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Gel time controllable two part epoxy adhesive

FIELD OF THE INVENTION

This invention relates to a two part epoxy adhesive, and a method for preparing

the same.

BACKGROUND OF THE INVENTION

Compounds having two or more thiol groups in one molecule readily react with

epoxy resins, urcthane resins or the like by mixing them with such resins and become
cured products, and therefore, they have been widely used for sealing materials,
coating materials, adhesives, etc. For example, various polythiol-based curing agents
are described as low-temperature curing agents on page 204 of “Sosetsu Epokishi
Jushi (General Reviews Epoxy Resins)” (Vol. 1, Basic Edition, published on Nov. 19,
2003). Conventional polythiol-based epoxy adhesives with tertiary-amine curing
agents, however, have a clear shortcoming that when such a curing agent is mixed
with an epoxy compound and a curing assistant at ordinary temperature to form an
epoxy resin composition, the gel time of the composition is as short as 3 minutes to 5
minutes and curing is initiated in the course of preparation of the composition, though
the curing agent shows excellent curability at low temperatures. Thus, it was rather
difficult to control the gel time of adhesives based on epoxy-thiol systems. The gel
time is either so long in case of not using curing accelerator, or so short when using
curing accelerator. As a result, the working conditions of epoxy-thiol adhesives were
restricted.

There are not related references reported about how to control the gel time of
the thiol-amine curing system, some patents have mentioned this problem as
following;:

In US patent No. US 2010/0273940 Al, there is disclosed a curing agent for
epoxy resins, which contains a thiol compound having a branch (substituent) on a
carbon atom at the a position to a thiol group (-SH), and one compound epoxy resin
composition using the curing agent. This invention relates to an epoxy resin curing
agent having a pot life from Smin to 15min and having storage stability.

In Japanese Patent No. 269203/1996, there is disclosed a thiol group-containing
polyether polymer obtained by allowing a halogen-terminated polyether polymer
which is obtained by addition of epihalohydrin to a polyol having a polyether moiety
in the main chain and having 3 or more hydroxyl groups at the ends to react with an

alkali hydrosulfide and/or an alkali polysulfide in amides. It is indicated that an epoxy
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resin composition containing this polyether polymer has favorable curability, but
when this epoxy resin composition is used as a curing agent for epoxy resins, the gel
time is so short that curing is initiated while the epoxy resin and a thiol compound that
is a curing agent are being mixed with each other, and hence, the working conditions

are restricted.

An epoxy resin curing composition using a hetero ring-containing compound,
which is described in W099/54373, has low-temperature curability and rapid
curability at ordinary temperature, but the workability is poor because its gel time is
short.

In Japanese patent No. 21693/1992, there is disclosed a liquid polysulfide
polymer for epoxy resin curing, which is a copolymer obtained by allowing a mixture
of a tri- or tetrafunctional alkyl halide and a bifunctional alkyl halide to react with an
alkali polysulfide, the amount of said polyfunctional monomers in the polymerization
being 20 to 60% by mol based on all the monomers, and which contains 2 to 30% by
mass of end thiol groups. It is indicated that by using this liquid sulfide polymer in
combination with an amine, the curing rate becomes higher as compared with that of
conventional polysulfide polymers. However, the gel time is short, and the resulting
cured product has a problem of workability because it develops odor, though it is

excellent in impact resistance, chemical resistance, etc.

Thus, despite all these prior arts, there is still a need for a two part epoxy
adhesive system, whose gel time is controllable and suitable for satisfying different
gel time requirements from customers.

The present invention provides a novel epoxy based adhesive system, which

allows a controllable gel time ranging from 5Smin to more than 24 hours.

SUMMARY OF THE INVENTION

This invention is directed to a two part epoxy adhesive, which includes

a first part comprising an epoxy resin containing two or more epoxy groups in
one molecule, and a peroxide containing a -O-O- structure; and a second part
comprising a thiol curing agent and an curing accelerator.

In one embodiment of the inventive adhesive, the peroxide has a formula of
R1-0-0O-R2, wherein R1 and R2 are each independently selected from hydrogen atom,
alkyl group of 1~10 carbon atoms and aromatic group including one or more phenyl
group, and optionally there is a carbonyl group between R1, R2 and -O-O-.
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In a further embodiment of the inventive adhesive system, the thiol curing agent
containing one or more R3—SH groups in one molecule, wherein R3 is an alkyl group
which includes 2~16 carbon atoms or aromatic group.

A preferred embodiment of the inventive adhesive comprises:

a first part comprising 100 parts by weight of an epoxy resin containing two or
more epoxy groups in one molecule; 0.03~3 parts by weight of a peroxide containing
a -0-0O- structure; and a second part comprising 110~120 parts by weight of a thiol
curing agent, 0.05~5 parts by weight of an curing accelerator.

Advantages and unique features of the inventive adhesive system include:

the gel time of the epoxy based compositions can be easily controlled;

peroxide is for the first time used to delay the reaction of thiol-amine curing
system; and

this adhesive system is suitable for satisfying different gel time requirements
from customers.

Various other features, aspects, and advantages of the present invention will
become more apparent with reference to the following description, examples, and

appended claims.

DETAILS OF THE INVENTION

All publications, patent applications, patents and other references mentioned

herein, if not otherwise indicated, are explicitly incorporated by reference herein in
their entirety for all purposes as if fully set forth.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. In case of conflict, the present specification, including
definitions, will control.

Unless stated otherwise, all percentages, parts, ratios, etc., are by weight.

When an amount, concentration, or other value or parameter is given as either a
range, preferred range or a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair of
any upper range limit or preferred value and any lower range limit or preferred value,
regardless of whether ranges are separately disclosed. For example, when a range of
"1 to 5" is recited, the recited range should be construed as including ranges "1 to 4",
"1 to 3", "1-2", "1-2 & 4-5", "1-3 & 5", and the like. Where a range of numerical
values is recited herein, unless otherwise stated, the range is intended to include the

endpoints thereof, and all integers and fractions within the range.
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When the term "about" is used in describing a value or an end-point of a range,
the disclosure should be understood to include the specific value or end-point referred
to.

Further, unless expressly stated to the contrary, “or” refers to an inclusive “or”
and not to an exclusive “or”. For example, a condition A “or” B is satisfied by any
one of the following: A is true (or present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both A and B are true (or present).

Also, the indefinite articles “a” and “an” preceding an element or component of
the invention are intended to be nonrestrictive regarding the number of instances (i.e.
occurrences) of the element or component. Therefore, “a” or “an” should be read to
include one or at least one, and the singular word form of the element or component
also includes the plural unless the number is obviously meant to be singular.

The materials, methods, and examples herein are illustrative only and, except as
specifically stated, are not intended to be limiting. Although methods and materials
similar or equivalent to those described herein can be used in the practice or testing of
the present invention, suitable methods and materials are described herein.

The invention is described in detail hereinafter.

As used herein, all concentration shall be expressed as percentages by weight

unless otherwise specified.

Upon extensive experimentation, the inventors found that desirable effects were
achieved using a two part epoxy adhesive comprising;:

a first part comprising 100 parts by weight of an epoxy resin containing two or
more epoxy groups in one molecule; 0.03~3 parts by weight of a peroxide containing
a -0-0- structure;

and a second part comprising 110~120 parts by weight of a thiol curing agent,
0.05~5 parts by weight of an curing accelerator.

A preferred embodiment of the inventive adhesive comprises:

a first part comprising100 parts by weight of an epoxy resin containing two or
more epoxy groups in one molecule; 0.2~2 parts by weight of a peroxide containing a
-0-O- structure; 6~7 parts by weight of silane, and 4~5 parts by weight of thixotropic
agent;

and a second part comprising 113~118 parts by weight of a thiol curing agent,
0.2~5 parts by weight of an accelerator, and 12~16 parts by weight of filler.

In this invention, the epoxy resin containing two or more epoxy group in
molecule, examples of the epoxy resins include polyhydric phenols, such as bisphenol
A, halogenated bisphenol A, bisphenol F, halogenated bisphenol F, resorcinol,
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hydroquinone, pyrocatechol, 4,4’-dihydroxybiphenyl and 1,5-hydroxynaphthalene,
polyhydric alcohols, such as ethylene glycol, propylene glycol and glycerol, and
epoxy resins obtained by the addition of epichlorohydrin to aromatic dicarboxylic
acids such as oxybenzoic acid and phthalic acid, but the epoxy resins are not limited
to these resins. Examples of commercially available epoxy resin products include
Epon 828, 826, 862, 1001, 1002, 1071 (from Hexion Co. Ltd), DER 331, 332, 354,
671, 431, 731 (from Dow Chemical Co.Ltd), Epicoat 828, 1001, 801, 806, 807, 152,
604, 630, 871, YX8000, YX8034, YX4000 and Cardura E10P (from Japan Epoxy
Resins Co., Ltd.), Epichlon 830, 835LV, HP4032D, 703, 720 and HP820 (from
Dainippon Ink & Chemicals, Inc.), EP4100, EP4000, EP4080, EP4085, EP4088,
EPU6, EPR4023, EPR1309 and EP49-20 (from ADEKA Corporation), Denachol
EX411, EX314, EX201, EX212, EX252, EX111, EX146 and EX721 (from Nagase
ChemteX Corporation), and KBM403 and KBE402 (from Shin-Etsu Chemical Co.,
Ltd.), but the epoxy resin products are not limited to these products. These resins can
be used singly or can be used in combination of two or more kinds in arbitrary

proportions.

The peroxide used in the invention has such structure as R1-O-O-R2, in which
R1 and R2 are each independently selected from hydrogen atom, alkyl group of 1~10
carbon atoms and aromatic group including one or more phenyl group, and optionally
there is a carbonyl group between R1, R2 and -O-O-. Examples of commercially
available products include Benzoyl peroxide (CAS No. 94-36-0), TRIGONOX C-50D,
TRIGONOX P-50S, PERKADOX L-50S, PERKADOX PD-50S (from Akzonobel
Chemical Co. Ltd), tert-amylperoxy-3,5,5-trimethylhexanoate,
tert-butylperoxyacetate,1,1-di-(tert-butylperoxy)cyclohexane,
1,1,-di-(tertbutylperoxy)-3,3,5-trimethylcyclohexane, methyl ethyl ketone peroxides,
2,5-dimethyl-2,5-di-(tert-butylperoxy)hexyne-3, tert-butyl-monoperoxymaleate.
3-chloroperoxybenzoic acid, dibenzoyl peroxide, di-4-chlorobenzoyl peroxide,
2,2-dihydroperoxypropane, 2,5-dimethyl-2,5-di-(benzoylperoxy)hexane,
di-(2-phenoxyethyl) peroxydicarbonate, disuccinic acid peroxide,
3,3,6,6,9,9-hexamethyl-1,2,4,5-tetraoxacyclononane,
2,5-dimethyl-2,5-di-(benzoylperoxy)henxane, di-(2-phenoxyethyl)
peroxydicarbonate,  disuccinic acid  peroxide, tert-amyl peroxybenzoate,
n-butyl-4,4-di-(tert-butylperoxy)valera, tert-butyl hydroperoxide, di-tert-
butylperoxide, tert-butyl-monoperoxymaleate, tert-butyl peroxyacetate, tert-butyl
peroxybenzoate, tert-butylperoxy isopropylcarbonate,
tert-butylperoxy-2-methylbenzoate, 1,1-di-(tert-amylperoxy)cyclohexane,
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2,2-di-(tert-butylperoxy)butane, 1,1-di-(tert-butylperoxy)-3,3,5-trimethylcyclohexane,
2,5-dimethyl-2,5-di-(tert-butylperoxy)hexyne-3-ethyl,

3,3-di-(tert-butylperoxy)butylrate, cyclohexanone peroxide,
2,5-dimethyl-2,5-di(benzoylperoxy)hexane,  2,5-dimethyl-2,5-dihydroperoxyhexane
acetyl acetone peroxide, acetyl benzoyl peroxide(from Aldrich chemical company).
Suitable peroxides are not limited to these compounds. Preferably, in the peroxide
R1-0-0O-R2, there is a carbonyl group between R1, R2 and -O-O-. The peroxide was
used as solution when preparing the inventive adhesives, and the used solvent

includes ethyl acetate, acetone, chloroform and the like.

The reason for using silane in this invention is to increase the crosslink degree
for cured compound and used as a coupling agents between fillers and resin
substrates.

Optionally, the silane can be used in this invention, and these silane can be
ended by amine, alkyl, or epoxy groups. Commercially products include KH550,
KH560 (from Chinese Chemical Company), Glymo, Wetlink 78 (from Evonik),
A-1106, A-1702, A-1002 (from Momentive Co.Ltd). The silane products are not
limited to these products. These resins can be used singly or can be used in

combination of two or more kinds in arbitrary proportions.

Optionally, thixotropic agent can be used in invention to control the thixotropic
and viscosity properties of the adhesive, common used is fumed silica, the
commercially products that can be used in invention include Cabosil TS-720, Cabosil
M5 (from Cabot Company).

The curing accelerator can be a nucleophilic substance such as an amine, a
tertiary phosphine, quaternary ammonium salt with a nucleophilic anion, a quaternary
phosphonium salt with a nucleophilic anion, an imidazole, tertiary arsenium saltwith a
nucleophilic anion and a tertiary sulfonium salt with a nucleophilic anion. Possible
amine catalysts include primary, secondary and tertiary amines. Various mixtures of

catalysts can be used. Tertiary amine accelerator are preferred and are described, for

examples: trimethylamine, triethylamine, tetracthylmethylenediamine,
tetramethylpropane-1,3-diamine, tetramethylhexane-1,6-diamine,
pentamethyldiethylenetriamine, pentamethyldipropylenetriamine,

bis(2-dimethylaminoethyl)ether, ethylene glycol (3-dimethyl)aminopropyl -ether,
dimethylaminoethanol, dimethylaminoethoxyethanol,

N,N,N’-trimethylaminoethylethanolamine, dimethylcyclohexylamine,
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N,N-dimethylaminomethylphenol, N,N-dimethylpropylamine,
N,N,N’,N’-tetramethylhexamethylenediamine, N-methylpiperidine,
N,N’-dimethylpiperazine, N,N-dimethylbenzylamine, dimethylaminomethylphenol,
2,4,6-tris(dimethylaminomethyl)phenol, 1,8-diazabicycloundecene-7,
1,5-diazabicyclo-nonene-5, 6-dibutylamino-1,8-diazabicycloundecene-7,
1,2-dimethylimidazole, dimethylpiperazine,
N-methyl-N’-(2-dimethylamino)-ethylpiperazine, N-methylmorpholine,
N-(N’,N’-(dimethylamino)ethyl)morpholine,

N-methyl-N’~(2-hydroxyethyl)morpholine, tricthylenediamine and

hexamethylenetetramine. Of these, tertiary amines are preferable, and
N,N-dimethylbenzylamine and 2,4,6-tris (dimethylaminomethyl) phenol are
particularly preferable. These can be used singly or can be used in combination of two
or more kinds in arbitrary proportions.

The thiol used in invention contains one or more R3—SH group in molecules, R3
is an alkyl group includes 2~16 carbon atoms or aromatic group. Examples for the
commercially products include Polythiol QE 340M, GMP 800 (CAS No. 100-53-8),
Didodecanethiol (CAS No. 112-55-0), 1,3-dimercaptopropane (CAS No. 109-80-8),
Capcure 3-800 (Cognis Chemical company).

Optionally, fillers can be used in the invention, and it is not specifically
restricted. Examples for commonly used fillers include CaCOs, Si0,, BaSQO4, Al,Os3,
CaSi0,.

The process for preparing the epoxy resin composition of the invention is not
specifically restricted as long as the materials used can be mixed and dispersed, and
for example, the following processes can be used.

(1) The components are mixed by a stirring rod, a spatula or the like in an
appropriate container, such as a glass beaker, a can, a plastic cup or an aluminum cup.

(2) The components are mixed by a double helical ribbon impeller, a gate
impeller or

(3) The components are mixed by a planetary mixer.

(4) The components are mixed by a bead mill.

(5) The components are mixed by a three-roll mill.

(6) The components are mixed by an extruder type kneading extrusion

machine.
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These preparation process can be used but the preparation process is not limited

these process. These preparation processes can be used singly or can be used in

combination of two or more process in preparing two components separately.

Tests

Gel Time Measurement

The gel time measurements were based on the standard ASTM D3532-99. The

gel time is considered as the time when the viscosity of the adhesive increased to

twice time of the original compound.

Lap Shear Strength Measurement

The lap shear strength measurements were based on the testing standard ASTM
D 3161. The substrates used are cold rolled steel, and the the bonding line is

10mm*25 mm. The surface of the substrates were washed by ethylacetate or actone.

The data show in table 1 is the average value for at least 5 measurement data.

EXAMPLES

To illustrate the advantages of the inventive adhesives, different two-part
epoxy adhesives were prepared and tested in gel time measurements and lap shear
strength measurements.

In the examples provided below, the following materials were used.

Trade names Compound names or formulae Suppliers
Epon8&28 Bis phenol A Epoxy resin Hexio
Epon862 Bis phenol F Epoxy resin Hexion
DER331 Bis phenol A Epoxy resin DOW
DER671 Solid Bis phenol A Epoxy resin DOW
YX8000 Hydrogenated Epoxy resin JER
Perkadox L-50S | Dibenzoyl peroxide, paste 50% in silicone oil Akzonobel
Trigonox P-50S | Acetyl benzoyl peroxide Akzonobel
A1106 3-aminopropyltriethoxylsilane aqueous solution Momentive
Wetlink 78 Epoxy functional silane Evonik
Glymo Epoxy functional silane Evonik
M5 Fumed silica Cabot
TS-720 Fumed silica Cabot
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Polythiol Polythiol Akzonobel
QE340M
Capcure 3-800 Difunctional thiol polymer Akzonobel
GMP 800 Difunctional thiol polymer Momentive
DMP-30 Tertiaryamine Aldrich

Example 1~14: (Useful embodiment for the invention including the key
performance principles)

The ingredients listed in Table 1 were combined to provide gel-time
controllable epoxy based adhesives. Fixing other components in formulation, only
varying the concentration of peroxide in the formulation, the gel time can be adjusted
from 5min to more than 24h. The procedure for preparation of the first part as follows:
peroxide was dissolved into acetone to form a solution with peroxide concentration
0.12g/ml. Epoxy resin was weighed out in a speedmixer cup at room temperature and
then peroxide solution was weighed out in the mixing container, mixing the two
components under 2000rpm THINKY Speedmixer for 1min at room temperature. The
silane and thixotropic agent were weighed out in the mixing container. The combined
four components were mixed with 2000 rpm rate for 1 minute under room
temperature and 0.2 kPa vacuum in THINKY Speedmixer. After mixing and taking
out from speedmixer, the liquid mixture was dropped in to a one part of 2K cartridge.
The procedure for preparation of the second part as follows: firstly, thiol used as
curing agent was weighed out in a mixing container and then amine catalyst was
weighed out in mixing container, mixing the two components under 2000rpm
THINKY Speedmixer for 30 seconds at room temperature, and then fillers were
weighed and added into the mixture. The combined three components were mixed
with 2000 rpm rate for 1 minute under room temperature and 0.2 kPa vacuum in
THINKY Speedmixer. After mixing and taking out from speedmixer, the liquid
mixture was dropped in to another one part of 2K cartridge. Samples for gel time
measurements or mechanical properties measurements were prepared by using a
mechanical or air pressure adhesive gun to extrude the two parts out and mixing, then
apply it onto substrates.

The gel time measurements were based on the standard ASTM D3532-99, and
the results were listed in Table 1. From it we can find that the gel time will increase
from 4.2 min to 24 hours by increasing the benzoyl peroxide from 0.03~2.99 weight%
in formulations. The lap shear strength measurements were based on the testing
standard ASTM D 3161, The used substrates are cold rolled steel. The measurement
results were shown in Table 1. From it we can find that the addition of peroxide in the
formulation will not have negative influence on the mechanical performance of the
adhesives.
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Example 15~35

The weight of components were listed in Table 2, and the procedure processes
for examples 11~20 are similar as examples 1~10. The used peroxides including
Perkadox L-50S, Trigonox P-50S were dissolved in acetone with a concentratiOn of
0.12g/ml. In the first part, Epoxy resin was weighed out in a speedmixer cup at room
temperature and then peroxide solution was weighed out in the mixing container,
mixing the two components under 2000rpm THINKY Speedmixer for 1 min at room
temperature. The silane and thixotropic agent were weighed out in the mixing
container. The combined four components were mixed with 2000 rpm rate for 1
minute under room temperature and 0.2 kPa vacuum in THINKY Speedmixer. After
mixing and taking out from speedmixer, the liquid mixture was dropped in to a one
part of 2K cartridge. The procedure for preparation of the second part as follows:
firstly, thiol used as curing agent was weighed out in a mixing container and then
amine catalyst was weighed out in a mixing container, mixing the two components
under 2000rpm THINKY Speedmixer for 30 seconds at room temperature. The fillers
were weighed and added into the mixture, then the combined three components were
mixed with 2000 rpm rate for 1 minute under room temperature and 0.2 kPa vacuum
in THINKY Speedmixer. After mixing and taking out from speedmixer, the liquid
mixture was dropped in to another one part of 2K cartridge.



PCT/CN2011/080626

WO 2013/053100

12

S 14 S S S 10qeD) 0CL-SL
1uade
S 14 9 9 € € 3 € € 10QED) SN ordonoxy
s| ¢ 9 9 yruoag OWA[D
4 ¢ 4 8 L 9 ¢ Jruoay 8L UIPM
! ¢ S S S ¢ | SABUSWON 9011V ouefls
S06-d
I'1 [2qouozyy XOUO3II],
S06-1
IT0|8LT vL0 680 v0'1 €L°0 | [°qouoZyy XOpe3od
oprxoxad
¢ Y vL'0 | L8O L1 €Sl 680 YoUplv JAozuog oprxorod
00T qJdr 0008X A
001 MOd 1,L949dd
0¢ 00T | 001 00T MOd [eeddda
00T | 00T 08 00T 00T 00T UOIXoH zoguodg
00I | 0T| O0S 001 UOTXOH gzguody | wsox Axods
8C| LT| 9¢C ve| ¢C| TC I 0C| ol 8[| LI| 9l cl
xg | xg | xqa|sgxda| xda| xal| xg xg | xg| xal xal xal| x3a ‘xg | swonddng | soweu opery, | syuouodwo)
¢d19VL




PCT/CN2011/080626

WO 2013/053100

13

"SweId ST SJUIIPAIZUT J0J U

q | urw q urur | urw q urw q q q
19| v6| T¢| Ugc|96c| eS| cr|uwwo ey | 99T | U9l 1°¢| ST 01| urwg L owr) [0
01| 02 SI| st| s 0z | ¢SI Sl uoodioyuy ZO'S
SI| o1 Sl St or Sl I | Hoodioyuy £§0D'D SIS
(Vvana)
surwie
[£ozuaq
'y 67 ST| 91 sy | ¢of sol| zr YOLIpTY Aypowrg
zel s¢ Ve S ST ST JOLIPTY 0€-dING | ourue Lrenio
suedoirdoydes
0zI1 0T YOLIpTY IoWIp-¢° T
011 | 02 SIT 0T tbun-y 008 JND
008-¢€
vPIT| CIT| SII 06| TII €Il SIT| 00T | 00T | SII STug0) smode)
N0¥€d0 age
0 SIT Ae10], [0Tg3A[0d | Suumo  jory




PCT/CN2011/080626

WO 2013/053100

14

¢ 10qE) 02L-SL
€ € € € € € joqe) SN | yuoge ordonoxiyy
NTUOAY OWA[D
S S S oAy 8L UITIPM
S ¢ ¢ G | SATUSWON 9TV oueyIs
e [2qouozyy S0S-d xouo3uy,
[2qouozyy SOS-"T XOpexIod
¢ ¢ €00 Youply oprxosad jAozuog opixorod
qAar 0008X A
MOd 1,L994d
00T | 00T | 001 MOd [eeddd
UOIXOH z9guody
00T | 001 | 001 001 UOTXOH gzguody ursa1 Axodd
Se] vl ¢t¢ [43 I[e| O¢ 6C
xq | xg| xg| x3 xqg | x3a xq | sionddng sowreu dpel], syjuouodwo))

panunuos ¢ ' 19V.L




PCT/CN2011/080626

WO 2013/053100

15

"SweId ST SJUIIPAIZUT J0J U

yor|uee| uv |usy|uozt | L | wwg Il ouwm [P

0T | 8I ST ST Hoodioxuy 1S
ST ST | Hwoodioxuy f00®D SIOTIY

(VAINQ) durwe

S| 6¥|s00| €1C TT Youp[y JAozuaq [Ayrowig
Youp[y 0€-dINQ | ourme Azenio)

youpry | duedoidoyded sowrp-¢°p

OTT | 0TI 0T 1bun 008 dIND

STI OIT [ 00T | STI 011 sTug0) 008-¢ emode)
Aeiof, INOF€I0 T0TPATOJ | 1uage Futino jory)




10

15

WO 2013/053100 PCT/CN2011/080626

16

As is shown in the above test results, by introducing a peroxide into the
two-part epoxy-thiol based adhesives, desirable control on gel time was achieved.
Depending on the amounts of peroxide added, the gel times of the adhesive are
adjustable in a wide range from 5min to more than 24h.

Using peroxide additive for delaying gel time in the epoxy-thiol curing systems
18 a total innovation and the effects are rather surprising. This finding together with
the present invention will have a deep influence on design of the future epoxy-thiol
based adhesives. For example, it can be used to design a series of specially products

with different gel time for satisfying the requirements from customers.

While the invention has been illustrated and described in typical embodiments,
it is not intended to be limited to the details shown, since various modifications and
substitutions are possible without departing from the spirit of the present invention.
As such, modifications and equivalents of the invention herein disclosed may occur to
persons skilled in the art using no more than routine experimentation, and all such
modifications and equivalents are believed to be within the spirit and scope of the

invention as defined by the following claims.
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CLAIMS

What is claimed is:

1. A two part epoxy adhesive, which includes

a first part comprising an epoxy resin containing two or more epoxy groups in one
molecule, and a peroxide containing a -O-O- structure; and

a second part comprising a thiol curing agent and an curing accelerator.

2. The two part epoxy adhesive of claim 1, wherein the peroxide has a formula of
R1-O-0O-R2, wherein R1 and R2 are each independently selected from hydrogen atom, alkyl
group of 1~10 carbon atoms and aromatic group including one or more phenyl group, and
optionally there is a carbonyl group between R1, R2 and -O-O-.

3. The two part epoxy adhesive of claim 1 or 2, wherein the thiol curing agent
containing one or more R3—SH group in one molecule, R3 is an alkyl group includes 2~16
carbon atoms or aromatic group.

4. The two part epoxy adhesive of anyone of claims 1-3, wherein the first part further
comprises silane as a coupling agent.

5. The two part epoxy adhesive of anyone of claims 1-4, wherein the first part further
comprises a thixotropic agent.

6. The two part epoxy adhesive of anyone of claims 1-5, wherein the second part
further comprises filler.

7. The two part epoxy adhesive of claim 1, wherein

the first part comprises 100 parts by weight of an epoxy resin containing two or more
epoxy groups in one molecule; 0.03~3 parts by weight of a peroxide containing a -O-O-
structure;

and the second part comprises 110~120 parts by weight of a thiol curing agent, 0.05~5
parts by weight of an curing accelerator.

8. The two part epoxy adhesive of claim 7, wherein

the first part comprises100 parts by weight of an epoxy resin containing two or more
epoxy groups in one molecule; 0.2~2 parts by weight of a peroxide containing a -O-O-
structure; 6~7 parts by weight of silane, and 4~5 parts by weight of thixotropic agent;

and the second part comprises 113~118 parts by weight of a thiol curing agent, 0.2~5
parts by weight of an accelerator, and 12~16 parts by weight of filler.

9. The two part epoxy adhesive of claim 7 or §, wherein the peroxide has a formula of
R1-0O-0O-R2, wherein R1 and R2 are each independently selected from hydrogen atom, alkyl
group of 1~10 carbon atoms and aromatic group including one or more phenyl group, and
optionally there is a carbonyl group between R1, R2 and -O-O-.
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10. The two part epoxy adhesive of any one of claims 7-9, wherein the thiol curing
agent containing one or more R3—SH group in one molecule, R3 is an alkyl group includes
2~16 carbon atoms or aromatic group.
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