49

@i ipen Analysis of the luminescent emission Ny cpuF

nstitu tod p q
eegt cleare

during the sharp shrinkage of ceramic

compacts in electric-field-assisted sintering

R. Muccillo, E.N.S. Muccillo, J.C.C.A Diaz

Centro de Ciéncia e Tecnologia de Materiais - CCTM
Instituto de Pesquisas Energéticas e Nucleares - IPEN
S. Paulo, SP

=
",

[:’ L;Q,J ) 69° Congresso Brasileiro de Ceramica

L 15 a 18 de junho de 2025 | Natal - RN




Introducao
Experimental
Resultados e Discussao
Conclusoes

Agradecimentos

Instituto de Pesquisas Energéticas e Nucleares ﬁ



Introducao Sinterin

several routes for sintering a ceramic green body

1. conventional sintering: heating up to T for a time tg
and cooling down to RT, T{ AT/ At.

(1 to 10 degree/min)
2. fast firing: T4 AT/ At are relatively very large
(103 to 10* degree/min)

3. two-step sintering: heating to ~ 70-80%TD + heating
at a lower temperature for longer times.

high density without grain growth
. Wei Chen, X-H. Wang, Nature 404 (2000) 168.
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Introducao
Sinterizacao — novos meétodos

- assistida por campo elétrico (electric field assisted —
flash sintering) - 2010

- a frio (cold sintering) - 2016
- com luz negra (black light sintering) - 2020

- aquecimento ultra rapido (ultra-fast high temperature
sintering) - 2022
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Cold Sintering: A Paradigm Shift for Processing and Integration of Ceramics



Introducgao
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a frio
(cold sintering)
Cera

H. Guo, A. Baker, J. Guo, C.A. Randall, “Cold Sintering Process: A Novel Technique for Low-Temperature
Ceramic Processing of Ferroelectrics”, J. Am. Ceram. Soc. 1-4 (2016) DOI: 10.1111/jace.14593
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com luz negra - (black light sintering)
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Blacklight sintering of ceramics, Mater. Horiz., 2022, 9, 1717—-1726
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Introducao

assistida por campo elétrico (electric field assisted - flash-sintering)
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Introducao

8YSZ+NiO 8YSZLSM

Furnace + sample holder + ac power supply
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Introducao
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Scheme of the sample positioning inside the dilatometer furnace

R. Muccillo, E.N.S. Muccillo, J. Eur. Ceram. Soc. 33 (2013) 515-20



I n t ro d u 9 é O FLASH SINTERING
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S. Ghosh, A. H. Chokshi, P. Lee, R. Raj, A huge effect of weak dc electrical fields on grain growth in zirconia, J. Am. Ceram. Soc. 92 (2009) 1856-9.

M. Cologna, B. Rashkova, R. Raj, Flash Sintering of Nanograin Zirconia in < 5 s at 850 degrees C, J. Am. Ceram. Soc. 93 (2010) 3556-3559.
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electric field-assisted sintering
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electric field-assisted sintering
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Experimental | P
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Experimental sett'l‘for measuring luminescent emission during
electric field-assisted sintering. -
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Resultados
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X-ray diffraction patterns of (a) ZrO,: 8 mol% Y,0, (8YSZ) and (b) CeO,: 20
mol% Sm,0; (20SDC) flash sintered ceramic pellets.
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Resultados

Scanning electron microscopy
micrographs and EDS plots of ZrO,: 8
mol% Y,0,; (top) and CeO,: 20 mol%
Sm,0; (bottom) flash sintered

ceramic pellets I T
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Resultados

(@) ZrO,:8 mol% Y,0, - flash sintered at 800 °C

25+ (b) ZrO,:8 mol% Y,0, - sintered at 1650 °C
— 257 £ M e
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Impedance spectroscopy diagrams of (a) ZrO,: 8 mol% Y,0; (8YSZ) ceramic pellets flash
sintered at 800 °C and (b) sintered at 1650 °C/4 h. Insets: exploded view of diagrams

measured at high temperatures; numbers stand for log f (f: Hz).
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Resultados
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Left: spectrometric optical data in the 200 - 1200 nm range of the luminescent
emission detected at 800 °C during flash sintering ZrO,: 8 mol% Y,0; (8YSZ) and

Ce0,: 20 mol% Sm,0,; (20SDC).

Right: thickness monitoring of both ceramic pellets with the digital linear gauge.



Resultados

Optical spectrometric
data of the luminescent
emission detected at
800 °C before (top),
during (center) and
after (bottom) shrinkage
surge under flash
sintering CeO,: 20 mol%
Sm,0, (20SDC) and
ZrO,: 8 mol% Y,0,
(8YSZ).

Red lines: deconvolution
bands.

Blue lines: deviation of
the sum of the
deconvoluted and the
experimental spectra.
Green lines: extra
bands.
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Resultados

Values of wavelengths at
the peak amplitude of the
Gaussian bands obtained
by deconvolution of the
luminescent spectra
collected before, during,
and after the occurrence of
the flash event during flash
sintering Ce0,: 20 mol%
Sm,0; and ZrO,: 8 mol%
Y,03; bold red types denote

extra band maxima.

Sample, A__ (nm)

max

20SDC before flash 610, 750, 940

20sDC MM flash 517, 610, 690, 750, 940

20SDC after flash, 610, 750, 940

8YSZ before flash, 610, 750, 940

8YSZ M flash 500, 610, 680, 750, 940

sYSZ after flash, 610, 750, 940
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Conclusoes

1- Durante o processo de sinterizacao assistida por campo elétrico em
ceramicas de ZrO,: 8 mol% Y,0; e CeO,: 20 mol% Sm,0O, é detectada

luminescéncia pelo aquecimento Joule nos contornos de grao.

2- O espectro de emissao luminescente permitiu detector bandas opticas de

emissao devidas exclusivamente as amostras ceramicas.

3. Um mecanismo é proposto para a ocorréncia das bandas atribuidas as
ceramicas: interacao dos portadores de carga da corrente elétrica que

percola os contérnos de grao com espécies quimicas ali localizadas.
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H. Guo, A. Baker, J. Guo, C.A. Randall, “Cold Sintering Process: A Novel Technique for Low-Temperature
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a frio
(cold sintering)

H. Guo, A. Baker, J. Guo, C.A. Randall, “Cold Sintering Process: A Novel Technique for Low-Temperature
Ceramic Processing of Ferroelectrics”, J. Am. Ceram. Soc. 1-4 (2016) DOI: 10.1111/jace.14593
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