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Nitinol as photothermal catalyst?

Nitinol, NiTi, is a famous shape-memory alloy
widely used in medicine, aerospace industry, instrumentation etc.

But what about catalysis with NiTl?
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Nitinol in hot water —




Preparation of NiTi@TiO,/Ni catalyst

v' Sonohydrothermal (SHT) treatment of pristine NiTi NPs in pure water
| (200°C, autogenic pressure P= 14 bar, US: 20 kHz, P,.=17 W, t = 3 h)
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SHT freatment leads to the appearance of metallic Ni and anatase TiO, NPs at the

surface of pristine NiTi indicating non-congruent oxidation of NiTi in hydrothermal
water




Optical and magnetic properties of NiTi@TiO,/Ni NPs
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UV/vis/NIR absorption spectra of NiTi and NiTi@TiO,/Ni NPs suspended
in water

Poster P16 " Synthesis of magnetic nitinol and its application for light-to-heat conversion and
photothermal glycerol reforming "




Light-to-heat conversion

— NITi
— NiTi@TiO,/Ni

Temperature (° C)
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Photocatalytic cell before (a) and during
b) illumination with xenon lamp

Temperature evolution with time under Xe lamp exposure for
the aqueous suspensions of NPs

* Glass-made continuos Ar-flow \ Product rc
thermostated cell NiTi 174
T=30-100°C — )
» 1 M glycerol solution NITI@TIO/Ni 172
« V=50mL (I =3 cm), 100 ppm of TiO, P25 103
catalyst
g raip- T t f NiTi, NiTi@TiO,/Ni, and TiO, pellets under X
400-1100 nm: 8.9 W emperature of NiTi, NiTi@TiO,/Ni, and TiO, pellets under Xe
300-420 nm: 0.6 W lamp exposure on air. Image of irradiated pellet taken with
» Online mass spectrometric analysis of thermal camera

\ the outlet gases /

Strong self-heating effect is determined by NiTi metallic
core rather than by TiO,/Ni shell




Photocatalytic glycerol reforming under assisted heating

Major gaseous products: [H,] >> [CH,] > [CO,]
Minor products (T > 70 °C): CO and C,H,

H, intensity (a. u.)

/

/\/ Photocatalytic activity of NiTi@TiO,/Ni is much

higher than for NiTi

) " . v" Under dark conditions there is no products

Time (h) even at 92 °C

v Kinetics of photocatalytic process is largely
enhanced by heating

v Methane is formed at higher temperature
compared hydrogen

v' Ridge-shaped profile is associated with
methane formation

\_ /
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Suggested mechanism
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Two stage thermally assisted photocatalytic mechanism:

v Reforming of glycerol leading to the formation of H, and CO,
v' CO, methanation at the second stage

Poster P16 " Synthesis of magnetic nitinol and its application for light-to-heat conversion and
photothermal glycerol reforming "
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Supporting Information

Species BE (eV) Atomic % (&5 %)
NiTi NiTi @TiO/Ni
O1sA 529.76 38.0 36.1
O1sB 531.08 18.0 15.6
O1sC 532.21 7.7 12.4
O1sD 533.34 3.6 4.0
Ti’ 2p 454.01 1.2 0
TiO 2p 455.15 0.8 0
Ti:Oy 2p 456.23 1.0 0
Ti0:2p 457.21 0.7 0
TiO: 2p 458.35 21.8 17.5
Ni 2p 8520 2.5 3.2

NiO 2p 861.20 5.6 11.2
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H,0 + D,0 2 2HDO, K, = 3.4 (T = 25 °C)
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