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Introduction

Ceradyne, Inc., a 3M company,
offers a complete family of
silicon nitride materials ideal

for demanding applications in a
wide variety of industries, from
automotive and aerospace to oil
and gas. 3M™ Silicon Nitride is a
lightweight, high-strength ceramic
material used as an alternative
to stainless steel, super alloys,
tungsten carbides and first-
generation ceramics such as
Al,0; and ZrO,,.

3M silicon nitride materials and
components, with the exception of
sintered silicon nitride, are produced
at fully dedicated manufacturing
plants in the U.S., using unique
compositions and processing
techniques. Our proven, high-volume
manufacturing processes yield
cost-effective, precision engineered
components that consistently
receive high performance ratings.
Our rigid process controls allow
components to be produced to

net or near-net shape, thereby
eliminating or reducing the need

for diamond grinding. Components
requiring close tolerances can be
finish machined in our fully equipped
precision diamond grinding facilities.

Features and Benefits

e Light weight (60%
lighter than steel)

e Extremely high hardness
e Contact fatigue resistance

e Excellent fracture toughness

e Superior thermal shock behavior
e Exceptional wear resistance
e High dielectric strength

e Tribological compatibility with
metals — low coefficient of friction

e Excellent high temperature
oxidation resistance

e High chemical corrosion resistance

Grades of 3M™ Silicon
Nitride

3M™ Silicon Nitride 147-1B is

a reaction bonded, high-purity
(>98%) grade of silicon nitride. It

is a lower-cost alternative to fully
dense silicon nitride grades and has
a density of approximately 70-80%
of theoretical. It offers excellent
thermal shock resistance and
outstanding compatibility with non-
ferrous molten metals. 3M silicon
nitride 147-1B can be manufactured
to close tolerances without the need
for diamond grinding.

3M™ Silicon Nitride 147-31N is a
sintered, reaction bonded material
which is fully dense and produced
via Ceradyne’s proprietary gas
pressure sintering process. These
ceramics feature a unique, pore-
free microstructure of interlocking
needle-shaped grains. This
microstructure toughens the silicon
nitride by a crack-deflection process
similar to that found in composite
materials. The result is a monolithic
silicon nitride with high hardness
and fracture toughness. 3M silicon
nitride 147-31N can be produced in
cost-effective, complex net shapes.

3M™ Silicon Nitride Components

3M™ Sintered Silicon Nitride is a
sintered grade of silicon nitride.
This material is produced at the
3M Kempten, Germany facility
and is formed using iso-pressing.
The primary applications are
long tubes such as thermocouple
protection tubes and heat riser
tubes, both used in the aluminum
and non-ferrous alloy industries.
This material has excellent
temperature response, is unaffected
by corrosion, and is gas tight.




Key Features and Applications Mechanical Characteristics

(Not for specification purposes)

3M™ Silicon Nitride

Property " "
3M™ Silicon High purity Industrial applications BB Sintered Si,N,
Nitride 147-18 Net shape fabrication Electrical insulators Flexural Strength (MPa) 190 800 800
) Sputtering target
So— putiering targets Weibull Modulus 10 15-50 15
™ Qs reng Automotive components :
3'\1\“3;22% Hertzian contact strength Bearings Elastic Modulus (GPa) 175 310 300
147-31N Structural reliability Wear components Poisson’s Ratio 0.21 0.27 0.28
Net shape fabrication
Hardness HV (5) kg/mm? 800 1450 1530
3M™ Sintered | Excellent temperature response Thermpcouple
. . . protection tubes Fracture Toughness (MPam?*) 2.5 6.0 7.0
Silicon Nitride Gas tight .
Low pressure riser tubes
Typical Physical Properties Thermal Properties
(Not for specification purposes) (Not for specification purposes)
: 3M™ Silicon Nitride 3M™ Silicon Nitride
roperty
BN | Sintered Si;N, T 147-3IN | Sintered Si,N,

Process Reaction Sinter Reaction Sintered Thermal Conductivit
Bonded Bonded (iso-pressing) (W/mK) @ 25°C Y 6 26 27
Purity (% >98.0 92.0 87.3
ur| y (%) Coefficient of thermal
Density (g/cc) 2.3 8.2 >3.24 expansion (10-6/K) 2.9 2.9 3.2
% Theoretical Density 70 98.5 99.5 25°C -1000°C

Electrical Properties

(Not for specification purposes)
3M™ Silicon Nitride

Property
147-31N | Sintered Si;N,

Dielectric Constant - 8 -

Electrical Resistivity (Qcm) 10" >10% >10%2

3M" Silicon Nitride 147-1B and 3M™ Silicon Nitride 147-31N are manufactured and sold by Ceradyne, Inc., a 3M company.

Warranty, Limited Remedy, and Disclaimer: Many factors beyond Ceradyne’s control and uniquely within user’s knowledge and control can affect the
use and performance of a Ceradyne product in a particular application. User is solely responsible for evaluating the Ceradyne product and determining
whether it is fit for a particular purpose and suitable for user’s method of application. User is solely responsible for evaluating third party intellectual
property rights and for ensuring that user’s use of Ceradyne product in user’s product or process does not violate any third party intellectual property
rights. Unless a different warranty is specifically stated in the applicable product literature or packaging insert, Ceradyne warrants that each Ceradyne
product meets the applicable Ceradyne product specification at the time Ceradyne ships the product. CERADYNE MAKES NO OTHER WARRANTIES
OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY
OR FITNESS FOR A PARTICULAR PURPOSE OR ANY IMPLIED WARRANTY OF NON-INFRINGEMENT OR ANY IMPLIED WARRANTY OR CONDITION
ARISING OUT OF A COURSE OF DEALING, CUSTOM OR USAGE OF TRADE. If the Ceradyne product does not conform to this warranty, then the sole
and exclusive remedy is, at Ceradyne’s option, replacement of the Ceradyne product or refund of the purchase price.

Limitation of Liability: Except where prohibited by law, Ceradyne will not be liable for any loss or damages arising from the Ceradyne product, whether
direct, indirect, special, incidental or consequential, regardless of the legal theory asserted, including warranty, contract, negligence or strict liability.

Technical Information: Technical information, recommendations, and other statements contained in this document or provided by Ceradyne personnel
are based on tests or experience that Ceradyne believes are reliable, but the accuracy or completeness of such information is not guaranteed. Such
information is intended for persons with knowledge and technical skills sufficient to assess and apply their own informed judgment to the information.
No license under any Ceradyne or third party intellectual property rights is granted or implied with this information.
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