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ABSTRACT

Purpose: This study aims to optimize the adhesive strength of epoxy adhesive when applied to tiles, addressing
frequent issues of adhesion degradation observed in indoor interiors. The degradation often leads to costly
repairs and maintenance, highlighting the need for improved adhesive formulations and application techniques.
Methods: Employing the DMAIC (Define, Measure, Analyze, Improve, Control) methodology integral to Six
Sigma and utilizing MINITAB for data analysis, this research focused on critical factors like curing time, appli—
cation method, and mixing ratio. The Taguchi Experimental Design within the Design of Experiments (DOE)
framework was applied to determine the impact of these parameters on adhesive strength.

Results: The analysis facilitated by Taguchi’s method led to notable improvements in adhesive workability
and consistency. It identified the optimal combination of factors that significantly increase adhesive strength,
evidenced by the improvement in signal-to—noise ratio and I-MR control charts.

Conclusion: By applying a structured statistical approach through Six Sigma and the Taguchi method, the
study successfully pinpointed optimal conditions for epoxy adhesive application on tiles. This contributes
to quality management in the manufacturing and application processes of epoxy adhesives, ensuring enhanced
durability and reliability in indoor tiling applications. The findings offer a significant methodological framework
for future material optimization research.
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Figure 1. Basic Chemical Structure of Epoxy Resin
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Table 1. Basic Chemical Structure of Epoxy Resin [8]
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Figure 2. Picture of epoxy glue
Table 2. Tile Bonding Epoxy Adhesive Process SIPOC
Supplier Input Process Output Customer
Epoxy glue, Epoxy glue Semi-permanet Contractor,
Contractor Tile manufacturing adhesion of tiles Resident
Mixing of resin Verification of
Start = Use of adhesive adhesive tensile Termination
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Table 3. Adhesion conditions for the currently used epoxy glue
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Figure 3. Cause and effect diagram for epoxy adhesive strength of tiles
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Table 4. X-Y Matrix

Y
X tenspi‘IC]ehZ:‘Zigth Licr“sl{csrtlzlrjcee RANK RANK
8 7 - -

Curing time 7 4 34 13.5
Pot stability 8 8 120 19.3
Apply type 7 9 119 19.1
Compounding ratio 9 7 121 19.5
tile material 6 9 111 17.8
Mixing method 4 5 67 10.8
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Table 7. L9(34) orthogonal array Table 8. L4(23) orthogonal array
N Design factors Design factors
0.
No.
A B ¢ Error Temperature Humidity Dl.lSt

1 1 1 1 1 particles

2 1 2 2 2 N1 1 1 1

3 1 3 3 3 N2 ! 2 2

4 2 1 2 3 N3 2 1 2

5 2 2 3 1 N4 2 2 1

6 2 3 1 2

7 3 1 3 2

8 3 2 1 3

9 3 3 2 1
3.4.2 AY ZAxt 9 A x4 AA
® Qe BHAe HF AEst FAEAT 9 £35S 2 PISAel sEh Foi5He) SN = of

#e] 32 (el oA ALt
11
SN = 101ogm[n(;‘,1y2 ] 0)

(

o

WS/915 Aamfd e mfjdst 7t A 8 54 QA= SN H] AlRE Aak= Table 99F fFo] Yehdt}, Lk
S Aloidate] =& SN Hloll thih Ft gkt 71ojes FAT 5 vk o
AT o g vlel = makesh Wl tiek 5 29 Figure 49F Figure 59 o] yebdt,

o

2

Table 9. Orthogonal array table and SN ratios for maximizing adhensive strength

N1 N2 N3 N4
1 1 2 2 Temperture
1 2 1 2 Humidity
1 2 2 1 Dust particles
No. A B C e Tensile strength SN ratio
1 1 1 1 1 150.1 177.5 175.0 195.6 44.71998
2 1 2 2 2 156.3 187.1 148.8 143.9 43.89988
3 1 3 3 3 185.3 177.2 1554 133.9 44.02976
4 2 1 2 3 146.3 131.7 158.5 144.8 43.19044
5 2 2 3 1 121.9 132.6 122.8 133.2 42.09633
6 2 3 1 2 118.9 113.6 106.1 119.8 41.15299
7 3 1 3 2 177.2 151.6 140.7 160.5 43.85387
8 3 2 1 3 142.8 90.1 114.6 164.0 41.46385
9 3 3 2 1 140.2 111.1 127.2 105.8 41.50223
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Table 10. Contribution rate of control factors

Factors Level Square Sum Level average Contribution rate
1 132.6496 44.2165 1.3377
A 2 126.4398 42.1466 -0.7322
3 126.8200 42.2733 -0.6055
1 131.7643 43.9214 1.0426
B 2 127.4601 42.4867 -0.3921
3 126.6850 42.2283 -0.6505
1 127.3368 42.4456 -0.4332
C 2 128.5926 42.8642 -0.0146
3 129.9800 43.3267 0.4478
1 128.3185 42.7729 -0.1060
error 2 128.9067 42.9689 0.0901
3 128.6840 42.8947 0.0159

A B C A B c

a
3

Mean of SN ratios
&
B
Mean of Means
g

2
&

I N

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

120

Figure 4. Plot of main effects for SN ratios Figure 5. Plot of main effects for Means

Table 11. Analysis of variance of SN ratio (ANOVA Table)

Factors SS DOF MS FO P
A 8.0769 2 4.0385 137.37 0.007
B 4.9919 2 2.4959 84.90 0.012
C 1.1653 2 0.5827 19.82 0.048
e 0.0588 2 0.0294
Total 14.293 8

>
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Figure 6. Process capability of Improvement before Figure 7. Process capability of Improvement after

Table 12. Result of Process capability analysis

Test Sec Test Result
Improve Combination Pot life Apply type M) SD LCL(N) Cpk ZST(o)
ment percentage
Before 55 20 PDotlike 100 oo | 99,50 89.60 0.40 2.700
structure
After 37 5 X-like 17557 | 17.87 | 121.60 1.04 4.620
structure
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Table 13. Control plan for Adhesive Strength of Tile Epoxy Adhesive
Process Improvement of the Inital Adhesive Strength of Tile Epoxy Adhesive
No. Target Specification Unit of Frequency Record Actlgn Reaction
measure criterion Plan
When the
adhesive
Adhesive Before strength is Cause
1 In control N . .
Strength construction measured to analysis
be lower than
LCL
9 Combination 3.7 % Before mix
percentage ' v adhesive When the
ratio changes
Indirect due to
measure residual
% amount or | Coptinue or
Record opersto.r rework to
. : Error during | management
3 Apply type X-like _ After mlx mixing work lovel
structure adhesive L
considering
the level of
change
In case of
fluctuations
. . After mix due to
4 Pot life 5 min . measuremen
adhesive
t errors or
operator
errors
1.2 &

AT vk B0 AR E = ol FA] HFAY HA 20E 6Aeke] A o] AAAAE 7]ekeE vy
9 BAL B3} 720 ALg 2700 Y A P 20S =L VOC 1 B 71 wae ex
S H% 5 OFF e A4S Telsh) B8 A BA ks Wevh wold A% B 9 ¥ uag 9
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