
James A. Monroe

Jay Zgarba

Ibrahim Karaman (Texas A&M)

Tailored CTE Alloys for Stable Optics



Alloy

Zerodure/ULE

𝜶 = 𝟏. 𝟐 × 𝟏𝟎−𝟔 𝑲−𝟏

𝜶 = 𝟎 × 𝟏𝟎−𝟔 𝑲−𝟏

Invar Alloy

Zerodure/ULE

Room Temperature 80°C

Titanium

𝟖. 𝟔 × 𝟏𝟎−𝟔 𝑲−𝟏

𝑑𝑛

𝑑𝑇

𝑑𝜀

𝑑𝑇



Room Temperature 80°C

Alloy

Zerodure/ULE

𝜶 = 𝟎 × 𝟏𝟎−𝟔 𝑲−𝟏

𝜶 = 𝟎 × 𝟏𝟎−𝟔 𝑲−𝟏

ALLVAR Alloy

Zerodure/ULE

𝜶 = −𝟒𝟎 × 𝟏𝟎−𝟔 𝑲−𝟏

𝑑𝑛

𝑑𝑇

𝑑𝜀

𝑑𝑇



Traditional

Alloys

Technical

Ceramics

CuW

Thermal Conductivity, λ [Wm-1K-1]

T
h

e
rm

a
l 
E

x
p

a
n
s
io

n
, 
|α

| 
[1

0
-6

K
-1

]

0.1

1

10

100

1000

0.01 0.1 1 10 100 1000

Composites and

Silicate Glasses

Natural

Materials

Polymer

Foams

Polymers

1

10

100

Expands with Heat

Contracts with Heat
0.1

Invar

Traditional

Alloys

Technical

Ceramics

CuW

Thermal Conductivity, λ [Wm-1K-1]

T
h

e
rm

a
l 
E

x
p

a
n
s
io

n
, 
|α

| 
[1

0
-6

K
-1

]

0.1

1

10

100

1000

0.01 0.1 1 10 100 1000

Composites and

Silicate Glasses

Natural

Materials

Polymer

Foams

Polymers

1

10

100

Expands with Heat

Contracts with Heat
0.1

Invar

ALLVAR

Alloys

Match

Stabilize

Compensate



-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

M
a

c
ro

s
c
o

p
ic

 S
tr

a
in

 [
%

]

450400350300250

Temperature [K]

0%

20%

50%

80%

0 MPa
TiNb

Percent
Rolled

Rolling Direction

b Processing
Percent



1896

Invar
2011

Allvar

1920

Innovation Timeline

1980



0.6

0.4

0.2

0.0

S
tr

a
in

 [
%

]

6004002000-200

Temperature [ºC]

Invar 36

Invar 42
Invar 49

Stable ALLVAR



-0.8

-0.4

0.0

0.4

0.8

S
tr

a
in

 [
%

]

12080400

Temperature [ºC]

 = 32.54x10
-6

 K
-1

 = -50.07x10
-6

 K
-1

Fe = 11.8x10
-6

 K
-1

Single Direction CTE Uniform In-Plane CTE

Tailored CTE Range

+45 to -40 x 10-6K-1

Tailored CTE Range

+8 to -3 x 10-6K-1In-Plane Isotropy

Tailored CTE

A

B

A

B

Anisotropic

Tailored CTE

C

𝜶𝑨 ≠ 𝜶𝑩 ≠ 𝜶𝑪

𝜶𝑨 = 𝜶𝑩 ≠ 𝜶𝑪 A

B

C







James A. Monroe

Jay Zgarba

Ibrahim Karaman (Texas A&M)

Tailored CTE Alloys for Stable Optics



a

b

c

[100]

[010]

[001]

A
C

B

A B C Atomic Scale

Material Scale


