Scoth-\Weld"”

Structural Adhesve HIm
AF 42+ AF 46

Tedhnical Data Issue No. 3

Intr oduction

3M™ Scoth-Weld™ Structural Adhesve Fims AF 42 and AF 46 arunsuppded,
themosettindfilm adhesies designedf the stuctual bonding of metals and glass.

Advantages

» Excellent adhesion to metal and glass

» High shearpeel, andleava@ stengths ger a wide tempeaiture range
* High degree of flm clarity when in contact with a solid sade

* Flexible cue g/cles

* Lightweight and easy to handle

* AF 46 is 1 mil thik version of AF 42

* AF 3542 is 3.5 mil thik AF 42

* Relatively lav bonding pessues mg be used

* Low tadk

e Low flow

Desciiption

Note: The following technical information and data should be considezd representdive or
typical only and should not be useddr specifcation pur poses.

Product AF 42 AF 3542 AF 42 AF 42 AF 46
Weight lb/ft?2 |.020 +.005 |.021 +.003 | .040 +.005 |.040 +.005 |.006 + .0015
g/m? 98+245 |103+14.7 |196+245 |196+245 | 29.3+7.3
Thickness mils 3 35 6 6 1
micr ometer s 76.2 88.9 152.4 152.4 254
Color Clear Clear Clear Black Clear




Scotdh-Weld™

Structural Adhesive HIm

AF 42 « AF 46

I. Electrical Properties

Dissipation F actor at 73.4 °F (23°C)

100Hz 1kHz 10kHz | 100kHz 1MHz
AF 42 (3 mil) 0.196 0.111 0.089 0.073 0.061
Dielectric Constant at 73.4 °F (23°C)
100Hz 1kHz 10kHz | 100kHz 1MHz
AF 42 (3 mil) — 6.1 5.3 4.7 4.3
AF 42
Dielectric Strength (ASTM D149) 1430 Volts/mil
Volume Resistivity (ASTM D257) 2.6 x 10*2 ohm/cm
Electrical Corr osion to Copper Pass
(ASTM D3482)
Arc Resistance 64 sec
Surface Resistivity (500 V olts - DC) 4.1 x 108 ohm/square
II. T hermal Properties AF 42
Glass Transition T emperature
(by heating DSC with heating
rate of 20 °C/min (36 °F/min).
Second heat v alues given. 66.2°F (19°C)
Thermal Conductivity
(btu-ft/ft 2-hr °F)
ASTM C177 124 at 44°C
Thermal Coefficient of Expansion
(infin/ °C)
(by TMA at 5°C/min.) 117 x 10°®
Second heat v alues given. (0°C to 80°C)
Hardness - Shore D
(ASTM D2240) 76
Elongation (appr oximate)
(ASTM D882 using 0.5" x 0.10"
[12.7 mm x 0.254 mm] samples) 90%
Envir onmental Exposure
(ASTM D638) Initial 30 Days 90 Days
Ultimate Ultimate Ultimate
Tensile | Modulus | Tensile | Modulus | Tensile |Modulus
75°F Tap Water 5.95 76.0 5.15 83.0 3.99 73.0
120°F 100% R.H. 5.95 76.0 5.49 82.0 4.75 68.0
75°F Ethyl Gasoline 5.95 76.0 5.34 117.0 5.28 93.0

*All values given in thousands of pounds per square inch (ksi)

24°C Tap Water 4.1 52.4 35 57.2 2.7 50.3
49°C 100% R.H. 4.1 52.4 3.8 56.5 3.3 46.9
24°C Ethyl Gasoline 4.1 52.4 3.7 80.6 3.6 64.1

*All values given in Megapascals (MPa)
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lll. Glass to Steel Bonds A. Tensile and Cleaage

The follaving daa shavs typical \alues obtained with ScdtéMeld AF 42 on
glass to steddonds. €nsile alues vere measied on test plugs sh@s desded
in ASTM D1205 bonded to tempet saéty glass.

The suréce of the test plugs and the glassemeaned as outlined under the
section on Ryduct Applicaion. A plaen pess with pleen tempeatuies of 373F
(191°C) was used to pduce aesultant bond line tempue of 350F (177C)

with 50 psi (345 kR) for 40 mirutes. After emowal from the pess and cooling to
ambient tempetture the bonds wre conditioned as indited and then pulled in an
Instron Tensile Bster aa jav separdion of 0.05 inbies/mimte (1.27 mm/miate).

Average Values

Test Test Temp psi MPa

1. Tensile, Control -40°F (-40°C) 9200 63.4
75°F (24°C) 4000 27.6
200°F (93°C) 1710 11.8

2. Tensile, 7 days Exposure to 75°F (24°C) 4900 33.8

100% R.H. at 120°F

3. Tensile, after exposure to 75°F (24°C) 4100 28.2
5 cycles 200°F suddenly
plunged into ice water at 32°F

4. Cleavage, Control -40°F (-40°C) 1300 9.0
75°F (24°C) 720 5.0
200°F (93°C) 400 2.8

B. Overlap Shear

The Pllowing dda shavs typical alues obtained with ScatéMeld AF 42 on glass
to steel bonds inverlgp shearValues vere measwed on 1" (2.54 mm) wide gbis
of 20 qauge CRLCOH steel bonded to tempesaéty glass. Tie surlce of the steel
and the glass &re ¢eaned as outlined under the section aydBct Application.

A platen press set the indicéed tempeaiture vas used to bond oneipton each
end of the glass.

Average
Values
Test Cure Test Temp psi MPa
1. Overlap Shear, Control 40 min. @ 350°F (177°C), | 75°F (24°C) | 2400 | 16.5
50 psi (345 kPa)
2. Overlap Shear, Quick 30 sec. @ 450°F (232°C), | 75°F (24°C) | 2760 | 19.0
Cures 50 psi (345 kPa)

60 sec. @ 450°F (232°C), | 75°F (24°C) | 3060 | 21.1
50 psi (345 kPa)

3. Overlap Shear, 7 days 40 min. @ 350°F (177°C), | 75°F (24°C) | 2700 | 18.6
exposure to 100% R.H. 50 psi (345 kPa)
at 120°F (49°C)

4. Overlap Shear, after 40 min. @ 350°F (177°C), | 75°F (24°C) | 2540 | 17.5
exposure to 5 cycles, 200°F | 50 psi (345 kPa)
(93°C) suddenly plunged

into ice water @ 32°F (0°C)

-3-



Scotdh-Weld™

Structural Adhesve HIm

AF 42 « AF 46

lll. Glass to Steel Bonds C. Ultra-V iolet Exposure

(continued)

A 4" x 8" (101.6 mm x 203.2 mm) 2@&gge CRLCOH steel panelas polished
with a 3M™ Scott-Brite™ Scour Rd and bonded to temeer saéty glass using
Scoth-Weld AF 42. he assemnil was bonded in a gian pess @ 350 (177C)
with 50 psi (345 kR) for 40 mirutes. A high dgree of fim clarity was apparent
and grod lesolution of the detail on the metahswnotedt was &posed oér 120
houss to an S-1 Sunlamp in acdance with ASTM D1148. No noticele change
was obsered in the gposed azas.

V. Aluminum to
Aluminum Bonds

The folloving product perbrmance d&a has been obtained in the 3Vbloaatory
under the conditions speeifl. Geneal gplicaion methods and bondingquedue
are desabed lder. All data repoted in this section as deeloped under the
following cue cycle:

Cure Cyde — 50 psi (345 kB) bonding pessue gplied ty a plaen pess 810°F
per mirute bond tempature ise fom 8CF to 350F, with 60+ 1
minute & 35CF £ 2°F (5.6C per minute bond tempeture ise from
27°C to 177C, with 60+ 1 mirute @ 177C £ 1.1°C).

A. Overlap Shear Bonds

The following data shaes typical \alues obtained with ScdtéMeld AF 42 in
aluminum overlp panels. Oerlgp shear mperties were measd on 1" x 1/2"
overlg specimens cutdm .063" x 4" x 7" (1.6 mm x 101.6 mm x 177.8 mm)
2024-T3 tad alumirum panels bonded with AF 4 adhesie. (Specimens
were tested per MIL-A-5090D or ASTM D 1002).

Original propeties:

Product AF 42 AF 46
Average Average
Test Temp psi MPa psi MPa
-67°F (-55°C 7295 50.3 5000 34.5
75°F (24°C) 5548 38.2 4000 27.6
180°F (82°C) 4535 31.2 2000 13.8
250°F (121°) 3010 20.7
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IV. Aluminum to B. T-Peel Bonds
Aluminum Bonds The following daa shavs typical \alues obtained with Scdteneld AF 42 in
(continued)

T-Peel. FPeelbonds consist of 1" x 6" (25.4 mm x 152.4 nropded areas

of 2024-T3 tad 1" x 8" x .032" (25.4 mm x 203.2 mm x 0.8 mm) specimens
with one lger of AF 42 iim adhesie. Eat metal skin of the-Peel panels
was pulled fia 90°angle to the bond line or 18 reldion to themselss.

The jaw separation rateas 20" (508 mm) per mirte.

Original Popeties:

Product AF 42 (3 mil) AF 46 (1 mil)
Average Average
Test Temp piw N/25 mm piw N/25 mm
-67°F (-55°C 19 84.6 8 35.6
75°F (24°C) 75 333.8 40 178.0
180°F (82°C) 75 333.8 15 66.8

C. Cure Properties

Overlap Shear at 75°F (24°C)
AF 42 350°F (177°C) Cure 450°F (232°C) Cure
(3 mil) Time psi MPa Time psi MPa
60 min 5822 40.1 5 min 6068 41.8
30 min 5234 36.1 4 min 6006 41.4
20 min 5654 39.0 3 min 5434 37.4
10 min 6872 47.3 2 min 5533 38.1
5 min 726 5.0 1 min 5290 36.4
30 sec 3293 22.7
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Product Application

Proper adhese applicéion is an impaant as poper bond design and adhesi
choice to obtain maxiom joint popeties. Impoper adhese application
techniques canasult in patial or completedilure of an assentp

Scotch-Véld AF 42 and AF 46 will ige excellent pppeties under manapplication
conditions. e Product Performance data répdrin the pevious section a&s
deweloped using theoflowing recommended pcedures. Variations from these
recommended pcedues should be full evaluaed to insue bond properties
sufficient to meet theaguiements of uses’paticular assemly.

I. Surface Preparation

A thoroughly cleaned, dry, grease-free acgfis essentiabf maximum
performance Cleaning methodshich will produce a lrakfiee water flm on metal
surfaces a genenlly sdisfactoy. Surface pepargion should be fult evaluaed
with the adhese, especiall if resistance to spedfervironments a anticip&ed.

A. Aluminum

1. Alkaline Degrease- Oakite #164 solution (9-11 ozaipn of water) at
190°F + 10°F (87.8°C = 5.6°C) for 15 £+ 5 muites. Rinse immedialy in
large quantities of coldunning water.

2. Optimized FPL Etch Solution (1 liter):

Material Amount

Distilled Water 700 ml plus balance of liter (see b&)o
Sodium Diciromate 28 t0 67.3 cams

Sulfuric Acid 287.9 to 310.0lmms

Aluminum Chips 1.5 gamsl/liter of mixed solution

To prepae 1 liter of this solution, dissavsodium dibromde in 700 ml of
distilled water. Add sulfuc acid and mix wll. Add adlitional distilled vater
to fill to 1 liter. Heat mixed solution to 150 to 18B (66 to 72C). Dissohe
1.5 gams of 2024 baraluminum hips per liter of mird solution. Gentle
agitaion will help alumirum dissole in @out 24 hous.

To FPL etb panels, place them in thiae solution 8150 to 160F (66 to
71°C) or 12 to 15 miates.

Note: Review and follav MSDS and other safy recommendations provided
by chemical manfacturer prior to prepatian of this etb solution.
3. Rinse— Rinse panels inear distilled deionized or tap running water.

4. Dry — Air dry 15 mirutes; brce diy 10 mirutes mininum & 14CF (6C0°C)
maximum.

B. Steel

1. Sohent wipe with alcohol, acetonMEK*
2

3

. Polishing — Rub gntly with 3M™ Scotch-Brite™ Scour Paifl desired.
. Wipe with solhent again.

*Note: Before using solents, &tinguish all ignition soures and follow the
manufacturer’s mrcautions and déctions for use.
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Product Application C. Glass
(continued) 1. Acid Clean — Place in sulfizracid-sodium diromde solution as desibed
in section under Alumimm Preparation.
2. Rinse — Rinse panels ifear running water.
3. Dry — Air dry 15 mirutes; brce dy 10 mirutes mininum & 14C0F (60°C)
maxinum.
II. Adhesive Layup
Care should be tan to avid contaminting adhesie and teaned metal or glass
by ary substance hich will hinder wetting action ofifm.
Film Application
1. Cut portion ofifm to be used sm Il with protective liner in place
2. Placeifm on metal using the parding liner as a mtective cover.
3. Remove protective liner.
4. Assemble p#s and cue.
lll. Standard Cure Cycle
The following cure cycle emlope is ecommended to obtain dense glue lines:
Press Cure Cycle
1. Apply a pressurof 50 psi (345 ké) prior to realsing a bond line
temperature of 150°F (66) and maintain tlmughout the mrss cure cycle.
2. Raise the bond line tempeure fom ambient to 330-356 (166-177C) at a
rate of 10°F (5.62) per minte.
3. Cure br 30-60 mimites at 330-35¢° (166-177C).
4. Cool to belev 200°F (93€) bond line tempeature prior to release of
pressure.
IV. Eff ect of Cure Cycle Varidions on Rerformance
In addition to the standdrcure cycle, Scotch-#id AF 42 &hibits bioad
capailities to accommoda maiy types of &isting Stuctural Adhesive
Bonding Equipment and still pduce gcellent stength bonds. Heever,
temperatures of 330°F (166°C) are minimumeatonditions.
Storage Stability Storage at 40°F (4°C) or lower scommendedofr Scotch-VEId AF 42 and AF 46

to obtain maximm shelf lie.

3M Standad Shelf Life for Scotch-Weld\F 42 is 15 months ém dde of shipment
from 3M when stoed at 40°F (42) or belav.

3M Standad Shelf Life for Scotch-Weld\F 46 is 6 months &m dde of shipment
from 3M when stoed at 40°F (42) or belav.
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Precautionary Refer to Product Label and Material Safety Data Sheet for health and safety information
Information before using this product.

For Additional To request additional product information or to arrange for sales assistance, call toll
Information free (800) 235-2376. Our fax number is (417) 869-5219. Address correspondence to:

3M Aerospace Central, 3211 E. Chestnut Expressway, Springfield, MO 65802.

Impor tant Notice

3M MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. User is
responsible for determining whether the 3M product is fit for a particular purpose and suitable for user’s
method of application. Please remember that many factors can affect the use and performance of a 3M
Adhesives Division product in a particular application. The materials to be bonded with the product, the
surface preparation of those materials, the product selected for use, the conditions in which the product is
used, and the time and environmental conditions in which the product is expected to perform are among
the many factors that can affect the use and performance of a 3M product. Given the variety of factors
that can affect the use and performance of a 3M product, some of which are uniquely within the user’s
knowledge and control, it is essential that the user evaluate the 3M product to determine whether it is fit
for a particular purpose and suitable for the user's method of application.

Limita tion of Remedies
and Liability

Adhesies Dvision

3M Centey Building 220-8E-05

St. Rawl, MN 55144-1000

If the 3M product is proved to be defective, THE EXCLUSIVE REMEDY, AT 3M’'S OPTION, SHALL BE TO
REFUND THE PURCHASE PRICE OF OR TO REPAIR OR REPLACE THE DEFECTIVE 3M PRODUCT.
3M shall not otherwise be liable for loss or damages, whether direct, indirect, special, incidental, or
consequential, regardless of the legal theory asserted, including, but not limited to, contract, negligence,
warranty, or strict liability.

e 5505 )
(EEISXCEISISED)
This Adhesives Division product was manufactured under a 3M quality system registered to ISO 9002 standards.

®

Recycled Paper

Phone: 1-800-364-3577 or 651/737-6501 40% pe-consumer Printed in U.S.A.

www.3M.com/Adhesies

10% post-consumer ©3M IPC 2000 78-6900-9579-5

-8-



