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A study on the deterioration of adhesive strength of TPS-SIS rubber
adhesive
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Abstract This study analyzed the trends of adhesives used in long-term chemical detection devices stored
in each group over time to identify the factors affecting the performance of adhesives. For this study,
natural aging products stored for decades in the same environment and new products were subjected to
accelerated aging according to the standards [ASTM D 3611: Adhesive Accelerated Aging Test] to
compare and analyze the changes in physical performance and chemical properties. FT-IR and
Pyrolysis-GC/MS analysis showed that the material was an SIS rubber-based adhesive, and no changes
in chemical structure due to changes and deterioration were observed in the natural and accelerated
aging products, but differences in the content of major adhesive components according to the
manufacturing year were observed. In addition, the decrease in adhesion performance over time was not
significant for the natural and accelerated aging products, but changes in the adhesion performance
according to the content of major adhesive ingredients were confirmed. Therefore, a comparative
analysis of natural aging and accelerated aging products confirmed that in the case of sealed packaged
products, there was no significant decrease in adhesive strength caused by changes over time and
storage environment, and the main cause affecting adhesive performance was the content ratio of

adhesive components.
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Fig. 1. Detector paper

Detection paper
Back adhesive
Surface adhesive
Release paper

Fig. 2. Layers of the detector paper
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Table 1. Components of the detector paper

Category Component

Detection Paper

Back adhesive

Cellulose type

TPS-SIS (Blockcopolymer of styrene
and isoprene)

Surface adhesive

PET(Polyethyleneterephthalate)

WV 'WNMM

1451 1379

Release paper

2854

20365933

Wave number (cm'l) boe

Fig. 3. FT-IR spectrum of SIS copolymers
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Table 2. Peak specification of block copolymer of
styrene and isoprene

Table 4. Comparison of natural and accelerated
aging samples

Peak Specification Natural aging Accelerated aging
2,854 cm™ ) Sample #1 (2 year) Sample #1 (0 hour)
2923 4 =C-H stretching group,

Lo cm CH3, CH2 stretching Sample #3 (4 year) Sample #9 (96 hour)
2,956 cm

3 Sample #4 (6 year) Sample #10 (192 hour)
1,492 cm bendi £ -
1,379 cm’! ending of aromatic C-H Sample #5 (8 year) Sample #11 (240 hour)
750 cm’! Polystyrene aromatic =C-H and C=C
699 cm’ group bending
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Table 3. Sample description

Sample No. Aging time
Natural Accelerated
#1 2 years -
#2 3 years -
#3 4 years -
#4 6 years -
#5 8 years -
#6 9 years -
#7 12 years -
#38 21 years -
#9 2 years 96 hours
#10 2 years 192 hours
#11 2 years 240 hours
Note.

- Natural aging conditions

- 20.9 T, 67 % R.H. / Sealed packaging
- Accelerated aging conditions

- (66 + 2) T / Sealed packaging / Release paper removal
or non-removal
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Table 5. Test method and specification

Test method

KS C IEC 60454-2:2007 11
KS K 1309:2018
ASTM E 1252-98

180° Peel strength test

Shear strength test
FT-IR
Pyrolysis-GC/MS
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Fig. 4. 180° peel strength test
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Fig. 6. Results of peeling test according to storage
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o Fig. 7. FT-IR spectrum of sample #2 and sample #8
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—&— Shear strength of a sample with removed Release paper

——Shear strength of a sample with removed Release paper
180° peel strength test of a sample with Release paper

180" peel strength test of a sample with removed Release paper
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Table 7. Comparison test results according to aging

time
Test method R-Square Std.
Shear strength of a sample with 0583284 | 11.07243
Release paper
Shear strength of a sample with 0.164595 | 15.16885
removed Release paper
180° peel .strength test of 0.120142 | 1.303135
a sample with Release paper
180 Peel strength test of 0.820675 3.40215
a sample with removed Release paper
15
22 L] Accelerated Aging
g y = -0.4083x + 20.817
o |
o R?=0.2997
U%- 19 . 5 .
I )
23 |
T3 .
z natural aging
g ¢ Y= 0.1677x +16.042
T R2=0.0859
10
1 2 3 a 5 6 7 ] ]
Storage period (Year)
Fig. 10. Comparison 180° peel strength test result of

natural and Accelerated Aging
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