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##4770534021 : MAJOR CHEMICAL ENGINEERING
KEY WORD: ZnS NANOPARTICLE / ENVIRONMENTAL IMPACT / RISK ASSESSMENT

ORANUCH TANTISOOK : LIFE CYCLE ASSESSMENT FOR COMPARISON OF
ZINC SULFIDE NANOPARTICLES SYNTHESIS. THESIS ADVISOR: CHAIRIT
SATAYAPRASERT, THESIS COADVISOR: SOORATHEP KHEAWHOM, 83 pp. ISBN
974-17-3700-9.

This research studies the effects to the environment and the risk in synthesizing zinc
sulfide nanopaticles. The study also includes economical analysis. We use life cycle
assessment and the risk assessment to quantify the effects and risk each step in
synthesizing zinc sulfide nanoparticles by using various techniques : chemical bath
deposition, chemical vapor deposition, spray pyrolysis, and successive ionic layer

adsorption and reaction.

The analysis shows that chemical bath deposition using zinc sulfate and thiourea as
reactant has the highest effect to human health and ecosystem quality. Because this
technique is carried out in, and uses highly toxic reactants. Chemical vapor deposition
technique has the highest effect in resources. For spray pyrolysis and successive ionic layer
adsorption and reaction techniques have the .lowest effect in environment, human health and
resources. Furthermore, this research considers economic view point of spray pyrolysis
technigue. This technique has a high potential to synthesis zinc sulfide nanopatticles in a

large scale or industrial scale.
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Carcinogen
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Climate change

Ozone layer depletion

Ammonia = Ecotoxicity

Teluene / Mineral
Aluminium / Fossil fuel

Natural gas
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Human Health (§UWUUBEY) sznoudiy
J <
#19N9dULLTI (Carcinogenic)
a 4
HaNTENUMUMIHIe199INOUNT a5 (Respiration of organic substance)

9 Aa J . . . .
HaNTZNUAIUMITHI8199 1N UNTIe15 (Respiration of inorganic

nzlansou (Climate change)

Y
Myanadvo9%u 1o 1o (Ozone depletion)

Ecosystem (32UUHNAINGY) 1sznouaie
3 1 Aa Aa a
amzanutlunsa / amsieau Ilalalnd (Acidification / eutrophication)

.2 oo
AUy (Ecotoxicity)

Resource depletion (mﬁaﬂawaw%’wmﬂi) ﬂizﬂ’i)uﬁlﬁﬁl
M3 1sauus (Mineral)

M3 lvomas (Fossil fuel)
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VﬂiN‘ﬁ 33 ﬂ7.]13JE‘TllWu‘ﬁﬂlﬂﬂﬂqul‘ﬂi‘l’mWﬂﬁg%WﬁTﬂ Uszianvesnansgny

A & I
sazaasniluiledeveananszn

nguithuineves Uszinnvewanszny aarsiiiluiefeves
MIHIae; v NanNIENU
Human health; Carcinogenic Arsenic , cadmium , nickel
DALY s(Disability Respiration of organic substance Methane , benzene ,xylene
Adjusted Life Years) Respiration of inorganic substance CO, Sox , NH3
Climate change CO2 , methane , CFCs
Ozone depletion CFCs, HFCs
Ecosystem quality ; Acidification / eutrophication Sox , Nox , NH3
PDF (Potentially Ecotoxicity Heavy metal , benzene

Disappeared Fraction),

Resource depletion; Mineral Copper , nickel ,zinc

(MJ surplus energy Fossil fuel Crude oil ,coal

131 : Phylipsen(2000)
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Y
life years) ATHHUAMUALIAS World Bank ttag WHO
v o J ~ 1
I. Fate analysis A® mMsaseanuduiusvesasniasseonainszuy
A o J dy A o Yy 9
HaRSMMADITIZIA WA LN NUANNTNTY
Y] Y] 4 1]
2. Effect analysis 19 MIA319ANUTUAUTVOIANUYNTUYDIATAY
J 3’ o 1 U a [ 4
Yszinnuesnansznuaeihviinvesansniasseenanszuurans sm
1Y @ 4 1
3. Damage analysis A9 M35 NANUTURUTVOIVUIAUDINANTLNUAD

3/ Ly [ lr:-.‘ 1 & ] o
hminvesasnusnnudlnduihedse laansoiez 1s1a (DALY /
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HaAfaIARTZEYA AU AuANMTNTY
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2. Damage analysis A0 ITumsasuaNuduiusveIMTanasves

] 1 Y
nsnensHuaNuNeeuNELIU lumsananswens lueuiaa

Wa91N13N1 Fate analysis, Effect analysis 1@ Damage analysis Milouny
WAINNIN  Classification 118¢  Characterization ﬁmﬂumﬁmmmmivfﬁdﬂszmmm
HANTZNULAZIIMIAMUINIAVOINANTENULAazUsZIaN mnﬁu%zﬁwmmwmmm
wansznuusaznguihvanelaeldaml  Normalization  wagmislianudiyvewsas

nguithuinelaoldn1 Weighting 910 Pre’ Consultants

Fate factor (F)

- - - 3
F,w, — air;Fate factor(m’y)m® = Concentrgn'on_m_jw(ng/m )
Emission(mgy—)/m

F,w, — water; Fate factor(m?y)/y = Concentrz.mc.)n_m_Y\l/atergmg/I)
Emission(mgy —~)/m

Concentration _by food(mg/kg/d)
Emission(mgy ™) /m?

F,w, — food;Fate factor(m?y)/(kg.d)=

AW:Pre’ Consultants(2001)

Effect analysis(E)
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E(case.sug'.m*/(m?.y)) =UR(cases..g *.m?)/ lifetime(70year) * pop.density( person/m?)

Incidence(cases/kg) = Effect(cases..g".m®/(m>.y))* Fate(m?®.y)/m®

N1 :Pre’Consultants(2001)

Damage analysis(DALYSs)

DALYs_ per _kg _emission_to_w, = Incidence, w, —air(cases/kg)* DALYs(inhala
+ Incidence, w, —drw(cases/kg)* DALYs(oral _uptake) + Incidence, w, — food (caswj
DALYs(oral _uptake)

N1 :Pre’Consultants(2001)

il

w; = air, water, food

UR=Unit Risk
“TemafiaziuTsasuiamnnaisisudh o uamududuniluTasnsudegnunead

1 1 aa = £ o U =
IATADT NITIAWHIVOIAU 1 AUFINMUAIN 70T

v v 1 ;I o = = v A 9
NAIINIANGUHANITZNDIG 3 Uszian szshmaSeumeunuilgiulaglsan

. . Pl o A 3’ o Y1 . . I A
Normalization ttazIiamANNdIAYKIoNminlalsa1 Weighting Hazsudunzuuufe)

H Y
(Single Score ¥3® Indicator) A1 Normalization 8¢ Weighting N1¥lunuideiiuaada
[ 4 4 0

MINN - 34 uoNNi UHUANIUABUMIAIUIUNANTENUN T UIARONANIT

Ecolndicator 99 tieraalagagali 3.7
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M15197 3.4 A1 Normalization 11az Weighting dsunaaznguihvuenioansuzms

Mae
Damage categories Pre' Consultants Pre' Consultants
normalization factor weighting factor
Human health 2.65E-01 300
Ecosystem quality 1.95E-04 400
Resource depletion 1.19E-04 300
A
NU1: Pre’ Consultants(2001)
= y to
jon of __’.I Concentration minerals }——b{ Surplus energy for future extraction nin;.:lr‘:gr; fossil
mineral and resource [MJ
fossil fuels ~>J Fossil fuel ;\:}Iabﬂﬂy{p@r H Surplus energy for future extraction | surplus energy] \
Land-use: c . 3 ; Regionai effect on vascular plant
cccumation i @hange in habitat size sk I\
transformation | __“—‘———-_.______H_ .\
= “‘“h-'l Local effect on vascular plant species | \\ [—'ﬁgm \
| ecosystem \
e — quality[%vasc. |— i Indicator
| [ Change pand nutrient | [~ Acidifieut. (occurrence target |7/ | __Plant —J
Nox - pgrai..i‘ =i : .:pecicsi N / B o it ]|
Sox Concentr.urban, agri, nat, | s Y
NH3 l scil { Ecotoxicity: toxic stress(PAF) . ,.'
Pesticides Concentration greenh. H—mﬁrﬁm. /
Heavy metal S DREES - dsplacem) |\ /
co? [ ConcentraBon ozone depl. | _.J Ozone layer depl.(cancer and ;
HCFC L gases cataract) N AN [Cemmrar—
, { = \ | Damage to human | | /
NUdéf:ﬂ( Bq) :-_"".\ Liér—n‘:‘e_rvf;-auon radionuclides l—l-— Iomz radiation (cancer case and type] M:d’"t“[s‘::‘::'f:ﬁ' If
A | ; M 1 // | yearDALY)]
VOC_S T mm\??.'?ssm e FH Respiratory effect{case and type) I’/f{ —
s \ Coment.rauon in air, water, reinogenesis(cancer casemT
e B type)

dl a\ 1 ad .
519 3.8 uNUNNNITUs2UA 1A8S Ecolndicator 99

U

v
=1

NU1: Pre’ Consultants(2001)
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(Y] d
M5FUNIILH]AEIS chemical bath deposition (D.A. Johnston {aZAM)
a A Ja J o o a 4 1o
msnaflandendga’lua 1ae35 chemical bath deposition AziANWMAINHAEIABTLDYN

US1asves Fa'lild leoou , pH 404 bath , gaingil , nan Wadgedda lvdinalaons
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S solution

Qﬁjﬂﬁ 3.9 NTEUIUNIT chemical bath deposition

v d
MIFUATIZH]AEID chemical vapour deposition (N.H. Tran s#asa)
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cvD wuleuaums

Zn[S,CN(C,H,),l, —  ZnS+C,HNCS +(C,H),NH + CS, + C,H,

% a 4 a L4 % [~ 1 @ { =y da J
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Substrate\

\

Exhaust

]

Heater
Zone 1 Zone 3
Zone 2

Zinc melt Deposition zone

gﬂﬁ 3.10 N3ZUIUNIT Chemical Vapor Deposition
MIFUNT 121 1aes spray pyrolysis (I.Wuled Lenggoro Haznue)

LY 4 a d a Jo 4
Tumsduasiznu Tuilauvesdenda l1la nseuIUMs spray pyrolysis Laad
{ { ] o I 1
Tugali 3.1 senansontamsion Idiluanudiude
ad 4 = 1 I 9 o
1) oan Insanilsd szaanuaisazaroiluazeoslosd199as1 0.05 to 0.16
] ] Y A I S & 9 I v o

vusmnaiaquinfiazetn Taglulasmwiu uas me uazld eswea fudiazaie
d‘ BI:JI a ~ = Qs:
iiesnnesueaansaaza1e lang $ad lumsa [zn(NO,),] uazInTegise [SC(NH,),] Bnwi

’ Aa '

o A R a oA Y o q YN Y 1 A ) o
IULLTIFNHINTDNAIY ‘VIﬂfViulﬂL!Wl.!uWIuWﬁNﬂNﬂ’NNWuWﬂfJHﬂINﬁN1Lﬁllfl

Y
2) dgnsennusou Tudiuiivzinalfnsersznitazincnitrate[Zn(NO,),]
~ a a g 2 { I a Jo 4
uaz InTogise [SCINH2)2] Tagazinamsazatofadouduangzaomiugdndgalug Tu

[ E4
a ada K

{ ) Aaan a . I~
Ul 600 °C URnseualiinatulunszuaumskan spray pyrolysis 11 la

U

AN
Zn(NO,), + (NH,),SC—>Zn(SC(NH,),),(NO,), —> ZnS

a 4 A Jo sy ¥ a9 ' J
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—P»| Combressed gas

II DMA
— I_—> S»lone |
\ sampler
Syringe
D.C.
High voltage

Power supply N\ Carrier gas

qﬁjﬂﬁ 3.11 NIEUIUNIT spray pyrolysis

[y d a
MIFUATILHIAEID  successive ionic layer adsorption and reaction (G. Laukaitis
HazAMe )
Y
o Aa Qddy Y v A 1 a o 2 1 v z 9J
uazAaNuaulnd Asiadeduis CBD udsuaumsailallddeniunsziasded
I 1 1 a A o a
Wudisznovveslossuinuaz losouavedauazmauz  Tasmsina Walezina 4
3 ¢
TUADUAH
D thurusessy uhanuagean exdlau waztemuea uazi liudslugaanma
09; o ] [ J a J o
nniuiwrusessy quasluaisazatelosouuin 0.1 M Feanaelsa pHs.s 14
1781 20 1N
Y Y
2) WuHuseesy a1 Taednsins laveiAe 300 ml/min
3) 1 udusessy Juaslumsazanelooouay 0.05M Na,SpH 12.5 19178120 Uil

Y Y
4) urusessy a1 Teaedasims lvaveaiife 300 ml/min
3.5 MsszRiun@e (Risk Assessment)

a = . = a PR
M5YszUAMNTE (Risk Assessment) HNYDI NITUIUNITUATISHON

U @ A o A g ) Yo Ao ~ [l ' Y a A
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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
benzo(a)anthracene
benzo(a)pyrene
benzotrichloride
benzylchloride
beta-chlorocyclohexane
bromodichloromethane
Cadmium

Chromium
di(2-ethylheyl)phthalate
dibenz(a)anthracene

sichloromethane

Dichlorvos
2,3,7,8-TCDD Dioxin
epichlorohydrin
epichlorohydrin
formaldehyde
gamma- HCH(Lindane)
Hexachlorobezene
metals

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

particles diesel soot
Polychlorobiphenyls
pentachlorophenol
propyleneoxide
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
HFCF-22
HFCF-225ca
HFCF-225¢cb
Methyl bromide
Methyl chloride

carbontetrachloride
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Resouce

aluminium(in ore)
bauxite
chromium(in ore)
copper(ore)
iron(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)

zinc(ore)




A A d @ Y a 1 a 2 d
ATTNN 3 ﬁﬁﬁ“l/llﬂ‘l!‘ﬂﬁ]‘fl‘c’JGl‘ViLﬂﬂWﬁﬂ'ﬁ$ﬂﬂ@]@i%ﬂﬂﬁ?ﬂﬁlﬁ]ﬁﬂﬂﬁﬁﬂuﬂiﬂ

78

Respiration by organic substances

1,1,1-tricholroethane 3,5-dimethyl ethyl benzene

1,2,3-trimethyl benzene 3-hexanone
1,2,4-trimethyl benzene 3-methyl 1 butanol
1,3,5-trimethyl benzene 3-methyl 1 butene

1,3-butadiene
1-butene
1-butoxy proponol

1-hexene

1-methoxy 2-proponol

I-pentene

2,2-dimethyl butane

2,3- dimethyl butane

2-butoxy ethanol
2-ethoxy ethanol
2-hexanone
2-methoxy ethanol
2-methyl 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-methyl 2-butanol
3-methyl hexane
3-methyl pentane
3-pentanol
3-pentanone
acetaldehyde
acetic acid
acetone
propionaldehyde
alcohols
aldehydes

alkanes

alkenes

benzene

butane

butanol

butene

cis 1,2-dichloroethane
s-butanol

s-butyl acetate
t-butanol

t-butyl acetate
perchloroethylene

toluene
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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

ethers

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

octane

p-ethyl toluene
p-xylene
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-butene

trans 2-hexene

trans 2-pentene
trichloroethylene
chloroform

undecane

VOC

xylene
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Respiration by inorganic substances

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

NO
NO

2

NOx

NOx(as NO,)
SO,
SO,
SOx

Sox (as SO,)
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Climate change

methyl chloroform
perfluoethane
trifluoriodomethane
perfluomethane
CFC-11

CFC-113

CFC-13

carbon dioxide
methylene chloride
HCFC-123
HCFC-124
HCFC-141b
HCFC-142b
HCFC-22
HCFC-125
HCFC-134

HCFC-134a

HCFC-143
HCFC-143a
HCFC-152a
HCFC-227ea
HCFC-23
HCFC-236fa
HCFC-245ca
HCFC-32
HCFC-41

methane

nitrous oxide
perfluorhexane
perfluorpentane
perfluorpropane
sulphur hexafluoride
carbontetrachloride

chloroform
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Respiration by inorganic substances

ammonia
NO
NO,

NOx

NOx(as NO,)

SO,
SO,
Sox

Sox(as SO,)
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Ecotoxic emission

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

Arsenic

Atrazine
Azinphos-methyl
Bentazon

benzene
benzo(a)pyrene
Carbendazim
Cadmium

Copper
di(3-ethylhexyl)phthalate
dibutylphathalate
Dichlorvos
2,3,7,8-TCDD Dioxin
Diquat-dibromide
Diuron

DNOC

fentin acetate
fluoranthene

gamma-HCH(Lindane)

Hexachlorobenzene
Mercury
Malathion

Maneb

Mecoprop
Metabenzthiazuron
Metals

Metamitron
Metribuzin
Mevinphos
Monolinuron
Nickel

PAH’s

Prathion

Lead
Polychlorobiphenyls
pentachlorophenol
Simazine

Thiram

toluene

Trifluralin

Zinc
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