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Fig. 1 (a) Schematic illustration of the <100> uniaxial
compressive loading applied to the NaCl single crystal.
(b) Crystallographic representation of the primary slip
systems, {110}<011>, in the NaCl crystal structure.
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Fig.2 Photograph of the Autograph AG-5000C
compression testing machine, retrofitted with a custom-
developed displacement control unit employing an
Arduino UNO microcontroller and a micro servo motor for
precise displacement steps and holding periods.

2.5 AE &+l

AE FHANCIE, 5D M304A L AE o4 (F++5
VI A) RO, ZOREIERCHY, PN
DV TNIZTVT T NERL TWDTe), FEFRITE N
EERA T 5, EEOIEMRBICBT AR B~
BT L3R R D RR % Fig. 3 12”9, AE £
X, BENESE BRSO, VT /77— R
Wt 25 A2 OO TR RSB RE E B LT,

o THREESI. AE E51%, BHOT 7 THNE
SR, HEERTEHI AL E (Continuous Wave Memory,
CWM) & W TH 7Y ZL—hk 10 MHz 125> Tt
NS T P HNT —H LU TREskS AL, FidkSiiz AE
TET — 2Tt LTI, BB i Sk AR A I ek /4 X
ZRET DI 100 kHz DT DX IVINAIRAT 4L Z 4L
HAM L7, AE A XML TR 2720 OBMEIX
60 dB (TR E LT,

AU AER THD NaCl Tl BefLIEB)LE fif B
BENRERDISEICLOVER) /A XD AET HATREMED
EBIEL, ARG R OO, /A XRRRICHIEE
iy



Ch 1: M304A #131, Cal ON
Ch 2: M304A #213, Cal OFF
Ch 3: M304A #214, Cal OFF
Ch 4: M304A #215, Cal ON
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Fig. 3 Details of the acoustic emission (AE) sensor
(M304A, Fuji Ceramics) installation on the compression
jig, including a schematic of the jig (left), a photograph of
the AE sensors mounted on the jig within the testing
machine (center), a close-up of the sensors (right), and AE
channel assignments.
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Fig. 4 (a) Typical stress-time profile (black line) and simultaneously recorded acoustic emission root mean square (AE
RMS) voltage (red/blue lines for different channels) during compression of an NaCl single crystal at a crosshead speed of
0.5 mm/min. (b) Time derivative of stress (do/dt) (black line) plotted with AE RMS voltage, showing correlation between
stress drops and AE bursts.



Strain 3.8 %

Fig. 5 Sequential digital microscope images of the NaCl specimen surface taken at different time points (20 s, 40 s, 60 s,
80 s) during compression at 0.5 mm/min, illustrating the development of cleavage cracks and slip traces. The final image

corresponds to a nominal strain of 3.8%.
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Fig. 6 One-dimensional acoustic emission (AE) source location results plotted against time for the compression test at 0.5
mm/min. The color scale represents AE amplitude. AE events are concentrated in regions consistent with observed crack

growth, and specimen edges are indicated.
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Fig. 7 Comparison of engineering stress-strain curves for
NaCl single crystals compressed at two different crosshead
speeds: 0.5 mm/min (blue line, nominal strain rate
€'=7.6x107*s7") and 0.01 mm/min (red line, nominal strain
rate € =1.76x1075 s 1), demonstrating strain rate sensitivity.
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Fig. 8 Stress-time profile (black line) and AE RMS voltage (blue lines for different channels) during compression at a low

crosshead speed of 0.01 mm/min (top panel). The bottom panel shows an expanded view of a selected time interval,
highlighting the correlation between small stress drops and AE bursts.
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Fig. 9 Filtered AE RMS voltage signal from one channel (blue line) plotted with the stress-time curve (black line) for the
0.01 mm/min compression test. The top panel shows the entire test duration, and the bottom panel shows an expanded view

of the AE RMS baseline, which remains relatively constant.

3. 3 G NEEFEAER
3. 3. 1 [ hEEEH
AT P WRIERG N Z G-, AT Y7 C 100 FHH]
N — B R F LB O D8 o 2k 4 %
Fig. 10 ("7, B ZNARFFHIFIZIWT, 513
B EEHITHR 2 K T LIz, ZOIG RO IL, £
OF I (A7 VER) BN HIC D TR EL R DMHTA)
ARG, Fig. 11 121, IS JIREFPI (a2 1) &
B (A2 24)12360F 20E SIAEFN R OFEM A 7R T,
MEAFFHICBITDT VAV~ A InRa—T 28D
ZOHBETIL, HeE RO A SR O R
THER SN o T, ZOHERIL, ff EARFF P ICHIHIS
% AE B3, ERBY7Z2 ~Z B OB R IE R 258 0
TN EETRREL T D,
3. 3. 2 G HEFES
JEME AL % - 2 T DA AR RIS, BT 00 8L f5e 1 A
ARBR L [FIRRICTR I 72 AE 33U, — 0, Bhie—
AR 200 IR RHIRIIC A DL, AE OFAEME B L
O RMS SEEIT2MITIE T L7 (Fig. 12),

LU0, AE OFAENTERIEIET DD Tl
72, i AR FFHICH BRI/ 28 56T AR A~ b3
Bano Sz (Fig. 13), 260 AE A XU RO
Mg, B IR ATD AE SHEL T/ASWLORE
nolz,

3. 3. 3 IHEHE mDEH

WAL AT HE g AN T VAV INAY - g i kg N IV
TA=LTHDIERE m*OEEZREH L, m*MEDH
NI, IS AR T 27 1o T4 DM T
72 (74T 4> 7 %% Fig. 14 |~ 7). HHEITZ m*E
X, P A7V (0T BRI IZEsTEEIL, DI
oY — IR o Lo @A R U, EOMRHEE, W
ONDOEBM B CHRESN TOAEEFRREDOA—X
—Th~-7= (Fig. 14) ,



Stress / MPa

0 Shﬂ 10.00 1500 2000 25.00

Time /s
Fig. 10 Complete stress-time history for a stress relaxation test performed on an NaCl single crystal, illustrating the
incremental loading steps followed by 100-second holding periods for stress relaxation.
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Fig. 11 Detailed stress relaxation profiles observed during the first holding period (Cycle 1, ~0.5% nominal strain, left
panel) and the 24th holding period (Cycle 24, ~12% nominal strain, right panel) of the stress relaxation test.
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Fig. 12 Overview of the stress-time profile (black line) and multi-channel AE RMS voltage (colored lines) during the entire
stress relaxation test, indicating that significant AE activity is primarily concentrated during the loading phases.
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Fig. 13 Close-up views of the stress (black line) and AE RMS voltage (blue/green lines) during stress relaxation periods at
an early stage (Cycle 1, left panel) and a later stage (Cycle 24, right panel), illustrating the detection of sporadic AE events
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Fig. 14 Determination of the stress exponent m*. Top panels show examples of fitting observed stress relaxation data (blue
dots) with a theoretical model (red line) for Cycle 1 (left) and Cycle 24 (right). The bottom left panel plots the calculated
m* values against the stress at the beginning of each relaxation period for Cycles 1-24. The bottom right table lists typical
m* values for various metallic materials for reference.
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Summary

Sodium chloride (NaCl) is vital across industries, where its mechanical properties, governed by defects like
dislocations, are critical. This study aimed to elucidate the microscopic deformation and fracture mechanisms in
NaCl single crystals under mechanical loading. A combined approach of in-situ digital microscopy and Acoustic
Emission (AE) analysis was employed during uniaxial compression and stress relaxation tests at varying strain rates.

NaCl single crystals (approx. 10 x 10 x 10 mm?®) were compressed along the <100> axis. A DC motor-driven
testing machine with a custom Arduino-based displacement control system was used. AE signals were captured
using resonant M304A sensors and recorded at 10 MHz, while surface deformation was monitored with a Keyence
VHX-8000 microscope. Compression tests (0.5 mm/min and 0.01 mm/min) showed stress-time curves with load
drops corresponding to AE RMS voltage bursts. Deformation involved {100} cleavage and {110}<011> slip.
AE source location linked high-amplitude events to cleavage. Strain rate sensitivity was evident. The constant
baseline AE RMS during continuous deformation suggested that AE from sustained dislocation glide was either very
low or masked. Stress relaxation tests, with stepwise loading and 100-second holds, aimed to isolate AE from
dislocation motion. No macroscopic crack growth occurred during holds, yet sporadic, small-amplitude AE events
were detected, indicating microscopic slip. The stress exponent, m*, derived from relaxation curves, was
comparable to values for some metals.

This research demonstrates the utility of combined in-situ observation and AE for characterizing NaCl's
deformation dynamics. High-amplitude AE is primarily linked to cleavage, while subtle AE during stress
relaxation likely stems from dislocation activity. These insights are crucial for optimizing salt production,
controlling crystal quality, and ensuring stability during industrial handling. Future work includes enhancing AE

signal detection and further correlating AE with dislocation parameters like m*.



