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Hygrothermal Characteristics of Adhesives and Adhesively Bonded
Tubular Single Lap Joints

Jae-Wook Kwon*, Durk-Hyun Cho*, Dai-Gil Lee*, Yoon-Mog Lee**

and Jae-Won Lee*”

ABSTRACT

The mechanical properties of adhesively bonded joint may degrade when the joint is exposed to
high temperature or high humidity environments because of the property degradation of adhesive.
In this paper, the strength and modulus of the adhesives under hygrothermal environments were
investigated with respect to absorbed moisture content and temperature. In addition, the strength of
the adhesively bonded tubular lap joints was investigated with respect to absorbed moisture con-
tent. From the investigation, it was found that the strength of joints were decreased in accordance
with the absorbed moisture content and the steel adherends exposed to humid environments for a
long time rusted. Also chemical surface treatments of adherend for the improvement of strength
retention of the joint under hygrothermal environments were investigated.
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Fig. 1 Water chamber for moisture absorption of the adhesively
bonded joints
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Table 1. Diffusivity and maximum specific moisture concentra-
tion of IPCO 9923 versus water temperature

25T 50T 80C
Diffusivity [zfsec] 201 x107]1.13%10°]8.40 % 10°
Maximum specific moisture 103 99 9.6
concentration [%]

Mass change [%])

4000 5000 6000 7000

2000 3000

0 1000

Exposure time [hour}

Fig. 2 Mass change versus exposure time in the water chamber
(IPCO 9923)
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Fig. 3 Diffusivi@y of IPCO 9823 versus water temperature
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Fig. 7 Moisture swelling coefficient (b) versus specific moisture
concentration (C) (IPCO 9923)
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Table 3. Material data of the epoxy adhesive and the steel

adherend
Adhesive Adherend
HYSOL
Steel
[PCO 9923 EA 9460 ee
Tensile modulus [GPa] 230 2.30 210
Poisson's ratio 0.45 0.40 030
Tensile strength {MPa] 420 26.5 350
Shear strength [MPa] 29.5 320 200
Cure temperature [ C] 80.0 80.0 -
Cure time [hour] 3 3 -
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Fig. 10 Configuration of the adhesively bonded joint specimen
(a) Inner adherend (b} Outer adherend
(c) Adhesively bonded joint  (d) Photograph of the joint
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Table 4. Chemical surface treatments of steel adherend

Phosphoric acid-alcohol etching | Nitric-phosphoric acid etching
1) #80 sandpaper abrasion 1) #80 sandpaper abrasion
2) Etch 2) Etch
33 vol% H:PO, (85%), 30 vol% HiPO, (85 %),
67 vol% ethanol, 5 vol% HNO;,
10~12 min, 50—60TC 64.99 vol% H,0,
0.01 vol% surfactant,
5—7 min, 20—25¢C
3) Rinse 3) Rinse
Deionized H:0, Deionized H;0,
3—Tmin, 20—25¢ 3-8 min, 20257
4) Dry 4) Dry
Forced air, 60—65C Forced air, 60—65TC
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Fig. 11 C/C. versus axial distance of the adhesively bonded
joint in the water chamber at 80°c (IPCO 9923)
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Fig. 12 C/C. of the-adhesively bonded joint versus exposure
time in water chamber at 80C.
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Fig. 13 Normalized shear strength of the adhesively bonded
tubular single lap joint under tensile load versus C/C.. of
the adhesive layer in the water chamber at 80°C when
the strength of sandpaper abrasion is 1.0
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Table 5. Normalized shear strength of the adhesively bonded
tubular single lap joint under torsional load w.r.t.
surface treatment when the strength of sandpaper
abrasion is 1.0.

Normalized shear strength
Sandpaper abrasion 1.00
Phosphoric acid-alcohol etching 1.55
Nitric-phosphoric acid etching 203
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Fig. 14 Photograph of the joints after torque test {sandpaper
abrasion)
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Fig. 15 Photograph of the joints after torque test (nitric-
phosphoric acid etching)
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Fig. 16 Normalized shear strength of the adhesively bonded
tubular single lap joint under torsional load versus C/C..
of the adhesive layer in water chamber at 807 C when
the strength of sandpaper abrasion is 1.0 (HYSOL EA
9460).

JAE HY 2= AdEe
.

HAA 2 ole JAFAL o HFETEE
74 259 & ARl A, £E it
Fe ANE 87 exvt SR gt 3A 3
o HEE A éﬂr dAd 2E P A 2AE
He AA=HA e A" vle] 2 JE A=S 7}%1
th %Az AT AT AN-2FLR F
g AEE AEE AMgE] VAR B A
[AEch 2z 2w) 2 159 A Z=st FvkskaT
ZQE S FE vFEFest 718 gt 2
JE A9 A% 2 HEY st PRz A3t
ANch =3 FE FEE 3 PN g R
ARl TAFH A

Fasel thedt 2L Aee

>

]

e

?,
_iﬁé‘uﬁ:

}

&

>

Faxed

I. T. J. Reinhart (Eds.), Composites, Vol. 1,
ASM International, 1987, pp. 479-495.

2. J. R. Vinson and R. L. Sierakowshi, The
Behavior of Structure Composed of Composite

Materials, Martinus Nij hoff Publishers,1987, pp.
239-283.

3. A. J. Kinloch, Adhesion and Adhesives,
Chapman and Hall Ltd., 1987, pp. 2-3., pp. 18-55.

4. P. K. Mallick, Fiber-Reinforced Composites,
Marcel Dekker, Inc., 1988, pp. 417-425.

5. J. I. Bikerman, The Science of Adhesive
Joints 2nd ed., Academic Press Inc., 1968, pp.
309-316.

6. oz,
pp. 149-171.

7. P. J. Hipol, “Analysis and Optimization of a
Tubular Lap Joint Subjected to Torsion,” Journal
of Composite Materials, Vol. 18, 1984, pp.298-
311

8. S. R. Graves and D. F. Adams, “Analysis of a
Bonded Joint in a Composite Tube Subjected to
Torsion,” Journal of Composite Materials, Vol.
15, 1981, pp.268-284.

9. A. Raveh, D. Marouani, R. Ydgar, J. E.
Klemberg-Sapiecha and A. Bettelheim, “Aging
Effects of Epoxy Resin on Joining of Aluminum
Plates,” Journal of Adhesion, Vol. 36, 1991,
pp.109-124.

10. R. D. Adams and V. Mallick, “The Effect of
Temperature on the Strength of Adhesively-Bond-
ed Composite-Aluminum Joints,” Journal of
Adhesion, Vol. 43, 1993, pp.17-33.

11. 1988 American Society for Testing and
Materials D570-81. Standard method for water
absorption of plastics.

12. D. G. Lee, K. S. Kim and Y. T. Lim, "An
Experimental Study of Fatigue Strength for Adhe-
sively Bonded Tubular Single Lap Joints,” Jour-
nal of Adhesion, Vol. 35, 1991, pp. 39-53.

13. 1990 American Society for Testing and
Materials D2651-90. Standard Guide for Prepara-
tion of Metal Surfaces for Adhesive Bonding.

14. S. J. Lee and D. G. Lee, "Development of a
Failure Model for the Adhesively Bonded Tubular
Single Lap Joint,” Journal of Adhesion, Vol. 40,
1992, pp. 1-14.

EdAg 9% ¢ 78, A, 1993,



