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Correlation Analyses of Probe-Test Results versus Standard PSA-
Performance Tests 
 
Introduction 
Published investigations using the probe test method indicate that adhesives, differing with respect to their 
application, display characteristic properties in the shape of the obtained probe traces [1]. This is confirmed 
also by the present work. Whereas in general the adhesive properties of a PSA are judged by several stan-
dardized test methods like e.g. peel adhesion, shear adhesion (holding power) and rolling ball tack [2], the 
present work attempts to predict the PSA performance only from interpretation of the probe test curve. From 
only this one method, clear hints on the PSA performance as usually checked by various standard tests can 
be obtained. The probe test curve can also be envisioned as being a finger print of the respective adhesive. 
Figure 1 displays probe tack traces of selected adhesives: 
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Fig. 1: Probe test traces for selected PSAs 

 
Consequently the probe method has a high potential to preferably being applied for quality inspection and 
the development of new pressure sensitive adhesives. Final goal is to provide a methodology, yielding a 
structured set of parameters characterizing PSA performance, and being able to aid as a sophisticated tool 
for the characterization of existing and the development of new pressure sensitive adhesives. 
 
For the present work the commercially available probe units Texture Analyser TA-X T2iHR and TA-XTplus 
(Stable Micro Systems Ltd.) were used to be able to apply and implement the methodology to a variety of 
developmental questions. 
 
Target 
The probe test method is delivering several numerical values (responses), which describe the force/distance 
curve resulting from the test. As displayed in figure 2, these are: 
 
• maximum force Fmax 
• maximum elongation smax 
• force at plateau Fplateau 
• dissipated energy (area integral) W 
• initial slope E 
• elongation at maximum force s(Fmax) 
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Fig. 2: Numerical readings from probe test curve 

 
These values have been correlated to data obtained from the following standard PSA tests: peel adhesion, 
shear adhesion (holding power), µ-shear (µ-creep) and some common tack methods as rolling ball tack 
(RBT), loop tack (LT) as well as the sensory methods finger tack (fast stick test, FT) and finger adhesion 
(slow, peel like test, FA). The standard tests have been performed according to PSTC methods. The detailed 
conditions are listed in table 1. Statistical tools have been used to judge the significance of correlations. 
 

method 
 

abbr. conditions reference method 

peel adhesion peel v=300 mm/min, dwell time<10 min, T=23°C PSTC-1 
shear adhesion shear area=13x20 mm², m=1 kg, T=23°C/40°C  PSTC-7 

µ-shear µ-shear area= 10x10 mm², m=100 g, T=30 °C (SBC: 40°C) tesa J0PMA0013 [3]
rolling ball tack RBT d=11mm, m= 5.6g, T=23°C PSTC-6 

loop tack LT v=300 mm/min, T=23°C PSTC-16 

Tab. 1: Standard PSA performance tests 

Tests and analyses have been performed for three different classes of model adhesives based on SBCs, 
acrylics and natural rubber. To provide a variance within each class, one formulation parameter has been 
changed for each class of adhesive: 
• for SBC: diblock content varying from 0 to 42 % 
• for acrylics (AC): polarity varying from 30, 20 and 10% stearylic acrylate to 2, 4 and 8 % acrylic acid 
• for natural rubber (NR): resin content varying from 45 to 53 % 
Adhesive thickness always was 100 µm, coated on 23µm PET backing. 
 
Reproducibility analysis 
Data obtained with the Texture Analyzer display an excellent reproducibility. This holds especially when 
compared with standard tack methods. In contrast to standard tack methods, the probe method can be ap-
plied towards a much broader range of pressure sensitive adhesives. Its high reproducibility as indicated by 
the coefficient of variation v (v = standard deviation / mean value) is displayed in table 2: 
 

Adhesive Type 
 

Probe Test Rolling 
Ball Tack

Loop 
Tack 

Finger 
Tack 

 Fmax s(Fmax) E smax W Fplateau
Acrylic 3 % 5 % 4 % 3 % 2 % 2 % 

SBC 3 % 2 % 2 % 4 % 4 % 3 % 
Natural Rubber 7 % 5 % 7 % 6 % 7 % 3 % 

   

mean v 4 % 4 % 4 % 4 % 4 % 3 % 36 % 9 % 17 % 

Tab. 2: Coefficient of variation for Probe Test compared with common tack test methods 

The method’s high reproducibility is one prerequisite to use the numerical output values for specification 
means of new PSAs and PSA-tapes and quality assurance in the production of such materials. 
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Sensitivity analysis of methods 
In a first step, the sensitivity of each method itself to the variation of the above mentioned formulation 
parameters has been analyzed by statistical tools as multiple linear regression (MLR) and analysis of 
variance (ANOVA).  
 
As an example, the analysis of the probe test method for SBC adhesives will be described in more detail. 
Parameters have been varied as indicated in the following table of factors (table 3): 
 

 Name Abbr. Units Settings 
diblock content Dib % 0 to 42
debonding speed v_deb mm/s 0,6 to 1,5 
contact time tc s 0,01 to 5 
contact Force Fc N 0,7 to 5  

Tab. 3: DoE design region for sensitivity analysis of probe test 

For each response of the probe test method a model equation has been fitted via MLR, weighting the influ-
ence of each factor on said response. Figure 3 shows the quality of each model equation by its coefficients 
of regression and figure 4 the weighted model terms for the response Fmax in the investigation of SBC-
adhesives. 
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Fig. 3: Regression coefficients for sensitivity analysis 
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Fig. 4: Model for sensitivity of Fmax to PSA and method parameters 

As is indicated in figure 3, the models calculated are very good since Q2 (pessimistic regression coefficient) 
in all cases approaches R2 (optimistic regression coefficient) and both are close to unity. The height and 
direction of the columns in figure 4 indicate the strength and direction of the influence of each main factor 
and some quadratic respectively interaction factors. For example Fmax correlates negatively with the diblock 
content: More diblock gives lower Fmax. The error bars as result of the ANOVA allow judging the significance 
of each factor at a confidence level of 95 %. If the error bar crosses the zero line, the factor is judged to be 
non-significant. If no factor is significant, the whole model is non-significant. 
 
As results of the sensitivity analyses covering all test methods under investigation it can be concluded: 
• In general the results of standard test methods as well as of the probe test method are significantly sen-

sitive to variations of  
• the formulation: diblock content of SBC-PSA, polarity of Acrylic-PSA, resin content of Natural Rub-

ber-PSA  
• test parameters: temperature for shear adhesion, speed and thickness for peel adhesion, contact 

force and time as well as debonding speed for probe test 
• There is a significant lack of sensitivity in determining finger tack, therefore correlations with the probe 

test do not make sense. 
• Probe tests provide sensitivity over a wide range of output values, Fmax, smax, Fplateau and integral W are 

always sensitive. 
 
The detailed results of the sensitivity analyses are displayed in the upper part of the enclosed tables 5, 6 and 
7. There a "+“ indicates a positive, a "-" a negative correlation. 
 
Correlation analyses of probe test vs. standard PSA performance tests 
In general tack results can be described as non saturated adhesion in the very early state of bonding. As 
displayed schematically in figure 5, therefore the results of tack measurements are very sensitive to parame-
ters as contact time and contact force. In contrast peel adhesion is not as sensitive to those parameters, 
because the measurement takes place in a more saturated state of bonding. 
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Fig. 5: Peel and tack as the same phenomenon on different time and force scale 

 
To have good prerequisites for proper correlations, the probe test parameters have been adapted in a quali-
tative manner to the physical conditions of each standard method as displayed in table 4: 
 

 Estimation for method PT- parameters chosen 

standard 
methods 

tc Fc vdeb tc 
[s] 

Fc 
[N] 

vdeb 
[mm/s] 

RBT Short Low High 0.01 0.1/0.2 10 

FT Short Low High 0.01 0.1/0.2 10 

LT Medium Very low medium 10 0.1/0.2 5 

FA Medium Medium Medium 10 5 0.6/5 

Peel Medium High for initial bonding,/ 
Low during uptake time  

Medium 10 5 0.6/5 

µ-shear Long High/Low Low 10 5 0.01 

Shear Very 
long 

High/Low Very low 10 5 0.01 

Tab. 4: Characteristic time, force and velocity scales for standard PSA test methods 
and parameters for probe test as derived from these 

With this, some limitations have to be taken into account: The minimum contact force of the Texture Analyser 
TA2 is 0.1 N, the lowest debonding speed is 0.01 mm/s, and the contact time has been limited to 10 s due to 
practical reasons. All parameters are displayed in the lower part of the enclosed tables 5, 6, and 7. 
 
In addition for all tests a cylindrical probe has been used as well as a spherical probe. 
 
Correlations have been calculated in the same way as the sensitivity analyses by using the statistical tools of 
multiple linear regression (MLR) and analysis of variance (ANOVA). To get variances, only the above men-
tioned formulation parameters have been varied. Within one pair of methods to correlate, the test method 
parameters have been set constant.  
 
Although the number of data sets has been very low, many significant correlations have been found: 
• Peel adhesion: ~ Fmax, smax, Fplateau 
• Loop tack: ~ Fmax 
• Finger adhesion: ~ Fmax 
• µ-shear: ~ Fplateau 
• Shear adhesion (holding power): ~ smax  
• Rolling ball tack: difficult to obtain correlations 
• Finger tack: lack of sensitivity for the method itself, therefore correlations useless 
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The detailed results are displayed in the center part of the enclosed tables. There a "+“ indicates a positive, a 
"-" a negative correlation. 
 
All correlations have been crosschecked for plausibility with use of sensitivity analyses. For example, if for 
SBCs, within the sensitivity analysis the plateau force is negatively correlated with the diblock content and 
the peel force is positively correlated, peel force and plateau force have to be negatively correlated with each 
other. 
 
The use of a cylindrical or spherical probe does not result in a significant difference of the quality of correla-
tions. Of course there is a difference of the absolute values obtained. 
 
In general a correlation or the non-occurring of a correlation could be explained by 

• the rheological adhesive properties and/or 
• the type of bonding/debonding mechanism 

 
As main conclusion it can be stated, that the probe test method provides a large amount of data describing a 
PSA. These data correlate with various classical PSA test methods. The method’s reproducibility is excellent 
and necessary sample sizes are very small.  
 
Outlook 
For a further improvement of correlations between probe test results and standard PSA tests, a closer match 
of the test conditions (see table 4) is proposed. 
 
A more quantitative analysis of each standard test method shows that in many cases the parameters applied 
within the probe test measurements only roughly reflect the physical conditions of the corresponding stan-

dard methods. This can be recognized in figure 6 introducing the bonding/debonding factor 
deb

cc

v
tp

 (with pc = 

Fc / contact area). This factor reflects time, force and velocity scale during the bonding and the debonding 
phase. 
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Fig. 6: Comparison of actual and simulated bonding/debonding-factors 

(two icons indicate range) 
 
Consequently a further improvement of the correlation quality is expected by closing the gap between those 
factors. 
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Enclosure: Detailed results of sensitivity and correlation analyses 
 
SBC 
Method RBT FT PT LT FA Peel µ-shear Shear 
Units [1/mm]     [N]   [N] [1/µm] [min] 

Fmax        - 
Integral        +
Smax         +
Plateau      - 

Sensitivity: 
Correlation between  Method 

vs. Diblock % 
none none 

    

none none + - - 

Correlation with PT 
Fmax      none + + none none 
Integral     none none + none - 
Smax     none + + - - 
Plateau  

none none 

    none - - + + 
Plateau/Smax                 + 
Settings in Probe Test (PT) 

Fc 0,1/0,2 0,1/0,2 0,7 / 5 0,1/0,2 5 5 5 5 
tc 0.01 0.01 0,1 / 1 / 5 10 10 10 10 10 

Vdeb 10 10 0,6 / 1,5 5 0,6/5 0,6/5 0.01 0.01 

Tab. 5: Results of sensitivity and correlation analysis for SBC based PSAs 

 
AC 
Method RBT FT PT LT FA Peel µ-shear Shear 
Units [1/mm]     [N]   [N] [1/µm] [min] 

Fmax        + 
Integral       + 
Smax         - 

Plateau      
no pla-

teau 
in curve 

Sensitivity: 
Correlation between Method vs. 

Polarity 
- - 

    

+ - + + + 

Correlation with PT                   
Fmax  - -     + - + - + 
Integral none none     none none +  + none 
Smax + +     none none - none - 
Plateau  none none     none - + none none 
Plateau/Smax                   
Settings in Probe Test (PT) 

Fc 0,1/0,2 0,1/0,2 0,7 / 5 0,1/0,2 5 5 5 5 
tc 0.01 0.01 0,1 / 1 / 5 10 10 10 10 10 

Vdeb 10 10 0,6 / 1,5 5 0,6/5 0,6/5 0.01 0.01 

Tab. 6: Results of sensitivity and correlation analysis for acrylic PSAs 

 
NR 
Method RBT FT PT   LT FA Peel µ-shear Shear 
Units [1/mm]       [N]   [N] [1/µm] [min] 

Fmax        +
Integral        +
Smax         +
Plateau      +

Sensitivity: 
Correlation between Method vs. 

Resin % 
- none 

    

+ + + none none 

Correlation with PT                   
Fmax  +     + + + none none 
Integral none     none none none none none 
Smax none     none none - none - 
Plateau  

none 

none     + none + none none 
Plateau/Smax               + + 
Settings in Probe Test (PT) 

Fc 0,1/0,2 0,1/0,2 0,7 / 5 0,1/0,2 5 5 5 5 
tc 0.01 0.01 0,1 / 1 / 5 10 10 10 10 10 

Vdeb 10 10 0,6 / 1,5 5 0,6/5 0,6/5 0.01 0.01 

Tab. 7: Results of sensitivity and correlation analysis for natural rubber based PSAs 


