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Abstract : In this study, 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 nitrides have been researched extensively because of their properties. Among these,
TiN has the most attention. TiN is a ceramic materials 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 plays an important role in functional materials for application in separation hydrogen from fossil 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 membranes were analyzed by using Scanning Electron Microscope (SEM), Energy
Dispersive X-ray (EDS), X-ray Diffraction (XRD), Thermo Gravimetry/Differential Thermal Analysis (TG/DTA), Brunauer,
Emmett, Teller (BET) and Gas Chromatograph System (GP). As a result of characterization and normalization, environmental
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impacts were 94% in MAETP (Marine Aquatic Ecotoxicity), 2% FAETP (Freshwater Aquatic Ecotoxicity), 2% HTP (Human
Toxicity Potential). TiN fabrication process appears to have a direct or indirect impact on the human body. It is believed that the
greatest impact that HTP can have on human is the carcinogenic properties. This shows that electricity use has a great influence
on ecosystem impact. TiN-Zr was analyzed in Eco-Indicator ‘99 (EI99) and CML 2001 methodology.
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Distilled water

Ci2H2041 C1gH3604Ti

Stirring until gelling at 353K, 150rpm

Drying at 393K, 24h

Gel powder

Heat treatment N2 atmosphere
1573K, 2h

TiN powder

Figure 1. Flow charts of experimental procedure of TiN.
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Figure 2. Fe-SEM of (a) TiN(sol-gel), (b) TiN-Zr composities (x
10,000).
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Figure 3. The result of XRD patterns on TiN, Zr, TiN-Zr, TiN-Zr
membrane (TiN; l, Zr; @).
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Table 1. Scope definition

Function Hydrogen membrane

Functional unit | Hydrogen permeation, Hydrogen permeability

Reference flow | TiN-Zr 10 g

Sol-gel

Drying oven

Vacuum furnace
Planetary mill

HPS

Waste energy

Hazardous waste

1I

| Hydrogen permeation |

Figure 4. Process flow diagram for TiN-Zr.
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Table 2. Environmental impact category (CML 2001)

Environmental impact categories Unit
Abiotic Resource Depletion (ARD) Kgyr!
Global Warming Potential (GWP) Kg Cozeq
Stratospheric Ozone Depletion Potential (ODP) | Kg CFC-11 eq
Photochemical Oxidation Potential (POCP) Kg CHs eq
Aciedification Potential (ACP) Kg So, eq
Eutrophication Potential (EUP) Kg POs4 eq
f;zs]él%\;;lter Aquatic Ecotoxicity Potential Ke 1.4-DCB eq
Marine Aquatic Ecotoxicity Potential (MAETP) | Kg 1,4-DCB eq
Terrestrial Ecotoxicity Potential (TETP) Kg 1,4-DCB eq
Human Toxicity Potential (HTP) Kg 1,4-DCB eq

Table 3. Environmental impact category Eco-Indicator 99°(EI99)

Damage categories Damage unit
Carcinogenic effect DALY
Respiratory (organic) DALY
Human Respiratory (inorganic) DALY
health Climate change DALY
Ionizing radiation DALY
Ozone depletion DALY
. Ecotoxicity PDF m*"yr
cOSYStem [ 4 ; dification/Nutrification PDF m’'yr
quality —
Land-use PDF m*"yr
Minerals MJ
Resources
Fossil MJ

1%2%

m Abiotic Depletion (ADP fossil)

M Freshwater Aquatic Ecotoxicity
(FAETP)

M Global Warming Potential (GWP
100 years)

M Human Toxicity Potential (HTP)

W Marine Aquatic Ecotoxicity (MAETP)

Figure 5. Impact assessment results for manufacturing process of
TiN-Zr by CML 2001.
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Table 4. Impact assessment result for electricity by CML 2001

inlfs:ci:(;i?::zl:)tr?::s Inputs Outputs Outputs-Inputs
ADP elements 7.61E-005 0 -7.61E-005
ADP fossil 2.1E004 0 -2.1E004
AP 0 2.06 2.06
EP 0 1.47 1.47
FAETP 0 200 200
GWP 100 years 81.9 1.57E003 1.49E003
HTP 0 168 168
MAETP 0 6.88E005 6.88E005
ODP 0 5.57E-005 5.57E-005
POCP 0 0.187 0.187
TETP 0 1.15 1.15
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Figure 6. Comparing of South Korea and World results by CML 2001.
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Figure 7. Impact assessment results for manufacturing process of TiN-Zr by Eco-Indicator *99.
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* MLCA : Material Life Cycle Assessment, =2 A7} H7}

* GP : Gas Chromatograph system
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