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Processing of CMC for ultra-high temperature application
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@ Technology Overview

« Fabrication of highly pure (>99.9%), high-temperature ceramic (UHTC - SiC, ZrC, HfB,, HfC, TaC, Ta,HfCs) nano powder
« Highly concentrated nano-slurry preparation (SiC: 62vol%; HfC: 55vol%) of ultra-high temperature ceramics
« Fabrication of ultra-high temperature (1500-1700°C) ceramic nano-composite (grain size: 100-200nm) using low temperature pressure sintering and precursor impregnation

i O kX

Powder synthesis using SPS Synthesized nano powder Matrix phase Fiber reinforced composite Evaluation of
ultra-high temp properties
« Proprietary technology to mass produce high-quality UHTC powder using SPS
HfC ZC ZB,-SiC

« Fabrication of ceramic composite using low temperature sintering and PIP

- Sintering without residual sintering agents at 1500-1700°C (ZrB2-SiC, HfB,-SiC, HfC-SiC, TaC-SiC)
- Fabrication of fiber-reinforced ceramic composite - SiC(/SiC, C/ZrB,, C/HfB,-SiC, C/HfC-SiC
+ Good resistance to ablation at up to 2800°C - HfC, HfB,, HfC-SiC ablation rate < 0.001mm/s

© Highlights and Strengths

Category Existing technology

« Purity of up to 99%, oxygen content of up to 1wi%

UHTC powder synthesis |, Production of up to 20g/day

Non-sintering agent
UHTC densification

« Sintering temperature >1900°C
« Boundary size >3 micron, Zr base UHTC

Fabrication of fiber
reinforced composite

« Sintering temperature of up to 1800°C
« No fiber loss, Zr base composite

« Oxide base sintering agent is used for pressure sintering

SIC/SIC GMC « Active filler, passive filler used

KIMS's technology

« Purity > 99.9%, oxygen content < 1wt%
« Production of up to 170g/day

- Sintering temperature 1500-1900°C
« Boundary size of up to 200 nm, Zr, Hf, Ta base UHTC

« Sintering temperature 1500-1800°C
« Fiber loss >100 micron, Zr Hf base composite

+ CMC process using non-oxide base sintering agent
- Semi-active filler applied

+ [Patent] KR10-1659823 A HFC COMPOSITES AND A MANUFACTURING METHOD OF THE SAME

@ Business Cases

+ SiC/SiC CMC which is used in GE's LEAP engines since 2016 will grow to
become a 10 trillion won market.

« Currently, the U.S. and Germany are technology leaders, with China and Japan
following them. CMC, however, is export-controlled components, resulting in
formation of local markets of certain sizes.

Applicable products and services

+ Nuclear protection « High-temperature parts for aircraft engines
+ Nose tips and nozzles for missiles  « High-temperature parts for gas turbines

+ High-performance bullet-proofing for armored personnel carriers

Super ultrasonic
passenger jets

Ultrasonic weapons Next g tion

g
aircraft engines gas turbines

Transferable technology

« Technology to synthesize high performance, high-temperature ceramic powder
+ Nano UHTC powder distribution and forming

+ SiCy/SiC and UHTC fiber reinforced composites
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