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POLYCRYSTALLINE CHALCOGENIDE
CERAMIC MATERIAL

SUMMARY OF THE INVENTION

[0001] The mvention relates to polycrystalline materials
that transmit light within the infrared spectrum, for example,
the 0.7-14 um wavelength range, such as the near-intrared
range ol 0.7 to 1.0 um, the medium-wave infrared range
(MWIR) of 3 to 5 um, or the long-wave infrared (LWIR)
range of 8 to 14 um. Such matenals are used for infrared
window, dome and lens applications. The mvention also
relates to a unique process for manufacturing polycrystalline
/nS ceramic materials.

[0002] Infrared sensors are used in civilian and military
applications. For example, infrared sensors can be used 1n the
guidance systems ol heat-seeking missiles, or can be used for
detecting any object that emits infrared radiation. To protect
these fragile and sensitive devices, IR sensors are typically
positioned behind structures referred to as mirared windows
or domes. For example, external IR windows or domes are
used 1n satellites, missiles, aircrafts, and other similar
devices. These IR windows provide two general functions.
First, the IR window must, of course, be able to transmit
inirared light to the IR sensor(s). In addition, the IR window
must be able protect the sensors from the external environ-
ment.

[0003] As described by Propst et al. (U.S. Pat. No. 5,425,
983) for 1n flight vehicles, such as missiles and aircratt, 1t 1s
common for IR sensors to be mounted in the nose or belly of
the missile or aircrait and thus face forward 1n the direction of
the flight path so as to have an unobstructed view 1n the
forward direction. As a result, the IR window or dome mate-
rials protecting the IR sensors are subject to damage, degra-
dation or erosion, due to particles such as rain and dust,
especially when the missile or aircrait 1s travelling at high
speeds and/or over desert regions. This can lead to reduction
in the strength of the window maternial, reduction 1n the win-
dow’s ability to transmit infrared light, or even failure of the
window materal 1tself.

[0004] The infrared windows are made from materials that
are transparent in, for example, the 2-12 um or 8-14 um
wavelength range. That 1s they transmit a significant propor-
tion of the incident infrared light within, e.g., at least 50%. To
achieve this level of transmission, common materials used for
infrared windows or domes are sapphire, germanium, silicon,
magnesium fluoride, gallium phosphide, and chalcogenide
materials (II-VI materials) such as zinc sulfide, zinc selenide,
zinc telluride, and cadmium telluride.

[0005] While these materials exhibit sufficient transmis-
sion within at least a portion of the infrared spectrum, their
strength 1s not always sufficient for certain applications. As an
inirared window material, sapphire 1s quite strong. However,
sapphire’s ability to transmit mid-range infrared light
decreases at a wavelength of 5 microns and 1s opaque to
inirared light with a wavelength of 6 microns and greater. In
addition, sapphire 1s difficult to machine and thus may be
unsuitable for application requiring specific curvatures, such
as IR domes used to protect sensors 1n the noses of guided
missiles.

[0006] Other materials such as zinc sulfide, zinc selenide,
germanium, and gallium arsenide maintain a good level of
transmission in the infrared spectrum, even at larger thick-
nesses. However, the strength of these materials 1s not sudfi-
cient 1n many cases to resist erosion and degradation that IR
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windows are exposed to 1n certain applications, such as expo-
sure to rain and dust particles 1 high speed missiles and
aircrait.

[0007] Using zinc sulfide 1n the production of infrared win-
dows has been known for many years. Initially, zinc sulfide IR
windows were made by a hot-pressing process. See, for
example, Carnall etal. (U.S. Pat. No. 3,131,025 and U.S. Pat.
No. 3,131,238) who describe a process for producing optical
clements made of polycrystalline by placing zinc sulfide pow-
der 1n a mold which 1s then subjected to a vacuum. The zinc
sulfide 1s heated to an elevated temperature of 1420° F.-1770°
F. (e.g., 1550° F.) and then by means of a hydraulic press the
zinc sulfide 1s subjected to a pressure of 20,000-40,000 psi1for
5-35 minutes while maintaiming the elevated temperature.
Carnall et al. (U.S. Pat. No. 3,131,026), Roy et al. (U.S. Pat.
No. 3,454,685), and Martin et al. (U.S. Pat. No. 4,366,141)
also describe materials and processes for hot-pressing zinc
sulfide powder.

[0008] However, there was a desire to provide larger sized
/nS materials with better optical properties. As a result,
chemical vapor deposition (CVD) processes for manufactur-
ing ZnS windows were developed. In the CVD process,
vaporized zinc solids are reacted with hydrogen sulfide in a
high-temperature vacuum furnace. Teverovsky et al. (U.S.
Pat. No. 5,383,969), for example, disclose processes and
apparatus for CVD production of ZnS. However, there 1s still
a need to provide inirared optical materials that exhibit both
suificient optical properties within the infrared spectrum, as
well as improved mechanical properties, such as high hard-
ness, 1n order to withstand the harsh conditions to which IR
windows and domes are exposed.

[0009] Therefore, an aspect of the mvention 1s to provide
polycrystalline ceramic compositions that exhibit good opti-
cal transmission properties within the 0.7-14 um wavelength
range, for example within the 1-10 um or 8 to 12 um wave-
length range. Another aspect of the invention 1s the use of
such materials for infrared window, dome and lens applica-
tions. A further aspect of the invention 1s a unique process for
manufacturing the iventive polycrystalline ceramic materi-
als.

[0010] Upon further study of the specification and
appended claims, further aspects and advantages of this
invention will become apparent to those skilled 1n the art.

[0011] Therefore, 1n accordance with the invention, there 1s
provided a sintered polycrystalline ceramic body comprising
a chalcogenide material 1n a polymorphic form having a cubic
structure, for example, zinc sulfide sphalerite, and having an
extinction coefficient of <2.75 cm™" at a wavelength of 1100
nm and a Vickers hardness of 2180 kg/mm~.

[0012] In accordance with the mmvention, the polycrystal-
line ceramic material can be selected from any chalcogenide
material that exhibits a polymorphic form having a cubic
structure, such as zinc sulfide, zinc selenide, zinc telluride, or
cadmium telluride. Preferably, the polycrystalline ceramic
material 1s zinc sulfide composed primarily, 1f not entirely or
substantially entirely, of a sphalerite (cubic) crystalline struc-
ture

[0013] The polycrystalline ceramic maternials (preferably
/nS) 1n accordance with the mvention transmit light within
the infrared spectrum. For example, the polycrystalline ZnS
ceramic materials, at a thickness of 6 mm, preferably transmut
at least 40% of incident infrared light within, for example, the
0.7-3 um wavelength range, the 3.0-8.0 um wavelength range
and/or the 8.0-12.0 um wavelength range, particularly at least
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50% of incident infrared light, especially at least 60% of
incident infrared light, and most preferably at least 70% of
incident infrared light.

[0014] According to an aspect of the invention, the poly-
crystalline ZnS ceramic materials preferably have an extinc-

tion coefficient of <2.75 cm™" (for example, 0.2-2.5 cm™" or
0.2-1.0 cm™') at a wavelength of 1100 nm, particularly <2.0
cm™', especially <1.5 cm™', and most preferably <0.5 cm™,
for example, 0.2 cm™', 0.1 cm™', or even 0.05 cm™".

[0015] Thepolycrystalline ZnS ceramic materials 1n accor-
dance with the mvention also exhibit advantageous physical
properties. In terms of hardness, the inventive polycrystalline
/nS materials exhibit high Vickers and Knoop hardness val-
ues. For example, the inventive polycrystalline ZnS materials
preferably have a Vickers hardness of =180 kg/mm” (for
example 180-265 kg/mm?), particularly =200 kg/mm?=, very
particularly =210 kg/mm~, especially =230 kg/mm~, and
most preferably =250 kg/mm”

[0016] Similarly, the inventive polycrystalline ZnS materi-
als preferably have a Knoop Indentation hardness, measured
at a force of 0.1N, of at least =180 kg/mm* (for example
180-265 kg/mm~), especially =200 kg/mm?, particularly
=225 kg/mm?, very particularly =250 kg/mm~, and most par-
ticularly =260 kg/mm”~

[0017] In most common applications, ZnS materials are
used for multispectral applications, wherein the material
transmits within a broad portion within the 0.7-14 um wave-
length range, and FLIR (Forward Looking Infrared) applica-
tions wherein the material transmits within in the 8-12 um

wavelength range.

[0018] For multispectral applications, the commercially
available ZnS matenals typically exhibit an extinction coet-
ficient of about 0.05 cm™" (at 1100 nm) with a Vickers Hard-
ness of about 147 kg/mm~. For FLIR applications, the com-
mercially available ZnS materials typically exhlibit an
extinction coefficient of about 3.6 cm™" (at 1100 nm) with a

Vickers Hardness of about 230 kg/mm”

[0019] Inaccordance with a further aspect of the invention,
the mventive polycrystalline ZnS materials are suitable for
multispectral applications and preferably exhibit an extinc-
tion coefficient of <1.5 cm™" (at 1100 nm) with a Vickers
Hardness of at least 200 kg/mm?, particularly an extinction
coefficient of 1.0 cm™' (at 1100 nm) with a Vickers Hardness
of at least 200 kg/mm~, especially an extinction coefficient of
<0.5 cm™" (at 1100 nm) with a Vickers Hardness of at least
200 kg/mm~, and most preferably an extinction coefficient of
<0.2 cm™' (at 1100 nm) with a Vickers Hardness of at least
220 kg/mm~

[0020] Inaccordance with a further aspect of the invention,
the mventive polycrystalline ZnS materials are suitable for
FLIR applications and exhibit an extinction coetlicient of
preferably <2.5 cm™" (at 1100 nm), particularly 2.0 cm™" (at
1100 nm), especially 1.5 cm™" (at 1100 nm), and most pref-
erably <1.0 cm™" (at 1100 nm). In addition, the materials
preferably exhibit a Vickers Hardness of at least 210 kg/mm?,
particularly at least 220 kg/mm°, especially least 240
kg/mm~, and most preferably at least 250 kg/mm”~

[0021] As for other physical properties, the ZnS materials
according to the ivention preferably have a thermal coetli-
cient of expansion for the multispectral applications of at least
6.0x107°/K, especially at least about 6.5x107°/K, and a ther-
mal coetlicient of expansion for the FLIR applications of at
least 6.0x107°/K, especially at least about 6.8x107°/K. Addi-

tionally, the ZnS materials according to the invention prefer-
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ably have a thermal conductivity for the multispectral appli-
cations of at most 0.3 watts/cm ° C., especially at most about
0.27 watts/cm ° C., and a thermal conductivity for the FLIR
applications of at most 0.2 watts/cm °© C., especially at least
most about 0.167 watts/cm © C.

[0022] In terms of physical structure the ZnS materials
according to the invention preferably consist essentially of
/1S 1n 1ts cubic sphalerite polymorphic form. In particular, 1t
1s desirable to limit formation of the other main polymorphic
form of ZnS, 1.e., the hexagonal wurtzite crystalline form.
Wurzite crystals adversely affect both the optical and
mechanical properties of the ZnS matenials. The presence of
wurtzite causes scattering at shorter wavelengths due to the
refractive index mismatch between the two phases. Prefer-
ably, the percentage of wurtzite crystals 1s less than 1 vol. %,

particularly less than 0.1 vol. %, especially less than 0.05 vol.
%.

[0023] Also with regards to physical structure, the ZnS
materials according to the invention preferably consist essen-
tially of ZnS 1n 1ts cubic sphalerite polymorphic form with an
average grain size of preferably less than 8 um, especially less
than 6 um, particularly less than 5 um, and most preferably
less than 3 pum.

[0024] The low grain size 1s desirable for increasing the
strength of the material. Grain size 1s linked to strength based
on the well-known Hall-Petch relationship, 0y=00+kd'” ,
where O, 1s yield stress, g, 1s the intrinsic yield stress, K 1s a
constant for a given material, and d 1s grain size. Thus, as
grain size decreases (down to grain sizes of about 10 nm) the
strength 1n terms of yield stress increases.

[0025] Additionally, 1t 1s preferred that the ZnS matenals
according to the mvention have a low porosity, as well as a
low average pore size. As porosity increases, the transmission
quality tends to decrease. Similarly, as average pore size
increases, transmission quality tends to decrease. Therelore,
the ZnS materials according to the invention preferably have
an average pore radius of less than about 0.10 microns, espe-
cially less than 0.07 microns, particularly less than 0.05
microns.

[0026] To achieve the desired optical and mechanical prop-
erties, the polycrystalline ZnS ceramic materials 1 accor-
dance with the invention are prepared by a unique process that
combines sintering and uniaxial pressing with hot 1sostatic
pressing. Thus, in accordance with a method aspect of the
invention, a ZnS powder 1s 1mitially subjected to a sintering
and uniaxial pressing wherein the powder 1s heated to a tem-
perature of preferably about 900-1000° C. (for example, at a
rate of preferably about 1.5 to 12 K/min) Then, the material 1s
subjected to a uniaxial pressing at a pressure of preferably
about 40 to 60 MPa for a time period of preferably about
0.16-6 hours. Thereafter, the resultant pressed material 1s
subjected to hot 1sostatic pressing at a temperature of, for
example, 880-1000° C., preferably about 900-1000° C., espe-
cially about 925-975° C. under an 1nert gas pressure of pret-
erably about 200-210 MPa for a time period of preferably
about 10 to 100 hours.

[0027] Thus, according to another aspect of the invention
there 1s provided a process for preparing a polycrystalline
chalcogenide ceramic matenial, preferably a polycrystalline
/nS ceramic material, comprising:

[0028] heating a chalcogenide powder to a temperature of
900-1000° C.,
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[0029] subjecting the heated powder to uniaxial pressing at
a pressure ol 40 to 60 MPa and a temperature of 900-1000° C.
for 0.16-6 hours, and

[0030] subjecting the resultant pressed chalcogenide mate-
rial to hot 1sostatic pressing at a temperature of 880-1000° C.,
preferably 900-1000° C., especially 925-975° C. under an
inert gas pressure of 180-250 MPa for 10 to 100 hours.

[0031] The particle size of the starting material, e.g., the
/nS powder, 1s preferably within the range of 2400 nm to 10
um. By using a powder with a particle size fine enough to
improve sintering behavior but coarse enough to prevent a
lowering of the wurtzite-sphalerite transition temperature, a
highly transparent material with improved strength 1s created
without degrading the optical properties. Preferably, the ZnS
powder 1s made up of particles wherein less than 10 wt. % of
the particles have a diameter of 500 nm or less, less than 50
wt. % of the particles have a diameter of 5 um or less, and less
than 90 wt. % of the particles have a diameter of 10 um or less.

[0032] The sintering temperature 1s kept well below the
sublimation point of ZnS (~1185° C.) and preterably below
the transition temperature at which the sphalerite form con-
verts to the wurtzite form (~1020 C). Xue and Raj describe
thermally induced plasticity seen 1n zinc sulfide (Xue, L. A,
& Raj, R. (1989). Superplastic Deformation of Zinc Sulfide
Near Its Transformation Temperature. J. Am. Ceram. Soc., 72
[10], 1792-1796). The sinter forging process (1.e., the com-
bined sintering and uniaxial pressing) causes the crystals to
deform through a twinning mechanism. This highly twinned
microstructure created during this process inhibits grain
growth during subsequent processing, €.g., during hot 1sos-
tatic pressing.

[0033] Adter the sintering and uniaxial pressing, the ZnS
material 1s subjected to hot 1sostatic pressing (HIP). In the hot
1sostatic pressing, the material 1s subjected to elevated tem-
perature and elevated 1sostatic gas pressure (1.e., gas pressure
applied from all sides). In accordance with the invention, hot
1sostatic pressing of the umaxially pressed maternial 1s per-
formed at a temperature of preferably 925-975° C. under an
mert gas (typically argon) pressure of preferably 200-210
MPa. A ligh degree of transparency 1s achieved during hot
pressing by applying pressure after the part has reached the
desired temperature. This allows some degree of plastic
deformation and prevents rapid grain growth which can
entrap porosity. Thus, one function of the hot 1sostatic press-
ing 1s to reduce residual porosity by reducing the number and
average radius of the pores. The hot 1sostatic pressing is
performed for a time period of preferably 10 to 100 hours, for
example 12 to 20 hours.

[0034] According to another aspect of the invention, after
being placed 1n the mold of a hot press assembly, the ZnS
powdered sample 1s 1nitially subjected to a vacuum 1n order to
remove trapped gasses and contaminants from the sample.
The vacuum is preferably within the range of 10~* to 10 torr.

[0035] In addition, prior to sintering, the ZnS powdered
sample can be subjected to one or more low temperature
burnout steps to eliminate entrapped hydrocarbons that may
be adsorbed to the surface. The presence of such hydrocar-
bons can cause absorption within important areas of the IR
spectrum thereby reducing the transmission eificiency of the
resultant material. These burnout steps are preferably per-
formed under vacuum (e.g., 107 to 107 torr) at temperatures
of 50-300° C. For example, the ZnS powdered sample can be
heated to 50° C., 150° C., and then 200° C., and held at each
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of these temperatures until a desired vacuum level 1s reached
(for example, a vacuum of 10x107 torr).

[0036] Adfter the hot 1sostatic pressing 1s completed, the
material 1s cooled to room temperature and can then be sub-
jected to polishing in accordance with conventional practice.

[0037] Theresultant materials can be used 1n typical appli-
cations for infrared window, dome and lens applications.

[0038] Thus, according to another aspect of the invention,
there 1s provided an infrared window or dome for protecting
an infrared sensor, wherein the infrared window or dome
comprises the mventive polycrystalline ZnS ceramic mate-
rial, preferably a polycrystalline ZnS ceramic material having
an extinction coefficient of <2.75 cm™" at a wavelength of
1100 nm and a Vickers hardness of =180 kg/mm~ (for
example, 0.25-2.75 cm™" at a wavelength of 1100 nm and
180-265 kg/mm®).

[0039] According to another aspect of the invention, there
1s provided an infrared imaging system comprising at least
one inirared sensor and an inifrared window or dome for
protecting the at least one inirared sensor from the external
environment, wherein the infrared window or dome com-
prises the inventive polycrystalline ZnS ceramic material,
preferably a polycrystalline ZnS ceramic material having an
extinction coefficient of <2.75 cm™" at a wavelength of 1100
nm and a Vickers hardness of =180 kg/mm~ (for example,
0.05-0.2 cm™" at a wavelength of 1100 nm and 180-265
kg/mm?).

[0040] According to another aspect of the invention, there
1s provided an infrared lens for focusing light within the
0.7-14 um wavelength range, wherein the infrared lens com-
prises inventive polycrystalline ZnS ceramic material, pret-
erably a polycrystalline ZnS ceramic materials having an
extinction coefficient of =2.75 cm™' at a wavelength of 1100
nm and a Vickers hardness of =180 kg/mm* (for example,

0.05-0.2 cm™" at a wavelength of 1100 nm and 180-265
kg/mm?).

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Various other features and attendant advantages of
the present invention will be more fully appreciated as the
same becomes better understood when considered 1n con-
junction with the accompanying drawings, in which like ret-
erence characters designate the same or similar parts through-
out the several views, and wherein:

[0042] FIG. 1 illustrates hot press die mold for use 1n the
manufacture of polycrystalline ZnS ceramic compositions in
accordance with the invention;

[0043] FIG. 2 1illustrates the fine microstructure achieved
by the invention in comparison with the microstructures
achieved by standard hot pressing processes;

[0044] FIG. 3 1s a table showing the Vickers Hardness of
examples 1n accordance with the mvention as a function of
extinction coefficient at 1100 nm; and

[0045] FIG. 4 graphically illustrates a comparison of the
transmission spectrum for Example 7 1n accordance with the
invention and the transmission spectrum for a commercially
available FLIR (Forward Looking Infrared) materal.

[0046] FIG. 1 1llustrates a hot press mold fabricated of, for
example, fine grained isopressed graphite. The mold com-
prises mold member 1 fashioned as a solid cylinder, mold
members 2 and 4 fashioned as hollow cylinders, mold mem-
ber 3 fashioned as a hollow cylinder with a slit cut down the
long axis, and mold member 5 fashioned as a cylinder. Addi-
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tionally, a first intermediate disk 8 and a second intermediate
disk 11 both fabricated from fine grained 1sopressed graphite

are provided.
[0047] Powdered ZnS having an average particle size of 5

um, 1n the form of a green compact 10, 1s positioned between
the first intermediate disk 8 and the second intermediate disk
11. The surfaces of the intermediate disks 8 and 11 facing
toward the green compact 10 and the mside wall of the hollow
cylinder 3 form the surfaces of the mold cavity. These sur-
faces are covered with a sheet of graphite fo1l 6, 7, 9 having a

thickness of about 0.010 inches.
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EXAMPLES

[0051] Without further elaboration, 1t 1s believed that one
skilled 1n the art can, using the preceding description, utilize
the present invention to its tullest extent. The following pre-
terred specific embodiments are, therefore, to be construed as
merely 1llustrative, and not limitative of the remainder of the
disclosure 1n any way whatsoever.

[0052] Tables 1 and 2 describe the preparation examples of
the ZnS compositions 1n accordance with the imvention, and
the properties of the resultant matenials.

TABL

(Ll

1

Preparation Examples of ZnS Ceramic Compositions According to the Invention

Example

No.

o0 =1 Oy bh P ) b

[0048]
assembly. The assembly 1s 1mnitially evacuated to a pressure

The mold 1s placed completely into a hot press

50x107 torr, and then subjected to a burnout cycle to remove
adsorbed gasses from the ceramic powder. The powdered
sample 1s heated to 50, 150, 200° C. and held at each tem-
perature until a desired vacuum level 1s reached (for example,
200° C. and 10x107" torr, respectively). The assembly is then
heated, without applying pressure, to a temperature between
900° C. and 1000° C., preferably around 950° C. After reach-

ing the desired temperature, at a rate of 7 tons per minute

pressure 1s applied to mold member 1 until a pressure of
between 40 and 60 MPa, preferably around 55 MPa, 1s
obtained. The pressure 1s then held at this level for a time of,
for example, 0.16 to 6 hours, e.g., 2-4 hours. The pressed
article can then be subsequently removed from the mold
without damage by removing mold member 35 and pressing,
the contents out into a hollow cavity with a depth equal the
sum of the thicknesses of mtermediate disks 8 and 11.

[0049]
1sostatically pressed under argon at a pressure ol 180-230

MPa at a temperature of 900° C.-1000° C., e.g., 950° C., for
a period between 6 and 100 hours, e.g. 12 hours.

[0050] FIG. 2A shows the microstructure of a ZnS ceramic
body produced by a standard hot pressing process using ZnS
produced by chemical vapor deposition as the starting mate-
rial. As shown, the microstructure 1s very coarse (e.g., average
grain size of 25 um) and the matenial had a Vickers Hardness
of 150 kg/mm~. FIG. 2B shows the microstructure of a ZnS
ceramic body produced in accordance with the inventive pro-
cess. The microstructure 1s very fine (e.g., average grain size
of 3 um) and the material had a Vickers Hardness of 200
keg/mm”~.

The part 1s the placed 1n a graphite crucible and hot

Uniaxial

Heat Sintering Umniaxial ~ Pressing HIP HIP
Burnout Rate Temp. Pressing Hold Time Temp. Time
cycle (° C./min) (° C.) (kpsi) (hrs) (°C.) (hrs)
0 6 950 6.5 4 950 6
0 6 950 6.5 4 950 6
0 2 950 8 0.16 950 12
0 10 950 8 2 950 12
0 10 950 8 6 950 12
0 10 950 5 6 950 12
1 2 900 8 2 950 12
1 2 950 8 4 950 12

Examples 1-6 were using a die with a radius of 25 cm,
whereas Examples 7-8 were using a die with a radius of 127
cm.

TABL.

2

(Ll

Properties of ZnS Ceramic Compositions
According to the Invention

Grain

Extinction Coefficient Knoop Hardness Size
Example at 1100 nm (cm™1) (kg/mm?) (um)
1 2.1 190 2.09
2 1.8 196 3.73
3 2.0 212 4.32
4 1.8 230 3.15
5 2.4 227 3.19
6 2.3 216 4.18
7 0.2 257 <3
8 0.5 250 <3
VAIN 0.05-0.2 150-165 20-100
MultiSpectral ®
CLEARTRAN ® 0.05-0.2 147 20-100
ZnS FLIR 3.60 210-240 2-8
material’

ZnS MultiSpectral ® 15 a ZnS material from II- VI Infrared which 1s made by chemaical vapor

deposition and 1s modified by a hot 1sostatic press (HIP) process. The material exhibits
transmuission in the 0.4 to 12 micron range.

CLEARTRAN ® 1sa ZnS material from DOW which 1s made by chemaical vapor deposition

and 1s modified by a hot 1sostatic process. The material exhibits transmuission in the 0.35-14

LT range.
17nS from II-VI Infrared produced by chemical vapor deposition (CVD), The matenal 1s

used 1n the 8 to 12 micron region.

[0053] FIG. 3 1s a table showing the Vickers Hardness as a

function of extinction coetficient at 1100 nm for Examples
1-7 1n accordance with the invention, as well as for a com-
mercial available ZnS ceramic used for FLIR applications
and commercial available ZnS ceramic used for multispectral
applications.

[0054] FIG. 4 1llustrates the in-line infrared transmaittance
for Example 7 1n the wavelength range from 1 to 14 microns
(Line B) measured using a Perkin-Elmer Lambda 900 spec-
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trophotometer. The sample used had a thickness of 6.3 mm
Line A 1n FIG. 4 shows the in-line infrared transmittance for
a typical commercially available FLIR grade ZnS material.
Here, the in-line transmittance represents the ratio of intensity
of the transmitted portion of incident light to the intensity of
the incident light.

[0055] The preceding examples can be repeated with simi-
lar success by substituting the generically or specifically
described reactants and/or operating conditions of this mven-
tion for those used 1n the preceding examples.

[0056] From the foregoing description, one skilled inthe art
can easily ascertain the essential characteristics of this mnven-
tion and, without departing from the spirit and scope thereot,
can make various changes and modifications of the invention
to adapt 1t to various usages and conditions.

[0057] The entire disclosure[s] of all applications, patents
and publications, cited herein, are incorporated by reference
herein.

1. A sintered polycrystalline ceramic body comprising a
chalcogenide material 1n a polymorphic form having a cubic
structure and having an extinction coefficient of 2.0 cm™" at
1100 nm and a Vickers hardness of =180 kg/mm”.

2. A sintered polycrystalline ceramic body according to
claim 1, wherein said chalcogenide material 1n a polymorphic
form having a cubic structure 1s zinc sulfide sphalerite.

3. A sintered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has an extinction coeti-
cient of 0.05-2.75 cm™" at a wavelength of 1100 nm.

4. A sintered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has an extinction coetli-
cient of 2.5 cm™*

5. A sitered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has a Vickers hardness of
180-265 kg/mm”.

6. A sintered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has a Vickers hardness of
=200 kg/mm”~.

7. A sintered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has a Knoop Indentation
Hardness measured at 0.1 N of at least 260 kg/mm”~.

8. A sintered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has an extinction coetli-
cient of 2.0 cm™" at a wavelength of 1100 nm and a Vickers
Hardness of at least 200 kg/mm~.

9. A sitered polycrystalline ceramic body according to
claim 8, wherein said ceramic body has an extinction coetli-
cient of 1.0 cm™' at a wavelength of 1100 nm and a Vickers
Hardness of at least 220 kg/mm”.

10. A sintered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has an extinction coeti-
cient of 1.0 cm™" at a wavelength of 1100 nm, and a Vickers

Hardness of at least 240 kg/mm”.

11. A sintered polycrystalline ceramic body according to
claim 10, wherein said ceramic body has an extinction coet-
ficient of about 0.75 cm™" at a wavelength of 1100 nm, and a
Vickers Hardness of at least 250 kg/mm~.

12. A sintered polycrystalline ceramic body according to
claam 1, wherein said ceramic body has an average pore
radius of less than 0.10 microns.
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13. A sintered polycrystalline ceramic body according to
claiam 12, wherein said ceramic body has an average pore
radius of less than 0.05 microns.
14. A sintered polycrystalline ceramic body according to
claim 1, wherein said ceramic body has an average grain size
of less than 8 um.
15. A sintered polycrystalline ceramic body according to
claim 14, wherein said ceramic body has an average grain size
of less than 5 um.
16. A process for preparing a polycrystalline chalcogenide
ceramic material comprising:
heating a chalcogenide powder to a temperature of 900-
1000° C.,

subjecting the heated powder to umaxial pressing at a
pressure of 40 to 60 MPa and a temperature of 900-
1000° C. for 0.16-6 hours, and

subjecting the resultant pressed chalcogenide material to

hot 1sostatic pressing at a temperature of 880-1000° C.
under an 1nert gas pressure of 180-250 MPa for 10 to 100
hours.

17. A process according to claim 16, wherein said chalco-
genide powder 1s ZnS powder.

18. A process according to claim 16, wherein said chalco-
genide powder 1s heated to the sintering temperature of 900-
1000° C. at a rate of 1.5 to 12 K/min.

19. A process according to claim 18, wherein the particle
s1ze of the chalcogenide powder 1s within the range of =400
nm to 10 um.

20. A process according to claim 16, wherein, before being,
sintered, the chalcogenide powder 1s subjected to a vacuum 1n
order to remove trapped gases and/or contaminants.

21. A process according to claim 20, wherein vacuum 1s
within the range of 10 to 10~ torr.

22. A process according to claim 16, wherein, before being
sintered, the chalcogenide powder 1s subjected to one or more
temperature burnout steps to eliminate entrapped hydrocar-
bons that may be adsorbed to the surfaces of the chalcogenide
particles.

23. A process according to claim 22, wherein the one or
more burnout steps are performed under vacuum at 10~ to
10~ torr and at a temperature of 50-300° C.

24. An infrared window or dome for protecting an infrared
sensor, comprising a polycrystalline chalcogenide ceramic
according to claim 1.

25. An infrared 1maging system comprising at least one
inirared sensor and an infrared window or dome for protect-
ing said at least one inirared sensor from the external envi-
ronment, wherein said infrared window or dome 1s according
to claim 24.

26. An infrared lens for focusing light within the 0.4-14 um
wavelength range, said infrared lens comprising a polycrys-
talline chalcogenide ceramic material according to claim 1.

27. A sitered polycrystalline ceramic body consisting,
essentially of zinc sulfide sphalerite, wherein said body has an
in-line transmittance per 6.3 mm thickness for all wave-
lengths in the wavelength range from about 0.4 microns to
about 14 microns of not less than the transmittance shown by

line B 1in FIG. 3.
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