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Thermoplastic

Courtesy: D. Hunston Temperature

Once cured, thermosets will not become liquid again if heated, although above a
certain temperature their mechanical properties will change significantly. This
temperature is known as the Glass Transition Temperature (Tg).



Advantages/Limitations of Typical Structural Adhesives

Adhesive Advantages Limitations
High strength, good resistance at | Exothermic reaction, short pot life
elevated temperatures,
Epoxy relatively low cost
Excellent flexibility even at low Moisture sensitive, poor resistance
temperatures, moderate cost at elevated temperatures, short
Polyurethane pot life
Good flexibility, good peel and Low strength at elevated
‘ shear strength, bonding of dirty temperatures, toxic,
Acrylic surfaces possible, moderate flammable, limited open time

cost

EDCH (Clarke 1996)
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Shear Strength (PSI)
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FIGURE 8

Effect of Heat Aging on the Bond Strength of Two-Step and
Two-Part Acrylic Adhesives on Aluminum

[ Control - 8 rms

O Heat Age & 250°F
Bl Heat Age @ 300°F

W Heat Age @ 350°F

— [ Heat Age & 400°F

H3151™ H4500™ H4710™  HB000™ HB500™ HBB00™ HB700™  324™ 326™ 330 331 J34TM 392

Loctite® Brand Two-Step and Two-Part Acrylic Adhesives
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FIGURE 14

Effect of Heat Aging on the Bond Strength of Two-Step and
Two-Part Acrylic Adhesives on Anodized Aluminum

O Contral - & rms

[ Heat Age @ 250°F
B Heat Age @ 300°F
B Heat Age & 350°F
[l Heat Age & 400°F

H3151™ H4500™ H4T10™ HBODO™ HBS00™ HBEOO™ HB7OO™  324™™  326T™  330™

Loctite® Brand Two-Step and Two-Part Acrylic Adhesives

3™

/aT™M 392




Shear Strength (PSI)

4000

3500

3000

2500

2000 1

1500

1000 A

500

FIGURE 13

Effect of Salt Fog Exposure and Condensing Humidity on the Bond Strength
of Two-Step and Two-Part Acrylic Adhesives on Anodized Aluminum

[ Control - 8 rms

O Salt Fog @ 85°F

B Condensing Humidity @ 120°F

H3151™ H4500™ H4710™ HBOOO™ HBS00™ HBEOO™ HB700™  324™  36™  330™  33™  334™  392™
Loctite® Brand Two-Step and Two-Part Acrylic Adhesives
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Cyanoacrylate Adhesives
FIGURE 4
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e |0ctite® 416™ Super Bonder? Instant Adhesive s | 0Ctite® 380™ Black Max® Instant Adhesive, Toughened

s | octite® 454™ Prism? Instant Adhesive, Surface Insensitive Gel — ssss=  Loctite® 4205™ Prism® Instant Adhesive, Thermally Resistant Gel
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DGEBA O - "DDIOX

Scheme 8.1

o
CHoCHCH,C ; HO@C@OH +  NaOH
\ / |
0 CHj

epichlorohydrin l bisphenol A

excess

CHj
I
\/ &,

8.1 (diglycidyl ether of bisphenol A, DGEBA, n ~0.2)
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Epoxy Adhesives

FIGURE 3
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Loctite® E-20HP™ Hysol® Epoxy Adhesive, Fast Setting we we Loctite® E-40HT™ Hysol® Epoxy Adhesive, High Temperature
Loctite® E-20NS™ Hysol® Epoxy Adhesive, Metal Bonder s Loctite® Fixmaster® High Performance Epoxy

Loctite® E-214HP™ Hysol® Epoxy Adhesive, High Strength = == LOCtite® E-30CL™ Hysol® Epoxy Adhesive, Glass Bonder




Shear Strength (PSI)

FIGURE 10

Effect of Condensing Humidity and Salt Fog on the Bond Strength of
Epoxy and Polyurethane Adhesives on Aluminum

4500 O Control - 8 rms
4000 @ Salt Fog @ 95°F
3500 B Condensing Humidity @ 120°F
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Loctite® Brand Epoxy and Polyurethane Adhesive
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POLYURETHANE CHEMISTRY |

R and R’ groups have
hundreds of combinations

o
n OCN {R}NCO + n HO|/-R'-OH
— —
Reactive groups
Diisocyanate Polyol

Iso or A-side B-side

D‘]JT\]N"?]D

I i

— —(—O-R'-O-C-Iil-R-lil-C-)-
H H

Polyurethane

Tens of thousands of these

repeating units make up the

polymer ‘backbone’ which defines

most performance properties
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CONCEPTS - CROSS LINK
DENSITY

Low Density - Elastomeric . gastomeric, soft & rubbery

= Excellent abrasion resistance
= _ ower chemical resistance

= | ower corrosion resistance

= Excellent for concrete

High Density - Rigid
o » Rigid, hard

» Very good chemical resistance

» Very high adhesion

» Excellent corrosion resistance

» Excellent for steel




Polyurethane

OCN —JE-NCO + HO U\ OH

in excess short chain polyether
polyester or polyamines

OCN ——\-C | ONNANNO -\ —N-C| 0NN C-N— N CO
HO OH HO OH
n

isocyanate terminated prepolymer
Chain extension

small diol or diamine

polyurethane

O—CH;—0 — C-N——N-C- | ONANANO -\ — - -C-
OH HO OH HO




Polyurethane

O—CH;—0 — C-N — . \-C- | O NNN0 -C-N— 1\ -C
D|4 FID OH HO

polyurethane
Some applications

soft block / hard block - thermoplastic elastomers

heating

cooling

/__\ﬁ

~~NCO + H,0 > ~~NH, + CO,

Rigid foams - no chain extension, polyol has functionality > 3
Flexible foams -> flexible polyols and trifunctional crosslinking monomers



Hot Melt/Urethane Adhesives and Flange Sealant

FIGURE 5
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s |octite® U-05FL™ Hysol® Urethane Adhesive, High Strength Loctite® 3631™ Hysol® Hot Melt Adhesive, Urethane

e 0Ctite® 5900™ Flange Sealant, Heavy Body RTV Silicone == wm= Loctite®Fixmaster™ Rapid Rubber Repair



FIGURE 1 | PUR hot melt application.
Apply as melt Initial adhesion Cured adhesive

120°C  SUBSTRATE A

E ] Moisture
"—R—«W/a] ‘ : 5 - =

SUBSTRATE B ? Days

Requirements: Requirements: Requirements:

* “Low” viscosity » Rapidly solidify *Curestoa non-
(5-30,000cP@ +Good “green” thermoplastic
application temp)  strength * Resistance to

+ Storage stable environmental

stresses (heat,
water, etc.)




MS POLYMERS
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MS POLYMERS

Silane-terminated polyether (SPE)

MeO\ /OMe

MeO/H,C CH,/OMe

Polyether

MeO te

Silane-terminated polyurethane (SPUR)

MeO / OMe
MeO/H,C rethan Polyether &M‘E“ CH,/OMe
MeO 0 OMe

Figure 1: In currently available silane-terminated polymers, the polypropylene
glycol (PPG) backbone is terminated with silane groups either directly (in SPEs) or
via a urethane group (in SPURs).




MS POLYMERS

Basic Principles: Crosslinking mechanism




MS POLYMERS

Figure 1: MS polymer structure.
CH, CH,
CH,0 - Si - Polyether — Si — OCH,

CH, CH,

Step 2: Condensation of Silanol and Methoxysilane to Form Siloxane Crosslink

R R
| |
- Polyether - 8i—-OCH, + H,0 — "~ - Polyether—Si-OH + CH,OH

| |
OCH, OCH,
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Hot Melts

Advantages

* One-part, solvent-free

 Fast fixturing

* High adhesion to plastics

* Wide variety of formulations available

* Low volumetric cost

Considerations

* Hot dispense point

* Poor adhesion on metals

* Cools quickly

* Equipment is required

* Thermoplastic parts may deform
* Charring in reservoir

* Moisture sensitivity




Elastomers

Advantages

* One-part or two-part solvent-free

* Room temperature cure

* Excellent adhesion to many substrates
» Extremely flexible

* Superior thermal resistance

* Light curing formulations available

Considerations

* Poor cohesive strength

» Moisture cure systems have limited
depth of cure

* May be swelled by non-polar solvents
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CONDUCTIVE

BINDER

POLYMER
ELECTRICAL PATHWAYS

Fig. 3 Electrical paths in isotropic conductive adhesives.

Out-of-P]ane Lead
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{a) Anisotropic conductive film

Conductive particle

(c) Pressure and heat

Figure 1. Schematic illustrating the die attachment process using
an ACA. [a) ACA applied to substrate. (b} Chip placement anta
substrate. (¢} Cross-section of ACA bond after cure. (Reproduced
 with permission from Ref. & © 2005, |EEE.}
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UV 'paT

Typical Properties Ranges for UV Curing Structural Adhesives

Ranges For Typical Properties UV Adhesives & Thick Layer

Resins
Cure depth 1-100 mils typical thickness used
Cure speed” 1 to 30 seconds cures “typical”
Viscosity 10 - 200,000 cP
Adhesion to metals, plastic & glass Frequently to 4,000 psi or substrate destruction
Clarity Water white to straw, or translucent; colors and
fluorescent grades available
Surface dryness/slickness Dry surface cures
Moisture resistance Good to excellent
Hardness (Shore A&D) A 30to D80
Resistance to thermal shock under load Good to excellent
Thermal Range -85°F to 325°F
Solvent resistance Good to excellent

* See Cure Speeds with various lamps shown below.
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Substrate Product Chemical Name

Polycarbonate SR9209 Alkoxylated Difunctional Acrylate
Polycarbonate SR339 2-Phenoxylethyl Acrylate
Polycarbonate SR285 Tetrahydrofurfuryl Acrylate
Polycarbonate SR256 2(2 Ethoxyethoxy)ethyl Acrylate
Polycarbonate SR238 1,6 Hexanediol Diacrylate
Polycarbonate SR344 Polyethylene glycol (400) Diacrylate
Polyvinylchloride SR285 Tetrahydrofurfuryl Acrylate
Polyvinylchloride SR238% 1,6 Hexanediol Diacrylate

PET SR285 Tetrahydrofurfuryl Acrylate

PET SR256 2(2 Ethoxyethoxy)ethyl Acrylate
PET SR238 1,6 Hexanediol Diacrylate
Polystyrene SR256 2(2 Ethoxyethoxy)ethyl Acrylate
Polystyrene SR339 2-Phenoxylethyl Acrylate
Polystyrene SR28&5 Tetrahydrofurfuryl Acrylate
Polystyrene SR9003 Propoxylated Neopentyl Glycol Diacrylate
Polystyrene SR335 Lauryl Acrylate

Polystyrene SR238 1,6 Hexanediol Diacrylate
Polystyrene SR395 Isodecyl Acrylate

Polystyrene SR489 Tridecyl Acrylate

Polystyrene SR506 [sobornyl Acrylate

Polystyrene SR306 Tripropylene Glycol Diacrylate
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UV Curable Coating for Polycarbonate

SR368 Tris (2-Hydroxyethyl) 28.7
Isocyanurate Triacrylate

CN965 Urethane Acrylate 14.3

SR238 1,6 Hexanediol Diacrylate 21.6

SR295 Pentaerythritol 19.1
Tetraacrylate

SR28&35 Tetrahydrofurfuryl Acrylate 9.6

Darocure 1173! 3.8

Irgacure 184! |

Byk 306’ 1.9
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A\ Photoinitiator”

ADDITIV

UV/Visible
Light* Curin

for fine tunind

MONOMER
for specific properties

OLIGOMER
for basic properties
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LED - UV DT

LED spectrum - relative intensity
100

80
60
w— 365 nm
e 375 VM
40 w385 NM
w395 nm
e 405 NN
20

350 360 370 380 390 400 410 420 430 440
wavelength [nm)]

LEDs are characterized by a very long life cycle. Typical appli-
cation fields for LED curing are in the bonding, potting and
digital printing industries.
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Figure 5: Polymerization and adhesion to glass surface

Initiation UV Light
uv

Pl
M A
A M A
Pl M M

Si-0-Si-0-S8i-0-Si-O-Si

Propogation
uv
/Ml PI
PI N\
M A
A A

AN

M M
Pl —"

Termination - Full Cure

Si-0-Si-0-Si-0-Si-0-Si

] / |

M = Monomer, A = Adhesion Promoter, PI = Photoiniator

T 7 !
Si-0-Si-0-Si-0-Si-0-Si-O
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Cure Rates of Light Curing Adhesive & Coating With A Range Of UV Curing Lamps

Moderate Higher High Intensity Very High Con;eyorized Conveyorized
Intensity UV | Intensity UV UV Spot Intensity UV e

Lamp_ﬂ'ype FID;}‘; FIU;}; p S to}{ 2 x 1200-EC Electrodeless

P - - Lamps

High Intensity
Spectral Output of 300-500 200-500 200-500 200-500 200-500 200-500
Lamps (nanometers)
Nominal Intensity
2 20-60 175-225 1000-2000 1800-5000 225-275 1700 - 2000
(mW/cm<)
Typical Adhesive Cure Rate
(UV/Visible Cure Adhesive)
Between Surface ) ,
Cures (Glass) 1-4 sec 1-3 sec <1-2 sec <1sec 35 feetmin | 5-20 feet/min
On Surface Cures™ 40240 sec | 10-40 sec 2-10 sec 1-5 sec 1-3 feet/min 3-10 feet/min
(UV Cure Adhesive)
Between Surface Cures ] ,
2-6 sec 1-4 sec 1-3 sec <2 sec 2-4 feet/min 5-15 feet/min
(Glass)

On Surface Cures 30-600 sec 20-50 sec 3-5 sec 1-3 sec 1-2 feet/min 1-10 feet/min




D"H2%D D'V - UV 'paT

Relative Manufacturing Costs
of Three Production Methods

RELATIVE COSTS

B Energy

B Floor Space
B Labor

B Equipment

M inventory

M Testing

B Material

New 1st Generation Heat Cure
Generation UV uv Epoxy

B pispenser
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Stress Strain Relationships
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Glass to glass adhesive properties

. Commercial Commercial
Commercial .
Property . “General Purpose” | “Low Stress” Optical
Optical Epoxy . .
Optical UV Acrylic UV Acrylic
ladth 80 x 10 in/in/°C 200 x 10 in/in/°C 200 x 10 in/in/°C
agub 2.8 x 107 in/in/°C same same
AT -40 to 125°C same Same
Eovg 550,000 35,000 3,000
OT cale. 7,000 psi 1,100 psi 100 psi
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TMA, Glass Transition Curves
Low Shrink™ UV Technology
7 -
e —"High Tg" Epoxy
. 4| =SLS, Low Tg UV
- T —LS, High Tg UV
:4 - Epoxy
@ Movement
E A —
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o “High Tg"™ Epoxy
=24 M e
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