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Introduction

Work has continued in the study of mechanical properties of mercuric

iodide. Compression and hardness testing of carefully prepared samples from a

single crystal grown at EG&G (crystal s2-20) have been performed at various

temperatures to study temperature effects on the mechanical properties of the

material. A mechanism to explain the results is proposed.

For the compression testing, a slab from S2-20 was polished flat and parallel

and diced for samples. Several tests were performed at various temperatures.

The load-deformation curves are usually "S"-shaped, giwng rise to three

identifiable "regions" of plastic slip. While we are tentatively identifying this

behavior as a "material behavior" (rather than an instrumental or "end" effect),

further testing will be necessary to verify this hypothesis. Statements (l)-(5),

below, are made within the "framework" of this hypothesis.

(1) In all cases, plastic slip (i.e. the initial CRSS) occurred at less than 6 kpa

(less than 1 psi) shear stress on the 'c1 planes.

(2) The initial CRSS appeared to be lower at higher temperatures, but in most

cases where it was measurable, it seemed to be at the very limit of the reso-

lution of the equipment.

(3) In many cases, it appeared that plastic slip occurred almost instantly as

loading began. Strain can be measured to 10'5, stress to0.2 kpa (0.03 psi).

(4) The lowest measured value of resolved stress, at which plastic strain

seemed to occur (i.e. the lowest measured CRSS), was 0.8 kpa (slightly

more than 0.1 psi). at 1S46 C.



(5) An "upper apparent" RYS occurs where the load-deformation curve passes

from the <:second" to the "third" region. The "upper apparent" resolved

yield stress (RYS) is at least one or two orders of magnitude higher than the

stress at which plastic slip apparently first occurs (i.e. the initial CUSS,

within the framework of the above mentioned hypothesis).

(6) Three of the four samples for which work hardening rates (ductility) were

calculated exhibited significant increase in ductility with an increase in

temperature.

(7) A crystal work hardened (above the "upper apparent" EYS) to a certain

stress level yields at that same stress when reloaded at the same tempera-

ture. When the temperature of the specimen is raised, the actual yield

stress is appreciably less than the "expected" value. Also, when the tem-

perature is lowered, the yield strength of the specimen increases.

For the study of hard glide dislocation behavior during microhardness test-

ing, tests were performed at various loads and temperatures. The results are

summarized as follows.

(1) A temperature bath using oil was used to control the temperature of sam-

ples during testing; the oil does not affect the surface of the crystal appre-

ciably.

(S) TCE used to clean the oil from the surface of the crystal attacks the sur-

face, but leaves a surface good enough for observing dislocation etch pits.

(3) Data points were obtained at room temperature at four load settings to

examine scatter.

(4) Data points were obtained at various temperatures to confirm:

a) the increase in the length of etch pit arrays with an increase in tempera-

ture.



b) the decrease inKnoop hardness with increasing temperature.

Compression Testing Experiments

Figure 1 shows a schematic of a portion of single crystal S2-20 which was

vapor grown at EG&G. The crystal was string sawn into five sections. Samples

from the middle slab, called 'C, were used for characterization of the crystal

and test set-up. Slab 'D' was polished flat and parallel using the Kl solution and

crystal polisher. It was then sawn into 21 pieces (see figure 2) from which 11

were suitable for compression test samples.

A crystal loading apparatus (as shown in figure 3) was used. The instrumen-

tation included a 5# Lebowe load cell and Brown and Sharpe electronic indica-

tors. A temperature control bath allowed the graphite mandrels to be aligned

with their faces parallel. This apparatus has the ability to measure stress on a

12 mm2 sample to 0.2 kpa (0.025 psi) with reasonable confidence.

The Brown and Sharpe electronic indicators coupled to the X-Y recorder

have a strain measurement capability of 10~5.

The temperatures of both the bath and the mandrel adjacent to the mercu-

ric iodide sample were measured using Chromel-Alumel thermocouples (type K).

Procedure

The load curves were generated by moving the top mandrel down at a fixed

rate (approximately 1 /urn per second) and recording the resulting load and

strain.



Results

Before presenting the results, we wish to provide a "word of caution," i.e.

the specific results that deal with the extremely low initial CRSS are presented

as tentative, pending further testing and verification. However, for the present,

our working hypothesis is that the phenomena discussed below are in fact

representative of behavior of the material and not based on equipment or "end"

effects.

Table la lists the initial critical resolved shear stress (CRSS), i.e., the lowest

resolved shear stress at which plastic slip is observed, for the samples from the

'C slab. These were all tested at room temperature in air. The CRSS values

range from 1 kpa (0.14 psi) to 4.7 kpa (0.68 psi). Some samples which exhibited

plastic slip at or below the resolution of the equipment are not listed because no

determination of CRSS was made.

Table lb lists the values of CRSS for samples from the 'D' slab at various

temperatures. Sample D-7 was inadvertent:/ loaded to a value of 1.7 kpa before

the pen was active on the recorder. It had already yielded at this level of stress,

so its initial yield was at some lower value.

The "upper aparent resolved yield stress (RYS)" listed is explained as fol-

lows. Figure 4a shows the load-strain curve of D-12 at 124° C. The "turn over"

Table la
Initial CRSS at 23° C in kpa

(1 kpa = 0.14 psi)
C7 4
CO 2
C9 1
C17 g.3

C20 4.7
C23 3.5
C25 3.4
C89 3A.

Nate-There were eleven samples for which CJiSS could not be adequately
determined; same seemed to yiuld below the resolution of the equipment
(0. lkpa).



Table lb

Sample
D5
D9

D l l
D7
D10
1)12

Temp
25° C
30 C
60 C

me
124 C
124 C

CR3S
(kpa)

<2*
5.7
1.2

<1.7**
O.B

*

Upper Apparent
RYS

121
57
60
57
51
91

*These are uncertain due to the difficulties inherent in evaluating the load-
ing curves.

**This sample UKIS accidentally preloaded to this stress,

point at 91 kpa is the upper apparent RYS given in Table 1b. Comparing the

"elastic portion of the curve" (to the right) with the initial loading curve, it

appears that plastic slip first occurs at very low levels of stress. That is, neither

regions I nor H have slopes equal to that of the elastic portion, and thus plastic

deformation evidently is occurring throughout regions 1 and II. At 91 kpa, the

nature of the plastic slip evidently changes. At first glance, this upper value

might be chosen as the yield stress. However, since plastic deformation has

occurred throughout regions I and II, the initial CRSS is thought to be at L*e

onset of region I, and the upper value (91 kpa in figure 4a) is referred to as the

"upper apparent RYS." At the lower stresses, the dominant slip mechanisms

appear to be different from what they are at the higher stresses. This

phenomenon will be investigated in a more controlled fashion using a shear test

fixture currently being developed. Similar curves are shown for samples D-10

(figure 4b) at 124°C, D-ll (figure 4c) at 00°C, and D-5 (figure 4d) at 25°C.

The work hardening slope shown in Table 2 is a measure of how the crystal

deforms under continually increasing stress in region III. Each sample should be

considered independently from the others. Note that, except for D-15, the

region III behavior exhibits increased ductility at higher temperatures, i.e.,

more strain occurs for a given increase in stress. The anomalous behavior of D-

!5 at 30°C is not understood, although the differences in slope arc not large for



this sample.

Figure 5 shows the loading curves for D-10 after work hardening beyond the

limits of region II. The first two curves are at 124° C. The material yields on the

second curve at the same stress at which loading was stopped on the first curve.

When the temperature is lowered, the yield stress rises above the value that

would be expected at 124° C; for brevity the latter value î  referred to as the

"expected value." Thus, in this case, the CRSS increases from an expected

value of 164 kpa to 206 kpa, a rise of 26%. Table 3 shows the effects of tempera-

ture on resolved yield stress (RTS), i.e. on the yield stress at which the samples

pass from the elastic to the plastic region, for samples work hardened beyond

the limits of region II.

Without exception, when the temperature was lowered, the observed value

of yield stress of the work hardened specimens was higher than the expected

value. Similarly, when the temperature was raised, the observed value fell below

the expected value. This is ia accordance with the results obtained by Kisoo Kim

in the hardness fests. The material softens with an increase in temperature.

Sample
D12

D15

D10

Dll

Table 2
Work Hardening Slope

lat train
Temperature

30° C
60° C

124° C
30° C
80° C

120° C
39° C

50° C
60° C

Slope

4.2
4.0
2.4
2.4
3.0
2.7
4.0
2.7
7.3
3.0

Note-A high value means less ductile; a low value denotes more plastic slip
•with less increase in stress.
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Table 3
Temperature Effects on RYS

Sample

D]2

D15

D10

D}2

Temperature Kise
°C

30° to 60°
30° to 60°
30° to 80°

80° to 120°
Temperature Fall

°C
124° to 90°
90° to 73°
74° to 39°

124° to 30°
70° to 50°

%Change from
Expected Value

-6.5%
-13%

-4%
-6%

+26%
+ 10%

+6%
+20%

+7%

Hardness Testing

Portions of crystal s2-20 not used for compression testing were used for

microhardness experiments. Tests were conducted at various loads and tem-

peratures on a Tukon microhardness tester (see figure 6a) equipped with a tem-

perature controlled oil bath. This allowed tests at temperatures up to the tran-

sition temperature of 127°C. Two Chromel-Alumel thermocouples were used to

measure the temperatures of the specimen and the surrounding oil (see figure

6b). Temperature uniformity was aided by placing the sample on a stainless

steel sample mount in the center of the bath as seen in the figure.

In this investigation, etching technique was used to study the dislocation

activities associated with the microhardncss indentations. The etching solution

developed by T. W. James consisted of 10% ethanol in TCE (trichloroethylene).

The TCE-ethanol solution was applied effectively with a cotton swab held on the

surface of the crystal or by immersing the specimen for approximately 6 to 7

seconds.



The oil from the temperature bath leaves a film which prevents observation

of the specimen immediately after indentation. The problem with the oil film

was that it was difficult to remove from the surface of the sample to allow view-

ing. Trichloroethylene (TCE) was used to remove the oil from the specimen. It

was found that TCE cleans the surface, but also attacks the mercuric iodide if

applied for a long period of time, i.e., more than 30 seconds.

Procedure

Knoop microhardness tests of varying loads were conducted in air at room

temperature. For these tests, one piece of s2-20 was repeatedly cleaved along

(001) planes to provide a fresh surface for each indentation. The sample surface

was etched prior to each series of indentations. Figure 7a is a photograph of a

Knoop microhardness indentation on an etched surface.

For all tests, the long diagonal of the knoop indenter was aligned along the

[110] dire tion on the (001) faces. After a series of indentations were com-

pleted, the samples were re-etched. Most indentations produced etch pit arrays

emanating from the indentation along the <100> type directions. Figure 7b

shows the etch pit arrays visible after etching an indented surface. The lengths

of the three longest etch pit arrays were measured and averaged, thus giving an'

indication of the ease of generation of hard glide dislocations and their mobility.

Indentations at higher temperatures were carried out in the oil bath. A

freshly cleaved sample was affixed to the sample holder by using huma-seal

(sp?). in order to prevent the sample from sliding once placed in the oil. The

sample and holder were then placed in the dry bath. After bringing the speci-

men surface into focus, oil was carefully poured into the bath and the apparatus

was raised to the appropriate temperature. Temperature was controlled by the

0



proportional controller and by manual switching of the heater. A uniform sam-

ple temperature could be maintained during the indentation. The heater was

turned off during the indentations.

Usually two or three indentations were performed on a sample surface at

the same temperature. After indentation, the oil was removed from the bath

and the sample was taken off from the sample holder. The sample was rinsed

with TCE for 45 seconds and then etched with the TCE-ethanol solution. The

sample could then be observed under the microscope for etch pit array meas-

urements. The surface of the sample was cleaved to provide a fresh surface for

more tests at other temperatures.

Results

Khoop microhardness indentations were carried out under the load range

from 5g to 50g at room temperature. Examples can be seen in figures 7 and B.

Figure 9 shows the length of the etch pit ar lys as a function of applied load.

Though there is scatter, a trend of increasing etch pit array length with increas-

ing load is obvious.

The photograph in figure 10 is an example of etch pit arrays at a higher

temperature (80° C) of indentation. Figure 11 shows the length of etch arrays

as a function of temperature. This shows the lengthening of the arrays with

increasing temperature. The data indicate a marked softening, i.e. a marked

increase in the mobility of the hard glide dislocations as the transition tempera-

ture is approached.

Knoop hardness (UK) was calculated as a function of temperature as seen in

fl&ure 12. Hardness decreases with increasing temperature.
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pt: load (gf)
d: length of long diagonal of indentation

Conclusions

There are three primary observations obtained from the present work.

First, the initial CRSS, i.e., the stress at which plastic deformation first occurs

on the 'c' shear planes, seems to be as low as 0.8 kpa (0.1 psi) and may, in fact,

be much lower. This very low yield behavior, if conRrmed by other tests, can be

an important consideration in crystal growth and detector fabrication. Second,

work hardened single crystals of mercuric iodide soften and become more duc-

tile with increased temperatures. Third, hard glide dislocations are generated

more easily and become more mobile at higher temperatures. These last two

are intimately linked. The mobility of the hard glide dislocations at the higher

temperatures allow for easier slip, thus lowering the yield stresses and increas-

ing the ductility.



a - as grown

c - cleaved C plane

s = string saw cut

— = string saw cuts
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FIG. 1

I l lustrat ion of the portion of S2-20 that was used in the
present study.
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Photo 3-V Knoop microhardness indentation made on an etched (001) surface
(load 10g)

Photo ̂ ^-* The specimen was re-etched after indentation



Photo -V Formation of etch p i t arrays under the 50g u-hardness Indentation
•at room temperature
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* (0
Photo -5" Formation of etch pits arrays at 80°C. lOg u-hardness

indentation was performed in the oil bath.
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