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Durability of 3M ™ VHB ™ Tapes

Summary

This hulletin addresses the long-ter duraility of VHB ™ Acrylic Foam and

Adhesive Transfer Tapequtucts and theirtality to perform in cetain types of
demanding erironments. Tis will be adiressed from a vty of view-points

including ciemical compositionesistance to hah envionments, 3M and
indegpendent testof product durability, and certain applications where VHB™ Tape
products haw demonstted &cellent dility to perform in demanding@plications.

Test esults on moist@rresistance, UL durability, accelerated weathering, outdoor
weathering, thermal cling and &tigue esistance will be discussed

Composition

3M has been a thoolaical leader in agflate pressue sensitie adhesie (PSA)
technolagy for over 35 yeas. The VHB™ Acrylic Foam and Adhege Transer Tapes
repesent gamples of 3M8 popiietary stae-of-the-arin this duabe chemisty. The
long-tem agng resistance lies in the goher compising VHB™ Adhesie Transer
andFoam TBpes. he ciemical bonds thanale up the pgimer dains consist of
carbon-carbon single bonds tlae highl resistant to engy in the brm of hea or
ultraviolet light, as vell as ©iemical &tad. In less dusble bams or adhesges, sub
conditions could lead tdezving of the paymer ba&bone and thus aealening of
medanical popeties. In the case of adic adhesies anddams, havever,
additional ciosslinking is bemicall favored over lgain scission (eavag). This
means thig raher than undegpoing a pocess of decomposition, the date mderials
will tend to uild modulus ety slightly over etended gposues. This transldes to a
strongerlong lasting bond

Durability T esting

Temperature Exposue

Because of the demanding andedge aplicaions uses have ér VHB™ tapes,
durability has alvays been ady interest in the pedmmance of these pducts. One of
the frst issuesdr tgpes is etention of tak and adhesion aftekposue to eleated
tempeatues. The VHB™ Adhesie Transfer Tpe F-9473PC yielded 92%tention
of peel adhesion after thellrwas ageddr moie than 5 gars 815C°F (65°C). The
initial tadk and liner elease ppeties were still excellent. The diference in peel
values sugests thaa oll of this tgpe is elatively unafected ly long-tem exposue
to elevated tempeatures. Bonds made with VHB Tapes can tolete pefodic, shot-
term posues to tempetures up to 30T (150C) for most bam Bpes and 500
(260°C) br Adhesve Transfer Tapes.



Tednical Bulletin
3M™ VHB™ Tape Durability

Accelerated
Weathering

Cettain other acceleted ajing tests hee been conducted ineatheometes which
subject a bond to hedumidity and concerdied ultiaviolet light exposue. These
tests vere perbrmed in ¢namic shearymaking a stainless stealarlgp bond with
VHB™ tape 4950 and then subjecting the samplegdiing hed, humidity and
carbon and arlamp &posue. Small samples prvided an inceased amount of eeg
exposue to UV adidion. Fgure 1 indicdes thathe bond stngth does not
deterorate belav its oliginal perbrmance lgel, eren after &posue of 7000 howg in
the weatheometer under these tests.

Figure 1
Weatherometer Testing of 4950 VHB Tape
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Outdoor Weathering

Outdoor veatheing deds in Arizona, Floida and other lod¢ans aound the werld

are also used to collect@eon the long-ten perbrmance of the VHB" tape family.
These tests typicglldemonsiate &out 100% bond stngth etention in carin
VHB™ Tapes after 2 to 5ears amg cycles in the hot, humidlicnate of Floida, the
hot, dy and \ery sunty climae of Arizona and the cold to hoxteemes of Minnesota
on bonds to alumimm, glass, PVC and painted metagjute 2 shavs the constant
perfomance of VHBM tapes 4950, 4951 and 4952 afteréag of outdoor ging in
Minnesota. Similaresults hee been obtained in %egr tests conducted igpan on
the VHB™ tapes.

Figure 2
VHB™ Tape (5 Year Outdoor Aging, Minnesota)
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Moisture and Adhesion tests ve been pedrmed on VHBM Tgpe 4945 bonds of alumim to

Solvent Resistance alumirum tha were subjected tov@r 10 yeas of submesion in 5% salt ater and
ordinaly tap waterAfter testing biight dean aluminim surfices vere obseved
undenedh the adhesi bond A combindion of adhesie and cohege failure modes
were obseved when the bond &as boken whid indicaed \ery high perbrmance
levels. Long-tem exposue to high humidity or ater submesion can hee the effect of
making a palmer moe fesilient and tolemt of high elongion. A subsequent\eering
in peak brce is also meased after may days of xposue, usualiy on the oder of
40%. This efect is typical as it paliels the incease inesilience and is the samerid
often seen with sfictural silicone meerials which ae also ecanized for their
durability. Drying of the VHB™ Tape bondwhich occus in a nomal ewironmental
cycle will shaw tha this efect is eversille and thathe bond will etun to the aiginal

dry strength.

After splashes or incidental contact with sits sub as fuels, alcohols, adhesi
removes like MEK, and gen weak acids or bases, ndext is meased on the bond
perfomance Only after contimous submesion in hash fuels or solents is softening
of the adhese/foam &peiienced Note: While VHB™ Tape poducts ma withstand
occasional contact with these typesloémicals, continous &posue is not

recommended
UL Listing and Both transfer tape and foam represengatiof the VHB™ Tape family have UL
Durability T esting 746C listings which involve stringnt qualifcation tests and p&dic monitoing by

Underwiter's Laboratories. Qualifcation for this listing equiles high-singth etention
after extended gposue to high tempetures, humidity cold and gclic conditions.
The tdle belav details VHB™ Tapes with the UL746C listing and subséate
combindions, as wll as the maximm listed tempetture br eat combingion.

3M™ VHB™ Tapes
UL746C Listings - File MH 17478

Category QOQW2 Component - Polymeric Adhesive Systems, Electrical Equipment

Product Families Substrates Temp Rating
VHB™ Foam Tapes | Aluminum, Stainless Steel, Galvanized Steel, 110°C
4950, 4930, 4920 Enameled Steel, Glass/Epoxy, Ceramic

PBT 90°C

Polycarbonate, ABS, unplasticized PVC

75°C

Conformable VHB™ | Ceramic

110°C

ZSZT Igggs 2152566 ! Aluminum, Stainless Steel, Galvanized Steel,

PVC, Glass/Epoxy, PBT

Enameled Steel, Polycarbonate, unplasticized

90°C

ABS

75°C

Steel

VHB™ Foam Tape Phenolic, Aluminum, Galvanized Steel, Alkyd 110°C
4945 Enamel
Polyamide (Nylon), Polycarbonate, ABS 90°C
Unplasticized PVC 75°C
VHB™ Adhesive Stainless, Steel, Glass/Epoxy, Enameled 110°C
Transfer Tapes Steel, Ceramic, Phenolic; Nickel Plated Steel
F-9473PC, (9469 only)
Egigggg ABS, Polycarbonate, Aluminum Galvanized 90°C

Unplasticized PVC

75°C
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Clarity

Since the inwduction of the lear VHB™ Acrylic Tgpes 4910 and 4905, the
additional issue of long-ten clarity and appeance consistegds commory asked.
Tests have been ruarf3000 hous in an acceleted weathering machine which
exposes bonds to high tempares and intense udtriolet (UV) light. To measure
clarity, 3 mm floa glass plées wee bonded tgether with VHB™ Tape 4910, the
0.040" thik transparent VHB™ Tape. The perceansmittance as monitoed
periodically during the exposure cycle, beginnin§&2% andihishing d 87.3%.
After this long harsh exposure, only a 1% changeansmittance as observed. In
high humidity emironments, hwever, the VHB™ Tpes 4910 and 4905 méake on
a hazy appeance due to slightsoption of water molecules. Because the same
acrylic polymers & used ttoughout the VHBY Tape family, theseesults sugest
inherent sthility of the whole family.

Thermal Shodk

The VHB™ Tgpes hae also pedrmed well in tests, similar to MILSTD 883, mch
are commory used to qualify datde products br the electnics industy. Under
this testing protocol bonds & subjected to 1000 haua 15CC, 1000 hows at 85°C
and 85% elative humidity and 1000 howrof themal shok which cydes houly
from -50C to 150C. Figue 3 shavs the &cellent perbrmance of the VHBY
Adhesire Transfer Tge F-9460PC in similar testingweh involved bonding
polyimide to alumitum. Typically the bond sength inceases with time due to the
high perbrmance PSA moe complete wt out of the sudces.

Figure 3
MIL STD 883 Exposure Tests
VHB™ Tape F-9460 PC: Polyimide to Aluminum
15
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Fatigue

Another dugbility issue is &tigue lesistanceMary types of adhege tests a un in
a shot-term peel, shear or tensile modaewe the sample is bken in a mter of a
few seconds. fiese tests arcowvenient br quik chaacteization of the peakdrce
holding cgability, but do not dffer ary informaion eout a poducts aility to
tolerate vibration or repetitive stains. Because usehae used VHBM Tapes in
many gplicaions which require faigue esistancesud as tucks or tailers, signs
and huilding panels, a test has been designe@M to chalacteize this poperty.
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Fatigue (continued)

In a constant stiss malaing tension samplesave cydically loaded ver a ange of
stresses. fie loads wre tiosen so thdond filures would occur ver a boad enge
of times. As the load degases, the specimens will gde moe and maeg cydes and
this trend can be plotted semig@s in kgure 4. The semi-Ig plot yields a s&ight
line which can be used to helpaglict longer tem perbrmance tlower stesses not
practical to measer Given a poduct lifetime estimge for cydic loading the d#a can
be extrapolied to estimie the maximm toleale design sess. Br Acrylic Foam
Tapes, this is typicall about 20 psidr one million gcles of full revesal loading
VHB™ Tapes tend to pesfm well in these types of tests because of their efiter
viscoelasticity The acylic foam and adhes @sorb enagy and elax stesses
intemally, thus helping mtect the adhese bond on the subste.

Figure 4
Dynamic Tension Fatigue VHB™ Tape 4950
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Application Examples
of Durability

While positive test esults ag alwa/s encouaging some of the beskamples of
VHB™ Tapes dugbility are «isting gplicaions in the ield. VHB™ Adhesve
Transfer Taes hae been used since the mid 1%7&d VHB™ Acrylic Foam T&pes
have aplicaions daing bad to 1980.

One of the oldest and most vilzpplicaions for the VHB™ Foam Bpes is on
amhulance bodies. Ae alumium panels comysing the bog of an amblance can
be bonded onto theaime with VHB™ Tape. hese pplicaions require dugbility in
hasish conditions onugged \ehides tha are in sevice for mary years.

Another kample of duable gplicaions with ecellent perbrmance hee been
curtain wall constuctions suhb as the Singpore Teasuy Building. Here the &terior
panels a stifened gainst wind loads Y attating unseen sfiénes to the inner
surface. Tiese bonds ost sustain wind loads, daithemal expansion and
contraction gcles, and eleated tempeatules. Similar curin wall and Acade
applicaions «ist aound the wrld. Architectuial signs and &ffic signs using
VHB™ Tapes hae also been standing up to constaeatliering, bufféng winds,
and occasional stors since the er 19805.
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Application
Examples of
Durability
(continued)

Another eéample of VHB™ Tape dusbility has been gneréed d the Bendix Aitomotie
Proving Grounds in Indiana. A full sesemi-tudk with sleger cd was consticted with
all exterior panels and dosrtged to an undeyring frame with VHB™ Tape 4950. After
approximategl 300,000 simalated miles on the hah Dugbility Tradk, the VHB™ Tape
bonds emained completglintact. This is paticulady impressie in light of the &ct tha
some mekanicall joined and wlded patis expeienced &ilures and equired repairs for
the test to contime.

One of the most demandingications for VHB™ Tape has been on aiaft exteriors.
Seveal commecial aircraft models hee incoporded stainless steel antiaing stips
bonded to the alumimm wing faps. These panels helpgent &rasion and eafing
between thelfp and undeside of the wing dumg movement of thelfps br tale offs,
landings, and inlight vibration. VHB™ Adhesie Transfer Tpe 9473 contines to be a
means ér bonding these panels into pladhis gplicaion has been in use since 1984.
Durability is paticulary key in this gplication since the bond can be subjected to high
skin tempeatures in diect sunlight on thergund and -69- (-54C) & high altitudes.

In addition, this gcle can beepe&ed seeral times per da

Recanition/
Certification

MSDS: 3M has not prepared a MSDS for these products which are not subject to the MSDS requirements of the
Occupational Safety and Health Administration’s Hazard Communication Standard, 29 C.F.R.1910.1200(b)(6)(v).
When used under reasonable conditions or in accordance with the 3M directions for use, these products should
not present a health and safety hazard. However, use or processing of the products in a manner not in accordance
with the directions for use may affect their performance and present potential health and safety hazards.

TSCA: These products are defined as articles under the Toxic Substances Control Act and therefore, are exempt
from inventory listing requirements.

For Additional
Information

To request additional product information or to arrange for sales assistance, call toll free 1-800-362-3550 or visit
www.3M.com/bonding. Address correspondence to: 3M Bonding Systems Division, 3M Center, Building 220-7E-01,
St. Paul, MN 55144-1000. Our fax number is 651-733-9175. In Canada, phone: 1-800-364-3577. In Puerto Rico,
phone: 1-809-750-3000. In Mexico, phone: 5-728-2180.

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 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.

Limited 3M warrants for 24 months from the date of sales or delivery, whichever occurs first, that 3M brand VHB™ Tape will

Warranty be free of defects in material and manufacture. 3M MAKES NO OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. This Limited Warranty does not cover damage resulting from the use or inability to use
3M brand VHB™ Tape due to misuse, workmanship in application, or application or storage not in accordance with
3M recommended procedures.

Limita tion of If the 3M product is proved to be defective, THE EXCLUSIVE REMEDY, AT 3M'S OPTION, SHALL BE TO

Remedies and REFUND THE PURCHASE PRICE OF OR TO REPAIR OR REPLACE THE DEFECTIVE 3M PRODUCT. 3M shall

Y not otherwise be liable for loss or damages, whether direct, indirect, special, incidental, or consequential,
Lia b"'ty regardless of the legal theory asserted, including, but not limited to, contract, negligence, warranty, or strict liability.

Bonding Systems Diision

3M Center Building 220-7E-01
St. Rwl, MN 55144-1000

(TSI

(ESEEEED)
This Bonding Systems Division product was manufactured under a 3M quality system registered to 1SO 9002 standards.

®

Recycled Paper
40% pe-consumer
10% post-consumer
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