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Abstract—Characteristics of epoxy film adhesives modified with various rubbers and polysulfone, epoxy
adhesive pastes of cold hardening, foaming adhesives, and functional adhesives including conductive adhe-
sives are considered. Advantages of epoxy film adhesives over phenolic-elastomer adhesives are given. Fea-
tures of adhesion technology with epoxy adhesive and their thermosetting ability providing high strength of
adhesive joints of honeycomb structure are given. The fields of application of epoxy adhesives of various types

are described.
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Epoxy adhesives are synthetic products that are
prepared on the basis of epoxy oligomer and various
curing agents of basic or acidic types. The curing pro-
cess may occur at room and elevated temperatures,
depending on the type of curing agent. Epoxy adhe-
sives are widely used in various fields of engineering
and economics due to such valuable properties as high
adhesion to various materials, high physicomechanical
characteristics, marginal shrinkage upon curing, curing
without release of side volatile products, high chemical
stability, and excellent dielectric characteristics.

Epoxy adhesives possess a number of advantages
over phenolic-elastomer adhesives. More specifically:

—they provide higher strength of adhesive joints;

—they do not require the interlayer of liquid adhe-
sive, which results in a significant decrease in the con-
sumption of adhesive per unit adherend surface;

—a significantly lower specific pressure upon gluing;

—when gluing honeycomb structures, epoxy adhe-
sives tend to “rise” at the curing temperature along the
walls of honeycomb filler and, thus, form fillets
around its walls increasing the strength of adhesive
joints; owing to this property, the consumption of
adhesive is significantly reduced; and

—they are capable of thermosetting, which is used
for gluing honeycomb structures with tooling possess-
ing punched holes; in this case, the holes are not filled
with adhesive; this characteristic of adhesives was used
for the preparation of honeycomb liners [1—3].

VK-31 adhesive was the first film epoxy adhesive.
Closed adhesive joints of D16AT aluminum alloy with
VK-31 adhesive possessed a shear strength of up to
35 MPa at 20°C, and the joints of honeycomb struc-

ture possessed a uniform peeling strength of 6.5—
8.5 MPa and a peeling strength of 6 kN/m. It should
be noted that fracture of honeycomb specimens
occurred on foil at a fracture strength significantly
higher than that of phenolic-elastomer adhesives (due
to the absence of a punch in the foil) [4]. The curing
temperature of 175+ 5°C, at which intercrystallite
corrosion may arise in aluminum alloys, is a drawback
of VK-31 adhesive; for this reason, work in the field of
epoxy film adhesives were carried out for purposes of
designing adhesives possessing lower curing tempera-
ture (VK-41 adhesive and its counterparts), an
increase in their strength characteristics (VK-51 adhe-
sive) and working temperatures (VK-36 adhesives),
and a decrease in flammability (VK-46 adhesives)
[5—10]. The application of structural epoxy film adhe-
sives is given in Table 1.

Adhesive joints with epoxy film adhesives possess
advantages over analogous joints with phenolic-elas-
tomer adhesives not only in initial state, but also after
long-term exposure to stress and climatic factors, in
particular, in the sea subtropical zone [6]. The com-
bined effect of these factors on the joints of DI16AT
alloy with VK-32-200 phenolic-elastomer adhesive
and VK-31 and VK-41 epoxy film adhesives was stud-
ied. The surface was prepared for gluing by anodizing
in sulfuring acid with filling of the anode film in potas-
sium dichromate in the case of VK-32-200 adhesive
and anodizing in chromic acid in the case of VK-31
and VK-41 adhesives. The load on the specimens was
30% of the initial shear strength. The data showed that
the degree of retained strength after exposure of the
joints with VK-31 and VK-41 adhesives to sea subtrop-
ical conditions and the load is higher than the initial

245



QAISAYPE [G-MA 01 paredwod se Ayfiqe
Suryy deS asearour ue pue jsuarls andnej pue WId)

YIomawel} JO SJUAWI[D
3m 3urjoo) Sundauu0d I0J S[errdjes uoNIsodwod JIAWAJOd WO SAINIINIIS qUIOIAIUOY

-3uo[ Y31y e sassassod pue I1aq1J SSe[S YIM PIOIOJUIdY | UL SB [[dM SB ‘SaInjoniis pardAe] Surpnoul s[eLdjew JI[[ejduruou pue s[ejdw jo Suinjs 104 VIS-MA
;W/3 GTE—GYT SI SSBW dY} PUB 947 ST W1} 3y}
ur SaoueISqns J[I1B[OA JO JUUO0D Y I, "YISudI)s andnej IO y3m Suroo) jo Sumn|s 1oj sferrajewr uonisodwod rowAijod woly
pue wid)-3uo] y3Iy e pue aguel arnjeradius) papudlll | SAUNIINIIS qUIOJAIUOY pue JJ[[1J paydunduou YIim SAO[[e WNUIWN[e WOl SAINIONIs quod
-0 Y] UT SONSIIdjoeIeyd YI3udnls YSIY sassassod | -Aduoy Surpnpout sjerrajewr uonisodwod 1owAjod pue s[ejowl Wwodj SaInidniis jo summ;js 104 IS-MA
I yam Surjoo) jo 3umn|s 10§ s[errajews uonisodwod JdwAjod woly saIny
-ONI3S qUIOJAUOY Ul puk JI[[1} payounduou [}im SAO[[B WNUIWN[E WOoL) SaINJONnIIs quiod
QAISAUpPE 9[qewie[Juou 3Sudris-ySIH | -A5U0y Sk [[om Sk ‘SJUIOf JAISAUpPE PaIsO[d Ul S[eLId)JB JI[[B}oWUOU PUE s[ejow Jo Suin|s 104 q49%-3A
SOLIAS SIY} JO J9[1 y3m Surjoo) jo 3un|3 10j s[errdjews uonisodwod uwAjod woly sani
SQAISAYPE J0J DS F G/[ JO peaisul (DS F S7I) 2Inyerad | -dnJjs qUIOdAdUOY Ul pue JJ[[I) payounduou yiim sAO[[e wnuIwn[e Woij saInjdnis quiod
-WR) SULIND PASBAIIAP B UM IAISIYPR [ISuanis-y3IH | -A9UOy Se [[om Se ‘SJUTO[ dAISIYP. PISO[d Ul S[BLIdJBW J[[[eIdWUOU puR S[e3dw Jo SuIn|3 104 WIP-A
SOLIAS D081+ 03 09— woly a8uer arnjeradud) oy}
SIUJ JO SQAISAUPE JYI0 JO D,09] PUe (G| 03 paredwod | ur Sunerado SaInIdNIls PaIdAL] Se [[om Sk I9[[Iq qUIOIAIUOY JI[[eIOW YIM SAINIONIIS qUIOD
Sk D,08] 01 dn 20UR)SISAI JBAY PISBAIOUI SISSISSOJ | -Adu0y ‘s[errajewt uonisodwod o1[ejowuou pue d1[[e}dw WOoJ dpewl saInjons Suinis 104 L9E-JA
. s91e32133¢8 JO SONSLIdOBIRYD
m JYSIom ATBA 0] QUO SMO[[E SAINIONIIS qUIOD 097 LA9E-MA
M -Kouoy ur uonesrddy *(;w/3 097—0f 1) AISUap aoey sosodand [eoruyoalo1pel 105 sam | 0L LH9E-MA
W -InSs JO sS9[pIe3al SONSLIORIRYD (ISUAS [SIY SSASSO |-ONIIs qUIOIAIUOY SuIpn[oul S[RLIdJBW J[[[R}OWUOU pue JI[[eIdW woly sarnjonns Sum3 1o | o[ LI9E-MA
m QAISAUPE Y9E - A 01 paredwod se ainjerdd
% -Wd) SULIND PaseaIddp pue d3uel arnjerddwd) papuawn Do0ST+ 01 09— woy d8uer arnyeraduwo) o) ur unerado
-0 AU} UT SO1SLIdIORIRYD YISUIIS JOYSIY SISSISS0OJ | S[RLIdJBW JI[[BIQWUOU PUR JI[[BIW WOI} PR qUOIAUOY Suipn[oul sainjonis Suin|s Joq INI9E-JA
SOnSLIg)oBIBYD
OL1JO9[AIp paroxdwir pue aSuer arnjeradwa) papuotu
-0 AU} UI SONSLIdIORIRYD YISUaIs YSIY SISSISSOq sasodind [eo1U92)OIPEI 10J SAINIONIIS qUIOIAIUOY Jlf[elawuou Suin|s 104 A9E-SA
SJIoMm
QAISAYPE 9¢-M A 9] 0) paredwiod | -dwrer) JO SJUSW[ Yim Surfoo) Suin(3 Joj s[erraje uonisodwod 10wAjod wolj saInjons
se Sui[[iy de3 uo sonsLAIdeIRYD PIAOIdWI SISSAISSOJ | qUIOIAIUOY pue JI([1) paydunduou yjm sAo[[e wnurun[e woij sdInjdoniis quodAduoy uj VIE-SA
D081+
01 0¢]— woJj sarnyeradwal e Sunerado SaInjonls Ul ‘s[ferIajew JI[[elowuou pue s[e
d3uel aInjerdadwid) POPUIW (-JOU SB [[oM Se “IJ[[1] YIM Sur[o0] SuIn3 I0J S[erdjew uonsodwod IRWA[od Woj saInjonis
-WO3I AU} UT SONsLIaloeIeyd YISuans Y3IY sIssassod | qUOdAUOY pue JI[[1if payounduou yiim sAO[[e wnuiunfe Wolj SaINJdnIs quiodAduoy uf 9¢-MA
aImyerad
-wd) SULIND IOMO] SuIssassod SOAISaype AQ pade[dal st J9[[1) ym Surjool 3umn|3 10§ s[errdjewr uonisodwod wAjod woly sarnjoniis
1 ‘Quasaxd 1y “dAIsaype wiry YISuans-y3iy Joordidleps |  quodAdUOY pue IJ[IJ payounduou [}im sAO[[e wnurwnfe Wwolj SaInjdnis quodAuoy uf I€-MA
pueiq
. sonradoad Teroadg uonesrfdde papuaWWOINY AISOYPY
& SAAISAUpe W) Axodod Jo uonesrddy 1 J[qey,

2020

No. 3

POLYMER SCIENCE, SERIES D  Vol. 13



EPOXY ADHESIVES AND THEIR APPLICATION

247

Table 2. Characteristics of adhesive joints of honeycomb structure with epoxy adhesives

Adhesive brand Test temperature Peeling strength of tooling from honeycombs, MPa
VK-31 80 4.4
VK-36 20 5.8%
150 2.4
VK-41M 80 4.4
VK-46B 80 3.4
VK-51 20 6.5%
80 5.4
VKV-2 80 3.5
VKV-3 150 2.5
* Fracture by honeycomb filler.
Table 3. Physicomechanical characteristics of epoxy foam adhesives
. Storage period, | Working Gluing technology Peeling . |Apparent
Adhesive P Foaming .
brand Appearance months/lifetime, | temperature temperature, | time, | pressure,| Strength, coefficient density,
h range, °C °C h MPa MPa kg/m3
VKV-2 | Gray-green film 6/— —60...+80 125+5 3 0.05 3.5 1.75-3.5 600
VKV-3 | Light-brown 6/— —60... +150| 125%5 3 0.05 2.5 1.45-3.5 | 400
to green-brown film (150°C)
VKV-9 | Homogeneousvis- | —/2 at 18— 21°C | —60...+80 18—30 |24—48| 0.05 35 2-3
cous bulk fromgray | or—/1at30°C 655 1
to brown color
VKV-27 | Homogeneous vis- | —/2—2.5 at 20°C | —60...+80 21-30 72 0.05 4.8 2-3
cous bulk from dark- | or—/1 at 30°C | (protra- 65£5 3
gray to dark-brown ctedly)
color

* Tests were carried out at 20°C for the specimens: D16AT alloy (anodized) + honeycomb filler from AMg-2N foil (2.5-mm honeycomb).

strength of the VK-32-200 adhesive. After testing
under these conditions for 36 months, the decrease in
the strength of adhesive joints on the VK-31 adhesive is
less than 18%, while the adhesive strength decreased by
25% after 12 months of tests in the case of VK-32-200.

Thus, VK-31 and VK-41 epoxy film adhesives pos-
sess high climatic resistance and high working effi-
ciency; in this case, the magnitudes of residual shear
strength are nearly two times as large as those of
VK-32-200 phenolic-elastomer adhesive.

The need to employ high-strength epoxy adhesives
posed the problem of developing new approaches to
surface preparation of aluminum alloys for gluing.
Surface preparation for gluing with phenolic-elasto-
mer adhesives is performed using sulfuric-acid anod-
ization, which provides high corrosion protection of
metal; however, at a strength of the adhesive joint
higher than 20 MPa, the anode film is cleaved upon
fracture of adhesive joint.

Anodization in chromic acid or phosphoric acid
electrolyte is a reasonable approach to gluing with
high-strength epoxy adhesives.

POLYMER SCIENCE, SERIESD  Vol. 13
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Epoxy film adhesives are widely used in both
closed adhesive joints and honeycomb structures.
When there is gluing of honeycomb structures at room
temperature, they are fractured along the honeycomb
filler. Characteristics of adhesive joints of honeycomb
structure are given in Table 2.

Foam adhesives, including film foam adhesives,
are used in honeycomb structures along with high-
strength adhesive. They are used as joints of honey-
comb structures and to mount them to the framework
elements. Foam adhesives increase their volume by
the factor of 1.5—3.5 upon curing, which allows sur-
faces with large gaps to be joined. Employment of
foam adhesives in joints that do not carry a construc-
tion load usually eliminates labor consumption for
mechanical treatment of surfaces for gluing, decreases
the mass of the adhesive, and simultaneously increases
the operational reliability of honeycomb aggregates.
Characteristics of foam adhesives are given in part in
Table 2 and also in Table 3.

VK-51A adhesive is used in layered structures, in
addition to honeycomb structures. Crack growth (if it
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Table 4. Crack growth and G| for adhesive joints with VK-51A adhesive
Exposure Initial crack Exposure period, days
L. Parameter
conditions length, mm 2 3 4 8 14 [ 28130 60 | 90 | 120
ATC Gain in crack length, mm 35.2 1.6 | 7.9 [14.9 [19.5 |25 30.1 |31.4]30.6(33.3({35.9(35.9
G, kg/mm 0.37 0.32]0.16/0.1 | — |0.05
ASS Gain in crack length, mm 31.2 1.52 1 2.2 | 5.6 [14.5 |20.7 (24.2 |31.5(34.2|51.7| 9.8
Gy, kg/mm 0.55 — 10321014 — | — | — | — | — | —

Table 5. Characteristics of epoxy adhesives of cold curing VK-27M and VK-93

Initial shear strength, MPa, Maximum shear strength, MPa, )
Adhesive |  after curing at 20°C for 5 h after curing at 20°C for 5 h Tshear» MPa, after thermal aging
brand at test temperature, °C at test temperature, °C at 80°C for 1000 h at test
m 20 ” %0 temperature of 80°C
VK-93 12.0 9.5 23.0 13.5 20.5
VK-27 0 0 24.0* 10.7 13.7*

* Curing of adhesive joints for 72 h.

arises in the structure) and rate of elastic energy
release (7, are important parameters in gluing. Table 4
shows data on the crack growth and rate of elastic
energy release using the “wedge” method after expo-
sure of artificial tropical conditions (ATC) and salt
spray (ASS) on adhesive joints with VK-51A adhesive.

A number of structural adhesives of cold curing
derived from epoxy oligomers, which are designated
for gluing of metals and various nonmetallic materials
in adhesive and combined joints (adhesive-riveted,
adhesive-welded, and adhesive-threaded), have been
developed [11—16]. The first epoxy adhesive of cold
curing developed by the All Russian Institute of Avia-
tion Materials was VK-9 adhesive (1983), which has
neem widely used in various fields of industry due to
its unique characteristics (high strength, no solvent,
high rate of curing, and others) and at present is one of
the most popular adhesives.

Cured epoxy nonmodified adhesives are brittle and
cannot be elongated. To increase their elastic charac-
teristics, they are modified with butadiene-acryloni-
trile or other low molecular rubbers. VK-27 adhesive
and its modifications are examples of rubber-modi-
fied epoxy adhesives of cold curing. VK-27M adhe-
sive, which provides a strength of adhesive joints of
DI16AT An.Ox.nchr. aluminum alloy of at least
22 MPa at 20°C and 10 MPa at +80°C at shear for
3 days after curing at room temperature is at present
the most widespread. The elastic characteristics of
VK-27M adhesive (the exfoliation strength) are an
order of magnitude higher than those values of the
VK-9 adhesive and correspond to 2.0—2.5 kKN/m.
Adhesive joints can be exposed to +80°C for 1000 h
without a decrease in strength.

POLYMER SCIENCE, SERIES D  Vol. 13

VK-93 epoxy adhesive of cold curing provides a
working efficiency of adhesive joints in the tempera-
ture range from —60 to +80°C, including 80°C, for
1000 h. The adhesive is related to fast-curing adhesives
and provides a shear strength of adhesive joints of at
least 7 MPa after curing at room temperature for 5 h,
which decreases the labor consumption for the gluing
process due to the ability to perform subsequent pro-
cess operations until completion of gluing. Adhesive
joints are resistant to water for 5 h at 23 + 2°C; more-
over, curing processes continue in water, which is con-
firmed by an increase in the strength of adhesive
joints.

To increase the strain characteristics of epoxy
adhesives of cold curing, they are combined with an
interlayer of phenolic-elastomer adhesives.

The characteristics of adhesive joints with
VK-27M and VK-93 adhesives are given in Table 5.

To increase the thermal stability of epoxy adhe-
sives, they are modified with organoelement com-
pounds. VK-58 adhesive of cold curing is an example
of an epoxy-organosilicon adhesive, which operates in
the temperature range from —60 to +250°C over a long
period and up to 500°C over a short period. The adhe-
sive possesses high process characteristics, and its ser-
vice life is at least 5 h. The shear strength of adhesive
joints of 30KhGSA steel is 14 MPa at 20°C and
0.5 MPa at 500°C.

Conductive adhesives should particularly be men-
tioned among epoxy adhesives for equipment. Electri-
cally conducting powder fillers are added to epoxy
adhesives in order to render them electrically conduct-
ing. Powder silver is the most widespread filler. Cop-
per powders are the cheapest fillers possessing low

No. 3 2020
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intrinsic resistance; however, due to the fact that they
are susceptible to oxidation, it is necessary to protect
their surfaces. Carbonyl nickel and carbon powders
can be used in conductive adhesives, which do not
require high electrical conductivity, as exemplified by
equipment to release static electricity in joints [17].

VKP-11 conductive adhesive is dedicated for gluing
aluminum alloys, corrosion-resistant steel, brass, and
copper with the electrical contact in the structures
operating in the temperature range from —60 to
+120°C. The adhesive does not contain precious met-
als (it contains carbonyl nickel). Curing of the adhe-
sive occurs at 120°C for 2 h. The shear strength of the
adhesive joints is 14 and 4 MPa at 20 and 120°C,
respectively, and the bulk electrical resistivity is 4 X
10~% Q m at the test temperature of 20°C.

A VK-100 one-package epoxy conductive adhesive
was developed and now tested as a filler, in which silver
powder was used. Adhesive joints with this adhesive
possess the shear strength of at least 21 MPa at 20°C and
an electrical conductivity less than 1 x 10~® Q m at
20°C. The curing temperature of VK-100 adhesive is
175°C.

CONCLUSIONS

Epoxy adhesives are widely used in the machine
industry. An incomplete list of epoxy structural adhe-
sives employed in aeronautical engineering indicates
the possibility of the solution of important problems
using epoxy adhesives.
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