Korean Chem. Eng. Res., 54(6), 800-805 (2016)
http://dx.doi.org/10.9713/kcer.2016.54.6.800
PISSN 0304-128X, EISSN 2233-9558

ZHSN QAEELE HZTY0| Bt

-O[i &l -

HMapg "ot
Qpfol . Qiofxs | TR+ - PR

Facsta shelgsis)

01897 XAl

9T F=E 20

Asitfek S-gslska

17104 £21A] 7]5

= 1732

i R e S R b R R S R
22689 XA AT FHE 42

(2016 7€ 224 FHF, 20161 8E

23

P o~
o R B,

20161 8E 244 A=)

Life Cycle Assessment for the Fabrication Process of Superhydrophilic Oil/Water Separator

Sungmook Park, Jieun Kim, Changju Yeom, Heyjin Lee, Sungik Yang*, Ig-chun Eom**, Pil-je Kim** and Younghun Kim"

Department of Chemical Engineering, Kwangwoon University, 20, Gwangun-ro, Nowon-gu, Seoul, 01897, Korea
*Department of Applied Chemistry, Kyunghee University, 1732, Deogyeong-daero, Giheung-gu, Yongin, Gyeonggi, 17104, Korea
**Environmental Health Research Department, National Institute of Environmental Research, 42, Hwankyung-ro, Seo-gu, Incheon, 22689, Korea

g o) vhep

(Received 22 July 2016; Received in revised form 23 August 2016; accepted 24 August 2016)

o
i

12

WA CRIE 113§ ok 7101% S Qe et LheAlEe] Sk B, Hlelme)
Al Slek AR $GTE AIIBHLCAE Bal I 5 k. Leas
AT At o) ol A AN AUk 5 jEe] e A S B S glek B oo, b
TS o187 21 APRelIEE Axske 390 el LCAT a3 o2 918 Faz 3%
TOTAL™S AHE81910, 60 B3GR AA4w, 71F0s), Q5T Ak, Fogerst, Yarshiat ey
5] AR AR, ot PeTi0R AT 20l farelEE AR MATIOS AHaR- 2t
A 0= BTN Tlofah: oz stepigint.

Abstract — Rapid growth in nanotechnologies promises novel benefits through the exploitation of their unique indus-
trial applications. However, as the production volume of nanomaterials increases, their unintentional exposure to the
environment has been occured. Potential impacts of nanoproducts on the environment can be evaluated in the life cycle
assessment (LCA). LCA is the systematic analysis of the resource usages and emissions over the life time from the pri-
mary resources to the moment of disposal. In this study, we performed LCA for fabrication processes of superhydro-
philic oil/water separator using nano-TiO,. TOTAL™ freeware was used to analyze for all fabrication processes, and 6-
environmental impact factors (resource depletion, climate change, ozone depletion, acidification, eutropication, and pho-
tochemical oxidation) were introduced. In addition, the use of nano-TiO, in the fabrication of superhydrophilic oil/water
separator was actively contributed to the environmental impact factors, compared to the bulk-TiO,.
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Fig. 1. Preparation of superhydrophilic oil/water separator and its separation test.
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Table 1. Categories for environmental effects in TOTAL™
Category Unit Reference
Resource depletion kg antimony-Eq Guinee, 2001 with modification for crude oil, natural gas, hard coal and soft coal. Reserve basis
Climate change kg CO,-eq IPCC, 1994~1995, 100 years
Ozone depletion kg CFC-11-Eq WMO(World Metrological Organization), 1999
Acidification kg SO,-Eq Heijungs et al, 1992 (updated with Hauschild & Wenzel, 1998)
Europhication kg PO,-Eq Heijungs et al, 1992 (with some modifications)
Photochem. oxidation =~ kg PO,-Eq ~ Derwent et al, 1998 (updated in Jenkin & Hayman, 1999; included inorganic substances Derwent et al, 1996), in high Nox
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Fig. 2. Process diagram for fabrication of oil/water separator using nano-TiO,.
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Fig. 3. SEM images of meshes before and after TiO, coating on the stainless steel meshes.
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Fig. 4. SMPS result for preparation and dispersion of nano-TiO, in batch reactor.

Table 2. Weight loss of TiO, in fabrication processes of oil/water separator

Processes Nano-TiO, Bulk-TiO,
Preparation of TiO, 11.2% 2.1%
Ultracentrifugation 8.9% 6.8%

Wastewater after coating 12.5% 81.3%

3-2. TOTAL™g 0|88} LCA ol

A|F AL T8 Fig. 29 2ol © F2M & o83 Tio, A=,
@ g, @ ZYHA Tio, AREAE, @ 2= &2 w4y Tio, &
Az, © A7 5o Tdskgltt. o AlaE Wi TioE
AREFIAIRE, SR T3P el A= o] HEIE &= g7 el Tio, A%

S 7RIt B 7ol it es Bl AR AR, 7] Ak
E4o] dglor], Y ArEE AR 12.5%) he Ti0,el  AR§F 5 AR AR 7171% nieo® sltsklt. TOTAL™ME
&2} 81.3%2] WA Tio, &4o] HAE = Zlo s A H It o] &3k 3l ¥4 2] LCA 314 A= 67 AP IRIAE =&
(Table 2). =], 3 32 Table 30 F2]3l3ict.
Table 3. Environmental impact factors analyzed by TOTALTM LCA software
kg antimony-Eq kg CO,-Eq kg CFC11-Eq kg SO,-Eq kg PO,-Eq kg C,H4-Eq
TO Resoursces Climate czhange Ozone lgepl. Acidiﬁc?tion Eutrophicszation Photochem. ?xidation
2 (x107) (x10%) (x10%) (x10%) (x10”) (x107)
Nano Bulk Nano Bulk Nano Bulk Nano Bulk Nano Bulk Nano Bulk
Preparation of TiO, 2.005 2.201 2.610 2.860 5.345 5.891 1.770 1.947 0.761 0.834 2951 3.324
Acid treatment 0.242 0.045 0.309 0.058 0.673 0.126 0.218 0.041 0.089 0.017 0.356 0.067
TiO, coating on mesh 2.560 3.151 5.010 6.170 22380 27.550 0.714 0.879 1.456 1.792 2.397 2.950
Exposure of TiO, to air ~ 0.318 0.391 0.275 0.338 1.564 1.925 0.627 0.771 0.150 0.185 0.700 0.862
Disposal 0.770 3.047 0.932 3.780 2.657 9.080 1.018 3.129 0.347 1.187 1.402 4.770
Total 5.894 8.835 9.135 13206 32.619 44572 4347 6.767 2.803 4.014 7.806 11.972
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Fig. 5. Percentage of six-environmental impact factors for the fabrication process of oil/water separator using (a) nano-TiO, and (b) bulk-TiO,.
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