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# # 4770289321 : MAJOR CHEMICAL ENGINEERING
KEY WORD : ZINC OXIDE NANOPARTICLES / ENVIRONMENTAL IMPACTS /
LIFE CYCLE ASSESSMENT,
NATPIRA NEDSAWANG: LIFE CYCLE ASSESSMENT OF ZINC OXIDE
NANOPARTICLES PRODUCTION. THESIS ADVISOR : ASSOCIATE
PROFESSOR CHAIRIT SATTAYAPRASERT, DR.ING. THESIS CO-
ADVISOR : SOORATHEP KHEAWHOM, PH.D, 87 pp.

This paper presents the Life Cycle Assessment (LCA) of ZnO nanoparticles
synthesis in various different methods in order to compare the impact of the synthesis
processes to the environment. The impacts have been classified into three groups
including impact on the human, environment and mineral depletion. By using SimaPro 6.0
program and Eco-indicator99 index, we can identify the best practice and aveid the
synthesizing methods that have high environmental impacts. To do this, we have looked
into the effect of the input in the synthesis and the waste released during the process. This
assessment separately considers two groups of synthesizing method categorized by the
applications of ZnO nanoparticles produced. In the first part, the environmental impact of
Pyrolysis, Sol-gel, Precursor process and Organochemical route method are considered.
These methods can obtain about 20 to 70 nanometer ZnO. The results show that the
Organochemical route method has the least environment impact in terms of mineral
depletion because the reactants required do not use minerals as raw materials.
Unfortunately, it affects the environment significantly in other way due to the use of
ethylene glycol as an input. The Pyrolysis method has a minimum environmental impact
of climate change because this method has the least carbon dioxide emission. The second
part of the assessment is the environmental impact assessment of the nane ZnO
synthesized by solvothermal method in the electronics industry. By studying the impact of
three solvents — aromatic, alcohol and glycol, we have found out that the alcohol and

glycol have high environmental impacts.
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Specific surface | Specific
Excess ratio ZnS04 NH4HCO3 area of surface area | ZnO yield

@L | _ler) Fg'ecumr{mzrgj of ZnO(m'/g) | (wit%)
105 0 M LGN 54 97.0
1.05 100 500/ - 8 68 98.1
1.05 150 " U500 : 15 76 98.4
1.1 40 500 '_-,f:'» 17 53 98.3
L1 100 5004007 | iy 64 99.2
11 150 250 16 76 99.5
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5ZnS0, + 10NH,HCO, — Zn(CO,),(OH), + S(NH,),SO, + $CO, + 2H.0
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Solvent Average Average length Aspect ratio BET surface
diameter (nm) (nm) area (m/g)
1, 4-Butanediol 45 84 .87 11.69
Hexanol 9] 164___ 2.90 9.33
Benzene o2 558 6.06 6.93
Toluene 98 020 9.39 6.89
o-Xylene 60 1034 17.2 4.64
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= w o = o % e .
M1919N 3.4 I.I‘HFI«Iﬁaqﬁﬂﬁﬁdlﬂi“i:H'L.I"IT‘lI*HFIDEIﬂ‘l"HﬁH’JU’JTE- Precursor process UDATakaki

Masaki UdEAME (Precursor-1)

Component Input(g) Ouiputig)
ZnS0,.TH,0 280
ANSO,),.8H,0 473.85 341,085
Zinc Oxide 79.35
AlLO, 116.025
H,80, 23.89
H,O 193.5

MI3190 3.5 uansdoyamsiaion Za(NH,),  Complex Tumsdunsizd 1ao1933 Precursor

process ¥ Minggang Li azAws (Precursor-2)

Component Input(g) Output(g)
ZnSO, 61.32 R0
—— _*;4;,f1/
NH, 12.07 ==
an‘.NHl}f complex 73.39

; . o st
M13137 3.6 uaAatayamamion Zn(NH,),  Precursor lun13duniizi lau1935 Precursor

process Y81 Minggang L1 azne ( Precursor-2)

Component Input(g) Output(g)
Zn(NH,),  complex 73.39
NaOH 25.52
Zn(NH,) :" Precursor 56.394
Na,SO, 45.298
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1 . « & o e a
M913n 3.7 uaaateyaniadaunsiziu Tudaneon 14AA1078 Precursor  process 81

Minggang Li Loz (Precursor-2)

Component Input(g) Output(g)
Zn(NH,),  Precursor 56.394
Zinc Oxide 25.96
NH, 21.692
;O %\ *
H, ) \i | & : 5.742

A131aN 3.8 LEAITORAN131A50 Procursor lunisdaasizy 1an1435 Pyrolysis 189 Lanhua

Lin unzfAme (Pyrolysis-1)

Component Input(g) Output(g)
ZnSO, 150 '
NH HCO, 250 102.972
AN, ]
AAAL Am =
ZH s{CD'q ]EIDHlﬁ ‘l‘/__'t,_-; » ::‘:‘-:.T‘ ‘ i‘ I 02.- I
! L T R
(NH,),S0, e — — 122.76
P ,-‘:—b‘smﬂ-
co, ; 1158 65.472
H,0 6.696

- ¥ - & - o A s . .
M1 3.9 llﬁﬁi'l.lﬂ}!ﬂﬂﬁ AN IEHY ITH'-'II-I'F‘IEEﬂ.l'ﬁﬂﬁ'l{I']"E .Fymlysss Y81 Lanhua Lin

nazAm(Pyrolysis-1)

Component Input(g) Output(g)
Zn,(CO,),(0OH), 102.1
Zinc Oxide 75.683
co, 16.368

H,0 10.044
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Pafi 3.10 LaAaveyAN131A3 1Y Precursor Tumsdans 1z 1ao 1435 Pyrolysis w81 Xinyu

10 URENME (Pyrolysis-2)

Component Inputig) Output(g)

Zinc acetate 109.75

Zin:';xide : ’i 40.69
(AN
MEAN

- ¥ - o -
n3af 312 uanetoyanisnion Precursor IS FuATIEY [01$35 Sol-Gel Vo9

).Mondelaers HAzAME (Sol-gel-1}

Component Input(g) Output(g)
- all |

Zinc acetate 430

Citrie acid 17433 1AV 81

Zn-Precursor 806.38
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1 - 4 = e ok
A13190 3.13 uaaateyamsdans iz Tudanoen l4ad 1055 Sol-Gel ¥81 D.Mondelacrs

uazame (Sol-gel-1)

Component Input(g) Output(g)

Zn-Precursor

Zine Oxide

CO

MmN 3.14 naasdeyanisduniein ludadesn 1A 2078 Solvothicrmal 1iin 14 Benzene

Hudnihnzme
Component Input(g) Output(®
Zinc acetate 15 | 1 O
Y 7R 1R NI NS
Zinc Oxide 6.657
Acetylbenzene 04.7
O 2.94
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i w - o v ] A
maai 3.15 uaasdeyamsduniziiunTudanoen1addav31 Solvothermal 1o 1% Toluene

Wudnihazaw
Component Input(g) Output{g)
Zinc acetate 15
Toluene ﬁﬁ,ﬁﬂ'
Zinc Oxide 21 6.657
Acetyl methyl hmzem - ////‘\\1\\;\ 93.563
o 7 AMLANNS

mafi 3.16 naasdoyanisdunsiEin ludmoonladd1033 Solvothermal  1iia 14

o-Xylene iHludniazaiy

Component Input(g) Output(g)
Zine acetate 15
o-Xylene 88 75 ;3{3 i
Zine Oxide Y1 1dVIidh |osss
1-Acetyl-3, 4-dimethylbenzene 94.873
H,0 2.94
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m3af 3.17 uaasdeyanisdansisin ludaioon ladd 1673 Solvothermal (o 1% Hexanol

1. 4-butanediol HuA MDA

Wudnihazae

Component Input(g) Output(g)

Zinc acetate 15
Hexanol 80.98
T — e

Zinc Oxide o——— N S 6.657
CiH,0, ‘ 818

H.O 294

i & o o 4 i
M319f 3.18 wamsteyanisduniziiu luFafesn 19aA 1073 Solvothermal

Component Input(g) Output(g)
Zinc acetate 15 )
1, 4-butanediol 101 ;
| Zin Oxide I d 6.657
C¢H,,0, 107.87
294

H,0

dinld
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4.3 wamsdsziiuigdnstinvesmadunnzviniudanesnladein 35 Precursor process

U84 Minggang Li insnms (Precursor process-2)
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1 L o

@ 200t Precursor?) B3 Zn(NH3 14 -Precursar ﬁ Ammonia

517 4.3 uansmamnlsziuigingdinvesnisdunsisiu Tudisieon14d91n3F Precursor

process 184 Minggang Li UnzAME (Precursor process-2)

o SniNHIM -Precursor E zniviiam Comples O waon O nazsos

i 4.4 wrawamsliziiuigina¥invosiunounsniun Zn(NH,),” -Precursor 11071

Precursor process Y03 Minggang Li 1182 AME (Precursor process-2)
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Eco-indicator 99

Flunsiszdudmssansznudodaunadenluiligiuiiognawis  wu
Ecoscarcity method 118% Environmental theme method ¥Wimnu11at Baumann (1994) EdIP
(Environmental Design of Industrial Products) method WA 1A Wenzel (1997) EPS
method Wa1IaY Centre for Environmental Assessment of Products and Material Systems
0z Eco-indicator 99 WannTay Pre’ Consultants (1999) Tau33iign1dothaimsnarouazi
wuum:'lﬁ'lf"mﬁn'F';mTuaqu’ffm,;nﬂ1aé~aumi'ﬂwuai'ﬂqﬁmmzﬂﬁﬂﬁmﬁ Hﬂﬁi'lﬂﬁ’ﬁ-!qn

1fiesmaoniseenuuulunisamiaeningAviiiiuininedunadeudndio

YuABUMIMIAMMIU Iz UNANIENUMIITIA0eNYRIIT Eco-indicator 99

L agAu, wdsamuazssaiessgauening dszmmyesnanssnudaiivanun o
Uszinn

2. wansznum 9 Assian vegniangueanilu 3 nguamudnuuzveanguithwing

3, s IhinnianSenwidm ez s unz R

¥
nauithmnouazlszaniprans eny idail

Human Health {i‘wmﬁuuyﬁ} Usznaudau- mrfanzi (Carcinogenic),
AIHANIENUADIZUUMIW 1 99INTI5BUNTO (Respiration of organic substance), HANTENUAD
szuumwlannmseiiunid (Respiration of inorganic substance), Az laniou  (Climate

change), M3aAnav03Tu [0 Ty (Ozone depletion)

Ecosystem  (3zuutinmiimen)  dsznoudis  anzmadaduniamis
w3y Taodisaa5 WA fant, (Acidification/Edtrophication),’ A uRvAszIL

i (Ecotoxicity)

. ar o i
Resource depletion (M3aaadveamineng) Usznevuaio mslaminensus

{Mineral), M5 1 xomn ( Fossil fuels) TauW Eco-indicator 99 u:ﬂixﬂﬂu'lﬂﬁ"m
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ASNIHUALUNUIM (Charaterisation)

'II: oo - v -I’
Wutunoulunsuaanlszanuesnansznulioglumenveddinis®  (Indicater)
. " ¥
Taoldsunnes  (Characterization factor)  Tumisgauien/dounimiFinanimiindiud

£y »
'L14%11&#Hﬂﬂ‘1=11uuﬁ¥ﬁ1ﬂ‘!ﬁ“l”ﬂ’Iﬁd'Huﬁ'uBﬂllﬁi‘lxﬂﬂﬂ‘jz‘r‘l‘lm‘mﬁuﬂ’ﬁ
EP = Z(Q, x EF,)

EP, (Environmental impact potential) noADAMUBIHANIENUMITUNATENE MTY

HaniEnUlszinm j 1a9 (kg substance equivalent)
- a g
Q (Quantity of substance) ﬁ'ﬂﬂsmmuaﬂ‘mmwj filaasaenun (kg substance j)

EF, (Equivalency factor) fonuouvesms i i iinaransznumadanedey j (ke

substance equivalent / kg substance j)
AMTHIYHIAYBIHANIZNY (Normalisation)

ShutussulunsiasuuInvBIHan L NUYBRAR ST oM TuTnIs lau
WIouMouRUHAHAANS D3 ATENADINTS 1984

NP

M vt )

= EP KT xER))

NP (Normalized “environment  impact potential) A1NANIIANUAIMHANTENUNN

Hproduct)

Aundon-j lanueandaiua (person)
T (Lifetime of product) fino1gn13 14 MveHAATUN (year)

ER, (Normalization Reference) fAemdusnlndvesranignunadunadeni j laqina

& ¥ F.
NNMENTENUDIAUNIIIAUABY (kg substance equivalent / person / year)
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MmN (Weighting)
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o - - ¥ L4 l'Il«' I-"
quam aygud szuniion m3ldminens uazsmiwesiiimi 3 Usamiidunziu

ﬁm
WP, =WF, x NP,

WP, (Weighted environmental _impact potential) ABAIWNonMHANIEMMNTIIARDY |

»
Taq waams IanimminanudAnuds (person for target year; Pt.)
WF, (Weighting factor) femidadnnhminaNumARYe HanszNUNFNIAdeY j 1aq

hilidathminoe

W ¥ y [
adaanniminnlslumslaiunanaaianisan n.l

a31ed N1 uamadaannimini 1 ¥ umssziiuanly Eco-indicaor 99 (SimaPro)

Impact category Weighting Factor Unit
Human health Carcinogen 300 DALY
Human health Resp. org. 300 DALY
Human health Resp. inorg. 300 DALY
Human health Climmate change 300 ‘ DALY
Human health Radiation 300 DALY
Human health Ozone Layer 300 DALY
Ecosystem Quality Ecotox 400 PDF*m2yr
Ecosystem Quality Acid/Eutrophication 400 PDF*m2yr
Ecosystem Quality Land use | 400 PDF*m2yr
Resources Minerals 300 MJ surplus energy
Resources Fossil fuels 300 MJ surplus energy

msuanaininsyin (Interpretation)

msularaniomsaanuiluiuaeulumahsaninmsinig¥sienms uas
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Carcinogens

1.2-dibromoethane
1,2-dichloroethane
1,3-butadiene

1 4-dioxane
2.4.6-trichlorophenol
acetaldehyde
acrylonitrile
alpha-hexachlorocyclohexan
Arsenic
Bis(chloromethyl)ether
benzene
benzolalanthracene
benzo(a)pyrene
benzotrichloride
benzylchloride
beta-chlorocyclohexane
bromodichloromethane
Cadmium

Chromium
di(2-ethylheyl)phthalate
dibenz(alanthracene

sichloromethane

Dichlorvos
2.3,7,8-TCDD Dioxin
epichlerohydrin
epichlorohydrin
formaldehyde
gamma- HCH(Lindane)
Hexachlorobezene
metals

Nickel
Nickel-refinery-dust
Nickel-subsulfide
PAH's

paiticles diesel soot
Polychlorobiphenyls
pentachlorophenol
propylencoxide
styrene
perchloroethylene
carbontetrachloride
chloroform

vinyl chloride
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Ozone layer depletion

1.1, 1-trichloroethane

CFC-11
CFC-113
CFC-114
CFC-115
HALON-1201
HALON-1202
HALON-1211
HALON-1301
HALON-2311

HALON-2401

HALON-2402
HFCF-123
HFCF-124
HFCF-141b
HFCF-142b
HECF-22
HFCF-225¢ca
HFCF-225ch
Methyl bromide
Methyl chloride
carbontetrachloride

M3 0. 4 sziamueaduus

Mineral

aluminiumiin ore)
bauxite
chromium(in ore)
copper{ore)
ironf{ore)

lead(in ore)
lead(ore)
manganese(in ore)
manganese(ore)

mercury(in ore)

molybdene(in ore)
molybdenum(ore)
nickel(in ore)
nickel{ore)

tin(in ore)

tin(ore)
tungsten(ore)
zinc(in ore)

zinclore)
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Respiration by organic substances

1.1,1-tricholroethane
1,2, 3-trimethyl benzene
1,2.4-trimethy] benzene
1,3,5-rimethyl benzene
1,3-butadiene

1-butene

I-butoxy proponol
I-hexene

I-methoxy 2-proponol
|-pentene

2. 2-dimethy! butane
2.3- dimethy] butane
2-butoxy ethanol
2-ethoxy ethanol
2-hexanone

2-methoxy ethanol
2-methy! 1-butanol
2-methyl 1-butene
2-methyl 2-butanol
2-methyl hexane
2-methyl pentane
2-pentanone

hepane

hexane

i-butane

i-butanol
i-butyraldehyde
i-pentane

3.5 dithyl toluene

3.5-dimethyl ethyl benzene
3-hexanone
3-methyl 1 butanol
3-methyl 1 butene
3-methyl 2-butanol
3-methyl hexane
3-methyl pentane
3-pentanol
J-pentanone
acetaldehyde
acetic acid
acelone
propionaldehyde
alcohols
aldehydes

alkanes

alkenes

benzene

butane

butanol

butene

cis I,2-dichloroethane
s-butanol

s-butyl acetate
t-butanol

t-butyl acetate
perchloroethylene

toluene




a1 a6 amsniluileielfifeanansznuaeszuumolsnnmssunid (de)

Respiration by organic substances

cis 2-butene methyl chloride

cis 2-hexene methyl ethyl ketone
cis 2-pentene methyl formate

CxHy aromatic methyl i-butyl ketone
CxHy chloro methyl i-propyl ketone
CxHy halogenated methyl propene
cyclohexane methyl t-butyl ether
cyclohexanol Methyl t-butyl ketone
cyclohexanone n-butanol

decane n-butyl acetate

di-I-propyl ether
diacetone alcohol
dichloromethane
dethyl ether
dimethyl ether
dodecane

esters

ethane

ethane diol
ethanol

ethene

cthers

ethyl t-butyl ether
ethylacetate
ethylbenzene
acetylene
formaldehyde

formic acid

n-butylraldehyde
n-propanol
n-propyl acetate
n-propyl benzene
neopentane
NMVOC

nonane

o-ethyl toluene
o-exlene

oetane

p-ethyl toluene
pxylene
pentanal

pentane

propane

propane diol
propene

propanic acide
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Respiration by organic substances

i-propyl acetate
i-propyl benzene
isoprene

ketones

m-ethyl toluene
m-exlene
methane
methanol

methyl acetate

trans 1,2-dichloroethane
trans 2-butenc

trans 2-hexene

trans 2-pentene
trichloroethylene
chloroform

undecanc

VOoC

xylene

A13197 N.8 aguiduileivldiRananssnusessiivio lsnnmsetiunid

Respiration by inorganic substances

ammonia
dust(PM 10)
dust(PM 2.5)
TSP

NO

NO,

NOx

NOx({as NO,)
SO,

SO,

S0x

Sox (as SO,)
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Climate change

methyl chloroform HCFC-143
perfluoethane HCFC-143a
trifluoriodomethane HCFC-152a
perfluomethane HCFC-227ea
CFC-11 HCFC-23
CFC-113 HCFC-236fa
CFC-13 HCFC-245ca
carbon dioxide HCFC-32
methylene chloride HCFC-41
HCFC-123 methane
HCFC-124 nitrous oxide
HCFC-141b perfluorhexane
HCFC-142b perfluorpentane
HCFC-22 perfluorpropane
HCFC-125 sulphur hexafluoride
HCFC-134 carbontetrachloride
HCFC-134a chloroform

arsan n1o amsnuileieiifaraniznudnnmiluna

Acidification/Eutrophication

ammonia

NO

NO,

NOx

NOx(as NO,)

SO,
S0,
Sox
Sox(as SO,)
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Ecotoxic emission

1,2, 3-trichlorobenzene
1,2 4-trichlorobenzene
1,3,5-trichlorobenzene
24-D

Arsenic

Atrazine
Azinphos-methyl
Bentazon

benzene
benzola)pyrene
Carbendazim
Cadmium

Copper
di(3-ethylhexyl)phthalate
dibutylphathalate
Dichlorvos
2,3,7.8-TCDD Dioxin
Diguat-dibromide
Diuron

DNOC

fentin acetate
fluoranthene

gamma-HCH(Lindane)

Hexachlorobenzene
Mercury
Malathion

Maneb

Mecoprop
Metabenzthiazuron
Metals

Metamitron
Metribuzin
Mevinphos
Menolinuron
Nickel

PAH's

Prathion

Lead
Polychlorobiphenyls
pentachlorophenol
Simazine

Thiram

toluene

Trifluralin

Zinc
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