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Evaluation of TiN Hydrogen Permeation Membrane
by MLCA(Material Life Cycle Assessment)
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ABSTRACT: Inthisstudy, Material life cycle evaluation was performed to analyze the environmental impact characteristics of TiN-Zr
membrane manufacturing process. The software of MLCA was Gabi. Through this, environmental impact assessment was performed
for each process. Transition metal nitride have been researched extensively because of their properties. Among these, TiN hasthe most
attention. TiN isaceramic material s which possess the good combination of physical and chemical properties, such as high melting
point, high hardness, and relatively low specific gravity, high wear resistance and high corrosion resistance. With these properties,
TiN playsanimportant rolein functional materialsfor application in separation hydrogen fromfossil fuel. Precursor TiN was synthesized
by sol-gel method and zirconium was coated by ball mill method. The metallurgical, physical and thermodynamic characteristics of
the membraneswere analyzed by using Scanning Electron Microscope (SEM), X-ray Diffraction (XRD), Gas Chromatograph System.
Asaresult of characterization and normalization, environmental impacts were 94% in MAETP (Marine Aquatic Ecotoxicity), 2%
FAETP (Freshwater Aquatic Ecotoxicity), 2% HTP (Human Toxicity Potential). TiN fabrication process appearsto have adirect or
indirect impact on the human body. It is believed that the greatest impact that HTP can have on human isthe carcinogenic properties.
Thisshowsthat electricity use hasagreat influence on ecosystem impact. TiN-Zr was analyzed in Eco-Indicator ‘99 (EI199) and CML
2001 methodol ogy.
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Fig. 1. Flow charts of experimental procedure of TiN.
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Fig. 2. Fe-SEM of (a) TiN(sol-gel), (b) TiN-Zr composites.
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Fig. 3. Theresultsof XRD patternson TiN, TiN-Zr, TiN-Zr
membrane (TiN;l, Zr; @).



SEMIHEIMLCA)E S8 TN =

AR AQH 502 etk (B2 A7 A7 HFo A=
elzto] Aol 2 7}A] 31 AbolrHe= 7] 7H(Disability Adjusted
Life Years, DALY)S X EZ 3l FUH 59 A+E
=&351 A A Aol e AdAR L FEZ] viEE
o] A3t A=Al oa) S HA(m) G Fol FAH
o° 2 A & (PDF m2*yr) 2 Yehs ¢ a7 W
ol A= A 1kgS 3] Y8l FY== 44 oy
E AE2 AP}, B ALoME H= TN A= 373
oA &5 10g2] A<} TiN : Zr = 9 : 1] mol ratio
2 7r 1.638 g FAS FAtetqich E5 Ak A7t}
A o 2 Akst ATt

3. Mo AskEIE U M (Life Cycle Impact
Assessment & Interpretation)

AP FFB7 e A= 73 543, AstE A
YEH, o] Ao B A FFS =&AL o] E EHE
F8 olE ST Gt eI Bt 10%)
A e MR BRI 107]0] JRHFRE FAE
A 312 (abiotic resource depletion, ARD), R| 243}
(global warming potential, GWP), 235+ 11 stratospheric

Table 1. Environmental impact category (CML 2001).

Environmental impact categories Unit
ARD Kalyr
GWP Kg Co2eq
ODP KgCFC-11eq
POCP KgC2H4 eq
ACP Kg So2 eq
EUP Kg PO4 eq

FAETP Kg 1,4-DCB eq
MAETP Kg 1,4-DCB eq
TETP Kg 1,4-DCB eq
HTP Kg 1,4-DCB eq

Table2. Environmenta impact category Eco-Indicator 99' (E199).

Damage categories Damage unit
Carcinogenic effect DALY
Respiratory (organic) DALY
Human Respiratory (inorganic) DALY
health Climate change DALY
lonizing radiation DALY
Ozone depletion DALY
Ecotoxicity PDFxm’xyr
O e ropayr
Land-use PDFxm’xyr
Minerals MJ
Resources X
Fossil MJ
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Fig. 4. Impact assessment results for manufacturing process
of TiN-Zr by CML 2001.
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Fig. 5. Environmental impact assessment by Human health
(CML 2001).
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