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Quantitative Analysis of Brittle Fracture for Evaluating Optical Properties

in Zinc Sulfide Materials
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Zinc sulfide (ZnS) is a widely used material in far-infrared and near-infrared imaging systems due to its exceptional optical
transmittance properties. Through a hot isostatic compression process, during manufacturing, ZnS undergoes crystal
structure modifications, resulting in increased transmittance across the visible and infrared spectra. However, ZnS exhibits
low fracture toughness and irregular crystal orientations, making it prone to brittle fracture during the conventional cutting
processes. Such brittleness often leads to surface defects that scatter light, diminishing optical transmittance. Therefore,
understanding the conditions conducive to ductile processing is critical and necessitates a thorough brittle fracture analysis.
This study introduces a novel quantitative analysis method to determine the occurrence of ductile processing and brittle
fracture in ZnS materials after the turning process. To validate the efficacy of this approach, experimental machining was
conducted through diamond turning and magnetorheological fluid polishing processes. Subsequently, a comprehensive
quantitative assessment of brittle fracture was performed. Additionally, the relationship between brittle fracture and optical
transmittance was explored using the proposed analysis method.
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Table 1 Diamond turning condition

Workpiece Multispectral ZnS
Tool Single crystal
Feed rate [pum/rev] 0.1,0.5,1,5,10
Spidle speed [RPM] 1,000, 3,000, 5,000
Tool rake angle [deg] 0, -10, -20
Tool radius [mm] 1
Depth of cut [um] 1

Table 2 Magnetorheological polishing condition

Workpiece Multispectral ZnS

Abrasive Cerium oxide, Diamond

Initial surface

Removal method

Wedged surface

Removal amount [um] 0-2

(a) Raw image

1 ) ) 1

1 1 ) Pre-processmg Raw Image : BW Image I
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1 @ Remove background noise :

. i ES

1 @ Convert binary image . :

1 . . Detection of edge: 1
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2) Cracks detecting
and separating
@ Edge detection

@ Fill cavity of edge

Position, Size,
Edge Information

(3@ Percentage detection per pixel

(c) Schematic representation of the binarization algorithm

Fig. 1 Convert from a raw image to a black-and-white image
through the binarization algorithm
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Table 3 Surface analysis after diamond turning

Feed rate [um/rev] 0.1 1 5 5 10
Cutting :
...~ Spidle speed [RPM] 3,000 1,000 5,000 1,000 3,000
condition
Rake angle [deg] 0 -20 -10 -10 0
E
Raw image

Black and white image

Roughness sa [nm] 1.0 4.1 46.3
Defect ratio [%] 0.6 4.4 52.5
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Fig. 2 Defect ratio according to surface roughness (Sa) by diamond
turning and magnetorheological fluid polishing
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(a) Black and white image of machined surface after diamond
turning (surface roughness (Sa) 2 nm to 20 nm & brittle fracture
0.35% to 43.09%)

)

(b) Black and white image of machined surface after
magnetorheological polishing (surface roughness (Sa) 2 nm to 20
nm & brittle fracture 0.35% to 0.98%)

Fig. 3 Brittle fracture analysis after the process
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Table 4 Comparison of the surface analysis by diamond turning and
magnetorheological fluid polishing

Raw image
|
Process MR polishing
Roughness Sa 19.4 213
[nm]
Defect ratio 43.09 0.98

[70]

Spindle speed: 1,000 rev/min

Experimental Rake angle: 0°

Uniform removal: 1 pm

condition
Feed rate: 5 um/rev
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Fig. 4 Comparison of the transmittance by diamond turning and
magnetorheological fluid polishing
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