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* |Introduction

* The company LigTech International A/S
* Goals of "Ceramic Product Test” WP5

* Production of test samples (sintering)

* Test results

* Conclusions

Lig Tech




Introduction

* LigTech is an end-user of SiC powder 7
and role as test partner —| -

PROGRAMME

Waste tyres Silicon Carbide

-> ‘ Pellet

Disc

—
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LigTech International A/S

* LigTech International A/S — Liquid Technology International A/S
* Formerly known as CoMeTas

* Development, production and
marketing of:

e SiC membranes

* (Catalytic coatings for the
automotive industry

e Kiln furniture

* Founded in February 2006

* Located in Ballerup , West of Copenhagen,
Denmark

* Production of 2.500 m? p.a.

e Patent rights for SiC membranes L I q Te c h
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Diesel particle filters Kiln furniture
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Unigue membranes

* Highest flux

« Temperature resistance

‘  Total chemical resistance‘

e 100 % Silicon Carbide < 1 pm
) 0.1 um
~—+
1% M CoMeTas SiC
0.1 1 )
s om MM m Alumina
[ ]

Flux comparison between SiC

and alumina oxide (Al,O,) Liq Tech
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LigTech makes a difference

‘ @ Produced water

‘ @) Pre-filtration for reverse osmosis

‘ Ballast water

‘ g Industrial applications

‘ Waste water treatment

‘ @ Drinking water

‘ @ Innovation & Technology

Lig Tech
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SEM picture of 2 layer membrane

e SiCcontent: >97%
e Full chemical resistance:
0 to 14 pH value

 High thermal robustness

. Maximum application
temperature: 1000°C

* Porosity: 45%

e Thermal and electric
conductive

 Highly hydrofilic

e Environmental safe

Lig Tech
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WP5 goals

* To show that TyGRe SiC powder can be used

for industrial processes and hereby can be
sold as a commercial product

* To compare the TyGRe powder to an existing
product (of commercial SiC)

Lig Tech




Demands for the TyGRe SiC

1. High content of a-
SiC
2. Pure SiC powder

— Prefered above 95%
gt’l&”ﬂw;.m‘y';Tm‘;;i;l;xﬁ

3. Narrow particle size Result of produced
distribution TyGRe SiC powder

4. Small size grains

1 N 3 A=SE2 o
I { &6 mm Phote No. = 2714
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Production of SiC powder

SiC % Si02 % Si % Fe % Al % Free C%

SIKA |

(Refractories) 99,7 (97) 0,15 0,02 0,02 0,02 0,15
SIKA I

(Refractories) 99,5 (94-97) 0,2 0,02 0,04 0,03 0,15
SIKA I

(Refractories) 99,2 (90-94) 0,35 0,02 0,5 0,25 0,15
SIKA IV

(Refractories) 99 (>90) 0,45 0,05 0,8 0,3 0,2

* Acheson
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Production of SiC powder

* Two production methods of powder:
— Batch tubular furnace — ENEA
— Continuous plasma process — IMEC

Lig Tech




Production of test samples
Mixing of SiC :

* Two types of samples

— Discs |
' XYL
* Forming of pellets are @*-1

performed during liquid phase

and SPS sintering qu TBCh




Production of test samples

* Forming
* Weighing

* Pressing

Lig Tech




Sintering parameters

e SiC powder

* Sintering aids

* Sintering temperature
* Sintering pressure

* Residence time

* Three types of sintering:
— Vapour phase sintering - LigTech

— SPS (Spark Plasma Sintering) —
IMEC

— Liquid phase sintering - ENEA Liq TBCh

INTERNATIONAL



Vapour phase sintering

* The transport path
during vapour phase
sintering

* a) grain boundary
diffusion.

* b) lattice diffusion

* ) evaporation-
condensation

e d) surface diffusion




Spark plasma sintering (SPS)

Spark Plasma Sintering (SPS) Spark Plasma Sintering (SPS)

| Pressure mechanism
Pulsed DC * Plasma heating Joule heating
power supply Graphite
__—punch

N B .
' |
: S |
| S Powder
" 598 5o :
: . |
T— B

Vacuum Gr?h'te

chamber Pressure ¢ Plasma Electrical

discharge current

www.substech.com

www.substech.com

* Process proceeds through three stages:
1. Plasma heating
2. Joule heating
3. Plastic deformation

Lig Tech
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Liquid phase sintering

(a) Liguid phase Liquid phase (b) (c)

Pore Pore

Ceramic particles f

_‘ (id 2 3 50 )
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e Stages of liquid sintering
e a) Liquid phase
* b) Solution-precipitation
e ¢) Coalescence

Pore growth
& coalescence

Dissolution-reaction

Lig Tech
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Test methods of samples

SEM EDX

e Visual evaluation e |dentification of e |dentification of
of sintering pollutions after material physical
sintering property

* SEM —Scanning Electronic Microscope
* EDX —Energy Dispersive X-ray spectroscopy

Lig Tech




SEM

* Pellet (LPS) * Disc (SPS

TYGRE
plasma SiC

Mag = 20.00K % Siged 24550 Siegest T 00% Whing =it FI3 Blanked= Voo
dpm EHT = BO0KY G2 "ot Twmme - st Vi Sl 05000 FFabe < 33020

Wwh=4.9mm Image Pixel 5 © pperture bo.= 1 FIE Ineging = SEN
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"EDX spectra of the liquid phase
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e At last deliverable

sample E had the Bulk density
highest density: Lo
89.2% e
. 2 50,00% -
® The thEOrEtlcaI E 38*88:;” r.ii B Green density
densities used are E ig:gg:ﬁ == B Sintered density
000% 1 T T T T T T T T 1
—3.2g/cm3f0rvap0ur BBIDEFGH I OVVLZIZ
phase sintering and Testcode
— 3.23 g/cm3 for liquid

hase sinterin -
p g Lig Tech
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Test results
e Best result to date
— Sintered pellet

* SiC powder produced by thermal ‘

plasma synthesis by IMEC

* Liquid phase sintering by ENEA

* Sintered density 91.3% T.D.
corresponding to 2.95 g/cm3

Lig Tech
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Benchmark of powder

* Different purity

— TyGRe powder has a higher content of metallic
impurities than commercial powder

* Density

— TyGRe powder has the density of 91% T.D. (sample
obtained by means of liquid phase sintering)

Lig Tech




Conclusions

* Impurities in SiC powder cause poor forming
and sintering properties

— Impurities are created in the production of SiC
powder

* Correct purification methods are very
Important

* Relevant part of the research work in WP5
was to find a valid procedure to purify the

raw TyGRe SiC qu TBCh




