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Henkel Corporation

Henkel worldwide Fiscal 2011
* Brands and Sales: 15,605 mill. euros
f;cng\‘l’v'izg'es n Adjusted’
° © operating profit (EBIT): 2,029 mill. euros
* About . )
47,000 employees Adjusted

return on sales (EBIT): 13.0 %

Top brands
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Cosmetics/Toiletries
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' Adjusted for one-time charges/gains and restructuring charges.
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Liquid Formed-in-Place-Gasketing (FIPG)

A core Henkel competence

sson

Loctite Brand liquid gasketing products are low cost, high quality sealing
solutions/alternatives to traditional molded and cut gaskets

used to seal automotive parts.

)

“Ligquid gaskets are the lowest cost sealing solution.’

OEM Materials Engineer at a Powertrain Conference
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Formed-in-Place Gasket (FIPG)

Development History in NA

Silicones used mostly today

First applications Oil leaks increased (developed in early 90’s)

of silicone RTV which led to... Improved oil resistance
-Acetic acid *Better cleaning «Improved adhesion

Ok oil resistance *Use of adhesion primers -Improved design (chamfer)
*High elongation *Improved joint designs

Early Mid

1970's 2000’s to Today

Non-corrosive ‘Ultra’ series

Silicone RTV silicones introduced Improved silicones

*Improved oil resistance *Good oil resistance *Adhesion to multi-metals

*Lower elongation *Low and high modulus products *Adhesion to composites
sImproved adhesion *MEKO-free, safer

Liquid polyacrylates
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Background

As vehicles move to reduce the overall weight in an effort to
improve fuel economy and reduce overall costs, plastic
components are being introduced to replace traditional metal
substrates. With improved adhesion properties of liquid
formed-in-place gasket sealants, plastic oil pans can now be
sealed with methods long used on metal substrates. This
process reduces the overall weight and cost of the engine,
giving manufacturers increased flexibility in design.
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Market Demands
CAFE Requirements

— &

CAFE Timeline

1986: CAFE standard
for cars temporarily
decreases to 26 mpg
for MY 1986-88. 2009: EPA and NHTSA propose

» new standards for MY 2012-2016,
978: First T targeting 34.1 mpg for cars
ICAEE Fsltr;ndp:rsasizgzrtca 1 and light trucks by 2016.
18 mpg for MY 1978.

T eTwrmees e Y

60

2011: July: Obama Administration
and 13 automakers agree to
support a standard of 54.5 mpg
by 2025.

Passenger Car MPG

2000 - 2010 2030

2007: April: Supreme Court rules
the EPA has authority to regulate

1975: Congress orders NHTSA €02 and other greenhouse gases.

to regulate & improve fuel

economy, targeting 27.5 mpg f December: COngfeSS passes Energy

by MY 1985 || Independence and Security Act,
requiring tougher standards.

©) Belintgiels Ine,

Slide 7 October 10, 2012 Engine Expo North America 2012 Presentation _ Published by Edmunds Inc © on 11/10/2011



Market Demands
CAFE Requirements
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Market Demands
Improved MPG

* Alternative Power Sources
* Smaller Engines (addition of turbo/super chargers)

* Improved Transmissions

¢ L i g ht We i g hti n g I n iti atives CIDl internal Integrated power electronics Battery pack

engine

Final drive

5-speed

manual transmission
5-speed & automated clutch
manual transmission
& automated clutch Final drive Electric machine
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Market Demands
Improved MPG

e Alternative Power Sources
* Smaller Engines (addition of turbo/super chargers)
* Improved Transmissions

Light Weighting Initiatives

* Move from traditional-Cast Iron / Steel components to aluminum,
composites, magnesium & titanium

* Lower-overall weight & lower overall.costs
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Market Demands
Light-weighting

Emerging Lightweight Material Opportunities

Body Structures
Near Term - Increase AHSS, Aluminum
Future — Magnesium, Carbon Fiber Composites, High Temp Fiber Filled Plastics

Powertrain Materials

3 - Near Term — Aluminum
Interiors/.@ / Future — Magnesium,
Al,Mg, | w High Temp Plastics

SCF (MuCell) &
Bio Based
Plastics

Chassis Systems
Near —AHSS, Al
Future — Mg, CF

Closures
Near Term — AHSS, Aluminum,
Future — Magnesium & Reinforced Plastics
(DLFT)

Source: SAE Webcast, Nov. 2010 — Automotive Weight Savings and Cost Reductions
Ford Motor Co.

Source: Composites Technology

* Liquid Gaskets must...
* Adhere well to plastic &
metal substrates
* Have high elongation / oil
resistance balance
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Market Demands
Light-weighting Composites

Market is already integrating
composite materials into traditional
metal substrates for the following
benefits:

°* Reduced weight (up to 50% reduction)

* Simpler Process
* Reduction of multi-piece assemblies
* Design flexibility for integration of complex
geometries

* Multiple Cavity Molds (higher through put)  paimler 2004 MY Actros BR500 Class B
Ultramid A3BHG7 Plastic Oil pan

50% Weigh Reduction from Aluminun
* Lower Overall Cost 1dB overall noise reduction

- Published by Composite World on 4/1/2011
°* Noise Reduction
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Moving from concept to production...

Excellence is our Passion




INPRO Innovation Society

INPRO Innovation Society

* Founded in 1983 to develop advanced production
systems in the automotive industry

« Joint venture - BASF, Siemens, ThyssenKrupp,
Daimler, Volkswagen and the state of Berlin

«€ 7 million revenue

I
SIEMENS i rsactney @

DAIMLER |

pe iy

* Project Objective:

* To identify the technical challenges of
adhesive bonding and sealing of metallic
engine components to polyamide parts

* Determine what combination of part design
and adhesive technologies are needed to
meet the manufacturing assembly, long-term
sealing requirements and field serviceability
needs.

* The project was completed in 2010
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Composite Challenges

* Differences in CLTE
* Adhesion Properties
* Part Warpage

* Thermoplastic Creep
* Design Robustness

* Under hood Environment
* Temperature
* Fluid Resistance
* Road Impact
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Composite Challenges
Coefficient of Linear Thermal Expansion (CLTE)

* Coefficient of thermal expansion:

* Local fiber orientation

* Ultramid ASWG7 Flow

* Ultramid ASWGY7 Cross flow
* Nylon 6/6

*  Aluminium
* Steel

IMPACT TO GASKET
High Stress Load
2 to 4 times the expansion rates
Joint requires a high elongation sealant (400-500%)

18 x 10 m/m-K
65 x 10 m/m-K
80 x 10 m/m-K

24 x 10 m/m-K
13 x 10 m/m-K

Source: BASF Ultramid® from 23 to 130°C
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Sealant Selection — What’s Available?

| | |
Natural adhesives Synthetic adhesives
° o o Operation Temperature
100 to 150°C 200°C Up to 500°C *P P

Casein or Animal glue Elastomers, (cement)

Thermoplastic, and ceramic materials,
Vegetable matter, Thermosetting metallic oxide,
Starch (dextrin), silicate,
natural resins phosphate,

borate
Polyacrylate Sealants
High Flexibility Extremely Hard — Little Strain

Source: Wikipedia

Silicone sealants offer the best overall properties of elongation, temperature,

adhesion, chemical resistance & history for engine components.
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Liquid FIPG Solutions
1-Part and 2-Part Silicone Liquid Gasket

FEATURES AND BENEFITS New & Improved
Silicone Gasket

Technologies

* Enables use of light-weight
material

* Very good adhesion on plastic
substrates

* High elongation ( 500%)

* Very good oil resistance

* Very good high temperature
resistance

* Long successful history on
Powertrain flanges
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Composite Challenges
Adhesion Properties

PLASTIC LAP SHEAR EVALUATION

Plastic to Alclad Aluminum Lap Shears - Cop

250

Shear Force (psi)
-
3

oy
o
o

‘ Adhesion to Nylon

CONTROL 168 HOUR 336 HOUR

CLEAN

RTV-2 Showed Improved

504 HOUR
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What does the future hold?




High Performance Gasket Development
Polyacrylate Gasket Technologies

FEATURES AND BENEFITS

° Excellent oil resistance
(up to 8X better than silicone)

° Excellent gas permeation
resistance (up to 10X better than
silicone)

* Non corrosive

* Does not promote oil foaming unlike
other sealants

* Good adhesion to metal /
magnesium alloy and plastic
substrates

Also available in UV-cure version for ready-to-use high
performance compression gaskets.
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High Performance Gasket Development

Polyacrylate Gasket Technologies

IMPROVED DURABILITY
In contact with engine aill,
Polyacrylate gaskets improve over
time while silicone’s performance
drops.

LIGHTWEIGHT BENEFITS
Allows the use of a liquid sealant in
more aggressive environments.
Replacement of steel with aluminum,
magnesium or plastics for heavy duty
truck market, axle and transmissions,
diesel engines, etc.

% Initial

75W140 Synthetic Gear Oil at 150°C
200

160

POLYACRYLATE

120

80

40

SILICONE 1 .
¢ SILICONE 2
0
0 200 400 600 800 1000

Immersion Time (Hour)
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High Performance Gasket Development
Polyacrylate Gasket Technologies

IMPROVED DURABILITY
In contract with engine aill,
Polyacrylate gaskets improve over
time while silicone’s performance
drops.

16
14

12
10

90% REDUCTION

GREENER TECHNOLOGY
Gas permeation resistance is up to
10 times better than “market
standard” silicone. 0 1 2 3 4

Amount of injection gas leakage/pc [mg/min]

Amount of gas pemeability [mg/day]

o N P oo o

N
B _ A _
Better - Better - Better —&@— Silicone —0— Polyacrylate
sealants cars planet
Y,
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Conclusions

* Market is being driven by CAFE requirements to increase the overall
vehicle MPG (54.5 MPG by 2025) and reduce fuel consumption

* Qverall vehicle weight and cost need to be reduced to improve the
vehicle efficiency and offset the added cost required to improve MPG

° The use of plastic and light weight metals offers design alternatives
to reduce weight and cost for improved MPG over traditional
methods

* Advancements in liquid FIPG technologies allow for integration of
plastic and light weight metals into vehicle Powertrain development

Slide 24 October 10, 2012 Engine Expo North America 2012 Presentation



Thank youl!

Excellence is our Passion




