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Experimental section

Shock wave loading procedure

The required shock waves are generated by an in-house semiautomatic Reddy Tube
which is capable of producing shock waves. It has three sections such as driver, driven and
diaphragm sections. The driver and driven sections are made of seamless steel tubes of length 48
cm and 33 cm, respectively and both have the same inner diameter of 1.5 cm. Atmospheric air is
used as the working substance for the required shock wave generation which is supplied by a
tabletop mini 1 HP air compressor that has the capacity of 8 bars pressure storage. The
diaphragm section separates the driver section and the driven section. Carbonless paper
diaphragms are fed into the diaphragm section with the help of a motor. While the atmospheric
air is being compressed into the driver section, at the critical pressure, the diaphragm is ruptured

such that the shock wave is generated and moves along the driven section.

An indigenously developed semi-automatic Reddy tube has been used to generate the
shock waves. In the present experiment, shock waves of Mach number 2.2 have been utilized
possessing the dynamic transient pressure of 2 MPa and temperature 864 K. The shock waves
from the driven section go on striking the sample which is located 1 cm away from the open end
of the driven section. One end of the driver section is connected to the diaphragm section which
has two pneumatic cylinders and the other end is connected to the compressor. The pressurized
air is also utilized for the operation of pneumatic cylinders. Using the pressure controller of the
driver section, we can control the input pressure range of the driver section and the schematic

diagram is presented in Fig. S1 (a, b).



Sample holder

Heat waves propagation

Fig. S1 (a) Schematic diagram of the table top pressure driven shock tube (b) shock propagation

on the sample

Operation of the shock tube

Pressure of the air in the driver section is gradually increased by the air compressor until
the diaphragm ruptures which leads to the generation of shock wave traveling along the axis of
the driven section. The required numbers of test samples are to be placed one by one in the
sample holder which is typically placed lcm away from the open end of the driven section.
Subsequently, required numbers of shock pulses are loaded on the respective test sample with an

interval of 5 sec between each shock pulse. 100 number of shock pulse means that the sample is

S-3



exposed for 100 times by shock wave of a particular Mach number. After the completion of the
shock wave loading experiment, the control and shock wave loaded samples are sent for

analytical studies.
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The initial fixed values are P;=1 bar, y=1.4 and T=300 K, where M- Mach number, Ps and Ts
stand for the reflected transient pressure and temperature at the end of the driven tube,

respectively.
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Analytical experiments

Powder X-ray diffraction

The analysis of Powder X-ray diffraction (PXRD) [Rigaku — Smart Lab X-Ray Diffractometer,
Japan- CuKal as the X-ray source (A = 1.5407 A), with the step precision of £ 0.001°] was
performed over the diffraction angle from 10-90 degree. The high-power X-ray is 9 kW and
focus type is line focus. Active area is 384 mm? (19.2x20 mm). Spatial resolution is 75 pm and
Global count rate is 2.5 x 10° (1x10° cps/pixel). Efficiency of this technique with target material
of Cu is 99 %. Highest flux X-ray source: PhotonMax, HyPix-3000 high energy resolution 2D
detector, New CBO family, with fully automated beam switchable CBO-Auto and Various

operando measurements with the new SmartLab Studio IL
Raman spectroscopy

We investigated the Raman spectra of the control and shocked samples using a Renishaw
2000 micro confocal Raman spectrometer coupled with a 532 nm argon ionic excitation source
and laser source energy is 50 mW. The spectral frequency of this spectrometer is 100-3500 cm™
and the spectral resolution is 0.75 cm™ (FWHM) and the depth resolution is 2 mm (100 X
objectives). Single-crystal silicon with a characteristic Raman peak at 520.0 cm ' was utilized to
calibrate the Raman spectroscopy system prior to measurement. Raman spectra of the control
and shocked SnO, NPs were gathered within the wavenumber range of 100 3500 cm ' in the
backscattering geometry with the spectral resolution of 1.0 cm ' and the acquisition time was
120 secs. The laser spot size was 50 pm? and the optical microscope’s objective lens was used
such that an X50 long working distance objective lens (WD = 10.6 mm) was utilized and the

value of numerical aperture was 0.5 while the Raman data was collected by Renishaw Wire 5.1

S-5



instrument control and the data acquisition software. We processed the obtained Raman spectra
with a Lorentzian-type function in Origin 9.0 software to extract the Raman peak position and its

corresponding FWHM.



Results
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Fig. S2 Structural response of the control shocked AX type NPs (a) CdO, (b) NiO, (¢) MgO,
(d) ZnO and (e) CuO (Note: here all the published XRD data are reproduced with required

permission)
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Fig. S3 Structural response of the control shocked AX, type NPs (a) a-MnO,, (b) CeO,,
(c) SnO;, (d) A-TiO, and (e) R-TiO, (Note: here all the published XRD and Raman data are

reproduced with required permission)
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Fig. S4 Structural response of the control shocked A,X; type NPs (a) a-Cr,03, (b) a-Fe,O3,
(c) a-ALOs, (d) A-TiO; and (e) R-TiO; (Note: here all the published XRD data are reproduced

with required permission)
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Table. 1 Thermal conductivity-dependent phase stability details of the control and shocked metal

oxides NPs with respect to the number of shock pulses

) Thermal Transient Phase Phas.e.
Material  No. of .. .. transiti
S.NO conductivity pressure and transition Ref
S shocks sl on
(Wm K™) temperature route
route

1 A-TiO, 90 1.5 2.0 MPa and 864 K anatase to rutile =~ K-path  [1,2]
2 R-TiO, 90 34 2.0 MPa and 864 K  rutile to anatase - [3]
3 Fe;04 200 3.5 2.0 MPa and 864 K Fe;04- a-Fe;O3  K-path [4]
4 CdO 200 8 2.0 MPa and 864 K B1-B2 P-Path [5]
5 o-Fe, O3 200 11 2.0 MPa and 864 K  a-Fe,O3to Fe;04 K-path [4]
6 Co304 150 12 2.0 MPa and 864 K Co304to CoO  K-path [6]
7 o-MnO, 200 14.81 2.0 MPa and 864 K No transition - [7]
8 CeO, 150 16.99 2.0 MPa and 864 K No transition - [8]
9 0-Cr,03 150 32.94 2.0 MPa and 864 K No transition - [9]
10  SnO, 200 35 2.0 MPa and 864 K No transition - [10]
11 0-AlL, O3 200 36 2.0 MPa and 864 K No transition - [11]
12 NiO 200 46.02 2.0 MPa and 864 K No transition - [12]
13 MgO 200 49.9 2.0 MPa and 864 K No transition - [13]
14  ZnO 200 54 2.0 MPa and 864 K No transition - [14]
15 CuO 200 69 2.0 MPa and 864 K No transition - [15]
16 Nd,O3 200 - 2.0 MPa and 864 K No transition - [16]
17 Sm,0s3 200 - 2.0 MPa and 864 K No transition - [17]
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