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Introduction

While the definition of tack is somewha myserious, it is arguably the most
important parameter for ng the performance of a pressure-sengtive adhesive
(PSA). Tack most commonly refersto the ability of an adhesive to form abond at short
contact times and low pressures®. A wide variety of tack tests have been developed. For
example, the American Society for the Testing of Materids (ASTM) and the Pressure-
Sengtive Tgpe Council (PSTC) have a series of tests which attempt to quantify tack,
induding:

1 Pressure-Sengtive Tack of Adhesves Using an Inverted Probe Machine

(ASTM D2979-%)
2 Sandard Test Method for Tack of Pressure-Sendtive Adhesves by Ralling
Bdl (ASTM D3121-94)

3 Roalling Bdl Tack (PSTG-6)

4. Quick Stick of Pressure-Sengtive Tapes (PSTC-5)

Each of these testsis actudly only an indexer, asit provides only one measurement of
tack. Spedificaly, ASTM D2979-95 and PSTC-5 report tack as a maximum force during
separation, while ASTM D3121-94 and PSTC-6 report tack as the distance of travel of
therolling ball. In addition, each of these testsisfarly crude and requires alarge number
of samplesto obtain satisticdly sgnificant results.

A more gppropriate measurement of tack would provide a force versus distance
failure curve as afunction of contact time, contact area, temperature, pulloff rate, and
gpplied load. Theindusion of verticd motion contral in the Advanced Rheometric
Expanson Sysem (ARES) rheometer alows each of these variables to be controlled with
acceptable precison. In addition, the force (in fractions of agram) can be measured asa

function of time (in fractions of a second) to provide the force versus distance falure



curve. This paper summarizes a series of tack tests which has been performed with the
ARES under ambient conditions on 3M Pog-it Notes, 3M Scotch Tape, and Bemis

Packaging Tape.

Experimental Procedure

Sample Mounting

Four configurations were used, dl with the disposable plate fixtures. In dl cases
the lower plate was made of duminum and was 50 mm in diameter. All of the probes
were truncated cylinders with findy polished surfaces. These are summarized in Table 1.

Table 1: Arrangement of plates and fixtures for ARES probe tack experiments.

Configuration Samples Probe Probe L ower M ethod Used
Tested Material | Diameter Plate to Affix PSA
1 Post-it Notes, | Aluminum 10mm Sdid Double-sded
Scotch tape tape
2 Packaging Sanless 10mm Solid Superglue
tape steel
3 Packaging Sanless 5mm Solid Superglue
tape steel
4 Packaging Sanless 5mm 15mm Superglue
tape stedl hole

The samples were prepared 24 hours in advance, to dlow the Superglue to fully cure.

Test Parameter Determination
As described |ater, the ARES tack test brings the probe into contact under

congtant force control, and withdraws the probe at congtant rate. If the default

proportiond (P) — integrd (1) control settings are used, congderable overshoot and
osaillations about the commanded force can occur. With Orchedtrator version 6.4.4 and
later, the Pl parameters can be adjusted to diminate this. Figure 1 demondrates the
effect of changing the | vaue while kegping the P vaue constant at 1 and a commanded
force of 100 g. Note that the default valuesare P=1 and | = 1 which overshoots by

nearly afactor of 4 and then oscillates (unstable) about the commanded force.
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Figure 1. Effect of changing theintegrd (1) control parameter under an applied force of
100 g and a congtant P-vaue of 1.

Invirtudly al cases, theintegrd parameter must be st to zero to avoid oscillaions. This
has the undesirable consequence of extending the time to contact the adhesive.
Increasing the proportiona parameter can compensate, but care must be taken to not
drive the probe into the lower plate. Figure 2 demondtrates the improvement in contact
rate with the integra parameter set to zero.

While Figures 1 and 2 suggest that P= 3, | = 0 are gppropriate for tack tedts, it is
important to redize that the control parameters must be changed depending on the
adhesive (and backing) to be tested. For example, for configuration 1 the settings were P
=3,1 =0, but for configuration 3 the parameterswere P= 0.9, | = 0. Thus, extrasamples
must be prepared to determine the appropriate parameters before any tack tests can be
performed.
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Figure 2. Effect of changing the proportiona (P) control parameter under an gpplied
force of 100 g and a congtant I-vaue of 0.

Testing
After mounting the lower fixture, the upper fixture and gppropriate probe can be

mounted. Next a solid lower plate should be atached to the lower fixture so thet the ggp
can be zeroed. The solid lower plate should then be replaced with a sample so thet the
appropriate PI control parameters can be determined. In addition, the time to contact and
reach the commanded force should be recorded. At this point tack testing can begin.
Between each sample the probe must be deaned with a volatile solvent, which in
dl of thiswork was toluene. After deaning the probe, the next sample is secured in the
lower fixture. The probe can then be lowered until almogt in contact with the PSA
(typicdly afraction of amillimeter). The Orchedtrator software requires severd
paameers Firg, pardld plate geometry should be sdlected, with the gppropriate
darting gap indicated, and the box marked record gap checked. Thetest islisted under
the trandent tests, and is called a multimode extenson test. Next, the test should be
edited so thet in the first zone force is controlled to the sdlected value. The duration of
the congtant force zone should include the time to contact, time to reach the set value, and
the desired contact time. The second zone should then be set &t the desired condtant rate
of withdrawal. Note that the Sgn of the rate determines the direction of travel! Thetime



for this zone is unimportant, and should be sat 0 that that probeis retracted far enough to
remove the sample at the end of thetest. Findly, the third zone should be st as“end of
tes”. Under the options menu and the motor control submenu, the Pl control parameters
canbesst. At thispoint the test can berun. At least five samples should be run a each

condition.

Results and Discussion

In order to better evduate the ARES tack tet, a series of tests were performed on
aremovable PSA (Pogt-1t Notes) and a more aggressive PSA (Scotch tape). The
expectation was that the Post-It Notes would have lower tack than the Scotch tape. Six
tests were done using Condition 1 and a control force of 100g. Theresultsare

summearized in Table 2 bdow.

Table 2: Comparison of tack in terms of the maximum force of removd for Pogt-1t Notes

and Scotch tape.

Sample Type Test Parameters Average Tack (N) Standard Deviation

Pogt-1t Notes 30s hald; 5mmy's pulloff 412 0.65

60s hald; 0.5mnVs pulloff 282 0.35

60s hold; 5mmvs pulloff 4.6 049

Scotch Tape 30s hald; 5Smimy's pulloff 1192 158

60s hald; 0.5mmvs pulloff 856 128

60s hold; Smmvs pulloff 1357 0.73

These data confirm our expectations. In al cases, the Scotch tape has greeter tack than
the Pogt-It Notes. It isimportant to note that other factors, such as adhesive thickness,
can affect the tack value and may have contributed to the differences.
While differences between PSAs can be seen clearly, the effect of changing atest
parameter must aso be determined. Two of these variables are contact time and gpplied
load. Again usng Condition 1 and Scotch tape, Six tests were performed to isolate any
effects of these variables. These are summarized in Table 3 below.




Table 3: Effect of changesin contact time and applied force on the maximum recorded
force during withdrawad of the probe.

Force(g) Contact Time (sec) Average Tack (N) Standard Deviation
10 5 6.84 228
K0 813 0.71
&0 1007 1.00
100 5 1343 093
K0 1192 158
&0 1357 0.73

The dataindicate that contact time isimportant at lower applied loads. Thisislikely due
to the wetting (and adhesive bond formation) of the probe by the adhesive. At low forces
the adhesive bonding increases with time as the surface wets, while a high forcesthe
adhesive deforms Sgnificantly, increasing wetting even at short times.

Thefind variable that was congdered with Configuration 1 was pulloff rate.
Assuming that a good adhesve bond has formed between the PSA and the probe, the
dower the removad rate of the probe, the greater the opportunity for the adhesive to flow
and disspate energy. Thus, as rate increases the tack should be higher, but the areaon a
force versus time curve should be less. Scotch tape was again tested with contact times
of 30 seconds, an applied load of 100g, and pulloff rates of 5 mm/sand 0.5 mm/s. Fgure
3 compares the pulloff behavior at the two rates.
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Figure 3: Comparison of failure curves at two pulloff rates for Scotch tape.

To this point mogt of the discussion has focused on the effects of changing test
parameters. Another important consideration is how the test configuration affects the
results. To explore this aspect, three different configurations were used (24 in Table 1),
induding a 10 mm probe with asolid lower plate, a5 mm probe with asolid lower plate,
and a5 mm probe with an annular plate. The hole in the center of the annular plate was
14 mm in diameter and permitted deflection of the PSA backing as the probe was brought
into contact with the adhesive. Bemis packaging tape was used in al cases and was
affixed to the lower plate using Superglue. While a series of tests were done, only the
results for 100 g of applied force, 30 seconds of contact time, and awithdrawd rate of 0.5
mnvswill be discussed. These tack data are presented in Table 4, while the failure

curves are shown in Fgure 4.

Table 4: Comparison of tack using different experimenta configurations (2-4 in Table
1).

0.30

Probe/ Lower Plate Tack (N) Standard Deviation

10 mm/ Sdlid 312 0.11

Smm/ Sdid 713 0.97

5mm/Hde 817 113
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Figure 4: Comparison of fallure curves for the three experimenta configurations
summarized in Teble 4.

The shape of the curvesin Figure 4 isSgnificant. The 10 mm Solid curve
demondirates the expected behavior for a PSA in aprobe tack configuration. Theinitia
pesk is directly related to the tack of the adhesve. Additiondly, the curve shows thet the
force increases as the probe is withdrawn following Hooke' s law up to ayield point a
which the adhesive begins to detach from the probe and form adhesive filaments. The
height of this pesk depends on the wetting of the probe by the adhesive and the degree to
which the adhesive can resis the debonding forces.  Since these two factors oppose each
other, ahigh initid pesk will be attained when the modulus of the adhesive & the
bonding rate is high and the debonding rate is high?.

The second pesk represents the sretching of the filaments. Specificaly, the
polymer chains are themsdves stretched and aligned. This reduction in entropy produces
adrain hardening effect. This peek to is dependent on the wetting of the probe by the
adhesive. If bonding of the adhesive to the probeis lower than the force needed to stretch
the polymer chains then the second pesk will be lower, or even absent®. Thisis expected

1.50



in the case of awesak PSA like the Pogt-1t Notes discussed earlier. Infact, the Pogt-It
Notes did not show a second peek under any testing conditions.

Asseenin Figure 4, the 10 mm probe has alarge initia pesk, but the second pesk
isbardly visble. This suggests thet the probe was not fully wetted. Thisis confirmed by
the subsequent 5 mm probe tests with the solid and annular plates. Specificdly, the
smdller probe can be wet more easlly, and as the backing is permitted to flex the wetting
further increases. Thus, the second peak increases quite dramdticaly. Thefirgt peek is
more complicated. At the dow pulloff rate of 0.5 mmy/s the achesive flows reedily, thus
the firgt peek issmdl in both area and maximum magnitude. In fact, when the backing is
dlowed to flex, filaments form immediatdly and no initia pesk is obsarved. At higher
rates the first pesk would not be smaller than the second pesk, and the peculiar behavior
seen in Fgure 4 would not be observed.

Snce ASTM D2979-95 specifies aforce of 19.6 g and dlows for some flexing of
the backing materid, additiona tests were performed with Configuration 4 usng 20 g as
an applied force and the Bemis packaging tape. The tack results are summarized in Table
5.

Table 5: Datataken using Configuration 4 and 20 g of applied force.

Contact Time Pulloff Rate Tack (N) Standard Deviation
5sec 5mm/s 6.34 1.26
30 sc 5mm/s 6.48 162
Ssec 0.5 mn/s 495 0.61
30 sec 0.5 mm/s 562 0.65

Aswith the Scotch tape discussed above, the lower gpplied force reduces the wetting of
the PSA and, therefore, the tack. The shapes of the failure curves are dl consstent with
the explanations provided above.

Conclusons and Recommendations
The ARES probe tack test satisfies the criteriafor atack test as outlined by

ASTM D2979-95. Perhaps more importantly, thistest is cgpable of didtinguishing




different types of adhesives, accurately reflects changesin test parameters, and can
demondrate different failure mechanisms depending on the test configuration. In
addition to the data presented here, other sudies should be planned to take advantage of
the environmentad control available in the ARES rheometer. Specificaly, snce
temperature dramdtically affects a PSA’s rheologica properties, changesin falure
behavior should be observable.
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