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Abstract Gaskets play an important role in mechanical sealing and leak prevention. One way to improve
the performance limits of gaskets is to form a composite material by chemically adhering the gasket to
the metal. Organic solvent-based adhesives are mainly used in this field, but the need for new adhesives
has emerged due to environmental issues. Therefore, in this study, RPF-N-G adhesive was manufactured
by adding graphite at various ratios to a non-organic solvent-based Resol-type phenolic-
formaldehyde(PF)/acrylonitrile-butadiene rubber(NBR) adhesive and applied to the adhesion of the
gasket and steel. Thermogravimetric analysis, differential thermal calorimetry, Fourier transform infrared
spectroscopy, universal testing machine, and scanning electron microscopy were utilized to analyze the
thermal stability, curing mechanism, and adhesive strength of RPF-N-G adhesive. The addition of
graphite improved the thermal stability of RPF-N-G adhesive, but did not affect the curing mechanism.
Measurements of the adhesive strength of Gasket-Steel confirmed that the impact strength of RPF-N-G
adhesive increased due to the addition of graphite, maintaining excellent adhesive performance without
deteriorating adhesive strength. Observations of the adhesive fracture surfaces confirmed that the
addition of graphite increased the surface area of the adhesive layer and suppressed the formation of
pores inside the adhesive layer, sufficiently affecting the adhesive strength.
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Table 1. Material properties of adhesive components

Properties PF resin NBR Graphite
Form Liquid Liquid Powder
Solid Content, % 77 45 -
Viscosity, mPas, 25C 2,500 70 -
PH 8.5 8 -
Particle Size, im - - 3

Gasket9] A% gyrdoR 112 SPHO|A AMgsl=
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Table 2. Material properties of gasket sheet

Properties Value
Density, g/cm’ 0.96 (min.)
Compressibility, % 5-15
Recovery, % 60 (min.)
Tensile Strength, AMD, MPa 27.59 (min.)
Binder Type Fully Cured NBR
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Fig. 1. Production process of specimens
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Fig. 2. Cross-linking structure by condensation
reaction of Resol resins
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Fig. 5. DTG curves according to graphite
content of RPF-N-G adhesive
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Table 3. Heat generation start temperature(T1), heat

generation peak temperature(T2) and
enthalpy change(4H) of RPF-N-G adhesive
samples.
T1 (T) T2 (C) 4H (/9
G-0 111 159 -84.34
G-5 105 160 -67.12
G-10 110 161 -52.11
G-15 112 158 -34.58
G-20 108 159 -17.32
G-25 112 163 -8.83
G-30 114 164 -6.87
I AR 229 1Y 53 2= graphite F71 H]
8ol et ofzhe] WEHS HeloL, At vlgol 27t
ool weh d3E ARE WA= EUtt graphite
H7} Hgo] ZAFUSE e WSS FAshgy
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Fig. 7. FT-IR spectrum of RPF-N-G adhesive based on curing temperature and time
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Table 4. FT-IR Wavenumber and Assignments of
RPF-N-G adhesive

Compound Wa\zi?ﬁ;lber Assignment
PF resin 3344 O-H stretching
PFresin /NBR 2925 CH; stretching
NBR 2237 C=N stretching
PF resin 1644 C=0 stretching
PF resin 1611 C=C stretching
PFresin /NBR 1479 C-H bending
PF resin 1357 O-H bending
PF-resin 1213 C-O stretching
NBR 968 C=C bending
PF-resin 884 C-H bending
PF-resin 824 C-H bending
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Fig. 8. Changes in O-H stretching peak according
to curing temperature of PF-NBR adhesive
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X 2,000

Fig. 12. SEM image of the adhesive surface area of
Gasket-Steel specimen (a) x2000 and (b)
x20000 magnified
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