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ABSTRACT

This research studied on synthesis of chitosan-copper oxide composite by absorption and
one-step methods. In the absorption method, the chitosan solution was ionically crosslinked by
0.5 %w/w sodium tripolyphosphate (STPP) and then absorbed the copper sulfate (CuSO,) with
the intial concentration of 0.001, 0.01 and 0.1 mol/L. It was found that an increase of CuSO,
concentration would increase the copper ions absorbed in the composites due to both chemical
and physical absorptions. In the one-step method, the chitosan solution was mixed with CuSO,
having initial concentration of 0.001, 0.01 and 0.1 mol/L, then ionically crosslinked by 0.5, 0.7
and 0.9 %w/w STPP solution. It was found that the increase of CuSO, concentration would
reduce the degree of chitosan crosslinking, the increase of STPP concentration could increase the
degree of chitosan crosslinking. The chitosan-copper ion composites were treated in hydrothermal
synthesis in order to grow the copper oxide (CuO) crystals using 2 basic solutions, i.e. NaOH and
NH,OH. The concentrations of basic solutions was 0.5 mol/L, and the reaction temperature was
maintained at 100°C for 24 hr. It was found that the composites in the NaOH system could induce
higher amount of CuO crystals than those in the NH,OH. The chitosan-copper oxide composites
prepared from both methods showed the anti-bacterial activities for S. aureus and E. coli

according to JIS L 1902: 1998.
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a1zl
i ANUTUTUYD fsazanue
FOAI0E19
CuS0,5H,0 NH,OH NaOH
(mol/L) (mol/L) (mol/L)
CST-STPP0.5Cu0.001NH 0.5 =
0.001
CST-STPP0.5Cu0.001Na = 0.5
CST-STPP0.5Cu0.01NH 0.5 -
0.01
CST-STPP0.5Cu0.01Na - 0.5
CST-STPP0.5Cu0.1NH 0.5 =
0.1
CST-STPP0.5Cu0.1Na - 0.5
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Y
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ar d s d o
3.3.2 msdunnzreymaiagilsznevlalnanu-nedileseenladuuuduneumies

3.3.2.1 mam3enmsazae Inlnau
1wFouesazarelaloanu 2 % wylaedalaTasiu 2 ndu @uaisaionsaezdin
Wty 2 % viv 100 fadans asludmnesuaziduniuldmsazaonauddudodey
2. dhasazaiwlalaau 50 ml waudUaIsazarwnedlessama 25 Tadans o
TudninefuaziunultmsazaenaudidiuiedorduTaoinssu suandudy

ypamsazaenedlosdama 18un 0.001 0.01 uaz 0.1 Twa/dns saaasluai1sred 3.2

3.3.2.2 msdunnzvieymaiagusznevinlnau-neuifesoanlen
1. hmsazaela g u-nelules losou wenasluasazarsTasdon lnswedvon-
a aa 4 o 1 o
wadSuas 100 Taddas woutunrwilurar 10 wii aeIdazneudihyu udniwinses
a o o 9/ A o [ = ¥ 3 =
HanAusIABIATInTRIqYINIA TagihimsdSunlasuarududuaisazatoTadow las-
waaneamaily 0.5 0.7 1az 0.9 %ewiw fananalunisai 3.2
2. mdndwai 1dl)enfigangil 60 esmuaadod dunan 24 92 1ua
3. heyninlalasuiinedules lesounda ldusluarsazawualSunsg 25
a aa 1 v =4 i o aan o o {
addasldasluvraudmuanuauandin eilfnser lalasmesuea udnirlevi
a = I ) o o { a
v 100 earara@ed 11uial 24 ¥ TwaTagazimsdsuulasusiaasazavaly
o aaan 1 = 4
myigaser 18un wonTwidloulansen lasuay Ta@eu Taason loe
a  w s Yy 4
4. nIpaNaRAMNT AAI01AT0INTOIT Y IN A

= =

5. hwdadusin I8 ldevfigamail 60 earumaidoa iflunat 24 2 Tua udnirly

a =Y 1 1 =Y ;:f o = v o d

AnTEifemaing1e q laun mafiams@enuusImend (XRD) maian1saiesadiond
a Qs a u 1 da o 1

(XRF) M3AATIER AU IUING1U09710819420nd099anssmiBianaseuuUdeInTIA

g o=
(SEM) llﬂﬁ‘l’lﬂﬁﬂ‘l_lﬂ’ﬂllﬁ'm'lﬁﬂcluﬂ']'i?%‘l—ﬂﬂ"llll‘l)’ﬁlkl‘ﬂﬂﬂriﬂ
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Mfi 3.2 annzlumsiiljiselelasmesueavesaisisznenlnlasu-aolules

o 9 sy s o ¥ =
‘ﬂﬂﬂhlf-‘b'ﬂﬂ’w’l‘ﬁﬂ"liﬂ'\uﬂ‘iwmmﬂ‘l]uﬂﬂumﬂ’]

anzild
AU A1 Asavangd
d‘! s 1 y y
¥oR10814 Y94 Wt
NH,0H NaOH
CuSO,'5H,0 | U9 STPP
(mol/L) (mol/L)
(mol/L) (Yow/w)
CST-Cu0.001STPP0.5NH 0.5 -
0.5
CST-Cu0.001STPPO.5Na 5 0.5
CST-Cu0.001STPPO.7NH 0.5 -
- 0.001 0.7
CTS-Cu0.001STPP0.7Na A 0.5
CTS-Cu0.001STPP0.9NH 0.5 .
0.9
CTS-Cu0.001STPP0.9Na = 0.5
CTS-Cu0.01STPPO.SNH 0.5 -
0.5
CTS-Cu0.01STPP0.5Na - 0.5
CTS-Cu0.01STPP0.7NH 0.5 .
0.01 0.7
| CTS-Cu0.01STPP0.7Na - 0.5
CTS-Cu0.01STPP0.9NH 0.5 -
0.9
CTS-Cu0.01STPP0.9Na - 0.5
CTS-Cu0.1STPPQ.5NH 0.5 -
0.5
CTS-Cu0.1STPP0.5Na - 0.5
CTS-Cu0.1STPPO.7NH 0.5 -
0.1 0.7
CTS-Cu0.1STPP0.7Na - 0.5
CTS-Cu0.1STPP0.9NH 0.5 -
0.9
CTS-Cu0.1STPP0.9Na - 0.5
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CuSO,-5H,0
0.001, 0.01, 0.1 mol/L
25 ml

msaza1elalaa iy 50 ml

Awsenlan 3.3.2.1

h 4

. a 4 = )
Junulimsazaenauduiubofeiny

Y

neanaluaAITaL Al

Taspen laswoanoamlendudy 0.5,0.7,0.9 %w/w

A 4

o o o 4
NIDINAANUNAIWIAT BINTBIGRYRINA

Y

DU 60 'C 24 %31,

A

NH,OH/NaOH 0.5 mol/L
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A
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A
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a d [y
3.4 MInsI9Rgatitendnyal
a d = v A oa d .
3.4.1 MIUANSHM IS AVUHIITNY (X-ray Diffractrometer, XRD)
o @ 4 da A )
heunniaglsznoulnTaenu- asdulesean ladnwsouldluduaeu 3.3.1.2 uaz
o L4 o el ¥ @
aymadagsznovlnlnsiu-nednlofeen ladnmTouldludunou 3.3.22 Tdans

& v ad o . A Y 1
AUNVUSITIONTAI0IATBUTUAUAIUA 26 = 20° - 80° Step Size 0.05%Step Step time 1 Sec

3.4.2 myAnnzyimsmeSadidnds (X-ray fluorescence spectrometry, XRF)

AnngimgEanadiomaiamsnedaiond Momdsuaneilesindeull
TutagsznovlaTamu-nedileseon luddamnaiin XRF a1alsAmmaioa XRF 714
aunsodinszieamlsznenuesas lalasnisneuvaalalaan 14 duiusedoadums
WIATFIUNIWUBN (Standard addition) TALA Fanoon ladinsnFunafiuiuew wedinsey

WiuisniuSnaneuesifiegluSagisznon disieazideaiinzndiinely
hfaalsznonlnlaau-netilef losoufiad on1aludunen 3.3.1.2 HazaynIn
ansznen lnTns-nouidosoon lasniszonldlusunou 3.3.2.2 U3une 0.45 n3u may

J

v A 4 a a ) a o ] o g
ﬂﬂ“ﬁﬂﬂﬂﬂﬂh]ﬁh'ﬂ 0.05 N3 Llﬁzﬁ"lilﬁﬂﬂ']ﬂﬂﬂiﬂuﬂ“h'ﬂ 4.5 A4 Uﬂwﬁnﬂuué’mﬂﬂamugﬂ

a aa d
3.4.3 avlilaisuFesaaunuilaunaosines (Differential Scanning Calorimeters, DSC)
' ) '

heymaln Tnaufwsenld luduaoui 33.1.1 symadagisznonialasu-
@ { 2 o ¢
nouleslevouiinsonIdludunou 33.1.2 wazeyninddglszneulalnau-neiiles
A A ¥ a L4 A = [ dy adq ¥
looufiwsonldludunou 3.3.2.2 masandmszimsdon Toa Taglian1izdail gungiils

= A = [ 9 9y e - w 74
ANIZAAD 50 — 400 BeAI¥AFE 6R51131MAIWTOU 10 C/min UAZERSING IHan1w

11795191 20 ml/min

3.4.4 né’aagam'sﬂﬁﬁzﬁnmammudmmm (Scanning electron microscope, SEM)
N ¥ 1
eyninlalawufiwdonldluduasuii 3.3.1.10ymadagsznou lnlaau-
{ 3) w d
aptlilesonn lyatiwsonldludunou 3.3.1.2 uazeyniniagiszneulalayiu-noilules
I ¥ a ¢ o a 9/ A o
pon laanason Idluvuaou 33.22 wasndnszidugiuineidienses SEM Tagi

yuantlindounsenouih luasivdinsied
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3.5 mynaaeumsuINdveseymnlalnsu nazeymaiagiszaeulalnau-nethiles
Tooou
[ a A yé‘; = o
1. eunmalalasnunwionldvuaeui 33.1.1 symaiaqiszneulalasu-
aoduled losouiwsonldluduaeu 3312 uazeyniniaglszaoylnlngu-notilos
Tooounwionldludunou 3.3.2.2 1105 nfuldasluazunseTanzaruaziBon 400 Wy 1in

' @ & ¥ w !
Phnlduiuludnuazge saiuningeiild (w)

¥ 'y

o (! ¥ g o & } ! o
2. g Wushuhagudune 24 su. udnhyunmbduihmegduuen uaanihl
1 ¥
FUINUN (W)
-] " o H
3. ihgeazunse lanzussgeymalalasuuazeymadagilszneuasules leudn
a = 4 % @ oy B: Y @ Ay g Y o -
gl 60 eamwaryod yainnin (W) ianinning ldunlglumsmiuamnoddud

MIUINAUBIEYMIA In TRguaaun1si 3.1

o o o s
Tas %S fe ulodiiuamsuindlrvesoymala Taain (%)
¥ 1 ¥ @ w
w, Ao dminoynmnlalaenunsuusiiingy (nfu)

¥ ¥ ) o
\N2 ﬁﬂ u1ﬂuﬂﬂuﬂ?ﬂqﬂiﬁcﬁ’]uﬁﬂQllWHWﬂﬂu (ﬂ'ill)

3.6 MINATDUANNERNIDIUMIATUMMTBLUATITY
[} L T g})
hoymaianiszneulalawiu-nodnlesesn laafiwson I luduaon 3.3.2 ymaaey
& Y
wieudsuanumnsolumsdumudenuaiide Tasunsgiu ASTM E2149-01 Taold
wuANisY Escherichia coil Tumsnaaouii lny
2 :
1. @3ENETHYIUDOUFOAIAY ANMTNTY 10°cfu/ml atluvanglany
o w1 Ay ' A A a Y Y o 1A
2. et uideanmsnagevnraslumsuviuasoyewson 13 udni lwen
a 1 o A a gy a @
A5 120 50UADUIN Ngangiiviod unar 1 93719
cﬁl [ 1o 1 U [ Jl{ { ci‘ r_‘}.’
3. gATITUVIUADIION IWHAININNITUTAIDY 1D 18AIGINNIZIFDNNDIMT ALY
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UN 4
Wﬁﬂ’liﬂﬂﬁ@ﬂ!!ﬂ&’ﬂﬁﬂﬁ]ﬂ

4.1 msanmwamsiwenladlalnsiudreasazaelsmenlnsweanoann

nnmsanymamsaen el Tnaudrsaisazare Iwden lnswed woaiwn (STPP)
w 1 o -l A
Wudu 0.5 %ww taza1saies1dla laau-nollos lossuinaen luadrea1sazaly STPP
@ - ¢ o =] a
Taolsunlaounnuduiuvesaisazarenailedaamadly 0.001 0.01 uaz 0.1 Tua/dns ay
Y 3 [J Y o ) o 5 -~ . .
AT NTUUDITITAZ A8 STPP 111 0.5 0.7 1A 0.9 %w/w LA JAnseialemaiia DSC

@ 4 o o a
Lm&’m‘i‘nﬂET‘EJUﬂﬁ‘lJ’Jllﬂ’)‘ll’EN"lﬂ‘Iﬂm’luclumﬂau hlﬁﬂﬁﬂ\']ﬂ'ﬁ'l\‘lvl 4.1

4 _— |
13197 4.1 Anunldnsives lalaaunaz 1o lesiu-nedies maenToeedr0msazary

P ¢ d o ™ ¥ &
STTP MAMD3 1uinsy DSC tazlosiFudmsuiuaiveslalaaulusindy

o Pk T, (Onset) i 1dns
Foa15A20019 %Swell
(°C) (/g)

Chitosan 176.6 197.3 =
CTS-STPP0.5 177.1 4338 131.26
CTS-Cu0.1 1712 506.7 56.72
CTS-Cu0.001STPPO.5 176.3 351.6 139.87
CTS-Cu0.001STPP0.7 177.5 351.5 132.48
CTS-Cu0.001STPP0.9 179.3 369.8 125.57
CTS-Cu0.01STPPO.5 176.0 296.3 150.84
CTS-Cu0.01STPPO.7 179.3 346.4 148.27
CTS-Cu0.01STPPO.9 182.7 360 124.53
CTS-Cu0.1STPPO.5 175.0 264.9 129.11
CTS-Cu0.1STPP0.7 172.4 355.4 109.98
CTS-Cu0.1STPP0.9 172.9 364.9 92,09




31

a Ed 1 = i’ = =
1INNITUATIEHND NN naewMad (T,) uazduildnsivesdin T, voq
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-l ] j’ =
laTasuignionTesdromisazats STPP (CTS-STPPO.5) iA1w1nna1 T, uazwuhldnsiv

vod ln TnmuisuAuragenauaaslfiiuiae s lalasugniyonToadas STPP 134

' '
= =2 o a

& Y Y o v &‘ oS a 3 A
mmmnmmhwaum“lumiﬁma‘lﬂiqmwﬂﬁwumwamﬂﬂmuﬁuuygmmnﬂ STPP
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y L @ g 4 d : 4
azawivzAaNsUANAIRIaUNTA (4.1) - (4.3) Tugdii 4.1 ¥ 1,0, Tuaumsi @.3) dlu
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¢ @ a

a a 1 a A LY ] + a aaa e

nansavinanine Inamsyen Toanuny NH, veelaTaanu dwaalfazerluaunish

] o i 1ol P S | Ao 0 ar ol & 1

(4.4) 9819 lsnawaziiuai o wallunandasnluszuudwaasluagunish @.1) dany
¥ [

oH fineliial§AserdTs Tamdu (Deprotonation) veslaTamuluaunisfi (4.5) uvadu

iz ubonToedao wdawari i Idnsi¥on ToaveeIn Tnag iuanaa
WennsaSeuieusenilea1sdieds CTS-STPPO.5 1Ay CTS-Cu0.001STPPO.S
1 g d' ISl 1 L7 =) 1

WuAUN1ANT YD CTS-Cu0.001STPPO.5 A1I98NI1 CTS-STPPO.5 AU BT IUI1 CTS-
=) 4 1 g [ Qs dl

Cu0.001STPPO.5 HM3iranTeatlosndt CTS-STPPO.5 21ntiu lavimsdSunlasunuudu

o w a -
vyoanotilossamaiilu 0.01 uaz 0.1 Tua/@as (CTS-Cu0.01STPPO.5 1Az CTS-Cu0.1 STPPO.5

o 1 4 2 Y el @ ¥ '
auday) wuddauilSnaaetied luszuuamunldnsiuesa1sdieg1a CTS-Cu I

o o I 1 3 1 I 1 o A
afadnIuaIay Nflﬂ\‘lﬂﬁT}lLlﬁﬂﬁol‘mH‘L!’Il'lﬂﬂﬂL‘]J‘ﬂihlE]El’E]‘Hﬁ'QWﬁ‘UﬂMTNﬂTSL"]IEJ‘JJTEN‘UEN
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MuaNuTuTuueathiled szdanaliinanisdauanisiyen Toauinauu feui1da 1Any
Y g =] A A o A
ANVTNTUYIAITAZAIY STPP (11 0.7 1820.9 %w/w BN NdnT 1M T1eu Toaves la Taau
1 -7} 1 l-'-’; J H 1 Y 1 d‘
WUNAI5E208190 1% STPP 1ty 0.9 %w/w dxiun ldns1Wves DSC WIAAIAIIAIDE1AN
14 STPP 1[HudY 0.7 Y%w/w HAAITIAMTANNANVITUIUUDIAITAZA1Y STPP A13N5NNBAT
A Y a 4 a o a ) ) W o
MarenTo419959 FIHANITUATIZHIINNALA DSC 1Aa0AnaoanUHANITNATOUNITUINAD
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vodlalasuluingy Taudeldanududuaisazals STPP ¥I0UY AITUINAIVOIET

o ' § o 4 2 ﬂy o 1 o
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NapP,0, + SH,O ——> 5Na' + HP,0,, + S0H  aumsii (4.1)
HpP,0,, + OH ——> HPO, +HO aumsi (4.2)
HP,O, + OH  ——> HP,0,” + HO aunsii (4.3)

Dissociation of sodium tripolyphosphate

CH,OH
b
H \fo/ + H,P.0, — H-0-P=0 ;
rd N =
H AUNI5N (4.4)
H  NH+ H-0-P=0
|
NH.+
: AY {E """"" \
Ionic crosslinking \I/ H H No”
H L|.|
H 0
CH,OH
CH,OH S OH

HA O\TIO/ + OH ez sk i+ \{H,O/
\L%H W4 ~N\oH H/

: ! {
M NHz HoONH  qunish (4.5)
Deprotonation
y 2 a = 35’
314 4.1 YR msuandvesTaRen lasweanemmlalu,
aaa - aan &
17581 Deprotonation tazUnseImsizen Toa
CHy0H ) CHy0H CHOH
o, ".Cu3: pH~45 o pH=58 Nl
e OH N sz /0?; " Hf‘? _.’O:r
" o HO 1 HO

" o o

wo 7 dunah (4.6)
Copper(II)-chitosan correlation Fol -
0

4 aan ) 1 4
sUN 4.2 UfisermssanaaiusznInin laanunazaeliles leseu
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ar d LY d a s
4.2 midunnzreymaiagisznevlalevsiu-neilesennluadeItmsgadi

d
4.2.1 99nYsznoumainil

n3asdlnsizianuamisalunisgaduneiiles looouvesa1sairedia CTs-
STPPCu0.001, CTS-STPPCu0.01 t1az CTS-STPPCu0.1 Tatldinadin XRF A1035msiaudn-
pon oAl ua15u1msg11 (Standard addition method) 1o 1iAeuRseluMsFRY IS 10

aolnlofoonlyd aauaadlumsiad 4.2

13197 4.2 Pinamsgadunoiulesleoeuesdszaeyln Tagu-noiinlef loesudae

ol o/

IBFMIAAY
o 7 =
29nlsZNRUNIUAY (Wt%)
A70819 R8I lae Tuaves
2
CuO Zn0O U CuO/Zn0O
CTS-STPP0.5Cu0.001 bi23 49.3 48.47 0.12
CTS-STPP0.5Cu0.01 12.1 445 43 .4 0.20
CTS-STPP0.5Cu0.1 2.99 87.8 9.21 0.64

nawanmisnaasanyd YSinuneief leeouiia1sdaodis CTS-STPPO.5 gady AT

1 q‘ 3 4 s { 3 X g % ) 1
AnnuIuiie 19 sazarenetleidamanduduiu daetinlos loesuiuduiiugiuiieg

o ' o/ a 1 .4
gngaduaie Tusraumlalasiu 2 naln AemsgadudienalniFlszgszninneiifes
lesoununyenlavosaisdonTos STPP dedunisii 4.7) uagmsgadunianienIn

1 Y] 1 LY o Yy 9 g =
senieIaseadnnam lalaanu Taenmsgaduasinles losounnuiududiesrzinanisga
o 9

a 3 Y] 1 ad Yy I'd 1 a
Fuana lngalszgiluvan uansdifianududuvesneinledlossuinninzfanisga

Fusena lnnameniwuinniina lndalsey



ionization
OH
————
H-O~ =0 -~
oy = P .
H 0—{:0 H
protonation

desorption

adsorption

517 4.3 nsgaduiFalszgszninaetiles loesuny Tasead1asum laTaanui

o Toa @20 STPP
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4.2.2 Tgmandnneiileeonlualulnssairasiaun CTS-STPPO.5

= ~ o a a
TumsAnvimavesanzildlunsdunsizvoymanetiesoon ledaieis
o ac a. s 2
leTasmoiuealasiimsvssynernleslosoudisisnmsgady Tasldaiududuisud
4 1 a a 1
yoanoliles losoulaun 0.001 001 wazo.1lua/@as uazriavesasazarva ldun
=t 4 = 4 o a
msavarouen Tulleu leasen laduazarsazaroTmdon lansen lad vnnisdfunlao

1 aJd'l w 1 [ t:i
aNIIEANT 9 blﬂ"]J’i’]E!"I'iﬂ?'ﬁ!ﬁl']xiﬂ\iltﬁﬂﬂiuﬂ'l‘i"lﬂﬂ 4.3

= A s 1 Al Y =2 o
M13199 4.3 FoasaIve19i laninnsdgawanluszuuleTasmesuea

anazinly
3o ANuENTUYD aTazauua
¥A2I9H14
CuS0,5H,0 NH,O0H NaOH
(mol/L) (mol/L) (mol/L)
CTS-STPPO.5Cu0.001NH 0.5 5
0.001
CTS- STPP0.5Cu 0.001Na - 0.5
CTS- STPPO.5Cu 0.01NH 0.5 -
0.01
CTS- STPP0.5Cu 0.01Na - 0.5
CTS- STPP0.5Cu 0.1NH 0.5 -
0.1
CTS- STPP0.5Cu 0.1Na - 0.5

o

é‘J o o { a d w a 9
nniwihiagUszneuiidunsizd 18 Ams e Inssadandnuas duginedae

MATA XRD 1ag SEM mud1au aauaaawaluiaveda la
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n.szvumsdannaniumsazaramenluiiaslansenlsa

(a) CTS-STPP0.5Cu0.001NH

| >
'l
Ay
2 M’WWMM |
iy
‘M‘Wﬂw
2 0 40 5 &0 70
2theta (degree) (b) CTS-STPP0.5Cu0.01NH
=X g 40l B0 /0N A 0T0

2theta (degree)

(¢) CTS-STPP0.5Cu0.INH

H\

Intensity (a.u.)

MMMWM‘M* %

bl
m’”"'*’ﬁw»o‘mmm

20 30 40 50 60 70
2theta (degree)

UM 4.4 uwun M XRD taz 3] SEM ve9a15@a0819 CTS-STPPO.5 figadunnililosdanai
Wuduuand1aiu 1du (2) 0.001Tua/aas (b) 0.01Tua/Aas ung (o) 0.1Tua/Ans
a 2 g o = ¢ 9 g
nrumsilgawandae lalasmesuea lavansazmouen Tuiion leason laddudy

0.5 Tua/ans gaungi 100 °C ( A: CuO, ®: Cu,SO,(OH),)
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[ H F
911n31/7 4.4 WUNIAUKUATIW XRD veemsdlet1efiwien1dnnne 3 aaizuaas
A ad " o o ool o ' v ow o o A
wnniuendnyaivesoymanatioioon laq Ndunie 20 MY 36.63 waz 42.55 1o
= = é’, 1 T [ =1 = d
WsNAMALA  SEM v04n3 3 anznud liamnsadunaiugilninvesnetnles
o ] y 3 1 o = @ o 1 - o
oon lwd ldsaay 1ieann NH,oH luwadewilfinansuandauiiung on dou vl
e s a X o ! o <
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Cu(OH), =a= =l TILH UM (4.10)
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4.3.1 osndsznoumandl

a PO o ¢ 1% =
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[ 4 3’, P=% g/ =Y 9/ A a a d o
dunszruuuTuaew@ed Tasldimailin XRF d1e35maaudeneen leailuasuinsgiu
N e : SN 2
(Standard addition method) te ltRguiRoalums iy S uwnsdnledoen ludnuden Ty

Tdman1sanszinaaadlums1en 4.5 - 4.7

| o o [ d o d 9 g 9
M13199 4.5 Ysmnanedulesoen lad luiagiszneunduasziuuusuasumeinldny

wudunolilosFamaEudu 0.001 Tua/ans

9aAsEnoUNINAT (Wt%) oAns1aU Tao Tuaued
A28 CuO Zn0O o Cu0/ZnO
CTS-Cu0.001STPPO.5SNH 1.59 87.3 11.11 0.01
CTS-Cu0.001STPPO.7NH 1.68 94.62 3.7 0.02
CTS-Cu0.001STPPO.9NH 1.44 91.1 7.46 0.01
CTS-Cu0.001STPP0.5Na 2.99 87.8 9.21 0.02
CTS-Cu0.001STPP0.7Na 3.84 87.0 9.16 0.04
CTS-Cu0.001STPP0.9Na 2.61 94.21 3.81 0.03
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99AYsENIUMUAT (Wi%) aan a7 Tae Tuaves
f19819 CuO ZnO uq CuO/ZnO
CTS-Cu0.018TPP0.5NI 443 88.0 7.57 0.04
CTS-Cu0.01STPP0.7NH 5.45 85.0 9.55 0.06
CTS-Cu0.01STPPO.9NH 8.1 80.3 11.6 0.10
CTS-Cu0.01STPP0.5Na 16 75.3 8.7 0.21
CTS-Cu0.01STPP0.7Na 30.3 29.0 40.7 1.07
CTS-Cu0.01STPP0.9Na 15.7 76.7 7.6 0.21

M3 4.7 SwmaeUnlesoen las luiaqiseneuidunsiziuuudunew@onildninu

wutunetnledFamasudu 0.1 Tua/ans

8aAlszneUMAUAT (Wt%) a5 187U 1ag Tuauos
CRLEAN CuO ZnO un CuO/ZnO
CTS-Cu0.1STPP0.5 NH 26.0 67.1 6.9 0.39
CTS-Cu0.1STPP0.7NH 454 424 12.2 1.09
CTS-Cu0.1STPPO.ONH 34.1 59.2 6.7 0.59
CTS-Cu0.1STPP0.5Na 46.4 43.6 10 1.09
CTS-Cu0.1STPP0.7Na 54.3 40.5 5.2 1.37
CTS-Cu0.1STPP0.9Na 53.5 40.9 5.6 1.34
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CuSO,5H,0 | ¥8ISTPP | NH,0OH | NaOH
(mol/L) (Yow/w) (mol/L) (mol/L)
CTS-Cu0.001STPPO.5SNH 0.5 -
0.5
CTS-Cu0.001STPPO.5Na - 0=y
CTS-Cu0.001STPPO.7NH 0.5 -
0.001 0.7
CTS-Cu0.001STPP0.7Na - 0.5
CTS-Cu0.001STPP0.9NH 0.5 -
0.9
CTS-Cu0.001STPP0.9Na - 0.5
CTS-Cu0.01STPP0.5NH 0.5 -
0.5
CTS-Cu0.01STPP0.5Na - 0.5
CTS-Cu0.01STPPO.7NH 0.5 -
0.01 0.7
CTS-Cu0.01STPP0.7Na - 0.5
CTS-Cu0.01STPP0.9NH 0.5 -
0.9
CTS-Cu0.01STPP0.9Na - 0.5
CTS-Cu0.1STPP0.5NH 0.5 -
0.5
CTS-Cu0.1STPP0.5Na - 0.5
0.1
CTS-Cu0.1STPPO.7NH 0.5 -
0.7
CTS-Cu0.1STPP0.7Na - 0.5
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¥ lg i‘/ 5
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CTS-STPPO.5 0.3781 0.6516 1.0496 131.26
CTS-Cuo0.1 0.3877 0.6689 0.8284 56.72
CTS-Cu0.001STPPO.5 0.3581 0.6515 1.0174 139.87
CTS-Cu0.001STPPO0.7 0.3899 0.5342 0.7675 132.48
CTS-Cu0.001STPP0.9 0.3928 0.6509 0.9750 125.57
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78-0428 Quality: C CuO

CAS Number Copper Oxide

Ref: Calculated from ICSD using POWD.12++, (1997)

Ref: Schmahl,N.G., Eikerling,G.F.,Z. Phys.Chem.NeueFolqe.
(Wiesbaden), 62.268 (1968)
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Copper Sulfate Hydroxide

Ref: Post, J., National Museum of Natural History,

Smithsonian Institution, Washington, DC, USA, 1CDD Grant-

in-Aid
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