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Anti-bacterial properties of hydrogel from alginate-guar gum

modified silver
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ABSTRACT

This project studied on the preparation of hydrogel from polysaccharide using
base sodium tetraborate as a cross-linking agent. The silver as anti-bacterial agent
was added in the hydrogels. The selected polysaccharide are sodium alginate and
guar gum. The weight ratio of Alg: GG are applied at 4 : 6 and 6 : 4 with different
concentrations of sodium tetra borate of 0.2, 0.4 and 0.6 % by weight. The addition
of silver was achieved by immersing the hydrogel in a solution of silver nitrate and
subsequently, sodiumborohydride as a reducing agent. The structural characteristics
of the hydrogel were studied by X-ray diffraction (XRD), X-Ray Fluorescence (XRF) and
Thermogravimetric Analysis (TGA). The results show that the hydrogels contained
silver in the ranges of 11-42 % by weight with the highest amount of silver containing
in A6G4B0.4, 20. The swelling and anti-bacteria tested were also studied. The
bacterias used were Bacillus subtilis and Escherichia coli in which A6G4B0.4, 20
showed the most efficiency of anti-bacterial with clear zone of 10 mm. for Bacillus
subtilis and 8 mm. for Escherichia coli Hydrogels were found to be against

Escherichia coli better than Bacillus subtilis. The swelling test of hydrogel in distilled
water showed the maximum values at 60 %o for A6G4B0.6, 20 and A6G4B0.4, 1.

Keywords : hydrogel, alginate, guar gum, silver
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1.1 HILATATINAIAY VDT

\elasnaiduTaniianunsagaduildluvinasnn Oy superabsorbent fildann
sysunIensduATIEA ‘la‘IﬂmammsnLmiuu‘lﬂmnmsl.'uau‘lmms'[fﬂuLanammeﬂ.mgw
mmsnmum‘luu'ﬂﬂﬂmauauaLua'iwmmma.,awm‘lﬂ ﬂ'nua'm'ﬁn'lunwﬂmsuu'msa
vshveslelasatiannananubangu wqﬁan'uuwuaum {4 —OH, -COOH, -NH, Ju
#u sdsinnssaseretansldlnana lelaswafindonlfannisdunsis wedweiend
weRvASian nedozaTian wederadatlud saufmediuedsiudie Wy wediuaiiix
sewinesasatluddunsnesesan (1] 18udy lelasmaaansahivldnuldwanvans v
Tunmamsunmg dluldviriaslauna Telumsviviaunssu 'i'mm'l'zmﬁﬁ;m'lwun'ﬁﬂamJaaa
WaufiFons wsa‘lumﬂnwsmﬁw'luﬂmwaqumm'qu'uu M lu@iauseariu wu T
fndoudnuuuldudais reuwaaud Wady venvniiftannsmiluldimuawenidiu
msiudauuafideld 2 wu melfidunadmuidsuuafiGuiatosiumsuitdouioinm
anmweslalasald suhlelnsailddndinspuansfitieduduunii3e Wy Janedas
W Lwamuﬂuﬁ’“‘lun'rim'\uvuau.'Uﬂmia 13 1olasioaildanwedine fdanssviiuilauialy
miqﬂwu'mmaau Lm:uauaL:uaiwmnmqaq'lu-vumuuuLﬁuww.avl.fluaﬁnau.,m A9
mnﬂwuamauaLuaimﬂmmﬂu{]zym'lumﬁmlu‘l‘mu vlinnsidenldansdeuildan
sssumidunandenviisiazantamsnd il uasiftaiiunisaanisldusuaiediadl
SSmnnnefldasssuitldnnssmnasiuieusueiildndnaneiiluneduwes
$7u (U nodevedanuedatuiasiy (4] Wudu ounAdimiAnnnsinasilelasiaaiiin
Pnwedugamlsdiamua 999 mawiealelassanndifusasinfendadiunlagléngnn
seantemiduanaidonlen (5] Wusu

Tusudteiagdnvnnimedueaadlsd Tiun Tadeudadun uay Aadiu anld
Wuansdasulunmsedealelasiaaiiesnin lidufiv Lﬂuﬁmﬁﬁaﬁqumé’au m‘lﬁ&w oy
aanglndng way mminmum'lum‘lﬂﬂm'i'lu'lu‘i'.ﬂsaaﬁawuﬂan‘tmmiaum fg -OH vmaq
Tulnsiairevasansiduitanseiin uas -COOH wuaq‘luiﬂiqa'm‘uaﬂ%mauaamum viadl

ﬁummin'lumsmmuuwmmsnu‘LuuNa'aaws"qwnml.nﬂwawqma'lwmimnm'um
lelasnaluasazansdidninsladmaguegla Fuulunitsisvhmswiedlelasaasinme
auﬁﬂﬂ'ﬂiﬂaaa-ﬁuﬂmﬂmﬂu.a.,umsmwaL’:a'st'zn‘lﬂ'luiﬂsqaﬁq iasndanesilaudily
nsdudeifuarlifusunsieviodufiv lweAdedldfnuwareadnsndiunes
saUsznauseninludousaiuaremsiu Uiunudaneslulasiairevedlelnsiea
amannsalunsiudeunafifussdaneifieglulelasian \Weuwunfisefivadey fs
Bacillus subtilis wag Escherichia coli [3]
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2.1 leglasiea (Hydrogel)
Talmsioa (Hydrogel) v3ai3unfuluiedu 1u Water gel, Water crystal, Gel crystal

[6] ‘laiﬂmatﬁuwaﬁmas'ﬁmmsnmﬂ«z‘j’uﬁ'ﬂ":’mﬂ'hﬂﬂsqa%’w‘lﬁwﬁwﬂauma‘lﬂalﬁLﬁﬂms
azay anvAowizysdlelasioa fe msmummaaq"lumuawmm"lmua‘l.uummanwmu
'uaq‘laTmwanaumsﬂmummwanum.,ﬂmﬂwanmaw‘uman'] widlegaduthudreruay
maamguﬂmmaaa Trssadveslalasivaussneuieduiivouh (hydrophilic) tgu —OH,
-COOH, -CONH, uagauiilyiroutin (Hydrophobic) iy -CH, -, -CH; lulaseasevaslalas
waiimsdausiesswinanelemoiuslauaud wuszlelasiau TWiBUAINTINTEMINTY
Aqlumelevilbilelnsmaausansguegluanmiuauiald dadlelnsialuaniniuis
Sunlsignetned wlsaa (Xerogel) Tnganuminanlunsumiaves lelasinasiutusgiu
Arwrauth (Hydrophilicity)  wasanslgweameslulaseadesuiemnimuutiueeanis
\oules (Crosslink density) shelelastasuisnhluTfldwannvany oy

® lunimsunng

o lHduiaglauna

® FfaynIsy

o ussquiisesnsilantaesidmmimnudoins

¢ Tumsinuns

o lHlunslseAuitaiiiumnuduiy

e Tuzindszdniu

2.1.1 Yssianveslalasiaa

lelnsiaaanunsauvseanifiduvarssila Futudnunsnsutssny

2.1.1.1 Yssnvvaslolnswafiutmsiansaeduile

1) lelasiwaildmsmatuiovees lelnsariniidunodsossmsewiuous
wesAvauth (Hydrophilic monomer) ua.,uauama%ﬁﬁwmwﬂﬁaﬁﬁ’u (Polyfunctional
comonomer) TﬂsaaswmLtwaa‘laTﬂmaLﬂmWﬂnqswau‘lmnmumﬁmuﬁqnw'uamma.,
ueuees fetvpwmsusweiTiveutih 1wy wmeSian umnadatlus Wudy fedie
vaslalsiaussianil iy wedweddinszning 2-lansendiofia wniadian ((2-
hydroxyethyl) methacrylate (HEMA)) nuledidulnamea Jaluniasian
(Ethyleneglycolbismethacrylate (EGDMA)) [7] ﬁ'fqgllﬁ 2.1 A lelanaitlfiunlidney
wAaudwUUTy mswaﬁtua'li-z?-umhﬁauauamas'ﬁ'm'lwnjm'lﬂt’i'ﬁ"ﬁﬁ'uuuuauuaﬁaiu \gu
waseenlen wisarsusznouely sy Tﬂsmmmmvumnm'[wawaaaﬁvLuaunﬁ'lwm'm
founseonaliiadSunuuinend iy ammonium  persulfate ﬂnu N,N-tetramethyl



ethylene diamine (TEMED) 5aulufiamsld photo initiator ée

2) lelnswailigmmmadunsnedes lelanaaussnvivielnonsdoulomes
Luai'ﬁvamfwuasﬁﬁwﬁn‘[umavfm?a‘[aﬁimuas’ Methatu nsidesles o, w-hydroxyl
poly{ethylene glycol) e diisocyanate #eguil 2.1 B Jadudideulowuulnsooslelns
wa?‘ﬂmmﬁuwaagﬁmuwauw

3) Zafmtvaﬁf'zfmmw)mﬁuwaz‘v‘was’ﬁmuu’? lelanivatszinniliinanmsidenles
muadiveaeduesfveuth fetrary msdenlsdlmanavedusiufenediasanlervs
anqmsaamaﬂ Mgl 21 ¢ uenannillesstinweRueddiannsaidonleldsentsly
mwauiammlssqti‘]u 2+ w38 3+ wu msdaassilelasiaaninlnfeusadiundassh
Woulsaitl ca® [7)

o
k&n Hcm H 0“

poly(2-hydroxyethylmethacrylaat)
] 4] ]
B m\/\/;\;c\/‘w " S m&-o-}_o_!:..nu
polyether =0
i
+
QCN ™ OO

diisocyanaat
] + T

HO. Of =0
1 by ;
| trial

polyurethaan hydrogel

albumine glutaaraldehyde

< [ O v
1UR 2.1 Ussimvedlglasaildusmuansaaiuilld (7]



21.1.2 Uszunnvedlolasimafiutsnudnunzansdunsey (Fabrication of
hydrogel) fidheiu 4 4ila fil

1) lalaswauvvurhiiisy (Cast film hydroeel) lelastsauuuitimirluidadouin
Faneineq Inadenlesseninaneledewusslalasinin (Hydrophobic bond) 1fietaany
"l.u'lwwaauma'lumnmmummumﬂUi"nauma'lwNﬂifuwaw'mwmaauuuwumJaﬂLLa'n
onvvsnsidonlsaseninaslefowusslarnaud Tﬂﬂai'xwm‘la‘[mwauuuu
Uszneuseduiiveuiuarduitliveuh fegvedlslnsivariai iy nofi(2-lensond
wiialma3ian) (Poly(2-hydroxy methylmethacrylate), PHEMA) [8] 1udiy

2) lalasivauvulnsesen1vre (Crosslinked network hydrogel) lslaswauuud
wisnlnsnsdnansuauvosmeuses f3Gy wasamdenlo WU Tuwifun Seluviensd
onrauihazaeadlufe anthldiansedwslsdluuifuity detraty wedly
Hauaanaena (Poly(vinyl alcohol), PVA) [9] tHudy

3) lalasieauvusafavuituil (surface grafted hydrogel) lelasinanuuilindeloe
mimwaamaswavm’lﬂmmimamuuwaaLuasﬁ‘lwa'um villelasaiildliazarei
Tnstiaunsaliviulpaniidnavedelasalimtulse Inehlelnmealseiuune
SuesnfiaunimBanaili Wy msdefauiuidenoduedureiaiu wed(2-leasend
WiiaIAsian) wazwediafiaesaiian [10]

4) lelasisauvvdumasmumasimediasidnise (nterpenetrating polymer
network hydrogel) lalasiaaviniiiunsunsnweduesassriaiilasiairedulnsesnem
deddheiu Tnslassiisasdhiawisauenssnainfulfiasiiamuudouss 3enstiy
msUulpaniRidnavedslanealimiulasnisuil iy wedlhiausanesed)mederas
dAuedn) BumeinlunsRwediuesuindsa (Polylvinyl alcohol)/Poly(acrylic acid) IPN) [2]
Wusu

2.1.1.3 vssanvadlalasiaiiutsmusiianisifenTssveslaseadne aunsouts
sandiu 2 viln edl

1) lelasisandinmfouleaninail (Chemical hydrogel) fimaidenluasewinansly
wediweimenusslnmaunguiuiuseiudausann Tneluniisluianavasmeusuesiiin
ﬁ'uﬁsﬁnﬁnﬁﬁqﬁﬁ’uagjwmaﬁhme'aﬁmmmLﬁﬂmﬂ%auiaa‘lé’ lelasivaitldagliiiin
nssuIuMIfounduntemuieu As lanunsavinlvvasuldsn mn‘lwmmsauaumqﬂw
Wuszuaneanasiansaanefmanissidsulvandy lelaswariniioncGenldanete
lelasiwavinmosluwmidawinlelnssariindiinuamu livaouma) uarliszanslus
vhavane ¥liidedainlunistugy shesaeslalasieaviind) 1y wed2-lansendiofiaw
matian) fiinsdeulosdoeisulnanealaumidian [11] Wudy

2) lelamvaidnisidouleammenw (Physical hydrogel) msv‘uau‘[aqsmiwaw
lgnedweiinaaniuselelasiou usawumedinad wsesEmInlsey Felimuudusales
niniuszlariaud lelaswasieiidanisdundumamnudoulddadentdanatein lelas
warliaweslunatadin aunsovasulfidelnnudounasudvnideduas Fennsldanutoy
Lidanansenudeauifniunaiivagmianisamveddelnsian uenaniilelnsivasiiniss



aunsnazangldlusnhasaeunedaiituguldhesaniimemaasduadueade wy
asuRAuYId o1 Wudy Medrweslelnsiaatini 1y wedezatanlud Ta-ufiaumas
wan-la-lafiateiiu) (Poly(acrylamide-co-methylmethacrylate-co-vinytamine)) [12] {udu

2.1.1.4 Usziameaslelasvaiiuvenuunavasgnyy

1) lelastoaidynguyuimidn (Microporous hydrogel) ulslasivaiidaasieludh
vasaeiia lnsfvewowes asdeules waswedwedanusaavansludavazansld waild
Jdnwnrla lalasaniinionaiGenit lelaswauuuiiedes (Homogeneous hydrogel) L
wod(2-lansenTiofiaumaiian) Mnduulnedsnsidru HEMAH,O whiu 2:1 [9] Hudu

2) lolastvaiifynguyuiniug] (Macroporous hydrogel) Tusunsuntadiasiest
Telnsivaviininedueifiiniuazbissarlusiihararsfilddmiunisweaslsdusiay
ansenauueneenin lelaswailéfisnguvuialvg fdenqu Genldndulelasmanvuils
wau (Heterogeneous  hydrogel) 19y wed(2-lonsentiefiaumeaiian) Messulaed
9n5189U HEMA: H,0 wirilu 1.25:1 [9] 1Tusiu

2.1.2 nsurusauarladeninanisnisuauiivadlalaniaa [9]

autRiidnyuedlelnsiea Ao anmnsovaildideagluinilasmnlasaineweslslnas
wafiuseneuiediiveuiuasdauitbiveuth fadeinisdeuresewinsansldnediues
eiustlaaussmfisunsizessninaginagie Woutielsialuiusstusealufin
(Osmotic driving force) sssdnsiuiliunsniiluseninsmeldvedlalassadaliivhegvi
Wienelinadiefifamsvineiuazyfusdrgannalmi mmhaunsoifadunsisotumy
s luanelgvaamedinediu wu wustlelasinussduusaasuiviliiudalululasaia
wodlelnsiealiunntu hiilululelasiwassdumeldlidaaen umilosnnarglsveveyy
anmeifudaioulnsiiSaiussunisvseivesaeloneduesiiatu 1y s
weefinIndunsitonsswincluiana tudu Woussduesalufndudndulviudqly
unsnszwinansleneduefveslalasisatuusefidunmseenesvasasledauvitunisuin
fvedlelnsivaiasfsgaaugauazyuimanilulasad u gaififondn Usinanhaxsa
(Equilibrium water content) Uiinanignaadulnglalasieaannsafmunlianauns
[9]

Uiinanh = twiinveAwe$figadind - dhwinweduesiuks X 100%

v »v
o L7

L") - 4 -3
wwninnedweingaduun

dielglasaiinnsuindilnh ihiieglulalaswassiidnuuesiwioluil (13, 14]
‘U’ A LY - 1 a L L2 )
1. Free water fla YfieguinnifauenvedlalnsnanliiowusylslasautuaeTene
a < Y o oa 1 1at I o o
dwed annsardsutifedudass stmode Liflvaveselanedinofinisdes
- Y da o o/ ] - 3 I o A\LD
2. Bound water @i WhiiinRusrlelasiauivanslowedesifuhindoudldon
Aoslindnuanuiougdumsienilisonanislasia
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1. Sumshsesenrahivaielvvedlalasiea Swedlueiilaswadeiiaunsadi
Sunshzerduildinn wu Aimiuszlelasiaulfasyiihunsdnglassadsldnnduily
\an1swearalaf

2. gevinszninaelenedines winanalenwediwesveslelnsivailvorinsevniteiu
mnvleligngululaseaironn msvumesdetuldfidesmbaunsadlulfinmsune
1hasmausiings

3. anudangurossrely mnanelefimudanguinmiasnsounsndilusening
meldlihenasiinswiunisveneieesaelston iliuinanhaunaiidgauaziians
vawilaun

4. anmitivresnadeulseseinawlenedwes SiinsdeulodlutZunaann
mai-zjaq'lnanumnw davinszninaeldliosas udwnudanguuosaslefianas
WuLAEY mm’[wmwa'xamwmawa‘mnﬂlmuaaLummmnﬂm?msmwaqma‘l'd LI
msvgefrveslslasralicngaibilelasaifianisuinilides

2.2 ANSTIUYR (Natural gums) [15]

i (Gum) mnﬁssmnmLﬂua'nsUs.,naUUﬁuanwaamem'l.imc,auaqwuﬁ'umwaau,‘zm
alsrdnlvaiiundsfiinandie mmma.,ma‘lmm'lumwu gy uazihiau lasansazans
ﬁlmvum'\wumqquuﬂumwL'uu"uu-umnuuaanmu FofuSafinstrmmanunsssssuei
wliuselowtegraunnuny T.ﬂamwwuau'Naﬂuqmmwnima'lm's‘[ﬂal-mﬂumsqum'mnum
v3eanstu ansifisadosnm HdumsdasliAndiunasiadimess uenanitannsa
daedmdunnla

MRNETIUTRTITNaInvanEuMas wamsmasinaansousnldidu 3 unasivae
il

1. fiNendmsensia (Algae Source) 1y psM¥ (Agar), Sadium (Alginate), A$9
fuuu (Carrageenan)

2. Ny (Botanical Source) ldanndaumiag i Loy

— Plant Extrudates WU fius¥da NUAI5IeM
— Wi (Seed Gums) FwInwdausyy Wy MEM (Guar gum), Lucust
Bean Gum
— ol (Plant Tissue) 19U Larch Gum, Pectin
3. M ndsiidinuunadn (Microbial Gums) 1y usuuMLAY (Xanthan Gum)

2.2.1 MRnamIena

uvavingAuAildanamiensia (Marine algae) 19y nauamseduniuasamined
1hana sy

2.2.1.1 93019 (Agar)



9¥n§ (Agar) donmisadvesamdedung a-'mi'i'l’mfluwaﬁMﬂﬂ'ﬂiﬁ'ﬂumma‘f.ﬁ
aswseneulufemhedosveninaniuanlng (Galactose) Uszmausniiny fe ty'U'u \ile
Usznaid ae. 1700 widuinstunldsslomiddoUssinad e 1900 Useneinnes
msvnemsie liun sy TuSenln 38 andgewsng guu WWwiy nmald waslusena

guﬁ 2.2 lassadveesnnd [16]

avnsilasAuseneurawedusnalss 2 Ussiavvan Ao pen1lsd (Agarose) Wavey
nlsiaiu (Agaropectin) mma~mT'saLl,ava-'m‘lﬂﬂﬂmumfluwaaLtﬁﬂﬂﬂsﬂwmﬂiqasw
vanthumhedogvenhnenuaning
® oanlsd dlasaiiudunediwedsausening 1,3 linked B-D-galactopyranose uag
1,4 linked 3,6-anhydro-Ql-L-galactopyranose (3esadufiuluiisumis 1,3 linked
aeldannsagnialamense wisumis 1,4 linked ansldasdowinlngldioules
o aznlsadu Wunedusarilsidamn Tlassatmaniindoiveznlsa fo o
viheduas B-D-galactopyranose uariilassa$ranitousznilsa ug 3,6-anhydro-
a—L—galactopyranose 'U'NT.JJLﬂﬂanﬂl.wm‘VImE.l‘UﬁLNmi s 5-8%
a~mwumaag’luvnmma'mvag'luiﬂmflum indn santaduusiy fidvnaguaninsa
avawa“lﬁlumwuuaua"awa‘lﬂﬁ'lummaﬂ avmiaqmmsmnmﬂuma'lﬂmuLua:uﬂ'nmw'uu
veuiioosninnndn 0.5% wamwnn 30-40  eruvaldya ua.,ﬁ]ua.mal.uauaquu
Ussinal 75-90 anAigaded nsidaleanuuiisendi physical gels TﬂatuaTuLana*umaum
Tsaazanaglunineiidnwaziiu random coil uavmaqmmuaﬂaﬂﬂaamwnmnmammﬂ
mMituuvesdelewedinefiliuwuy B1 (Antisymmetric double helices) l&laseadrafiy
WU G, D (@uu) v3e Jufuuuy B2 (Symmetric double helices) 1élasaasne C, D
(@) msm.,mﬂwasﬂuuu'lmuwuaanum'mLi':'lum'iaﬂawmammu tgumgiianay
aemﬂﬂmm.fLﬁTﬁsqamLﬂuqusU B1 wag C, D (ghuuw) Laaﬁ‘lﬂmmsmnmmswunauma
Awsould Sendn maﬁusnamvama (Thermaoreversible gel) prmsannsarhluly
Usslewilavarnvaivanit
- Tugramnssemnslfiduasivenuduvesweaviothey
- lugmamnssunssany (Paper Sizing)
- Tunandvenandliteliiegnudeseonindiae Slow release  ingredient)
wsrzermishiaunsadeslusmomedldidesnbifiouledlunisdes
- MTu tissue culture media Tunsimudsaiads



4 - L4
jUR 23 nalnnsifinnavetazms [16]

2.2.1.2 galun (Alginate)

nuUivmwuﬂ"aquuawaawaaa'ms'mamma (Phaeophyceae) aamumvaq'lusﬂ
ndelewden Wusaley uuniliden uarunadonvansndadin wudloussunad a.a 1800
'luUmwmawswmmanma.,vsuum'iwamL%qqmmwnﬁu'lui‘l A.A.1929  luSguafivesils
UssivAanigaism

nMsnAndadiunluBenamnsnniy awsevsamd dud Macrocystis pyrifera
fidaduuszanm 16-19%, Laminaria cloustoni uas Laminaria dlgltata fdadudssinm 15-
0% Uhnmiiwusrufvuriauesaming gan8a u.a.,Lmaqwmm'\amtymu‘[m aming
mmuwu"lﬂm'fltﬂu‘ian Usaaiindnsadiumnn Ae sudm Sange diuea @y ueding
WAUIAI LLavqmu

sadununeiugamlsdiududsznoudomisug oovamarsusanlsaan s
fig 1,4-B-D-manuronic acid (M) wa¥ L-guluronic acid (G) Tluanaussneushsuiinms
wollwediivsrlaifierne G war M fiSendn G-blocks uag M-blocks muE U uay
undnveshuanaiiiy Ma-blocks figuil 2.4 dndiuvesmedinessnuaslnsadrefiuansn
iJvtﬁummwmauummaaamm 1y diluangleiivediues 6 luunageesiimdmdu w
aufsiaranditundeqrasissquanuedave usflumelesiveded M TulSineigaead
Wsezilnlivgawjuuasiianmslumsifnwaiininiaeleiinedwes 6 Yo



¢oo-
OH o
OH oH oH

B-D-mannuronate (M) al-guluronate (G)

“00C OH 00  OH “00C
o
H HO H
00 OH
H
OH 00 OH ~
] G M M G

Uil 24 Tassadrevesdadiun [16)

aaammmwum‘tuuawmLi‘luwaLmLnﬂz.'-aa'l,ﬂmamﬂgnsmnuuﬂawaulaaau (ca™
Tﬂsaaﬁwaamamanwuuanwmvﬂmanaaa'la"lﬂ (Fgg Box) lpaii ca’ “inmzegfiuaalined
wed feguil 25 auumm‘uaqaammmumnmi’]uwa Ao 19afildezlianunsodundu
(Ireversible gel) 'luu'nﬂuwuuﬂaku‘laaauaq’lm

o - = © o
U 25 nalamsiinareural@endadiun W Eee - box [16)

a o o o ‘ - & v ct wea ? d
avlwavndruardmisluBimdiuiivaweyiustallanAnsavanelurhil
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waneineiuly 1y eyWusveunde ca”’, K', Na®, NH, wardendnlugUeesnseiaulna
Avasadlun (Propylene glycol alginate) %ﬂﬁmnﬂﬁﬁ?ﬂwmﬂ‘mﬁaﬁﬁn (Alginic acid) fiu
wsawauaan‘l«m (Propylene oxide) nelAraudiu aqwuﬁmawmavmu‘lw\ﬂumsauuau
vudu mwwummmsavmaaamumﬁlmuaqnvamwnu ANt mwun‘[maqa Uizy
U'm'uadawwaq"l.uiﬂsqaﬂa vadwmsidunse-fn (pH) ey aamilaees
amarardadiunzailedianudunsa-sanni 5 uimumilaessansazangey
ivtuilefirnaradiunse-snaoenia 4.5 winasazaredamudunsa-aawitu 3 9z

'
-

Sufiniinveinsedaitniiaiu

sadungmirlulindadusiamnsvarsslinfuda.m1920 Tnedulusmisnszdes

- P - - kY] 1 © - ° YY)
vniaieluasiiummnmila asifinarune wiolfiduarsilfifnma vldstadun
o a’i’u Vo a o & [ S W oa
m wenanildelidadiunlugnamnssudug Sade Medrveanisidadiualuldly
PAMNTTUAE 1PU
v v oo ° 9 3 a o A =l o
- lugramnssuemsliiduasduvdoansihiAnmalugy indosy lornTuuaziead
- =

- Mduastulunmsndmeiosdon

- uraesadiualdinduwiulaunalvinidessdsliunamedaunazdasan
msuIndulAAn LT ausaLUUR IR
- tregefulansibuivanniden

2.2.1.3 a1¥313uuu (Carrageenan)

Fom$313uu (Carrageenan) 3nann Carragheen Sudutioundsiitinswuamsasly
Usnaannegluuaumeilewesusemalasiaud mdsdiuudumsianalionamsnensiad
uAs (Rhodophyceae) fnminnldasausnlutsemaduiilousyana 600 Treunsannia
'lwmsﬁmsmﬁm‘luszﬁ’uqmmwnssuLﬁﬂi"fut.ﬁwssmm'am-famiw 1930

lassasivassafuuuldaduindss  (Helical)  Tnaillassadravadniduniuanin
adoudetufeiusglnaladan (Glycosidic linkage) wazilu sulphated polysaccharides
mﬁ'muuummimwuﬂuﬂauaau'l.ﬂanvra'lemummm'amuua..,mmwuwaqnamaamas
Jain (Ester sulphate) Ltasmmu 3,6 anhydro—D-galactose (3,6-AG) l9un Kappa, lota
ke Lambda 9An$513uumi 3 wdag Uiunauma‘[ﬂsaaiﬂwaawaameﬂsmwanw«m

nunatenuie ﬂx‘li'thn 2.6 Unit A uam 1,4-linked galactoside Tugtuedl Unit B uae 1,3-
linked galactoside

® Kappa Carrageenan Usenaume  1,3-linked galactoside uﬂau%alﬂmw
AN 4 waz 1,4-linked 3.6 anhydro-D-galactose (3,6-AG) Tneiiansnery
W mu-carrageenan AiiuSinauueulensigainnisUmadiu 3,6 anhydride
wnde 28-35% aviinavh b lUwna@uuasimauanansolunaineg usl
- [y Vet o ' - { o de v o
wiiMsanuwUsvl 3,6-AG EA WADIIIEUAUUANANNUNITLIUYDITALNAN
-3 ' e . . ! 1.7 c‘ [ 1 a:l -
umiadt 4 Ty 1,3-linked galactoside uazngueamianimunui 2 vie 6 lu
1,4-linked galactoside azviliinisSuuueiln Kappa Sqaautfunnseiuly

® lota Carrageenan fasssduilu mu-carrageenan Usznoudie 1,3-linked
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ga Lactosnde unawmﬂmwmuumw 4 uay 1,4-linkd 3,6-AG nnawamlmw
A 2 ﬂ'nuu,mnmﬁummmu"lamﬁEJ'lumﬁ'mLuu'uuﬂ Kappa wav lota
AD mmunammﬂmwmuwum 2 Tu1,4-linked galactoside ¥84 lota il
mnrm Kappa Uszane 25-50% m’rmm‘hma‘lﬂu.mawauaﬂawwuunam'lﬁ‘lﬂ
wawaauqu usithiiFawiniisumien 2 annda 80% axlareunaidey

o Lambda Carrageenan Uszneuse 1,3-linked galactose munawatwmw
Fumied 2 Ussunn 70% wagl J4-linked galactose unawatﬂmwmuum 6 &
s duuuniiniarhivianstmaiiy 3,6-AG Jevhnlufiand@lunisifawaa

—--’B‘ﬁ-—— ‘A'K—JB‘B-— L . ’B"ﬁ_.'b\'a(,a.
B

CH,0H cn,oso,— CH,OH

R e P *z:;rw
MU () KAPPA m
cu,ou cw,oso\,— CH,OH
-o,SO 0,50
0 OH'-'
0s0—
NU () iOTA&)
c:H,cuH cu,oso,— cH,oH
Ho o
—} OH
H (30% H (30%)
0{50,470%) Qs so,-—(?ow 080,
LAMBDA () THETA (#)

o ¢ & o
JUN 2.6 TasaafrevesnisSuuwi 3 Ussum [16]

msswuuunn-uuﬂa.ma'lﬁﬂumsau dudunfalufivavesanisiiuuusila Kappa
uay lota  szanunsnaranslalutudy ‘lummzwmaa‘laaau'ﬁuﬂauq wu Wusaduunie
unaidaaliannsnasaneldedanysal daumisifuuueiin Lambda ssasaeldluudy
Tnglifufuriinvedlonay amwnuﬁ'l'z'i‘lumiavmwuaqnummwmwmmﬁwLtuuua.,
laoauiiAsides mu‘lmyms'swuuwuﬂ Kappa uav lota Aeldgaumgulunsazane
1A 70°C uanmnumimLmuwn-uumuluaumu'lummauawauma usianansnazans
'lumvnazmawsvmﬂmuamﬂfmuuﬂﬂ 1y weaneged IwsAdulnansa Wudu

A3573UNUYTR Kappa uat lota fimuanusofissiinualiiioasasasveeis
Jwuuibudrausanldfodiy thermoreversible aqueous gel #o mawmmsnauma‘lﬂma
"lﬂsummsauu.a.,mﬂma‘lmanﬂsamawumm UA.A.1969 Rees 1inamin emssiduun
a.,mammmﬂwa Luaqmnaw‘hﬂmﬂnaLnﬂmiiwmﬂuLLUUtnaaﬁﬂ (Double helix) wanlw
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mufsurugungivileganasuvanvesa guvglivasnstiumussiliindeanaisd
W random coll uazidioifumauravarsleazsaudaiuin junction point (GEL 1) wag
winUassMibuasdnasiianisineiuveswsasindoniu junction point (GEL 1) sl
Tnseadrauuulasaswawlid (Polymer network 3D) vilWisafianmisudada msiiulave
lovaunsiinasemsiinma 1y assSunueiia Kappa fufin K sviieduaitiany
foveju (Elastic gel) uivnidn Ca”* azdmuaauds Rigid cel) dmands3uuusiina lota
dlewiu ca® %Lﬁmﬂumaﬁﬁmmﬁwdu DmauA13IRULYTln Kappa fu lota Whdeiu
uirseylilauiRlumsiAnealifinnty wedldiadenguiligussTonlundnfos
aMIVanuila

EOLUTION GEL! GEL Y

JUH 2.7 nalamsiiaaeam$siduuy [16]
& v o a8 w <t

AsTuuunsansAlaeyialvaziiiminlianauseana 100,000 &4 1,000,000

aunsnazmglnhnhddianuvileguaniamald asazatevaimsmtuuuiianiians
o o oy Y o3 - [ . F a . a a =t -
Ussniswilstsiiauded fe faudfinislvauuy thixotropic fis fianmsunfiveianunila
guwsimnliusudeu 1wy nmsauniethaviliansazatsiinnuvilnanas wissiinunila
g < 5 o ] 1 4/

gludnaidisiousseen ardsduuugminnidlugnavnssusnaglaglfiduansdunioans
waadiosnan 1wy Tugnavinssuemislddiefiumunin wu leandu goa wminldanss
a o - - as 4 o 1 o v
Wwuurantulysiuaduazlflondn huasesdoaldifuasty

2.2.2 Gums 311 Botanical Sources
Aussaniidusuildandiuseneesie wdldi
1. Plant Extrudate 14 Gum Arabic, Gum Karaya
2. Plant seed gums 14U Guar Gum, Lucust Bean Gum
3. Plant Tissue Gum YU Pectin
2.2.2.1 Plant Extrudate
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mudssianiilaanereiulel iu BiuluwanzianssuauiedenzYusennana
- A el . . o d v wyo w -1
uevinmeumile ddnwasidu dried resins dawzlvasonuudedulifiviausa fMilunguil
oA Gum Arabic, Gum Ghatti, Gum Karaya Wag Gum Tragacath Mudlalitd Wisindu W
al
fisa

Avess10n w3e Auezandy

fAusrszdn 3o AuszAuds (Gum Arabic or Gum Acacia) Wuiuitléandu Acacia
Senegal waz Acacia seyal mu Heteropolysaccharide ﬁﬁiﬂsaa’fwﬁui{auni‘lumswau
Wedausyninandeluunadon wuniifen uasura@ouvensnors1tn (Arabic acid) 4
ﬂiﬂa"i'mnmﬂuwaaLL'nﬂﬂ'fliﬂL'ua?jauuauﬂutmit’ﬂuﬂﬂuQULanuaEJ Iﬂﬂ'flﬂﬁﬂ'l.li AU
infzunnaniudntosauuvdsiiun oo fmmaua”aw‘ummu Froafusznoumaadl
wumuwaq"lu‘[manaﬂiunaumUu']mal.l.auaqwuﬁ'ummma oun galactose  (44%),
arabinose (24%), glucuronic acid (14.5%), rhamnose (13%) wag 4-O-methylglucuronic
acid (1.5%) fu31n Acacia seyal 9z3iv3utu rhamnose Uag glucuronic acid e Acacia
Senegal unfiU3un arabinose wag 4-O-methylglucuronic acid gand uanmm‘ﬂu‘[mﬁqa
fafinsnesdluussiusenauss Iun hydroxyproline uae serine

i m--m b AL
sgL—-ARAf-—GAL—-ARA l Arp—Gi

. -‘RHA
o

gﬂﬁ 2.8 lanaduluanavesiue1szin (GAL = Galactose, ARA = Arabinose, GlcA =
Glucuronic acid, RHA = Rhamnose, 4-MeGlcA = 4-O-methylglucuronic acid) [16)

Gum Arabic azangldluniwasWasavanslafifiddudvissousuiahmady ud
winfuduldann Acacia Senegal muTﬂsaaﬁamﬁummemntLa"TuLaqaaﬂnuLmu
emavanaﬁlﬂmuﬂ'a'mwumm-muwu'uuqq Muessinanninazanglanuiiaududugads
55% u,aumsavmaﬁimmmummwumm mammumm’lwnummnuauummmnmamnnu
Findu mmmsnauma‘lmqjqqmwm 5% winijy numi.,‘untﬁunuwmm’lmmanm‘lunqunu
MNsTRERRISnRmssasaneldmluhuasude pH
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drlnaifuerssinasthuldlundniusiommsdminausminu iy uisiuala
o d el "‘l = II’ ] - -
gnne sy TaevimihiduginsansdnveniausstidIiaadiiulad lugnamnssu
- | - Y - - ° ' o a
nsndnarsnbinaussldtuerssiniluansiadansizansditniswuansiniinauasuu
- ar L - ] - - s o L4 ) s.' - ]
ndndariamsiuensetnaslutemdeuficuantewinAusiomsvinansnlvindudneg
e wnsiazsihstartunsineendindusuinmssaveveansitindusentuann
- Y Awqu e . o o a v ¢
a3onaie uenantdaldilu Flavor encapsulating agent tiourlUldluninnGnsitue
LU 1 gune lades Muorssinasdeilieudsdniauazdiodu emulsifier way
he vo d 4 Jd av uw v
stabilizer Wifuiasasauagluguvesdiadume
2.2.2.2 Seed Gums
(v} Y J e‘ [ L g < 1
fuvszianiiilunguess Galactomannan gums fiafalaanudavaiie 1w Locust

bean gum, Guar gum, Tamarind gum tusu

ffagau (Guar Gum)
@ € 13 (-3 v e ¢ = dn' o -
fhstulaain endosperm 1ouuannUniT (Cyamopsis Tetragonolobus) saunLua
Tutsznbudisuazuiiidenu Yegluiivgnluigmndd anigeusnn lassainvesiisiuiu
a a0 w . -
nediwedarvenesunuluansenume 1,4-linked uasinuyusvaaninaalaalaayng 2
Tuanavessnluaszraiu 1 luianavesniuarlnase 1,6-linked vhldnsdIuTaLLY
Tuasenuaalsadu 2:1 Mitudhhwinluanaussunm 220,000

Ul 2.9 Tassadrevoadadivu [16]

Msiudadu non-gelling u.ﬁia'lmmﬂszmuﬁ”:uasé:uﬁw‘lﬁﬁluﬁ'uﬁu Faldvimhi
wénumaitunrmile Wamunsuardinh fssudinuannsolumsguiligegad
PH 7.5-9.0 mmumilavesasazaiviuegfugamgli pH 1981 Amsdudy waznnues
pyMAfaY uenvniisaanaafiadunsifentufiusuuny (Xanthan Gum) Iiasazaneiis
Arumiaiuduiadindu-Nondonic use pH taniadaud 4-10 vidldaansadubian
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Inslaaldidudwavann witiimudutuvesdianlaladganda 5% muwamamsaumua"
nMsiiniea msnummsnuﬂtﬂmmTé‘luwmaamamnsm TﬂamnmwLUuaﬁqummnuﬂ
Wudiadlviens saudaduansifiuaiiosnmeay wu
- qmmnn‘iiuama \Yu sizing agent way thickner
- PAMNTIUNTEAY
- gramnssuens Wy Wumsiiuaiesninlulern3uuarmanewnsuguds visly
Humndiadiwiens
2.2.2.3 Plant Tissue Gums
ﬁnﬁ‘lﬁmmﬁmﬁaﬁwﬁﬁﬂﬁmﬁa wafiu (Pectin) afnlannualiinssnaduuasdanudin
Wudwussneuluifonaliunaiin iy wevida s Hudy

Wadu (Pectin)

waiy (Pectin) uaﬂumvuJumﬁ'U'nmmmaaau iwintuanags Idnmsdaang
19va4 Protopectin m)qwuuqL‘uaawauuawa-ummu‘lu (Plant Tissue) Ussnoumenguues
waaLwﬂm‘lsmmmu'lmu%wu Polysalacturonic acid wumﬂmamunnLUaﬂu'lwaq'luiU
ToauNialeaves (Patially Methylated) nsafpuenUARuintuidiale.a. 1825 1oy Henri
Braconnot LnawauuJﬂmunuu’mvlmmsavmﬂwummwumua"manaimwm"mmﬁuw
atu

wWasudu Heteropolysacchande Ataeldnsve Q-(1-4)-linked D—galacturonnc
acid (Usvanes 65% Taenfmndn) iuaneudnitgend Smooth Regions ua.,unawuuwsa
Hair Regions (Wuezs1ilua nuanlng vdousulua UNEUYaMYAEUanda (-COOH) 7 D-
galacturonic acid ssiinUfifiseneaiveifiadu (Esterification) num‘\;mwa -CH,) Huwiiia
awmesuazil Degree of Methylation (DM) umnenafiu @3 DM ﬂaamsﬂmu-uam:u
methylated calacturonic acid mavm galacturonic acid mwuﬂwnaq'luTuLanﬂﬂaatﬂﬂmu
mummamuumavwaw ‘LmuJﬂmuﬂmﬂsaaswmqnuuamwaummwauum DM #isinarfy
Yhues

UM 210 Tasea$wsaundu [16]
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slirvauuafuaunsaudiesnaiua DM iy 2 vila fa

¢ wWaRuviawmendsn (Low methoxy pectin, LM) 3if1 DM veenia 50% aunse
AnalasiiuSinmures Ca™ awnsnazasldi pH Yaantedeud 2.9-5.5 1wailaidy
sliafiausadunduldvnannuiou (Thermoreversible) §huniziiioduiavoneass
firusomjiwardavguinnninanidnnaiueia HM wisezmd

® WaAurlaumendge (High methoxy pectin, HM) fidn DM annan 50% 14y
2NST pH 2.0-3.5 wWakurinitulsdetsenituin 3 win nuneitldlums
\finlaa (Gelling  time) Ao 1Analdd (Slow set) Urunane (Medium  set) wag
53057 Rapid  set) Faazunndretufidn DM 19y vinfiAnealadhesiien DM
Uszanal 60% wasviaiiinealddaiien DM Usvann 75%

wWauftadnldnnssamdeziduria HM  #ild DM gefla 75% ulorhuwinly
\inUjiTen De-esterffication sldiaRuniia LM wafiuswila LM was HM sslansfuas
mathildusslenifuansety mﬂhLﬂﬂﬁum'l{iﬂi"‘[wﬁ-?fuagjﬁ’u*':’mﬂi"mﬁuau'uﬁmEN
Namﬂmﬂnmmﬁ Lﬂﬂmuuau'hﬂummiﬂs%nw Jam, Jelly, Bakery filling, fruit topping,
I30IRN WasnAnssiianvaterdeisad 1wy

AsAN AR LM mu’:utanuasaa'lﬂaLﬂmvmaﬂswiqan'mu"Luaﬂm
TAdnleau
3 1 4 = - o d‘ 1 -\' L7 L] J
- dwduirelidudussdinuadusiia HM etasikunmawiiiveynirveuile
nalil villvioymansemedurauasseldlaghinnagnay
- 'qu'ma"lum?‘hmsﬂﬂvumstmmﬂﬂmuwﬂ HM adﬂma’lmnmﬂmmanwmaum
wa‘luﬁsiummm"ﬂu

A ° - L - ol o
- lundnfusiiuine? oy woundEnlunsessdnwasiaSeuduemdeiney
LAILASNUADATEY

2.2.3 Microbial Gum

mm:uuwammmnﬁamm-umﬂLangnﬂuwumqu'in'luﬂﬂ A.1822 asfiadald Ae
Dextrans muu'mun‘[manaaq‘luma 50,000-100,000 s nnswiinnglrasiouuaiile
Tutaal 1950-1960 IH3un1sudnfuiiinandefi@dnauadn (Microbial Gum) Tuszau
gramnssniuAe Muueuuny (Xanthan Gum)

AuLeuLnY (Xanthan Gum)

Muuguumu (Xanthan Gum) Wunedugaalsdviianifannsatuldduasey
um’lumwmtamf]uaﬁwmUUqusoauummﬂwa‘lﬂ L'lJuan'ﬂﬂmnnqwunmammana‘lﬂa
macaﬂﬂamsrvauummsausawﬁ AB Xanthomonas Campestris ¥a991NNTEUIUATTINULA?

ﬂu'Ll']ll'WIﬂﬂﬂﬂﬂﬂﬂ‘liﬂﬂi‘di‘ﬂﬁﬂﬁLlaaﬂaﬂaﬁLLEJﬂLET']ﬂJJI.L'?SULLYI'UBﬂﬂN’WI']‘lHLIMQLLﬂ']'Uﬂ'lVi
ot
asloyn
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v . e

funguunudy Heteropolysaccharide #iUsgnaumy glucose, mannose Way
glucuronic acid Tushsnau 2.8:3:2 fimjesdRavsvann 4.7% uasnsalwyin (Pyruvic acid)

v - Y & (- - o | v oao '
Usanas 3% lassadmanfivosiuwsuunaiuiianelavandunglnadadeurerufiduwmis
<l 4 ' 1 o v oo <
1,4 B-D-glucose Tnefianeludrafisswiongfishumisn 1,3 Wilmsuvaalsdiiuszneudae a-
‘ ] -~ | 4 o -l . -

D-mannose %ﬁﬁwgasﬂma'lu'[ﬂsaaﬂawml.mum 6, B-D-glucuronic wag terminal B-D-
mannose

OH

U 211 Tassaduluanavesuusuu [16]

nguumazargléidhnindunasiiow asavarsvesiueuunuiitansitaa
Ul (Electrolyte) nanagidndesssfiandi@lunisinviafiosnmmisaudeu (Thermal
Stability) #idnnuazfiauminaeilutasgumai -18°C &1 80°C wazamilnpsilugag
pH 1-11 uanmnﬁv’umsasmEJﬁ'umuuwusTaﬁQmauﬁ‘ﬁLﬁngﬂwmaﬁn (Pseudoplastic) A
Anaviiavesansasanavanasdeliusadeufitudsiusslnionsldanluanamnssy
o3 Muusuwnuthlfussloviluvanavanegnamnssy Tnovangviwiiduansiiy
e Fiuaunei uasvilfoynaueuaeslef wy
- Tugmawnssuemms wiu dreloymesnsquuruaseldfuastiaslhiinduaiu &
dulugnuldlnihadauareea sanfilerndy uenanddniluléluewnsududs
uaziAIeshude
- hfuweuunubdluendiudelfidudasa Binden) taeliliidiugy
- lugramnssuindesdion nsdufuuesunugsinemiiuaunsaasgly
stuudifatunuuuiuludle
- Tugramnssuganainiu Ttuouunmilutinaanniitel iy thicken  drilling
fluids Fegaelviimaudsianelfnduduniuialdhetu
- Tuswreadre Winusuununantuasundafiesmliinielfrouniniinuwiia
geiuuaztioatumsings
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2.3 Yaef
Wuswlaveldydnvanuedide Ag  (nennwiariiudin Agentum) fiae
gzmay 47 i‘]‘mLfJummTaw'wﬁu%“ﬂ’uﬁﬁﬁnmuv@ 1 wariiu fauddnisihiwiuay
mmsaumwaum'mcqauq‘la'n.mLnmu‘[uﬁsswmmavaq’lugﬂawusam sdase, lany
waunuwaauaﬂamau‘] msaaq‘[usdus L'uu argentite Wae chlorargyrite ﬁﬂm‘dana‘sa'au
ngjSunanaseldansmeune vies aeda uasdined
FaneiinsAuwuinuundndulaniiauasidlunisvinaisssedu, 304,
w3adlilutiu, iy huyniutisindanesingninrlidlunsdensestiwasfusai
it 1Budwusznevrensean, duiiswiisenluufidounad msﬂunau%anas’gn'lﬂu
ey, aazaedaneilumsndenmiemavsznevdaneignldiduastudautelsn
-um.mmmuwa‘liﬂmmumnﬁhmaL'Jasqmmuwmamﬂ;]muu
2.3.1 audfvasdaried
Faneignlinududgaoiundnaninlumalasliindunugtunaiuinmh
woliummnitelsauastesnsifnlsaftidy lunivglsuBanesiGudnsliaundu
waneSesneulasmaiuneyiuldaduludnmdelaunsafiusnunlduuty deunded
msfinywaassuaznuidanssannsatdelsafidufumgueanisiutheléunnnia 650
wilm 19U
Escherichia coli snwnuadlsnvisasasludnidn
Pseudomonas anwmaYeIMsAAs lunszuAFen

Staphylococcus @wnulsARIMNIF1
® Salmonella avmuaslsaldlnwess
2.3.2 wrlumpluladfeasls [5]
o 0 ] -l L] -Jd W
A13tu (Nano)  wdain aunaselunmwinin wilnsunasdumiiBendudatan
wazgaaInAI LA (Nanometre) Bavunada Auriidsauidiwms vie 1 diuudiuy
[ Y 1 4 & -] =t 3 s -‘ll
VUUNT ANEATN e lumand (Nanoscience) ﬁﬂamiﬂnmmmﬁwmm'um’mqvm
yunlugulumng (WUssana 1-100 wluwms)

Uit 212 AeiFAndtegluseiinTuams [6]

u'ﬂumﬂTuIaa wnefie waluladfifodeatunseuiunisadng nsdanseiiag
gunsnd r30adns wiendnsto mu-uu'mLanmn'lus.,ﬂum'[ummmaumwnusumuaqmﬂ
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-eass

vesluanavioozney 'swmmsaanLLuumams'l'aLﬂsamaasqnamwaq’lusvﬂuLanmnwsa
mmaqaumauuavTuLana'lumuvmmmaqmi‘lmammmumua"qnmaq lilassainvesiag
visaasilnuaniiifieshiimmeduiand il wiotrnmdditnaysy slenineldaoy

2.3.3 fa1eduily
Fatesulu fe mmanasmnwﬂwummmanmn'lusumuu'ﬁummmmwuwuwmm

o

seduatuidelsn u,a-'ma*vmmvnLanmnm'lﬁ‘l'vﬁ'nmanaimauanuaanmminﬂsamqu
w‘ruﬁua::qu‘[ama'lumsauwanUL-uaTiﬂ‘Lmu'mw Tnauselomivesdaiofuily s
1. Wudnhlfwazanudoudiaian

2. NUMURABNNSARNIBUYDINTABUNSE

3. annsnehidelsald

afinrsnaanslidanetlossy (Ag") MuwuefilSeunsuuan Saureus [17] uae
wuATlSEunsuaY £ coli [17] wmwanaﬂaaaummsnuuaomsmmmﬂmLtaumwa
wuafiSeriansiinld uanmnuwamsmammwmwaL'Jas“laaauﬂvnsvmaaqmunumaa
wazunsnlumelusadvsaiuafiSowasyiliiinnissami (condensation) vesiiiuLe
meluad vilirnalddnalnlumssuuaiiGavedanedlosey fo favedlossuiuty
IUiﬂUVIN'LNI.‘Uﬁﬁ‘UENLLUﬂV]LiEJVMN thiol (-SH) iilevIndanaslossuduivasewiannsa
Fuiiunsagou wgu Muedu () uasreanesa (P) 143 Faneslosauyilyiusauutasann
(Denature) dwmalinisarvqunissudsasituazesnanwadinUnd Jaeslosauss
annsaunsnitngniglueadls Saneslossuiiusadilunmetuwadilvaiduenelueas
mﬂsuna'umawaaWasaawmumnmﬂmss'zumua.,aryLﬁammmmm‘[umﬂwummu
(Replication) Lmﬂvn.saa)ﬂua']mmmummu‘tmu.awuana%‘laaaummsnm‘lﬂma'luwaam
mmsm)unu‘[ﬂsmuwﬁqﬂmauqaﬂ LU T'U‘WIU'VILﬂFJ'J‘U'er‘IUﬂ’IiWIEJ‘[i]'iuﬂUL‘Uaa dleTusitu
mmuu‘lnmmimnwm"tﬂmzuﬂnmummsanvma usnIninsTudsashoengagii
Nﬂﬂnmua"m'lvwaaumnwﬂmwamama’tuwam nalan1svituvesdaneslonsutradul
Ui"ﬁ‘/lﬁﬂ"lwquLlUﬂVlL'SEJLtﬂiuaUN’lﬂn‘)’]Lt'UﬂVILiEJI.Lﬂi;J'U']ﬂL‘UEN'-U']ﬂLLUﬂV]LiEILLﬂi:Ja‘U?,J‘Uu
Peptidoglycan fluniniuuadiounsuvin

2.3.4 Mmdadariasunlu

mMsuAndanesululasBnmsmaaiifivae’s lnsdwnguarealsufiseniandu
voundedanied iy nsItddaneslumsn (AgNO,) meledenlulslelasiiNasH,) iady
suniavesdanefuiludutuneasssdfidmdsda vhnista LV Spectrophotometry Litag)
absorption spectrum Budumaindaiiosunlulaeil absorption band fidaaAEIARY
Uszanmi 400 winluwins [18] osaserdusisymadanesuilu finumaiaegiltaamileds
mmmumswmﬂqumwmmmaaﬂaaaaamaqaumﬂ«nanasm‘[u iotaetaeiunis
TiifwaeymaBanesuluihiireaassdlauasinniy ssifuatesnwineuld
#n woilllauvanseed, wedliflalnlsalay, Bovine serum albumin, l#aylannda
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Han uazivaglad [18]

2.3.5 nszuaunisluniseindevesdaneduily [19]

3 naladnivilfeymaurluvasdanesanansaiesuuuaiiGelds e

L aymauluresdainesluti 1 - 10 nm fuivimihsudedusadueuniise
warTUMUMBIOUsEUaaTeuAility Wy nsvudsmadieenngaduasnsmela

2aymauiluvesdanedawsaunsnidluaslusaduuafidelduassuniunns
vhanlussauluana Tnedufvansiififmsduuasvieariefaussiusenou 19y filuie

3. symanluvesBanediianisamofuaslanUdesdaneslossuilamneynin
wilmesdaneiivnadnuesiidusaenn ildnnsaUanUdesdaneslesusenndas
g awnsoguuafiseldegemnds

l:l L) - 3 [ 4’
JUn 2.13  mevihnuestaneinluluaiseude [19]
av o o v
2.4 MUYVINY VDI

P.SK. Murthy uazamy (2008) [2] Wun1sfnuinsdaiasiest Semi-PN hydrogel
lag IPN (interpenetrating polymer network) ilumedinesrautuiiulnseinite us
bildideuloauiussiadl Turmiddeilifunedueuansswimoaldalnlsalay (PVP) iy
wedavasanlud (PAM) Tnsannsaiseymadaneiunludluly lngvuinvesoynedaes
wluiivangay A 35 nm vhldlnsiaden SemiPN hydrogel lngnanuwedovadanlus
unedliilalnlsalaulidnufiewvuoyyadass Tagld NN-methylenebisacrytamide
(MBA) 1WuarsiFoulos wasld  Ammonium persulfate/N,N,N’,N’-tetramethyl-
ethylenediamine (TMEDA) 1Ju Redox-initiating pair Lﬁaé‘i«ﬁummdj’nﬁwaq MBA 8%
WiAamsnsznefvsseymedanefulululasssemeelelasiealduniy

Y. Murali Mohan uasmme (2007) (3] msdunswslelaswaseniadu-loly
wioRaszaTarlun (NIPAM) wasleiiouazasian (SA) msaumnﬂgnsm Redox-
polymerization wleldeymadanesasimsnsvaresegisainaye FeynAZalnasmn
UQnsmsmnﬂuu'uawaL'Jas'lumima1nTmﬂauTuTs‘la‘lmmflumsm«a'l‘d N,N-
methylenebisacrylamide (MBA) 1Buaisideules wasld Ammonium
persulfate/N,N,N’,N’ -tetramethyl—ethylenedramlne (TMEDA) 1¥u redox-initiating  pair
dmiiiieuuveyyedassvdniuitanesummsihidansslesoudluluia
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ifnsmsudeuenidudues MBA vililalassadeiimadenlesiiinefy aseaoud
Wueymedanefunlunn XRD mudimeyniedaiiesann Uv-vis ginvasiuAaveas
89N SEM 1 T, vaaaldan DSC dluneaevauiiinisdide Ecoll wuiteynada
nasm‘[wmmLanavu.wsaanmlmmwmm‘lmg uaiUsEAVEa i edouniteyna
Favefuluifivualugindn

KC. Song uasmnz (2009) [18] wiumsAnwuiieifnduresdanelumsaluh
fulndenlulslelasdillafenlanndadaia (sDS) iuamifimaiosnin Tngeynedaies
uluegluanngasansed annsansavasuvimeyaauiludie  UV-Vis  Absorption
Spectra uay TEM Ingfaflidasiifnvedufionlulslslnsiuaslnfonlnnadadain Tng
TeiReulanndadamn (SDS) Lflumﬁmnumﬁwmr.flunawmaqmmana‘s 970 TEM
'mm L:Jaﬂ'nuwmwaﬂ‘mauTuTs‘la“lmwmnwaqmﬂuﬂuuminsumam'zu'\nw fuls
fifinwAe navesmunduduvesdanoslumsndudy ol mammmmumuwm m‘lﬁ‘lmaqmﬂ
Favesurlumniunsivaeuldanialy UV-Vis Absorption Spectra firmenaduwhiy
400 nm Fefllfazgauasuvanty Na'uaammwmwaﬂﬁmauTuTi‘la'lmﬂ Tngwaouwlas
muamﬂmusum'n NaBHg/AgNO; wamﬁmumwwmmL'uuwwuaqaqmﬂmaLf:asuﬂu
fopas uazisnsidmanmi 2 sswusunadaneulusnatunasiinsnseanedaia 9
Buduldainnm TEM wavesrududuveslafionlnnadadamia (SDS) finantsin Steric
effect Sedandmnnasfimsnsyaiesnnty

A W oo

L.C. de Santa Maria Wazaez (2009) [19] Wun1sdaunssvikasdududanesinhly
wanfiuidulouuaiioigaglaalieglusuiaaatiu Tneldisaadaaiuie lensidy
(Hydrazine), lensondanilu (Hydroxylamine) tarnsausanasla (ascorbic acid) I.‘T‘}BQ’J"I
A lnuanninfiaujizensansulddngn lnsniniudeuvaiiFoaglaguiudly
ansazatsBaneslumsn nudusaseg udvsweiamuaiuanislueaaniu 9
AU 2A00H = Ag,0 + H,0 wuriuilevSuallensenledanas dewaliinndaviasoanles
wndy Tnensauaanesda (ascorbic - acid) whlilaasenledananunniian Tailuiunada
vesieylueaunilae hydrazine Tesaun waz hydroxylamine fesfigamseiimilanson
ledeglulasadre

Y.M. Mohan uagatuz (2009) [20] wienlalasiaiiinannedovadanlud (PAM)
warnodiefidulnanea (PEG) uanifiveyniatanesunludlululassad Taslé8aiesly
wiso uansilh Ag” Wiamsuaniasunansasmeluglasiadrmdierecea ndanndy
ladslulslelasiidliifaufitoddnduivdeunn Ag'illu Ag® udwhansmsndias ey
fNwUERIY  UV-visible spectrophotometry, SPR phenomenon (Surface Pl.asmon
Resonance), x-ray diffraction (XRD), TEM (Transmission Electron Microscopy) Weudy
Mii%aneiulululanaivedlelasea was arvmsdedeuvafiGeliveasy fe

22



[

- - a 9 X
E.coli wag Bacillus Tﬂﬂﬂmnﬂﬁl.ﬂwmuimm 2 fiail Selivdnnndanesunnesnteield
uanadsusravsnmnisenidovesdanes

Y. Lu wavAms (2007) [21] Wumsldeynmadanesurlulaseduinanudunedls
- 3 Y- | - o - -
flauwsanaged (PVA) filddudentoudulnlafiadalnu (Ovs) Wlslaswananiiinanweddln
<t “ - - = « AJ L v o an
Jutiuwedieitulnarsawmezadian Tmaﬁumau‘[u‘iﬂa‘lmsﬁwL"fJumwan'lun'mnmJgnsm
Iendudalidusediedu a-nitrophenol valiAnmsideusn Ag* 1t A wieslelasiaa
Tagnsuan PVA+DVS+PS-PEGMA particle seviilminlelnsinafisituiinuasimeadenrty
U84 PS-PEGMA particle iu PVA fe DVS ndaniuviinisldeyniedaiesunlu Tnums
a a A v v s Qv ., + w & da v o ' %
iWudaneslumsaidudy 0.06 M awhli Ag” Whluluiuniawessaudvhnisudtiuas
wuufialulasioudunan 20 unfl vhnsIdndufemsdnladenulslalasdidudu 0.03 M
& o Yar 1 a Voo aaa o o 13 a 4
Fufielifseheenhliifaujiteuidu vilildoynadaneiunlulleglulelnsiaa nsae
@8 FE-SEM (Field Emission Scanning Electron Microscopy) WUR1INSEAEUBIBYNIATA
nesuilululelasiea

V.K. Sharma wagamuy (2009) (22) Wiunisdaasnzieymadaiieiuilunuy Green
Tma’l‘ﬁ'ﬁﬁﬁ’zéﬁhwﬁﬂﬁ’u Toun

Wil 1 14 Polysaccharide WumsiSeueynruntudanes Tngli Polysaccharide
U’Jum‘l‘um‘l‘u Polysaccharide Lﬁummiﬂwua" capping agent WaviANigwi3u (heparin)
Jush3induazansiiuafivsniw (stabilizing) TasBufinaududursidaneslumsauazis
wisuinn sgvihliiineyaiauiludanesunntiu

A t e - -~ dgaby L3 d‘l

wuu? 2 14 Tollens inufjigendsaumsil
Ag(NHs)," (ag) + RCHO (ag) — Ag (s) + RCOCH (@) Tow Ag(NH,)," (ag) W Tollens
reagent 1nb Ag" 9egn3indu Tne Polysaccharide Tasmnunduturswanluilefinasomuin
wpseymanludanes Swmnndutuios sxviiifneyniatunndn

o ac & s (=3 o om al v e ) 14
Wwui 3 35 Biological Iaunsiinujitenidnduresdanieslessu faieulyl/
-l ! v, E=3 = - - v d' 4 ]

Wi, nsmeslily, Polysaccharide uazdnniiu TasifineglugUasiBedou Sransihuniy
v oo ¢y of ] fo oA 1 w []
msmwamf nyjHarigunn Wy carboxy: nuvy hydroxyl . 3}

wuutl 4 19 Polyoxometalate 1fl8ean Polyoxometalate 1Juanshazaneldlun

da & a ana o M ye = g <

wasddidnnsounin ﬂ'u.l']‘ml.ﬂﬂﬂl_‘]ﬂiﬂ’liﬂaﬂ‘ﬂﬂﬂ 3414 Polyoxometalate 1Juwy
Photocatalyst, MisAduazansiiuatiosnin lagléanesdamnlunmsiufissnguseuay
ﬂmﬂwaaaumﬂuﬂuﬁamwunwuwum Polyoxometalate

JW. Kwon wazay (2005) [23] L?Juﬁéuﬁwaumaqiaaaz"‘ammﬁuaqmﬂﬁanas‘m
T TngldeymedaiesurlusinUfjidoadaunts 2AgNO, — 2A¢ + 2NO, + O, usivzifin
msaaefafigumgdl 414 ssmuadvaiiusssmaund uwirlgygnmendefusssmady
feden Wy msuaulasenlus (CO,) wielulasiau (N,) zaanemigumgll 100 84
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\al8ua TmﬂWa’msuJﬁﬂuﬁmnﬁﬁﬁmadautﬂuﬁﬁwmaqmﬂ%anas‘u'ﬂu ndann
WinUfii3en Thermal reduction dufianismsddnduilussenma H, wie O, Hdueeidy
wibudfgumgiives uasit 120 serniwaidya ufinudiSenanysel Buduldann R wag
TEM

N.D. Luong uazAy (2009) [24] Bumsdnwinisldoyniadairesuiluluyiinm
u'mw*laa'lwvmwwa'mwnsaaaawm‘lﬂuaummsnL'znnu‘lﬂwmmn'lw'uaatau'lﬂu'ﬂu
waglaaesdinauelsiea (Cellulose Acetate Nanofibrillar Aerogel) Iasin3oandulounly
\waglaaerBianuslsvalasnsnanvaglaserdianiuuradoyinlelssun inluldeyna
Fanefinlulaoudludaveslumsn 0.1 M sl A" dluTunelswa vhmsugledeuly
5lelass (100 mM) Wunsiandu LuaqmnLau'luuﬂTuL-ﬁaaTaaawmmuaT.iL% fiDdnnTou
foondiaudavhlvag nluld Iﬂaaqmﬂ‘aaL'Jaiu'ﬂumaumuﬂuuna'mﬂa 2.8nm uay
mmﬁmmsmm%naﬂmm 6.98%wt vnnmﬂ‘[ﬂwa'ﬂwmLau‘lauﬂuutaumuﬂuanmq
A9 20-50 nm 'mwuwmma BET surface area v 110 m /g waell Porosity fe 96%
A9 IAME TEM uanmmmaqaqmﬂfaamsuﬂuwnszmamag’lm
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unfl 3
N15398LAZNITANTIUNS

3.1 @1siadl
1. My (Guar Gum: GG) USEMTedl $17R thsansan
2. lmAsudadiun (Sodium alginate: Na-AlG) (n5an3An
3. Teigaymsrueisn (Sodium tetraborate: Na[B,Os(OH).8H,0) insAdiAT ey
4. Tudiealulslalase (Sodium borohydride: NaBH,) tnsa3iAs ey
5. Banaslumsn (Silver nitrate: AGNO,) 1nIATiATIZY

3.2 gunsaluaziriasdle

1. ndsatumunuuusiivgn V3 IKA fu HS-5

2. ¢V U3HM Fisher Scientific u Isotemp

3. winsdafwiinotheasiden ¢ fumis USE Denver Instrument U TC-254

4. Lﬂ‘i"aamaﬂuniﬁmw‘%nauﬂawas‘(Thermogravimetric Analyser, TGA) UStw
Perkin Elmer Ju Pyris |

5. Lﬂéaﬁﬂmsma%’qﬁtﬁn‘ﬁ (X-ray ﬂubrescence spectrometer, XRF) UT¥W Bruker
AG U SRS 3400

6. lednaiAnadeaunddiing (X-ray diffractrometer, XRD) US¥W Bruker AG ju
D8 Advance

3.3 TUAUNSASENETALAN AR
3.3.1 gsasanslufuuvnzusisn

Helewdonmmsyuoisn 0.1 ¢, 02 ¢ uar 0.3 g axarelmindy 10 ml aeldlnfen
wmszuatsadudy 1, 2 wag 3 %lasThmindeusuinsasdey
3.3.2 asaratedaieslumse

Hsdaveslunsn 0.34 ¢, 0.85 g uaz 1.7 ¢ asluvaadnuiunns 100 ml Usudinms
shohndu seldasararsdaneslumsmtisi 0.02 M, 0.05 M uag 0.1 M muansu
3.3.3 asazavsluifeululslolasd 0.01 M

falewienTulslelase 0.019 ¢ adlumataudnmsauin 50 ml USuuSunnsdaet
ndu (Senmsazantlmivnady)

3.4 Sunsunisndenlalnsiaa
1. Fludesadiunuasfdfumunise 3.1
2. wanluifendadiunuazisiuddody
3. avaneveswalundususnTIEIL YowwEn : thndy Wiy 1:40 Tasbmiinde

a y & o - R
Vamnes wianlunmuduiom 24 Falua figemgil 60 *C
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NS v oR

8.

Waansezanslafieuvmssuaisausuna 10 ml asluasazanede 3.
v " a = - o

Uumusiedn 15 unil igamgll 60 °C

° Al [y O v oa v -
1hlalaswan dludreansisiunondeglasnisurdludngy

° o v v v v = - °
tlelaswwaiianudilueuliuisfigumall 100 °C

unlaziden

3.4.1 Audutuvasalsazaedaioslumsa

1

2.

Frlelnswafiunasidenn 0.1 ¢ wiluaisazaredaneslumsn 15 whvsnmin
lelesiammududuresarsazarslaneilumsnsaiuie 0.02 0.05 uas 0.1
M

Tnszprantumigeduansararsdanesiumsn emarnduduiivanyea

& P -
3.4.2 Tunaunsinseulalasieanidaiofiussdusenau

1.

IlJ 4 = -

wlelasianiuaazidonin 0.1g wiluaisasanefaneslumse 002 M 1y
onsdnlagdmidndeusuins lalasiea : arsazatedaneslumsawiady 1:10
fdliidunm 24 $alus Wlelaswagadumsavanedaneslumsmoumnysal

2. ihlalaswaualuiingy 10 mt Wunan 10 i

induhunsuiglulasiousn 10 uad

° al o | [
inlglasaniufglulasiouuduudasazanslsfoululslelaseduty 0.01
M Uwaan 1, 5, 10 15 waz 20 uAft

5. anlalasvaseinagu
° o v v vy oo - &
6. thlelasivandaudlueuliwisiigamall 100 ssmsaidea Wunan 24 4l

s

U

wazunlvasidon

o £ < v o w @ fa
R1379M 3.1 ENﬂUixﬂﬂ'lJ‘UBﬁlﬂiﬂilﬂﬂﬂﬂﬂiﬁlﬂﬂuﬂa%I.'uf"lﬂ‘Uﬂ'ﬁﬂN

2eAUsENOY aududugaingves
gns frsazarelufivumvszunisn
Na-Alg Guar gum (%Tﬂtltlf'mﬁ'n)
A4G6-2 40 60
A6G4-2 60 40 0.2
AdGe-4 40 60
A6G4-4 60 40 04
A4G6-6 40 60
A6G4-6 60 40 06

26




TeiRgndaiiun (Na-Alg) + Guar gum

l

wery I

l

H Q.I Qr L] g o'l J o
ara1uluninauAIe8aI 18U YoINaNHINAY Y 1:40

l

Tunau 24 $2 1w figumgli 60°C

l

wumyazaw InRuumnszuesaazfuniuaedn 15 niil igamgld 60°C

l

FwasanAn

ouliudafigungil 100°C funai 24 92118 nazualiazdon

\4

sy AgNO; 0.02 M (fluina 24 $9Tisou AgNOsuua

' ¥ o o a
uyluvindu 10 ml Auar 10 WA

v

Flow f% N, 10 w1l

A 4

uslu NaBH, 0.01 M i$hunan 1. 5, 10, 15 uaz 20 wid
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A4

Aamsansaa

v

ouliudsiigungii 100°C fhunat 24 $aTue uazualfazden

=l =
JUN 3.1 wunwuassnisie3onlalasiea

3.5 N1395999LATIEH
3.5.1 X-Ray Diffractometer, XRD
ilelasisafivaudalunnasuieinioudndisdinunalafines (X-Ray
Diffractometer, XRD)
“Immdianeismiousnuiinmresdaneslulnsadng
3.5.2 X-Ray Fluorescence Spectrometer, XRF
ﬁ']‘lﬂﬂiwaﬁllﬂLLé"ﬂU‘InﬂEIE]UG’f’iEJI.F]%"ENLSﬂ‘ﬁLiETWQE]BL'iﬂL‘vuﬁﬂLUﬂIﬂiﬁLﬁaﬁr (X-
Ray Fluorescence Spectrometer, XRF)
-TAb scan 23 20 Wity 0 & 80 iedusurinvesdaneshulaniadg
3.5.3 Thermogravimetric Analysis, TGA
drlalasiaafiunudlunnaoudae La3oaimaslunsaiiuminesurlada
(Thermogravimatric Analysis, TGA) Inefiannglunisnaaasiai

8RN IALSTou : 20 °C/min
Frgamgillumsiasme  :50-700 °C
muldussennie lasiau

v X
3.6 ATINAFTDUNITAUNYD
Ineldivaiia Agar well diffusion
q‘} ‘al al 4 <4 2 -] Q ’a‘ |!f -
1. Fahwinlalaswaiiuaasiden 05 ¢ udmvhnisuiuddietngy (WS 5
mUauduflunan 24 Salusluvasaneassruinsn
d = . o . . . 1
2. WivuuaiSonldvaaou fe Bacillus subtilis Wwag Escherichia coli fivitae
- LY ar -~ L4 d - - ar
UIMSININTHEINTAUNTY Audinissiiavenmans angineimand aony
waluladnsyroundugumsannsyda
3. lvndlunnumwisde
o & & & o o )
4. INVUNYDINUNTBUTBLUATMIS8TIIAT 24 TAl
° . X 4 ) o o W P -t ¢ o
Tmammi"nﬂaaumimL‘uawwmEJU'imiimnﬁmwmniqauvxsé AULLASDaLD

h]

Merenand aninenenans aotumeluladwszesunddhaammsanansets
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3.7 ANSNAFIUNITUINAA

1.

LA

fslelasinafiurasidonn 0.05 ¢

VOAIEATUNTEAIN
u.-u'msLLnNa'm"fu‘Tlameaa;jma'luaﬁ'mé"u
Faufwmindinan 10, 20, 30, 45, 60, 90 uay 120 U
ﬁ'mmmLﬂa':’w?uﬁm'iumﬁ’*l?[ﬂa'l‘z’fgm

% 13U =thwinusseaiuaud - dwdnsaukex 100

UIMINLIauLma
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l
’ { ‘U‘Vlﬁ 4
Nan1sNaaasLazn1safUsIena

Tﬂimuﬁaﬂvﬁlﬂumiﬁnmauﬁémisa’huL%'amaq‘lﬂmimamn?mﬁauﬁaﬁwmuasﬁ"ﬁ'
fudlefleduszneurasdanesagarely Fundouldannsiniiseidnturesdaneslu
wsndglafonlulslelnsdnglulrsatrsvedslasinn Tnsfinsuuudounmudiudues
aszaredaneilumsauaszesnalymintialuasazarelafoululslelasd nanis
nnavanidese i i

4.1Wavanududuvesdsasaedaiiaslumen
mveassludhuilinuniwarammduiuresnsasaeianeslunsaiidrase
sorarlunsgaduatsvedialasiaa neldamumdndulugae 002 M & 0.10 M aneld
gamgdl 30°C U 15 whossimlinieauis Tnodenldioagns A1G6B0.6

200
g 150
e
.)g /
100
-T=
©
€ 50 / 4
0

{

0.00 0.02 0.04 0.06 0.08 0.10 0.12

mnntuduvesdaneshunin ()

= v v : a dat o
UM 4.1 mavesmudituresansazatedanesliunsaniirenailunisgaduve
J = 1
lelnsiman 30°C USunau 15 win

- <l as - a v

U7 4.1 wanmaresaalilunisgaduaisazaredaneshunsnfinudutu
! <t | v ¥ s a v
A Fawuniaredudu 0.02 M lelasialdiianlunisgaduansazansBanoilumsatey
< - = vy <
fign lngansngaarsazatedaneslumsnuiuim 15 wihldwuanslunen 24 Hhlu

é = ' ' T -

(eaeulasnsaimvusiiusiqhinvasaranemdont) wadlefinauiduduvesarsavany
Fanoslumsmiu 0.05M uaz 0.1M wuszazaaldlunsgaduifutursutianndy

a o o v d o - ¢ a o @ vy v
120 Hlusuay 168 Halas anudrdy lsseniidwiudanesuSuaun vhlddesdd
naunulunsgaduaumun dniulunmsvesssisluTudenldarsazarefaneslumsnidudu
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0.02 M waglvmnudidurasarsazansludoululslalasdivindu 0.01 M nen1s8198997n
ONA197984 [21)

4.2nInsvaRguliendnualveslalnsiaiiussysndaies
‘laiﬂsmaﬁusm%anas‘ué’aﬁnmmwaauuavﬁaaﬂmné’nwﬁﬁwLﬂ%a XRD,
XRF,TGA uaw Anvmsuaiilelansaiiussqdanesudiluguuewudeiuaandonuanedogy

<leal o

4.2 wuhdnuasvedlelaseafiussqlanesiin

d f 8 o ” - d ) » } 4
JUN 4.2 aminemaavens (60 win) malelasnanussdanesud

4.2.1 wallansdeauuvadediing (X-ray diffraction, XRD)
Luammivnmmsw~w’1ﬁ1ﬂmﬂnwmutananwmmawmuﬂ XRD sauansluguil 4.3
wuigmeiidusdnusenoudefinvesdanes Jefifiniiddefimumiess 20 wihdu 38.1°
(111),4426°(200), 64.50°(220) uag 77.42° (31 1) mﬁuammﬁm%wanamw FCC
[25] #infidhryTirumisnes 20 whity 3241 1 1) fs Rinvesdanedeantes [25] wawinil
dffyisumisues 28 ity 4672 0 0) madutiy Rinvesdaoinaslsduasinfananles
fuuteurinmsdasist [26] Tnerasn XRF WUDLAUTENBUSIA Cl uas a1sUs¥nouNio

ar

fauanslumsid n.l - n.15

2.
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eain) ,— BALD

44.26° (20 0)

7742°(311)
64.50°(220)

4'f° 200)

-

g-rf

2 Theta

[

<l o = 3 | o L4
VN 4.3 Uuvunmaidauuididndvedalasivaiiuisgdanes

C
1200-

800-

Intensity (a.u.)

400 -

0 10 20 30 40 S0 60 70 80
2 8{degree)
P X iw et o o ret a e 4
UM 4.4 pluvunmsldeureiididndveslalasanlifinsiindanes [20]
i
s J = | 3 ' o v o 4 (2 R
‘laTmswaﬁ‘luﬁmimwanasaa'lﬂ%‘luﬂs'lngﬁnwﬁwmywmwuwm 20 sanan

(Ul 4.9) [20] Tuguit 4.3 wufinfidhdgfisumisves 28 whitu 32° Reansuznay Ag,0 mg
Buduldangud 4.5 [25] Fawaves XRD Auansiondnunives Ag’ une Ag,0 afinauda
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02=100%
cubic-Ag,0 (111)
2}
=
o
L
E':_ |
> cubic-Ag|fO (200) cubic-Ag,0 (222)
‘0
sl ) Ts=200°C
:E M Vetensh 'mnn doa sy “
— 100°C
S L W, 2 2 3 al RT
20 30 40 50 60 70 80 90

< & . v ¢ a ¢
3U# 4.5 gUuuunsifigdivueesiididnduesdanoioonled [25)

4.2.2 watian1saeisdiong (X-ray fluorescence, XRF)

Diffraction angle 20 (deg)
|

d. o J = U - ' -
Wedansiduasetinlunsiafigaiendnualiometda XRF - wuiniidanesidu
4 [ - ¢ < - ¢ o -l
oviszneu Ine XRF sslinaluguvessgiianes Wewnldbwedinssidusg dwnssd
Y '
4.1 ToyATIBNUNGTIN XRF Uanilumisnedi nl - n.15
Vinnvestaneslulelasvauansimisai 4.1 Taswuinfeagluge 1245 %lay
umuﬂmL'flu‘\J'smzwumﬁ'w]manasua-*manasaanhﬂ swiulaghiannsawdwenniuiunm
1 1dpen XRF Bumstiaseiuididnaseulusiglaghiavlessaeudifney

< 3 H (% a 1
a191eh 4.1 Weildurlagrhwminvesdaveslulelnswaurasgns

P N (s AT szuznm'lunlmd Usuey
Borax{M) NaBH, (ua) Ag (%)

A4G6B0.6, 1 40 60 0.6 1 16.50
Ad4G6B0.6, 5 40 60 0.6 5 12.60
A4G6BO.6, 10 40 60 0.6 10 23.10
A4G6B0.6, 15 40 60 0.6 15 26.80
A4G6B0.6, 20 40 60 0.6 20 26.50
A4G6B0.2, 1 40 60 0.2 1 17.60
A4G6B0.2, 20 40 60 0.2 20 17.60
A4G6B0.4, 1 40 60 0.4 1 16.70
A4G6B0.4, 20 40 60 0.4 20 26.50
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Mndayateeunu

A6G4B0.2, 1 60 a0 0.2 1 26.30
A6G4B0.2, 20 60 40 0.2 20 22.20

A6GABO.4, 1 60 40 0.4 1 32.10
A6G4B0.4, 20 60 40 1t 0.4 20 45.90

A6G4B0.6, 1 60 40 0.6 . 1 19.10

A6G4B0.6,20 | 60 40 0.6 20 23.70
i

i
naﬂun1iLL‘uTﬁLﬁau‘iuTsla1ﬂiﬁ§waﬁiaﬂ%mmwm%a neflulelnsea laelslasiaad
wilodenlulsllasdununimuindiviinauestanefunniuiewinludoivlsle
Issinarlumsunsndadivlilelaseasasiuiisersusaneslumsnlditurh
Tivuganesuinna

o o v o v v | . a ¢
gasninsgenleswhelofisaymssusisaarandudu 0.4 % wudrilsinadanes
=l - 1 P < o
Wndign iewindanuuuturesmatanlsimnsaui nlawoululslelasn
wnsnednlululalasiealaegnalivssansnim wasyhujnseiudanesiumenlaga
a = oo < = v P
veflulinauiuin gasninateuledleifammnssusisadutu 0.6 % nisiveulss
! 1 [ v S o v -] = o
wnkinnnIiiiansegaiuianesialuuinunieenifauiinadanes
Woenan
o al o L4 = v o N - = 3
geandnswenleshalefisavyssuaismanundudy 0.2 % wuiivinudanss
v 0 P2 | VoW 1 o v °
Useningesduq eswnlalasisanguisndraiimadeulesdasenavinluansavate
o nJ 1 1 L4
Faefluinsnasalgeanunvusiianuyarsavarglufeululslalasadmaly
Ujfsenddnduunsdniinnisusniaa vibiliuunadaneslulelasiaa deeniund

gasnisadmlndsudadiuguinninfiitunuiidane flulelaseauiuud
wnnnin WesnfdtudvunaluanaditugnirlafensadunidleiiUhinuiidiunn
saTmsuImilugNAuIstIndt ilinsunsvesleineslulsiglasauhlulumath
warivsuaiesawudanesluyinndeunin

ej < Y 3 <o - =
goslalasalinuuiinaaneidean fe gns A6G4B0.4, 20 Tnewudalasluuuiu
45.90 %Llagiviin

4.2.3 Thermogravimetric Analysis, TGA

4' L] 4 ar - L3 L £ 3 - L&
LJJBU']?I'ISVIENLﬂ3131/1‘1@‘11]9157%1/‘1@%11L@ﬂﬁﬂl&mﬂ'ﬁﬂmﬂuﬂ TGA nelfussernie

sondlaufitasgamgdl 50-700°C Tagdasnstinrudou 200C/min wuinlelasinanngms
fnvarraansmnfiassianmede TeA wfleufu Tugudl 4.6 Fansvuedielasivagns
A6GAB0.4, 1 wuinfigampiivne 220245°C  fimsaanefivesiiifunassadun (e
Wisuivurudeyaluenansinadedl [27]) fagavndl 380-400°C Sinsaanasavadlaifion
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A Y Y -l - o - - 1t
AISUBLUA (Mdpannmsdangdiavesdajum) [28] uasiiguvgll 700°C aflanaivienyds
J ) ) - - A ar =
mainduansuseneuvedlave egnlsigwliansemunadaneiidasulinnmaia
< v v vioy a - o ¢
TGA psnnarsasiuradlelasias laln lefeusadiunilasdusznovveslansinsaniz
oA - ) ' Yo v v af Y o a
agnBlanylefenlulaseai mm’lvl siansodntddndiuiimdoegudinniigungi
- 3 a o o Y
700°C 1Uusshusznauvedlansviseenleduadlansdaneivislanzduliogluansniu
fanan lagUSunaesdusenauivasluya 12 81 24 % wt

i

120 T e . 04633
10 -WJNW A ’/-" TN "/ .
(Wt { -~ B
"N L |
i

Defta Y =87.5818 %

80 Oriset Y= 859324 %
Onset X = 230,592 *C

-
'
f
e e ]
E]

OnestY =32,3213 %
Onget X = 338.563°C I -3s

.
m.
10 fad
!
1
[ T T T T 532
50 100 200 300 400 800 600 o0 TEA9

Ul 4.6 nsmanmsianesifenies TGA vedlalnsiongns A6GABO.4, 1

¥ g = =
4.3N1INATIUNIIATULTDLUANLIY
-1 o =) a Y I < &
nsnageunssndislagilalasivanussidanesivvandaluniingu (3Un 4.7) {u
han 24 Falas riauﬁﬂﬂwwaau'uaa‘laiﬁ#iwaqmi A6GAB0.6 THivalia Agar well diffusion
winuuafiSenlanegay Ae Bacillus subtilis uay Escherichia coli \nenagaugnsn1sA1u
&’ a 4(4 - o &’ dd 1'1 [ % =
\Wequvidngamgll 36°C Fanuiinar 24 Filw (Faszevainveuvedlslasivatiavey
@ a &' 1 < ) & 1 .&" vn.: < v
Uihanede)  wuilalaseanussyianesanunsasdelavia 2 vilalagannsofu
&’ - <l - . . . Vo ' c:'ll - of & o . e L4 o
WeAuvtduila Escherichia coli laAndntieqdunidedin Bacillus subtilis Fgun 4.8-4.9
Y v & 9 =
WazHanTInsEEENTIUABLAAINIANTIW 4.2

A < [ a v o < = ' Lo
5UN 4.7 lolnsivages A6GAB0.6 vhnsuisudniusinadanesuansdnniy
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A4G6BO.6, 1 I om0 6 10

LA 610 .6 20

A4G6B0.6, 1 s A4GG6B0.6, 10

A4G6B0.6, 20

JUT 4.9 nmmuansmsenideqdunSduiin Escherichia coli

INNANIINAFAUNUI

nm'lumsLvﬂf-mﬂaﬂu‘[s‘la‘l,ﬂsmlaamaumamammmman’lumsmuwaqauv; j Iy
Lﬂaami'ﬂmeia“mﬂimﬂauiuiﬂalﬂmmu m'ma'm'lin'[umsmmxaﬂauwsaa f
i Luaqmnuﬂsmm%L'Jai:u'mmmaamiwnnmw%mﬂaummvuaﬁmmnaﬁaumw

LQﬁQﬁiV]lJﬂ']‘SL‘U’eJJJIUQI‘ULﬂEJ@JL‘VWI?SU'E)L?G]FI’JW:JL‘U!JTJH 0.4 % ﬁﬂu‘]ﬁﬂﬁ?ﬂl‘lfﬂ‘ﬂﬁﬂﬂ'ﬁﬂ
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|
]
. 4 ' d a
‘lﬁﬁnmﬂaqmswﬁmsvﬁau‘[aﬂ«mjaumwssuaﬁmﬂﬂm‘ﬁ'u-ﬁu 0.6 % \WIBRNIIAFAT
sJﬂl J a Y 1
FAtnnadeuluddafumnszuaisnaudutu 0.4 % Faresau1TaunIaanuIRIN
v 1 -:iL P P v v
"LaTmwa‘lmwEJn'mwmzmaqmiwfmsmﬂaﬂmmaumwswaﬁmmmwmu 0.6 %
o -l ¢ | ot 8 i a P '
fmsieulsdfivunuiuninfddidarlunsuanyassdansfutuniuatlulalaseal
al e - £ v 1 4| Y al al'nl ﬂl
fusinnBanesvosnin (nuadeunaiia XRF lumsnei 4.1) gesnlimsi@enles
loRsumnsEUBISAATUYNTY 0.4 %

4 [ i ol ) = 1 LY a 1Y t’l’ - 27 1 el
maﬂumwﬁamﬂmu‘[mﬂauaaﬂLugﬂmnm'm'J%nummsnmumaqauw‘%‘eﬂﬂﬁn'nwam
=t ] =t [V I o S d' e‘ = o o
uamwmu‘lmmﬂnaaﬂLumﬁaarn'fn’.\inmuaamnmaqmwﬁﬁiu'\mifdtﬁauaa'«]Lucﬂu'm

1 o o ! 1 o < s Qs Y] )
wm’nﬁﬂsmmﬁaL'.Ja%'lu'l,sﬂmmamnm'1Lﬂaqmsw:ﬁ'dsmcun'z'n’numnuasménuﬁ
'znnm'l.uLaqaﬁ'lvx:y'n'a'ﬂ-uLﬁaué'aﬁmmﬁﬂﬁmsﬂamﬂziaa%anas‘ﬁaa'l"ﬁ'nmu'nun'hwa

Py 1 o [ - VW e
gusniisandnlufeudaduaninninmsn

=] v f!l’ a ol & '
a131e7 4.3 Auannsalunsdnuiegdunidvedlelnsaalusiaygns

vinumstiuds @aduns)
SAMPLE i Bacillus Esherichia
subtilis coli
A4G6B0.6, 1 | |  as 15
A4G6BO0.6, ‘
10 7.0 5.5
A4G6BO.6,
20 10.0 8.0
A4G6B0.4,
20 6.0 0.5
A6G4B0.4,
20 6.5 3.0
A6G4B0.6,
20 6.0 2.5
4.4NORANTINNNTUIUAD

L ‘01 y A - r q‘
mﬂmwmaa‘umsmmm‘lumnﬁ’umquu 25°C Apdivaan 10, 20, 30, 45, 60, 90

way 120 unfl nauamaegUi 4.10 Tnemutn Amsuiadagegaaglutag 43-62 % fitaana
45-60 uiuazimsuanFalimaramimnnansuuundy 60 uii Taglelasieagasil
Winaledisusadumnnniifinisundvdinisutuiund 60 uifl uazaminineagns
ftvnelsiousadiumiesnin Tnssresiarlumsutarsasanslafelulslelasannaiy
w?aqmmaﬁshqﬁ'u‘lﬂﬁaaehwa'l,ﬁmmsmuﬁ’ﬂuﬁmé’uLmnshaﬁ’umnﬁn agulsfmudinns
vshvedlalasiafiussqiane mngasiimanasegannifledisuiuaraaansalunisum
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#luinduvedlslasiagnafeaduuasly

i [29]

L%

% NIVINA

60

50

40

LY

% MTUINAT

foussgdanefadludafimnmiviudieglugn 60

-t A4G6B0.6, 1

A < A4G6B0.6, 10
a\ ceod— A4G6B0.6, 20
H
j na1 ()
0 50 100 150
(n)
70
—— A4G6B0.4, 1
60
- A4G6B0.4, 20
50
40
30
20
10
0 L 8w ()
0 50 100 150
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70

wipmn A6G4B04, 1
60
=il A6G4B0.4, 20
50
Dg / \
2 40
ﬂ
N %
e 30
= 1
20
10
0 381 (1)
0 50 100 150
(m)
70 = AGG4B0.6, 1
4 i~ A6G4B0.6, 20
50
s
2 40 \
a
2
e 30
X \

20
10
0 1Im (1)
0

50 100 150

(¥

Ui 4.10 (n) nsmuamaesiduinsunishvedlalasiagns AIG6B0.6
(@) nsmiuanaasidusinsuinsveslalnsiaagns AAGEBO.4
(A) niuansesidusinisuinsivedlelnsiaagns A6GABO.4
(1) neuansasidudinsuasiveslalnaivagns A6GAB0.6
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unil 5
dgUnansideuasdaiauaius

elaswaridanseituiasiduislafousaiunuasiifilaglénndenlwhy
asavanelufoumvssvaisaUfulpautRnisiuiavedelasian Tasmsifadanedlugy
arsazarsdansdluasmdlululelasen wdnhnmadeubiduganes Ineldujiss,
ndutulnfenlulslelasd daldvinaudsuasgslalaseade Sasduvetluifsudal
watuISAY (64 uag 4:6) Vnamsideulsvesasazansladoumnssuaisn (0.2, 0.4
uas 0.6 %) waznartunisusiafenlulslelass (1, 5, 10 waz 20 i) Whlunaasunnse
Bolne3s Agar well dlffuszon fae Escherichia coli wag Bacillus subtilis Fauduuupiise
WASUAY wm'lmmsnmwﬁaaaumwm Bacillus  subtilis 'lmﬂn’.l'u.'zsamauwsﬂ'uuﬂ
Escherichia coli am‘laiﬂmaﬂmwuaﬂwamﬂa A4G6BO.6, 20'Laiﬂmaﬁ1ﬂm‘lﬂmwaau
auauaaﬂﬂiunawanaﬂuwa Fruwmadla XRD Femuinaayngasidaveiuasianed
senledeglulasais smnmsmuSnalaneidamaldaxrr wui lolasalivinuga
na‘saq‘lww 12 fi4 45 Wehduslashmin Imaamwwsmmeuanasmnmaﬂﬂa A6GAB0.4,
20 uanmnuumwa"lﬂmaauauwmqm'\maumamﬂuﬂ TGA Sanunisaaneiivesdad
tummm’nnumqmuqmm 220-245°C Tﬂﬂwmmmqqquu 380-400°C fn1saanegiiues
Tuifennsusiunuasigamgll 700°C a‘faﬁmimﬁaad%@tﬂumﬁﬂivnawaﬂaw 730
ponledvodlany wethwaruinsdludnduwui amw A6G4B0.6, 20 way AGGAB0.4, 1
fimsuandagegn TﬂaummsmumaaaﬂmwnuéOLUamuﬁﬁmauwuﬂ Iﬂaammmm"mv
'lmwu'lumsmumaﬂwv SIaMuRD AGGAR0.4, 20 s iniiuSinnfanednniigauayil
Shsnsunsvesdanediniian

YDLAUBLUY
- a - o ') ' ’~ v = @
1.wWasurdnlalaswaniousuupliiinisvanUdesBalieindias iiieusussosam
&’ 3
nseudalieunuiu
o v o =t 3 5 = Fo] [Y)
2 vhlalagnunldwsoulelasiaa wasAnwanuaiunsalunsamuiysilssuiisuny
nafldlunuided
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AMANUIN N
nanmInadauwatinn1saedidng (X-ray fluorescence, XRF)

Wﬁ'Nﬁ n.1
Sample 1 Ad4G6B0.6, 1
Nazo MgO Al203 SIOZ 503 G0
0.2 KCps 0.1 KCps 0.1 KCps 0.3 KCps 0.3 KCps 0.4 KCps
279 % 6.30 % 6.13 % 159 % 9.48 % 337 %
Fe,03 CuO Ag HfO, Compton | Rayleigh Norm.
21KCps | 35KCps | 1.2KCps | 1.1 KCps
4.30 % 4.41 % 16.5 % 3.67 % 0.83 1.04 100.00 %
af
ANV N.2
Sample 2 A4G6BO.6, 5
Na,O MgO Al,O, SiO, SO, K,0
0.2 KCps 0.1 KCps 0.1 KCps 0.4 KCps 0.3 KCps 0.4 KCps
29.9 % 6.66 % 4.66 % 193 % 8.42 % 2.65 %
CaO Fe;04 CuO Ag Compton | Rayleigh Norm.
0.6 KCps | 2.1KCps | 3.4KCps | 0.9 KCps
532 % 3.98 % 3.92 % 120 % 0.86 1.04 100.00 %
AINT .3
Sample 3 A4G6B0.6, 10
Nazo SlOZ 503 Cl Ca0 Fe203
0.1 KCps 0.1 KCps 0.3 KCps 0.4 KCps 0.2 KCps 2.2 KCps
333 % 4.69 % 11.7 % 6.89 % 212 % 6.50 %
CuO Zn0O Ag Compton Rayleigh Sum
3.5 KCps 0.5 KCps 1.2 KCps
6.26 % 0.747 % 23.1 % 0.81 1.03 100.00 %

a4




o
A3 N4

Sample 4 A4G6B0.6, 15
Na,O Al,Os Si0, SO, a Ca0 Cr;0,
0.2 KCps 0.1 KCps 0.1KCps | 0.4KCps | 0.6KCps | 0.2KCps | 0.6 KCps
28.1 % 4.79 % 4.32 % 10.9 % 6.89 % 1.51 % 3.67%
Fe, 0, CuO Ag Au Compton | Rayleigh Sum

20KCps | 3.5KCps | 1.8KCps | 0.6 KCps
4.47 % 4.83 % 26.8 % 1.07 % 0.83 1.05 100.00 %
Gl']?’Nﬁ n.5
ample 5 A4G6B0.6, 20
Na,O MeO Al,O4 SiO, SO, al
0.2 KCps 0.1 KCps 0.1 KCps 0.1 KCps 0.4 KCps 0.5 KCps
28.6 % 6.16 % 4.85 % 2.93 % 11.0 % 523 %
Cao Fe 0, CuO Ag Compton | Rayleigh Norm.
0.2KCps | 2.4 KCps | 3.4KCps | 1.8 KCps
1.65 % 531 % 4.57 % 265 % 0.85 1.08 100.00 %
9T 1.6
Sample 6 A4G6B0.2, 1
Na,O SiO, S04 Cl Fe 04 NiO
0.2 KCps 0.1 KCps 0.4 KCps 0.4 KCps 2.4 KCps 0.4 KCps
28.6 % 6.16 % 14.2 % 6.86 % 6.85 % 0.752 %
CuC Ag Compton Rayleigh Sum
3.3 KCps 0.9 KCps
5.81 % 17.6 % 0.87 1.05 100.00 %
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o
AN N7

Sample 7 A4G6B0.2, 20
NayO 5102 SO3 Cl Kzo Ca0 Fe203
0.1KCps | 02KCps | 04KCps | 0.5KCps | 0.2KCps | 02KCps | 2.3 KCps
28.0 % 10.7 % 11.9 % 6.72 % 1.61 % 2.66 % 5.64 %
NiO CuO ZnO Pd Ag Compton | Rayleigh Sum
0.3 KCps 1.0
0.8 KCps | 3.6 KCps | 0.6 KCps
KCps
4.24 % 100.00
1.43% | 542% | 0.682 % 17.6 % 0.86 1.05 %
AT 1.8
Sample 8 A4G6B0.4, 1
Na,O SO, Ca0 Fe,0, NiO
0.2 KCps 0.3 KCps 0.2 KCps 2.2 KCps 0.4 KCps
46.7 % 139 % 2.54 % L2106 0.944 %
CuO Ag Compton Rayleigh Norm.
3.5 KCps 0.7 KCps
7.02 % 16.7 % 0.89 1.05 100.00 %
ANTNT 1.9
Sample 9 A4G6B0.4, 20
SIOZ 503 Kzo Cao Fe,Os
0.1 KCps 0.3 KCps 0.1 KCps 0.2 KCps 2.3 KCps
7.70 % 17.0 % 2.50 % 4.02 % 118 %
CuO MoQO, Ag Compton Rayleigh Norm.
3.5 KCps 8.0 KCps 0.8 KCps
10.7 % 11.5% 26.5 % 0.81 1.00 100.00 %
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A1S97 N.10

Sample 10

A6G4B0.2, 1
SiO, S0, cl Fe,O, NiO
0.1 KCps 0.3 KCps 0.4 KCps 2.2 KCps 0.4 KCps
8.23 % 21.7 % 11.2 % 11.0% 1.37 %
CuO Ag Au Compton Rayleigh Sum
3.5 KCps 0.8 KCps 0.6 KCps
10.6 % 26.3 % 2.65 % 0.83 1.04 100.00 %
C‘l'ﬁ’l\iﬁ n.11
2ample 11 A6G4B0.2, 20
S04 K.O Cr;04 Fe,0s CuO Zn0
0.3 KCps 0.1 KCps 0.5 KCps 2.1 KCps 3.5 KCps 0.5 KCps
20.4 % 251 % 7.40 % 114 % 11.7 % 1.27 %
Pd Ag HfO, Compton Rayleigh Norm.
0.2 KCps 0.6 KCps 1.0 KCps
6.54 % 22.2 % 9.57 % 0.79 1.03 100.00 %
AT n.12
Sample 12 A6G4B0.4, 1
NaO SiO, SO, ct Fe,04
0.1 KCps 0.1 KCps 0.3 KCps 0.4 KCps 2.5 KCps
26.0 % 5.84 % 12.0 % 6.32 % 7.09 %
CuO Ag Compton Rayleigh Sum
3.5 KCps 1.6 KCps
6.04 % 32.1% 0.85 1.06 100.00 %
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ol
M1 N.13

Sample 13 A6G4B0.4, 20
SiO, SO; Fe;0, Cul
0.1 KCps 0.3 KCps 2.6 KCps 3.5 KCps
8.52 % 17.6 % 11.0% 9.08 %
Pd Ag Compton Rayleigh Norm.
0.2 KCps 1.6 KCps
532 % 459 % 1.07 100.00 %
M5l n.14
Sample 14 A6G4B0.6, 1
Na,O SiO, Cao Fe,Oq
0.2 KCps 0.3 KCps 0.3 KCps 0.6 KCps 2.6 KCps
32.6 % 17.8 % 8.30 % 6.37 % 6.09 %
CuO Ag Pt Compton Rayleigh Norm.
3.2 KCps 1.2 KCps 0.8 KCps
4.51 % 19.1 % 1.52 % 0.88 1.07 100.00 %
57 n.15
Sample 15 A6G4B0.6, 20
Na,O SiO, SO, ) Cao Fe,05
0.1 KCps 0.1 KCps 0.3 KCps 0.5 KCps 0.3 KCps 2.8 KCps
30.1 % 8.86 % 9.73 % 6.37 % 3.01 % 7.15%
CuO Ag Au Compton Rayleigh Sum
3.6 KCps 1.3 KCps 0.7 KCps
5.56 % 23.7 % 1.38% 0.84 1.04 100.00 %
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