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twhong@ut.ac.kr Abstract >> In this study, Material life cycle evaluation was performed to analyze

_ the environmental impact characteristics of TiN-ZrCo membrane manufacturting
Ezsﬂzzd g zztvlbnfgj?zlg ,;  Pprocess. Gabi was used as software. The Eco-Indicator 99 methodology was used
Accepted 29 December, 2017 10 evaluate the 11 impact categories and the 10 impact categories using the CML

2001 methodology. Precursor TiN was synthesized by sol-gel method and zirco-
nium was coated by ball mill method. The metallurgical, physical and thermody-
namic 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 the character-
ization and normalization, the environmental impacts of each category of impacts
were GWP 100 years with the highest environmental impact of 99.9%.
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Nomenclature = 2 Al tiet 4 ®A 45 ALt
of A& &F B7HE Y 4 ok

A. MLCA: material life cycle assessment, =2 7 D. CIP: cold-isothermal-pressure, {7t SHF A
4 Bt E. HPS: hot-pressure-system, &7t 4 A

B. GP: gas chromatograph system F. ISO 14000 series: environmental management-life

C. Eco-Indicator 99" Consultants B.V.7} 7§&3st <= cycle assessment-principles and framework, Korean
W37 9%F Byl 212, AARE AFLE A Agency for Technology and Standard, 2007

627

2017 The Korean Hydrogen and New Energy Society. All rights reserved.



628 TiN-ZrCo S&l

A 22|20 Mz et atdy ot

G. GWP: global warming potential, At % Q] 2]u]
oA choyst AAES] FEo] 1A Ao

oz AL A5 vde] Je 24l
o AHgE & ik B4l 548 sxom
wresiet A)4e] 7 5ol

H. ODP: ozone layer depletion potential, @& I}
e SRELS 43 9=E A2 2
A Aolck. CFC-119] 925 358 |
71%& B3 vuix st 2459 JMEﬂO
Astec,

I. AP: acidification potential, AHd3}= F2 A4
AFSHEE(NOY I o] 4} 7125(S0,) 7} ThE Hf 7]
74 fnet 4T Agete] WA

J. EP: eutrophication potential, 3} H]|EY 24
o 49 5oz o Jopiol Ha el

Aol FET A BE £ES FUST B
&9 A4S Wotobr] HES ZA i B4

K. ETP: ecotoxicity potential, AJEjSAL S}
4, soF " oJofF Tol A= vH
e d3Fat A A o 9
= om|gitt

L. HTP: human toxicity potential, & Hj&%-2 Hl
A7 B2 Yeke) BHoN BB, 2
X9l Ae olf % SRl F, 43, A

Mo T o] wBYRE wYiet

Z S
DR

1. M B
247 Wi E A2 Hs FAR 1S}
AARE dAT 4 e AN A 7H‘f‘P
sharo] Wa ol F7hshEA, FAelHAY
47h FEe WA gk Sl T4 7}1}
ol EAst= daoln, AR, Hio]emji
Fet Fel= AT, FA A )7
“(International Energy Agency, IEA)2] 2015 o]
U] Z| 7] A WY(energy technology perspectives, ETP)
of W2 At 7] 445& 2C olstz §A]517]

4> xEﬂ

1 =
45 5

> SRS AUNO|LRISE] =27

oA olitsteta S-S 2012 thE] 60%
B gafor Ak Amsku k. 197 iR
AR oA Tanrlsl g8 A
7l 2(sustainable development)S &2 AHS
2 4tof, oluix] 97] 9 @A e BAS Fxe}

4Fot, ©f
7] $iste] SaolUAE FEsta k. fal

S AR AFolsHA AH AFeolA] ubE ARg
& 9l AR} oA Yoz RE Akste]
71 52 ARAAE Bt oUAE ks,
FAER B wEoiNE A YA otk
TEE i S SE FUA ATHL e
st 714 7hed shbs wEe S ARgste] b
e A7 A rkask ol AAE A 7t
20} 2 48 T2 7hae Bejshe Slolnt.
Pd 9 PdA U ARAA AL AR A
of @A) AAIA 4 Fst 9 S HAL A
FowA a0 AHz YRS Zujsis 5
o] e o deiA Yo 2 Pd
9] =& g2 Pd ©]9]9] Hl§ EEHQ Fujut
g Esjgict

w3 S Savuke] B4 b At of
7] wlokgh Agfo|mg, o #iﬂ‘ﬂ oA
AR Azde] Sl =9 Y8 S2luet 29
2137 B4 WS #44 Fh das
Aot}

2 Aol M q7te] PAE A7) $l5ted
2 AW AT, Yrtey 9 grjro we
HEa 22 BelE 9 gty ok EAS B
ol TiING AMEslATh E3FF ZrCod H7}shod
a4, sketa, 714 A FAAAT obg
o, Batparelue A2yt A& BAA
T4& Brstel Ao e Qe 75 o
AN #E IS AEALE.

EAAIHH7HMLCA) = oH Al Fo|ut AH]
2 AIGRARAH, AF AL ARG, H7))e] 2
A BARS F, BYB] 3t A4Y w7, wiE
2ol o BAGFS B8] Yl B, A=
B9 A ARBE2S 4, AIFS Bt

H28d HM6z 20174 12



FAAATRE HAAZ] 7] Yt gitS HESE
Aolgtal & <= ¢Jr}. E3F ISO 14000 series

=
o 717 27+ o] 21 glof FAHORE Fa

dolelg @ Bk gdelE ATl 9
ot BE AE2 ARERE gEoIAH st
AQE2e AR TE 7]e o&sto] RtEofAAL
A2 thE ABo] ALETh. ECOMATERIALS
(Environment Consicious MATERIALS)S {3t A
2 oapele] Mgt Sla MLCAL w Ttz
SRE 54, AR $H& = &4 B7HEH
o2 2 Ao Fa% =75 AET 5 Utk
A WA= Ar S SR 71 7IeolH =4
= A& 7t AR YAl 7e il
viste 2t Al 238 olwi Awmolth

‘ Distilled water ‘

C12H22011 C1sH3604Ti

‘ Stirring until gelling at 353K, 150rpm ‘

| Drying at 393K, 24h |

Gel powder

Heat treatment N2 atmosphere
1573K, 2h

Fig. 1. Flow charts of experimental procedure of TiN
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Table 1. Scope definition

Function Hydrogen membrane
Functional Unit Hydrogen permeat.lc?n
Hydrogen permeability
Reference Flow TiN-ZrCo 10g

TiNS Sol-gel A3t & ZrCoE =513 1
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& estag sk
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ZrCo2| #7119 AAHES A5ttt
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Fig. 2= TiN, TiN-ZrCo%] FE-SEM Z'HE A &
apglolth. Zizke] Bapa BE QxAr|e
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Fig. 2. FE-SEM of (a) TiN (sol-gel), (b) TiN-ZrCo Cocomposities
(x10,000)
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Fig. 3. The results of XRD patterns on TiN, ZrCo,
TiN-ZrCo, TiN-ZrCo membrane (TiN; i, ZrCo; @)
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Fig. 4. Arrhenius plot of the hydrogen permeability as function
of inversed temperature

Table 2. Environmental impact category (CML 2001)

Environmental impact .
categories Unit
ARD Kg/yr
GWP Kg Co2eq
OoDP Kg CFC-11 eq
POCP Kg C2H4 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
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Fig. 3= TiN, ZrCo, TiN-ZrCo, TiN-ZrCo mem-
brane E3A 7 ELo] XRD 24 Axjo|t) z+-zk
o] ¢Hd E TiN-ZrCoot a9 54 39
TiN-ZrCo membraneo]| 4] peak®] WA} 3|4 7}
Zofl 4] 2 wlab} gl Ao® o] Wk vet
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Table 3. Environmental impact category Eco-Indicator 99’
EI99)

—

Damage categories Damage unit
Carcinogenic effect DALY
Respiratory (organic) DALY
Respiratory (inorganic DALY
Human health P - Iy (norganic)
Climate change DALY
Ionizing radiation DALY
Ozone depletion DALY
Ecotoxicity PDFxm’xyr
Ecosystem AcidiﬁcatiF)n PDFXmZXyr
quality / Nutrification
Land-use PDFxm’xyr
Minerals MJ
Resources -
Fossil MI

Drying oven

Vacuum furnace
Planetary mill

Titanium
tetrabutyl

Jogu

Hydrogen

Hydrogen permeation

TiN-ZrCo
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Fig. 5. Process flow diagram for TiN-ZrCo
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Fig. 6. Impact assessment results for manufacturing proc-
ess of TiN-ZrCo by CML2001
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Fig. 7. Impact assessment results for manufacturing process of
TiN-ZrCo by EI 99’
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Fig. 8. Environmental impact assessment by Human health
(CML 2001)
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Fig. 10. Environmental impact assessment by country (CML
2001)
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