14
(psi) (1,990)
Ferrite Magnet to Steel N/mm? 13

(psi)  (1,970)

Impact Strength, ISO 9653, J:

Steel (grit blasted) 2 <
Aluminum (etched) 12



Table 2. Results of the single-lap shear tests.
Ultimate load, kN

speci- Grit blasted
Adhe- [P Solvent [Hand —
_ men . 0.125m 0.25mm|0.5mm
sive wiped |ground _ _ _
No. m grit  |grit grit
[ 291 #* 331 #* 443 * 497* 4.08*
Sika 30 I 2.81# B87#*444* 432* K443 *
[T 2.38# P39#*481* 476* [5.08*
Sika [ 3.66# 4.72#% 5.74#%|6.09 #* |5.48 #*
3;0 I 3.88# W73 #*5.60#% |5.46#%|5.30#*
IIT 3.45# @493 #* 5.708#% 547 #*|5.79 #*
Araldit [ 2.86 #* 2.73 #* 4.09#* 4.37 #* [3.54 #*
raldite
;0151 I1 [I.88# .48 #* 3.82#* 4.04#* 3.77 #*
i [T 2.85 #* 2.89 #* 4.13 #* 4.04 #* 3.50 #*
: I 3.67# 523 #*5.62* 5.70* |5.42#
Araldite P % |z 12% s
120 I 3.04#* 5.30#* |6.65* |5.15* [540*
i} [T 3.56# S.11#*539% 6.01* |5.45#*

#= adhesion fatlure, *= cohesion failure, #*= combined adhe-
sion and cohesion failure
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\ / EA 9696 Adhesive
- 22°C (72°F) Lap Shear

50
45 | _EA9696 Tech Data Sheet 7000
o b=y
E 35 1 - 5000 £
30
S ) - 4000 E
] T =
@ - 3000 =
= 20 - E
QG
£ 157 - 2000 &
a 10 o
S - 1000 =
5 -
0 - : . ; : -0
Ny z 3 e 2
S = 3 2 o EPAA
& > & 3
P = P z h ¥ GBSG
o o o E
&

DoD Distribution Statement A: Approved for Public Release; Distribution is Unlimited. M AFRURXSAC k]
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\j EA 9696 Adhesive
- 82°C (180°F) Wet Lap Shear

30
- 4000
T 25 - 3500 %
= z
S 20 - 3000 H
] - 2500 §
§ 157 - 2000 @
|
5 2 ®
@ 10 7 - 1500 @
& 2 ©
a g - 1000 2
5 5 = E
- 500
3
0 - L0

pl| |5 - 2

5 z 2 S 2 = PAA

& '; & E 2

[Ty
- 8 - : = GBSG
5

DoD Distribution Statement A: Approved for Public Release; Distribution is Unlimited. JIN; AFRL/RXSAC 10
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’ EA 9696 Adhesive with PAA

ﬁ,,v 60°C (140°F) Wedge Test

3.70

- 1.43
3.50 - 1.38
—— ]

_ | 133 BR 6747-1
£ 330 > 158 =  =e—BRE747-INC
- =
B 310 123 ® o~ BR 6700-1

' w
3 118 T  =—e=EW 5000
% 290 &
5 - 113§  —e—EW5000AS

1.08
1.03
0.98

2.70

2.50
0 7 14 21 28

Conditioning Time (Days)

DoD Distribution Statement A. Approved for Public Release; Distribution is Unlimited. JIM; AFRL/RXSAC 30
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EA 9696 Adhesive with GBSG

t,y 60°C (140°F) Wedge Test

Crack Length (cm)

3.90

3.70

3.50

3.30

3.10 -

2.90

2.70

2.50

- 1.53
- 1.48

o [ 143 —0—BR 6747-1

- 1.38

=o—BR 6747-1NC

1.33

1.28
1.23
- 1.18
- 1.13
- 1.08

Crack Length (in)

- 1.03

0.98
7 14 21 28

Conditioning Time (Days)

o BR 6700-1(22% coh)
== EW 5000 (88% coh)
== EW 5000 AS (86% coh)

Dol Distribution Statement A Approved for Public Release; Distribution is Unlimited.

JIM; AFRL/RXSAC a




J Typical Failure Modes Observed in
60°C (140°F) Wedge Tests

Typical Primer-Aluminum Interfacial Failure
with FM 209M Adhesive

L

Typical AF 163-2M “100 Percent Cohesive Failure”
Near Primer-Adhesive Interface

Typical Good “100 Percent” Cohesive Failure

DoD Distribution Statement A: Approved for Public Release; Distribution is Unlimited. JIM; AFRL/RXSAC 44




 Summary of Failure Modes with
GBSG in 60°C (140°F) Wedge Tests *

Failure Mode (% Cohesive)

mBR 6700-1
EW-5000AS
®EW-5000
EBR 6747-1
HBR 6747-1NC

';7 BR 6747-1NC
/ BR674T-1

/ EW-5000 >
&
L

> 4

$ £ P - EW-5000AS ¢
o 5] £ S T 4w |/ pR6700-1

s & < N & e Tt
« & - o3 S S

¢ o 2 $
& N é\,
&

DoD Distribution Statement A: Approved for Public Release; Distribution is Unlimited. JIM; AFRL/RXSAC
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A ) _
\/ Conclusions
Q&?

Large Amount of Data Generated to Guide Future Efforts

No Clear Path Forward for Non-Cr Primer Qualification
— Based on initial screening with only 5 specimens per test

PAA Test Results were Overall Superior to GBSG

— PAAis the premier aluminum surface preparation
— PAA can be used with more combinations of surface preps & primers

Hot/Wet Lap Shear Results when Using GBSG Exhibit
Poor Failure Modes

— Routinely seen even with good wedge tests data for same combination
— A bit concerning

Wedge Test Results Must be Used with Caution
— Screening w/ controlled variables; no quantitative correlation to service

Dol Distribution Statement A: Approved for Public Release; Distribution is Unlimited. JIM; AFRL/RXSAC 45
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