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Silver film was fabricated on a glass substrate by electroless plating in
Tollen’s reagent. Many parameters which effected on adhesion between silver film
and a glass substrate were studied. The results showed that using ultrasonic
vibration did not enhance adhesion between the two phases while the physical
surface treatment played more important roles than the chemical one and
ultrasonication. The combined treatment of grinding with silicon carbide number 320
then etching with hydrofluoric acid for 90 seconds (SPHF) showed the highest
adhesion reported in scale of 5B using cross cut test (method B). Moreover, heat
treatment could enhance adhesion between silver film and a glass substrate as well.
In addition, when comparing the contact angle of before and after silver plating of
SPHF condition, it was found that both of them performed hydrophilicity. However,
a glass with silver film presented higher contact angle than a glass surface without
silver film. Furthermore, silver film both before and after heat treatment of 550°C
exhibited 99.99% and 100% reduction of E.coli respectively which was confirmed by
spread plate method. Although it was hardly seen the inhibition zone in disc diffusion

method, silver film could inhibit only E.coli where they were contacted with the film.
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environment
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Chemical displacement
Vacuum environment
Vacuum evaporation
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Molecular beam
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Vacuum polymer
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Tilwaadgnldinasurazansuazinaeulans nezuaunisiazldsz@nsnan 100% weily
pnsiuaaudanszuaifinunedanargnidasullilunisfindjisenaus Wunisiia

9 = o q v 2 a = oA = |
lalasauiidauamadieaziinliidse@nsnnlunisiadeuanaaduineaiunislaauulasen

| | ell 2/ zda a I 1
psLdunsa-Arsaasansazany nezuainAldlunszusunistilansnastsuinsie
amsuialunnsiada (Deposition  rate)  NITHANIE WATAUNINUBINITARDY B9LH
nazua Ad ) luszuusnwinludazgiainlidnsialunisindeuininaumingu usdn
TinszualWirunifuldazyinlinstinfiauazaninmasinisAdausAl wanantidusasm

fesiaafluiagmin invisesiasaaauia i i lineusdae

212 Agnsquadaunuulaldlnd (Electroless plating)”

LAznsguindeuuun i udunil iz nnedeuildufmenaillaslsl
fasandanszualifinlunsin lfAafdudaannsnifadjise Tauldias (Autocatalytic
deposition) I@mﬁLﬂafauLﬁﬁmmﬂmmmﬂﬁﬁ?mmﬁ@wdwﬁq?ﬁqsﬁu@zi@@@mmi@m
fnlRamalansisenaasiialuglaessisazaneviianismnazneuluglaesilsuuuiores

!
o A

Wi JAAN

q

1aeuds AEn1sguindaunuu i fanldiuedunsvanaludagsingn " =

=

T i Fannesinun was Tane usiu AeiluqasuaeRsliwAnNE19aIN33auAR3ENT

quinde ULl i annsdaudagniiuas i i livaaesilszinn

2.1.21 ﬂ’]iaza’lﬂmﬂumeimﬂaﬂu (Plating solution)
a ! = ) % o \ =
ansaraen I lunisquindeutiulsznausaaaisazanaudnat) 2 Ussinnae
1. a1zazarai i dilusannlaaauaaslans (Silver source): InennLAIdTaZANE
Usvinnilazifunasvaslanitiasainanuisawansa lusaniazataidoni liEna laaauaas

Tanls

'
o aa o aala e A a o

2. @190zaNaUe9RasAat (Reducing agent): aznniinnzaqdvizaasfidnmasail

Tiunlasausaslaugyinliinanaifuaynialanenlaidlszy
= [ %3 ZI/ v o a o a dl al U dl 1

UBNINHAANAN TR A EUANTIA DL TTINNUAETINANIFAUANBU] BNAITIATUL
panilu 3 Usznnae

1. AWNUA (Ligands): avaranananeiuansdseneuidedenivlenauaeslanzuay

¥ a v PR X y a a aca X ¥

nsldamesansiddauniatasiiazdaaiunisfinljisenauesls

2. ansnldarugnuazinliAAuilunga-ae (pH) 1898138 aM2AT
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3. Stabilizer: iutifidaevinliliisesanduluarsazaaiindaauieniaziiunig
Aansgedfiseneddsansdszinniionadivize Il lul JAsenils

' 04
a a =

2.1.2.2 Ujisenniatulunszusunisquaaauwuulaldlui

Tuaruifluasaudanalnniafindfizenvesdinisqundeuuuu sl i geldidy
A e oA LY 4 oy = o
Nuddailesanasazateildluninndeuiinsunainuatsuarduden deludaqiy

amnsoesune lfies e dessiurintiy Ujieninatulunszusunisndeuwuy s

TWiAefiseaaand (Redox reaction)” Gaflulljisenndinsulaauuavareandindu

1a9819lneazifianistnaleugidnnseuluasazaefliunaindjiseeendinduessa

' o

ANa o A ooy A s v a
TR LN@‘W“‘H‘LI’Ame@\ﬂﬂlummzmﬂmhLﬁ@'m_l @qﬁ‘ﬂﬁ‘xﬂ‘ﬂuLﬁﬁﬁ@usﬂ@\ﬂ@ﬁgﬁiﬂi@@@u

q

aNa 5

1aslanzazgnanetinasasnaiia Winaflulansiedeveguuduaimanauanslunini 2.2

IRUfeneendindunarindusisanms 2.3 way 2.4 auansu™

Reductant — ™  Oxidation product + ze (muma‘ﬁ 2.3)

M“ +ze  —>  Metal on substrate (ANN"37 2.4)
v ¥ oo o o £
aatiulfnsensanaziuneauny 2.5

Reductant + M~ —— Oxidation product + Metal on substrate (zmmaéﬁ 2.5)

FUALBITH

° 'lanauraslany

o
° o fi3hnd
° GREREel]
0 o aynAlany

DINN 2.2 ﬁﬂwmxmﬂﬁmﬂ,ﬁﬁ?mlmazmumam?}@uLmuvl,aﬂﬁﬂwmﬁ
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dl QI aaa a‘l U A 1 a o
Wadndjnsenatsazatenldlunisinaeuarliiafeslunisguunarians

v aa

(Thermodynamics) iws1zsisnaduazinaeseslaneniasiiazinlisainaen” Uiisenn

a X o & Py Ao a aaa PRy = ) P
Lﬂmﬂu@:@qLuuvLﬂL?‘ﬂﬂj Tml‘Vl‘ﬂlﬂﬁ"mﬁﬁ‘mmﬂgﬂ?ﬂﬂu?wu?umuﬂzwﬁLL@:ﬂ‘ﬂEI"] [ANAILND

'
aa

i A vl if ¥ g A IS4 a a a
L’J@’]NWHVL‘]J ﬂ’]?Lﬂ@ﬂut@ﬁzmuﬂﬂim@ﬁﬂ’]?ﬁlﬁLLﬂ NITLARDLUNIAVLUNLNR NBILLAY N LR

N (flusuy

2.1.2.3 daifFauiinuszudnadgnisquindauuuuladldlWdlanu

ABn1sARRURIAENTELE bW
L;J@Li.l’%'ﬂuwmmﬁmiwLm@mmuiu‘lﬂwﬁq AuAsnITAAaURaf9 WA WL

Aan1squedauuLU il A Rdeldnsaundiunelszniadan

1. awnsndeudand i i 16 (uunuialaildnatasidest luasazanainld
Tun19quLAdaL)

& o ° Jo = & ) o Ao &
2. @'WN']?QLV’]@@UELMNQQWNVH']@N']Lﬁﬂﬂi@ﬂiﬂﬂqu\?ﬂﬂﬁ'ﬂ?q\?ﬂﬂ\?'}ﬁﬂwuqﬂqLﬂ@ﬂ‘u

o '

aa A Y =
3. AannsAdeunnlAdne LWENAN 340 Iumﬁ?@”aﬁﬂwuwuﬂiﬂuﬂﬁ?@uLm@@uLmuu

4. VL@NQLﬁﬂ’ﬂUQﬂﬂﬁd@NﬁaLﬂW’]z‘Vﬂ\‘iﬂ’]ﬁlﬂ’]W NUHLWAN LL@:ZV]’NLV‘]N

q
o

lun1enduiudasninaesisnisquiadauuuu g i nlewFauauiuisnig

A a v

meummmm%MWﬁmuma 2 fladeAafuuN A AR UNANGT Hasainazsiag

v Aa

aAEFTI AT NN R Tansa e s3aadiAn e 'wmm'}m"l;vxlﬂ%lumsmmumﬂ

a

I %nﬂ@ﬁwﬁaﬁ@mwiumﬂumnﬁmﬂgﬁ?mu@ﬂﬂdwﬂumN@ﬁimxﬂ:wmﬂﬂu

o aa o«

mif«mLﬂ@@umuummmaLﬂuﬂ@ﬁﬂmmmiummw@mﬁmﬁmilﬁmﬂﬁﬁ?mtﬁuﬁu

N 2.3 uhsiiisudnsuriadaui liazndne (n) nsldasquaasununla g idamy

(@) FamAaauURasengza I
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ce A A am ] & 16 o P aadd @ aaa ) X
QWHQQEuLﬂﬂﬂQﬁﬂ’]i"gNLﬂ@@ULL‘]J‘]JVLNIWIVLW'W']Lu‘ﬂ\iqqﬂQﬁULﬂu'JﬁVNqﬁlﬁ]@ﬂqﬁwﬂugﬂ

Waw Lisesendugunsninfiaonndudenuazsaiuns uazarnnsnindauuuian Ly

De

a1t AN 1w i waznanamn wWusu Inadanlduiaifluduamanlunimaaasil
9 \ e Xy - A o - o aa PRy o =

daipuraddsiAag NraaanlaneNtinuAaa U N ANTRANAFEIN1T1E FANTNEINITD
wassduamenn v WA iR a TR i Teudaaniun1seaauluasalsn ainid

AuNTnLARRLTUALR IR IFsneRansiae 1 Wi

2.2 ﬂﬁﬁ?mmﬂﬁﬂn‘a‘zﬂnﬁu (Silver mirror reaction)(se)

N isen Silver mirror MAATWAIUGL ASARANSNT 1830 Aunwlng Drayton
wazmunlng Liebig delfiseniifulfisennldvionszaninluadelusn Ineassmiad
naevesianeineglugllensusestiu (Ag) feauasnlas (R-CHO)wazldduamsninidy

¥ A a . . a ds{ 1 < A A 1 o o
wia N9LARBLRY (Silvering) NATWHIBNN9EANIZIBIOUN I ARUNRELWT LA R IR UL T2
uanffinluansarateazandaniuiGess nsinlienniaRuipnuanasluaisazanels
wuiuinldlaaldanstlasiuniainreasssadlilunigusnussaansafo ity

wANAY Aadilastame uazinAauesdanyavsansio tusu

AN 2.4 Silver mirror
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221 MANNITASLARBLINY (Silvering)™
o a aaa = I8 o Y o A a a [~] dl
wannsnafialfisesnendainisoliuldldiunisindeuRumnanRuiulaneyn
amsnialisenaweld (Autocatalytic reaction) Gelanziiannsniin Autocatalytic
. Py A ) Ao Wy a =~ o -
reaction leAalavziaglunguuassigmeuddulaun anunan Iasfan wan Tauass
a a e a a al = a o a o/ :j/ o o U
s patnles gillan TaRaN uWALALALIN UWARTN RU uaznes Autiusduesassiaaiy
Fiai3q (Catalytic)  Nen WAAAANTuEaBN8FR (Fim  growth)  seldudsainss
R 2 J4 Y o
nszuaung WeljisenGuauudaauuiaziinaununaiidasull uenantRuidu
AN INUAaN1IiANIaLKAZNNTIAARaNTLATU1WANNA (Noble metal) B lsiaunsnld6A
Fardlauainuana Tun1squipdaauRANRuuuU 1 InAN Fagaadntiand Tiun Sodium
potassium tartrate (Rochelle salt, NaKC,H,0,), Hydrazine(N,H,) uazinmia ilusi s
azu/dardlu o ]  — araju o |:vdJ ai o val & oa
AT M AaTAN TR T uardanafedneuzAaNRAs T ween iU Ten1sRazin &N a
& . . > o 7 Al A N o
vl Silver mirror HUAzAEIEIAEANIANNITENINA1INDALAUE (Tollen’s reagent) WATMI

FAaTlunneinfizen
222 @19AdNlglunsiia Silver mirror

2.2.2.1 Tollen’s reagent
’ & . . ) . TR

Tollen’s reagent L{luans Diamminesilver (1) ion [Ag(NH,)," ] @iluansilsznay
\Fetauesdn Inadouninazetilugues Ammonical silver nitrate [(Ag(NH,))NO,] Heisild
usiampaauanslsznaunidvaasuaila (C=0) dufumsjusanlas (R-CHO) visanlnu
(R-CO-R) thanslafiuyuean ladidaninismaastinsvaaaisiesiasniameasuadllly

, > @ Aa s = '
Tollen’s reagent u&a azdsngifudRuiiaAnnunaiuaennaaediiesua luszazioan

&) (szauud) uiduduanshfingalawiuesdlsznavegfasliinanisulaauulas®

i

(a) (b)

i 2.5 Tassa¥erasuyieridu (a) uoan lad uaz (b) Alau™
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o

Uz M liiin Tollen's reagent Lluasannis? 2.6 uaridautlsznausiall
= a . wa . A 901 2] 2 o

1. 1naRYadNY (Silver salt): aNURMURY Silver salt ABANNNTDATA8TN ALY Tanes

dan (Ag,S0,) Famasaaalsd (AQCl) uaz Fanaslumm (AgNO,) Taaunudadanes

Twmsnazieanldlunieinizenliinadu Siver mirror

o T
_N.
o~ 0

A 2.6 Taseairsaasdanaslumen ™

Ag"'

)}

aa

2. wenlmdle (NH,): nasiwentufeignaiduuaifiasainuenlufialadnmsans

1
' o

Tnathznaguilsgaeinlidan wiu Proton  acceptor (U H")  uazfiadusinninliiie

al

ansdszneuidivieuresduluaisazarenlfindeuaesdjisen Siver mirror Bnsae

A 2.7 TaseaFraaaauanTudis
Uanzenluniaiia Tollen’s reagent

2 AgNO, ,y * 2NaOH ,, — Ag,O , + 2NaNO, ., +H,0
Ag,0 o+ 4NH; ., +2NaNO, ., +H,0 ; — 2Ag(NH,),NO, ., + 2 NaOH

(ANN139 2.6)
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v ala 4

2.2.2.2 M9 (Reducing agent)

o a

lunaaifindisen Siver  mirror  dasAadnnanldhe nglaa wie A-nglaa

= H P " = s A P o an e
(D-glucose) STNLﬂuu’]m’]ﬂimL@QﬂL@ﬂ')M?@N@u@Lmﬂﬁqiﬁﬁ Lu@\‘quﬂﬂﬁﬂmﬁﬂﬂsﬁu&@@ﬁiﬁﬁﬂﬂ

a

TulAs9aF19a9In g 2.8 Tag1u303adans1svnatimetansedRulinansitly Siver mirror

15

OH OH O

HO

Olln
I
Ollllll
xI

(a)

i 2.8 Taseaieaesd-nglag (a) nsdnFasuutansld (o) nsdnFasuuusaumnon’

223 Aumaunsinalf)nsen Silver mirror

Wanandaneflunsaivuenluiadisaiuuds Ag” azvinUfiseniu OH 289
asazanzuaniifiaiinnynauduiniaes Ag,0  aintunznaudainanazazans’ly

wanluiiaauniananaliifuansazaalaaliinianisa519a19dsenauidata

'
=

Diamminesilver (1) ion [Ag(NH,)'T Tulugsazaredailuanstlsznaudsiaunilasiunig
aa a 2 o ala o‘d‘ 1 ¥ a aaa a o o o al
Ihad leeeuresdudiishadan nalunituzusazaenliifnUjisesdnduiuan sl
@Y (Selective chemical reagent) UURIETLALATALINTL 1A NITAAN NaOH 11l
wavinliansazaneiaadung sdenn Ag(NH,),” axgnanadananglaalinaraiulans
Ruuaznglaaazgneandladlinatsfly Gluconic acid (R-COOH) fsannish 2.7

wasaniduamsmgnanasilluasazaaudn doresiuansnazdosslisaneendindu

' '
v aa =R

19Tl iseneendinduin Winantslandaes@idnnsendalunianauiu
a o an ada oo o . - s -
AaIiANTsTRT laeauteIRunitresduawmsn WenaidiullazifiadueyniaRuniy

o = N @ = o (43)
?@U"I sﬁU@Lm?quﬂmuL?@ﬂ’l uazmalliasiuarnaneuian
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Ufnseneandindu
H OH
/ /
R—C +20H — R—C + HO + 2e
N\ \ ’
@) @)
Uffseasndu
+1 0

[Ag(NH,),]" + € —— Ag + 2NH,

Ufnzensu
H OH
s +1 / 0
R—C + 2[Ag(NH,),]' + 20H —= R — C +2 Ag + 4 NH, + H,0
\\o Ny

(ANN139 2.7)

s~ a 1 aje o a (7, 19)
2.3 NTEARATERINNANAUGLALATH

4

¥ i’/ A A A o a6 o a
mwmmmimuwuﬁmmmmim@ﬂuiui:uulm ﬁ‘ﬂﬂﬁ?ﬂﬂiﬂW@NLL@%‘ﬁUL@ﬂﬁ‘ﬂN

a

= a . A = A ° o 2 a vy d a )
n17eiABA (Adhesion) NA ﬂ’ﬁ'ﬂﬁmWV]ﬁQﬂﬂqﬂuﬂiﬂﬂﬂ@qﬂﬂqqﬂsﬁ\ﬁ@:ﬁlﬂ@imLN@‘U?LQM?@EW@

A a o = | a & > A o p Py X
(V?@UiLQMIﬂ@LﬂHQ) 1NLﬂmmiLLﬂﬂfﬂ‘ﬂﬂ@’wﬂﬂuﬂ’]ﬂmmﬂﬂZWﬂﬁMumﬂiﬂﬂﬁﬁlimnﬁﬂugﬂ

LAZNITNAKR|LUL

! 1%
a a

AaHuNalaaiall aean1sEARA AR UELUTAAITN LIS IBINWEL AN AT
1 dsj a o o/ a (=] 1 1 d9/ a 1
sendneaeaiuiiaresdan lussiuluana nndusessiaseud1auila (Interface)  daulu

American Society for Testing and Materials (ASTM) i lsfienu34n "n1stinRnAanisnaas

[
A a =KX a [ !

WuRgnEnRARUAauINIENIN9BLIAN AT UTUBANgAUTAN9EARAITINA (Mechanical

a
v '

. A o i o o 2 A AN A Ao o
anchorlng) NTNIADILLLL 61,u7m\1ﬂ@1_|ﬂuﬂq?ﬂﬁF]mV]lelﬁﬂ@ﬂ’]ﬁ‘m'J@QLLﬁlﬂ@'ﬂﬂqqﬂﬂHM?\i

1 A 1'% o ' a % d“l a dp 4 ¥ X a dl 1=
saestavidalng nusesseiduiFumndwtafinaunigliranudu (Stress) nstindnilim
a4 3 o o A = o = X o o
nediludeasdgainasesnisuaninurenisidasugtaesdan Tee1auiuantRaes
duamsnindsassie Jannsesansie vsaaN

o X 3 Ao qua R o o o a P P P
ﬁ@ﬂﬂq?LU@\‘]muVW]qiuLﬂmﬂq?ﬂﬁ[ﬂ@Wﬁﬁ@ NITAANAINTIUND NITN ZQQNW WIUN

v o Y a o a J A ¥ dl o
siagldlun1av lEinan1sumanin (Fracture energy) ATNUTLIDUTDEADQY Wran 9 a1 NN
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THAnRuazszndngesiiuie Ingusatinfnaraduuraiauinesinadvzanseiningding
= I - . A o o , . = o
WAZ/YTE WINWUEZLAR (Chemical bond) NANARABATIVNITREAALAZILALNIEARAAZNIN
Ny X o ai - o o .
Wratie s TWAUUTNII89971 (Work)  NaNNsnLenaznaniizaluianassnaniuisasse
AITIUAIINANURA (Surface energy) aznunafesulunstinfia (Adhesive, W_)) 7a
ulunsiinmiian (Cohesive, W) usiaziflusnuilszinnladuauagfudinisidaaniniiu

w11l Adhesive %138 Cohesive failure (A% 2.9)“Y sulunistinfauazaulunistiamiien

° P N o o & Y = o P
ZQ’]N’]TE]F]’]MQEL&»LW‘Q’]HZQNFH?VI 2.8 UWAY 2.9 ANNANALTIAL MU LIIUTAN AN UFA U

-
PUILNUN
A
Wy =0 +7 =70 (d1N1N 2.8)
W, =2y, (@1N197 2.9)
Py a o =2 a a )
e o e naulunstiningna (Net adhesive energy)
a o = A a )
o PR wAsUluNTEAMBENg s (Net cohesion energy)
Y, Aa Specific surface energy 484340 1

Y, 2R Specific surface energy m@qffm 2

Y., 8 Interfacial energy 199340 1 LAz 2

1
1 W ad
(a) v
2
2
1
1 VV co
(b) >
1 1

nnd 2.9 Ma@aaninlugiluusuaes (a) Adhesive uaz (b) Cohesive

WALUWIUNIE AR ATUALUNAI LRI TDIUAAZTAR (Y, V,) WATWANIUIDLIFATY
gl (y,,) wasaupasnaNUsetsatasuiavdanausniiuliieuanuazay avaviisuan

fausenldlunnstinfinmsasensia (Specific interfacial force, f,.) liduusanazausINan
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o o '

Turugqnduiaszudnsdanazinhilgniafinseasialtu Grain boundary (Y, 438 Y,

'
o a o A

a 43 o = o A o dl a 43 ' o
nnauludanaeaiuzeiu Phase boundary (V,,) Minauludansneailniu llanasnuy

Rnrasusazianiatfaiazinliusslunistinseudnesansdeoaniu soameininliaiunem

q

rd‘ o dl = a o 1 v [ 3
mmma‘mmmnumwiﬂum?ﬂmmm@mmmm IRanannissenana

WANUTDLGD (V) ANTUHALANANUANFNTB9TAnTvaaTlaLty 1HaT09
BLABN TTUUNITUINELAON ULATANHITRUsy Tuansindsusessawasusslunistin

Anszninvsessaazanauiaiiuianatiaimaaii uazdindsnusessialuszuunistingia

o e o =2 | o a Y Ao v = = & o o o A A K
WluAue LA ATHAN 1 uull@ﬂ‘];‘fmxlﬂﬂl,ﬂﬂﬂﬁ?@LﬁuﬂuﬂuﬂUQ@@muﬁm G NRK

q

be o

a

PRPR SN 4 o o < . o = a
Lﬂﬂ“ﬂuluﬂﬁ'mmwumqmﬂ\ﬁmﬂmﬂﬂq@Qu’]ﬂ‘lﬂLL@gﬂ@qﬂLﬂuuuﬂLmﬂq mquuW@ﬂﬂquluﬂq?ﬂmmm

azilrngegailu w, = 2 v, duhendsulunistinfnasgnulasulilifundsnunistia

witlen (W) uni
ANANNUS Tz rdnasulunstinfa (W)  Aunsdldlunistinfanaiue
(Fo(x) PaaAIzeznIengnuleuen (x) seudwiduiuioresduaimaanisouandling

ANNN9N 2.10

Wy = _[ Fa (X)dx (@NA"TT 2.10)

[~3

Tnasnnszaeznia x  andusuiavesluanadauiuiuiin densesanfiansluGEes

'
a A < o

N13EARAABAINNLIIWINAIBINITE AR AT IR ARaZNTEANe LA LTI UF IR AR LN Y

IAraaFaNuRn1e9fudInTALA T AN AR NdNF19TTATY (Heterogeneous) 1aNaINHAs

dudleundnaguituinidny uardsthudenmduluanamaouunuiovesduaneniidugn
< Ao t% < =X a = o i// ° ' =X a

A lfironudussaenistafnasulyl daiunisiiuunAinistinfnaasazun

ANNNNTRAEAAAANINUNIUDILIFLIIIDEIFAD

231 @WUAUBINTHARR

'
o ar

antAEINa03ianRaLTinnse el uRINdAtyninsenistinfinfia anmeq

] = o wa

sersieanaidoulsznay lasea¥1eqania wardniiRnseiuaniiadanTasinnsesse

PN

a A = [~

WuRe1a1929:vFaEau i AN nTeINstinfinendeTeuludunstinfnsendneidx

o o

fududmsniuiuaniazaestusessia (Interfacial layer) MAnTLTId N NULTAN

sl Tosan
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1. Mechanical interfacial layer

i}/ | d” a dQ( o o dld A 3| al 2
dusasatlszinnilaziiatuiutusnsandanagaseviadugngu Aduazidnlllu
gnguandaluLFionar el Surface mobility uaz Wetting  7tieanannlinistingin

'
o =

\EanaifinGu (Interlocking)  N19EARATUAUANHIENNBANTBITAANUINNTINAY Tu

~ o 2 a Adady A a & a = | o = | a )
ﬂimu@ﬂﬁmiﬂmrflmmmmwum%mﬁ;ngﬂermLﬁmﬂmwmmLL@ﬂNNﬂ’]ﬁ‘Lﬂﬁﬁﬂx‘iQ’N“ﬂ@ﬂ

IREIGID

0.0.0.0.0.0.0.0.0.0.98.,0.00000 A
. .0:0.0.0 o .o:o 0%6%%% %% %%

00 o 000 000 o 0000000 o 0 OOOOOO A
OQOOOOOOO 000000 OOOOOOOOOOOOOOOOOO
oQOOODOOOOOOOOOOOOOOOOOOQOOOOQOOO
0000000000 0CO0D00O0CO0O0 B

AN 2.10 anEnzseafawLL Mechanical anchoring

2. Monolayer on monolayer
segpallsvinnilaziinainnsdelau (Transition) andagiiudsulildeias il
FUHLAINBENITIAFY LTNUNAANTTANENINATLNILs2aN0s 0.2 — 0.5 nm sesalssinnil
a A s ' 5 . a 49( = =2 1 a aaa = a
qziintaeflaiiinisuns (Diffusion) ARl TaunnaneasliiniafinUisaned uaziinaas
o % I = dl 1= a aaa al o t% a 1 1
Fuansnazfesuinuazizay wazitasainiiidnisfadiseeinilienafindesdnemss

saeifann linstinAn lum

L]

Q...
$0C®0®0® 080
Q

@

OO W, °OOOOODO‘:’G} Q0 0 0 O
o] 000000
o

=)

O
(4]

L}
0
o]

O
(s =

o

ogogogozogogog 2 g g g 0
000O0CO0O0OCO0
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3. Chemical-bonding interfacial layer
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5. Pseudodiffusion interfacial layer
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2.3.2.1 Physisorption
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2.3.2.2 Chemisorption
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1. MTNIAINNAZBIAAIEIFINIRZAE
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o = = 2 A A o o a ¥
nsldnisnanszarnIauTalAda U LiaNariNAnd uneaanantantiny

o y  amd P & - P &
ﬂ?:UQUﬂqTV]qﬁqqﬂmxﬂqmm"Jﬂ'Jﬁuﬂ@usﬂqQQ’]ﬂIfﬂﬂLﬁ@‘ﬂ‘uLL@ﬂLﬂ@?ﬂuwumqquuﬂq?ﬁmuﬁ‘@

|
& &

' X 9 9 T == oA = o . =
n3qu uasia i liuis avntiuasaeiduuaninasaanisazinniely Laminar  flow e
tlaaiunistuilendnais

4. maviaawazeInnaenIsilaselszq Wi (Electrical discharge)
aa ;ll @ aa o d‘ o o I < | d‘ A al &
28N130UAEN AN AZR1ANALNNNNTAAAINN AL TIALTINEUNAZLAR DLW A
Taginfuanaznin1g lAUsTEINIAReNTIRLLAZANTNAKLAL A NFANAN lun17Uaas
szqWiinag Tudae 500 - 5,000 Taas duainsnazidnliag Ty Plasma Inedlisasstadiniy
a v a o ‘ﬁl [~| %
NATUATATYNICANENAIEIDLANATAU (Electron bombardment) Fafluleaauuan AnuFan
a v a A 2 dld [ oI o % 901 .
WAZNN99EANENAERLANATEUNTEARE laaa UNTNAILAI LN IN19A81N (Desorption)

d‘ o al nij dl | a A o 2 dl ¥ o !
wgngmuummﬂmﬂﬂumLﬂumﬁ?@umﬂ m@mxmmm@@ﬂmL@uwgﬂﬂimu%miﬂzgm?

' (%
aa o o

a aaa a o al Ag all f~1 a a 6 o v a
Wad)Atealdudadwideuniduarsgunsd Mliiialuananivdniuiuas

Angilsznauiisziviedng

2.4.2.2 nsUsSURATURLASH

a a 1

ﬂ’]‘iLﬁﬂﬁu’j“ﬂﬂﬁi‘ﬂLL@Zﬂ’]’j‘ﬁmaG]llﬁzf'a‘/‘]_l’ﬂﬂﬁw@‘ﬂﬂ’]\‘iiﬂ’]ﬂ'ﬂ’]ﬂiﬁ?\‘i’é‘is‘j‘/’]\‘mqﬂﬂqﬂﬂqwLL@ZZ

Tasea¥ranisiainasioduainsnsandeiuningdiaes (AnuuzBoy ARy Laz13152)

satiunnsUsuRaninrastuamsani ilpseaieialasullduazanadenasanistinmale

(e A
POLISHED GLASS SURFACE

//; L
' X : ROUGHNESS

A
_/—\_N\_/—LJWV\ c
: WAVINESS l
| A -

pE——————
FLATNESS

A 2.16 Uszinnlpsadrsresiaduainss”



27

v a 4 dl Y o vy ay v aa |addla Y o ! ! A v a
ﬂ']’j‘ﬂi‘]_l&l’)ﬂu’ﬁ/lslﬁﬂ‘]_lLLﬂ'JlIvLﬁ‘W@WEQﬁLLﬁ]QﬁVIuENIﬁﬂu@ﬂ’NLLW?M@’]EIﬂﬂﬂ’]‘J‘ﬂﬂNQ

49, 50

saensalalasngesin® nsdfuialrenisindusessesendidqunuduamn* * uay

A lsRouti danerInnaieiasullinanisdnsaanszansm e

1. maniadasagnsalalasgaasn (HF)

=

nsnlalasvigeesnisentaniudinsniauiaudunsnefiunsdnignsnisiansen

' I

suusausidndndunsaden Haonuainnsalunisazaiedan lduanaatinlaaianizlszinn

¥
o =2 a

aanlas Aetiy HF auflundanldiuadrsunsuanalunisdniiandariasannuiai

e A aa

douilsznauvaniduianeulaeanlafizadani (Si0,) uanainiinsagiaideaiunsnnidn

e lisaauaniinnisieaslsluianulsne™

o o o X .
LAZAINTONNAA AU WL unenknnIg

o & o

Aanasn i untanlun1suin MR AN AL e AR NN I UA LATANAUNITAARLIAN

fine®"

H—F

i 2.17 Taseaseanansalalnsngaasn®™

'
aAaa

AN9AARNARENTARINTDLLAENIATNAF 1NN ARTARA IS e AARWYN

a

R

ARAae HF

2he D)

avmn Rt restameuialareiiiulalngaun ((H) Wielansanda (-OH) IuTeasiana

antRA1eiuAe g1usnnRanalaglalnsauazinliudnaand® ldtausin (Hydrophobic)

widndanelulansandaasyinlilanThoeuin (Hydrophilic)

'
v Aa o a

TugnesiuAnaase 1960 Wnadeldanuunlasaaireiinaes Sio, aanilu 4 uuu® a

wanslunnd 2.18 TmﬂﬁmiﬁmaqﬁLﬂuma‘lﬂmﬁwﬂhﬁﬂﬁimm?wﬁqﬁmﬁmfgmm:ﬁ
anwourlaseairalunuy |, 1 uaz 11l wasfin1edulingudiuuy Il uay Il azdNnsofianig
il OH #ael F uaziinisiin Nucleophilic attack Gaanisii OH dinlilaZ1ang Silanol
uufinzes S0, ldneandan uenanifldfinsseausfigiuin HE azdnldsnzidnm
IANTere9TaARUNLAaNTLAY (Silicon-oxygen network) Taenile HFE uanslugnsazans

F azidnlilinsiernanaasianauuay H azidnldilnzaznanaasaandian v lvaiunsn

¥

\Dadantiraes Sio, 16 (wanslunind 2.19) asiuazimiulddinislenzanslnseaig sio,

wudrAtysianiadafiontin nasidudndanluljisenazdosdnldiiaalaseaiienioves

o

sio, WiAmiluwuy 1| Tedraunnnsinsaansa HF



28

a Typel b Typell

Structure Structure

€ Typelil d TypelV  siuciure

Structure Structure Structure Structure

Structure Structure

NI 2.18 TAsaas19faeas Silica tetrahedron 914 4 wu™”

- /F
W - !
/Sli‘__ F""'S"wo
| s {IJH [
Si .
A0
NG o~
(6] A
O o g

i 2.19 nadnin§isenaes HF uulpssinedanen®™

Ufisenvesniainiia Sio, Failulaseairendnvesuiafien HF - Haoinduden

mnnduantluannisi 2.11 feuansielfisenlnesan nalnnsfindjisatnaagias

aa o

Buan HF azdlilgadud Silicon lattice bond Gazinliiuseszndnsdanouiuanndia
1 a o -3 (53) o :I/ v a % addg/ o va
doulaaIuaziinnIsaaeiuscau” AsiunisUiuiondnsaedsiazinliialaaungnsy

X o LA , . o o 8y a . . a 3
NNAUTIRZTILNN Mechanical bonding LL@ZEJ\W]’]I‘MLH@H@N Silanol UUNINITIRTNITH

o a

nUiseniuleseuseslansliinidadsunistinfnldduinau®

Si0, + 6HF, —= 2H,0, + HSiF,g (@un137 2.11)



29

2. MaANTusasAasuINNSNALTUAR AR aunuiaAae (26 (SnCl,) "0
Tunszusunisadeuian[Iusaadsnsquindaaunu ldlE W indauninazlduda

Wuduainsaaaduianinldld Catalytic  surface  Astiunisfazsin1iiia Autocatalytic

%
VLB/dQ =<

deposition  lfAENANASHENINNMsUFLRAMEAeuN TIARRLAEN squuAn Tuansarane

1
' o o =

aunuiiamaalss aan1rRnadNndunsRNTUsa AT NaNAUTUALATANLTEN 1IN

e = = a o 2/ v a A ¥ @ o . A
NIZUUNNT Sensitizing BauNenensiANdansu e Weaguuiaie ldidusiumen
nliiAndaweaaa (Nucleation site) A miunisiindaadaanes Adatom™
a <3 dl | KX a o 1% 1% 1 '
ayniaRuanT Midudszquanluasazansastinfniuuialiatiesdianienes
dl o a v o 2+ a 3| a
\Ha SnCl, lugnsazarsuansnesn Rowfoazgadu Sn” uuialu Monolayer lalagfinann
NIUENAREIAIU (Hydrolysis) 3811974 SIOH Megiuuioufaiy Sn” Nagluansazanami
TWarnanedlalnsiaungaaanainiowiouay Sn° azdnllduAvesnesaeseandiauuuin
wounusazinliag luglees Sno,  Raufaasiiagnsdlulszqauninauwiiesain sn &
dszqiilu +2 Tuanzheandiau 2 avmen Juszaausaniuudaiy -4 Aniulseqmuianun
uuiaufauily 2 inliag” arunsadnsnIndiuiaudald aaniu Ag” azgnamadsiog Sn*'
1 a a aaa a % ‘ﬁl a L4 a
wazinzeguuie nalnnsnnUisenaes Sn uwkaufadadnanzifaamaiia XPs  Tag

Pederson #1170NATRIAFIANNI9N 2.12, 2.13 WAz 2.14

] I o
--?i—OH +SnCh + H:Q <— SE:I—-O—Sn—OH + 2H" + 3CI” (ANN19N 2.12)

~ o
AN TN~
OH 0
Si—OH Mo '
= +8nCl- =— 0 TYSsn+2H 3G (aunnaf 2.14)
""“——?i—OH ..-?i--O/

aunadsduugns§iTennisuanilasuaes sn’ fAnTuLuRauY AN
Ag” AesdnunadeuuuuAadeuansluannied 2,15 ilfluszezuanaesninind §isen
Ag” azgnwizaiuazaansaaReLLuRanilE e Ag” uimzetuuRisuiauazgniaad
o Sn” T Sn*" aglididnmsanun Ag” aunanafluaynialu Ag” uaz Sn”'aznaneiiu

sn* Fan93enduad Sn2+
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O"\ + ~ /0\ 4 Ag i
S i Ssn’ +2Ag" «——  Si Sn~ aun1si 2.15

3. mMadaRenIEAENIIETAReUATIUA (SIC paper grinding)
o Y @ aa al d’l’ alla £ Kz o ezalds" all a
ntmsaenszaEnedudsnisiununla liunduainsana lEa NN lun1she
. 2 X o e de oay , , "
WIUINLARFIAANNINTULALALNAZIANT N AN Mechanical  bonding 78

. % ¥ ] a X a val é( ai o o
Interlocking Zgﬂ‘Vl’]ElLL@Q’Q%’Z‘NLﬂimﬂqiﬂﬂﬁlﬂiﬂﬂﬁ\l’]ﬂﬁlu m:mwmmmiﬂﬂumﬂm‘mmmﬂ

o

SiC Failuansndauudegeds 9 — 9.5 lusysil Mohs scale Mnliiiludan i ldlunisdn

Q

P ufauNNlaTIBINITAENIILATIIUIAUN AR TRABY

(Grinding materials)”®’
prfludlaiwiniulaeunneanan auinnsuaz lnavinlinuioneny luaneinunaiags
=3 o azj a = -é( o o ¥
WIANTUALLAN AW W UTazIREANINTUASIAAS lUAIANWIN 2 Tunszuaunisdn wia
Aot waniduazuiaang naldusnsziizeansulunszaiunaedaneuaiilud n1edn

agldriniudodiuanguunInnaineaannaiia Plastic deformation tnsuaaeiannlddn

ALAAILIINITLAILAZAUIADUNIATLANDANTLUINNNNITT AR LAVTUAUI AN TUUD

Y
4
N

nsza1nag adnelafinniangninaziiaonagascuasifinilfasaauanuazauila

unsnaudnlilda

PN 2.20 anvnizlaseainqaniarenszaensedanounslus (No.600)*
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243 ANEWATRIIENIFLARDLU
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ANgNATUIatFa LA FUANENARENINNINAINNITLIWANTLARAL TULFAAZIUA AU

' '
o al o a 4

n3zLUNsAReUTUR daudn AniiasinlAnn 3T aRnTiAlE dwiunisiindniiaseming
Afuiuduamsalngiilludansldndesudnld lunszusunnndeududeiduier
THAANAIIIUN LU IHAINI0LAANILUAUNIINIINILAINLATNIZLIUNTN AT
wasuanan liiialuiana wia ”Lfa@@@uwﬁqmuzgﬁu u@ﬂmﬂﬁ@mmﬁmmﬁﬁummmﬁﬁ
NARENSTNRABLNINNN FITUEMIINNITLE ENINNNTLARBUATBIRIMT N1TUNS UaS
mw”lwi@ﬂﬁﬁ?mmﬁﬁu%”lﬁi”um@ﬂmnmﬂwmnmngmmﬁmmbﬁmme FWiiuinen
NN3EARARMAIN AN IR ANNANNRUS T NN BN NLAZ UL LATE T UAUN G199

Incident atom wazgnuniresiuansmiunan

2.4.4 n15UN (Aging)

Wo‘d‘d o

ANNLADLILIL '&melu‘wﬂﬂﬂj ﬂ?fﬁﬂu?gu‘uqzvb\h@aﬂ?ﬂﬁﬂqqﬂLﬁgﬂUL@§@1ﬂﬂij
a P Ay ) o= Yy = |
?5”'1_@5”1ﬁﬂqﬁ\Lﬂ@ﬂuLLﬂ@\?Wq\?ﬂqﬂﬂqWLL@ZL@NVLULﬁ‘ﬂﬂ"] AUNAINACLANEUTANALAAINNITUH
~ o P =~ - S s o o a , o A
LW@IM?ZUUNﬂQWNL@ﬂHiNﬁﬂﬂJu ﬁjuﬁmuﬂ’hﬁu&lwq:mfﬂ\mqLuuvl,ﬂ‘ﬂ?;lﬂ\‘mﬂ“] Nﬂ% 3
A a aaa = a ?n// 1 1Y 1 ?.\’/ 1 ¥ o é‘l
NITUIUNITAR mﬁ‘mmﬂgm‘mLﬂNIH‘].I’;‘L'JﬂAﬁ]‘lA?’ﬂEIM@ ﬂq?LLW?quNquﬁ]uﬁ‘@ﬂm@Laﬂ’]‘lﬂﬂ\uuﬂ

o

= o = XX o a

Tap) waznailasulnseaienan nezuaunIsvalarIuiug U NetneNn
o A Y v v o o a A , R a
uanandadannatan ludnssuuaedaiidadeaus anuinuiangenasen1staRmmn
a | Aale o o > | 3 & ! & R o
ATENINNANALTLAATAFAIULANTZLIUNINAUARAL TEWINNLAREL LASWASIARRLTNTIA4aE
nafug N ludunausie ukdrAyuanidanasienistinfnduinuaznisfaviia
A28l AR A TR Emmzfﬁ’fmﬁ Fracture toughness 44 A1uiites (Flaws waz Defects) 78t

s A e @ 4 a
wanA I BeuAN (Blunt crack) AMNTasrIassatfaTea L Tusan s ALuANI9TINIg
wE{FR8ILAN (Crack propagation) AANNLAWAN wazFaaliinalnanisi@enanin Aaiiunig

A al e K 3| Ql dl a 1 dl k% 1 = 2//
wasLiaNauludanaviaandeunazsesldlalunnmeaviaaauazyniuney

25 ANUANITANULLATILSE (Antibacterial activity)(w)

lutlaqiiuiuuanFannuislvived lwaindszanduaesautaiudunsese
g RnIsAneAuAd AL LN sFuLLAN T AR EsNe) W enldaldudanis

WwinyiulnaesuuafiGalaanssnialudenie® wiedndeaessine Aldludindsyandu®
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o v o = o 0 v a \ \ o o ~ =
nsAuafrdunanilinenaztlesiuladlfifanisunsnszasleangauinlinuiigunng
Hpanudsalunnadlulsatiasas

AHUHNeialdaa9n 1A uLLATLTE (Antibacterial)  Aa @130 llsUnauANg
wingALlnuaznsunIRugI0IuLAN G Tvazutvaaniduasingulun muaauialy

o o a a Y ! = , Ao A Yo o
nsfiugauarn1aiingennAng nguusnaziiunguivinarauuan e ldiunusaisazunall

, P & o 2 Y o o Aa Yy
atin9mm3y (Ineni3ssmevizanisaanssia) waz linedaunndeniualunisdnuuuance 1y
. . 1 & a '8 & = e a 1 i‘
(Non-residue-producing) 11 waanages Aaasw lafaanladuazuesnlas anngumuil
dounnndsznavlisasanlsznausqludntdannAnalunisdudeuu e e T aunuLungiin
WasiTeuarNlse@nsn ne191uTu (Residue-producing) viu asTagiu nstaanfunu
4 e o 2 4 4,
wuaapanibonaaales usy Auanslumnem 2.4 uaza1999 2.5 Tanguaaslans

winanat luilszinnaes Residue-producing antibacterial

F19797 2.4 uansanssinuuAfiFelungu Non-residue-Producing antibacterials®

Substance group Substance
1. Alcohols Ethanol
Isopropanol
2. Aldehyde Glutaraldehyde
Formaldehyde

3. Halogen — releasing compounds | Chlorine compounds

lodine compounds

4. Peroxide Hydrogen peroxide
Ozone

Peracetic acid

5. Gaseous substance Ethylene oxide

Formaldehyde
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19797 2.5 uansanssnuuuAfiGelungs Residue-producing antibacterial®

Substance group Substance
1. Anilides Tricocarban
2. Biguanides Chlorhexidine
Alexidine
Polymeric biguanides
3. Bisphenols Triclosan
Hexachlorophene
4. Halophenols PCMX (p-chloro-m-xylenol)
5. Heavy metals Silver compounds
Mercury compounds
6. Phenols and cresols Phenol
Cresol
7. Quaternary ammonium compounds Cetrimide
Benzalkonium chloride
Cetylpyridinium chloride

251 @19ANULUATNILIE (Antibacterial agents)m

TunisaauanuuAiizaazuiseaniilu 2 35A038n13M9N AN 1w N3 lEAN
Fau n197in Autoclave nsvinmnaaeled sy wazdinimnaniilnsendeansiaiidunan

a ' o & 4 s

nsldasiainldluntsdnunuanFaazinasie nilvad wWavuaad 11sAu wsa DNA

. . . dl [ o a a o t% a a ] ] &
(Deoxyribonucleic acid) aifluatsiugnssuaesuuaiFeinuuafiGeldainsaulaunas
Tuazaelllungs nasasansiaiazinlasunlasnuguuugi szazinanlunnsduda uas
Funnuaesasauyizadnutenlueinid wanannideluiu Araauiiduna-ane  (pH)
Anadndy wazanlrdaesansiail IngasildlunnssiuiuanFelnse il

1. Phenolic \luansnldlanumalsanaisaia dadunisliunlasuluanases
Wuaa Wnanissindelsaluseausiieliunansdaanistiuilasulassairsiuanasns

TilsAuuasinanefiaviumaduesiae
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2. Alcohol Winautwaeaiu Phenolic Taaunnagldaruidudunasarsazans 70%
- = a o = . co Ny R
w90 90% viseluiviaefmaluansinanszudnueanegediua AN ULLANTE R
3. Halogen (lalafu paasu Tusiu was Weeesw) uanshldszdunissinuiae
unansuazazinasluinvzeuuATaslaunndusaiouls dedivliannsnseyilszinm
299n198Te lausiAadnazdn lliunlaaulassairtuanasasilsbu
4. Oxidizing agent \11 Hydrogen peroxide, Ozone WAy Peracetic acid uansh
TinanisdiuuuanFugelnanislaeaeyyaresaandian (Oxygen radical) Faifluisiy
a = a Ay vy =
qauvadinaenizuuaiBalssinniiisiasniseandiaulunismala
5. Surfactant #13ndnetlunguiiae ayuavnednen lngazdnlivinanaladuuu
oo e X4 o o dew of [ A 4
ulvmadreuTeTdnet lungui lnan 9 wmas
6. Heavy-metal ions 11 As, Ag, Hg, Cu AT Zn dluash linannsfnuideniaa
Az liinanalaseaillsfivaass
7. Aldehyde \fluansnliinanissinueg/luss fugailesaniianiaimenleaiuaemsy
Heridululdsfuuaznanticnd@nueate Dunld 2% 199a13aranngAILRaR LaR WIe 37%
we9d19azaenesNaR lad lunsdndaluatinsninianisunnduas 4 lunisnasen
8. Gaseous agent oA Ethylene oxide, Propylene oxide WAL Beta-propiolactone
Wnanssiwdeseiugelddmiunismildglnsafinlugls Usmeaainide (Sterilize) uwsiufia
! agf a a ¥ v & ' @ a v
wantiansnsniianisszilinlauazdailuasnonzideansae
9. Enzyme fusnfenldlunsouenevnsuazidudsnldifianisianseauuas
vinanalunienndn Prion TulATasilaniansunne
10. Antimicrobial #1393 Antibiotic, Semisynthetics Waz Synthetic g ldlu

nainelsausannsadnliag luseauiunanslunissinge
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= 163)

Method

Action(s)

Level of Activity

Some Uses

Phenol (carbolic acid)

Denatures protein and
disrupts cell

membranes

Intermediate to low

Original surgical antiseptic;
now replaced by less
odorous and injurious

phenolics

Phenolics

(chemically altered
phenol; bisphenols are
composed of a pair of

linked phenolics)

Denatures protein and
disrupts cell

membranes

Intermediate to low

Disinfectants and antiseptics

Alcohols

Denatures protein and
disrupts cell

membranes

Intermediate

Disinfectants, antiseptics and

as a solvent in tinctures

Halogens (iodine,

Presumably denature

Intermediate

Disinfectants, antiseptics,

chlorine, bromine, and proteins and water purification
fluorine)
Oxidizing agents Denature proteins by High Disinfectantsm antiseptics for
(peroxides, ozone, and oxidation deep wounds, water
peracetic acid) purification, and sterilization
of food-processing and
medical equipment
Surfactants (soap and | Decrease surface Low Soaps: degerming;
detergents) tension of water and detergents: anticeptic
disrupt cell
membranes
Heavymetals (arsenic, | Denature proteins Low Fungistats in paints; silver
zinc, mercury, silver, nitrate cream: surgical
copper, etc. dressings, burn cream, and
catheters; copper: algicide in
water reservoirs, swimming
pools, and aquariums
Aldehydes Denature proteins High Disinfectant and embalming
(glutaraldehyde and fluid

formaldehyde)
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Gaseous agents Denature proteins High Sterilization of heat-and
(ethylene oxide, water-sensitive objects
propylene oxide, and

beta-propioactone)

Enzymes Denature proteins High against target | Removal of prions on medical
substrate instruments
Antimicrobials Act against cell walls, Intermediate to low | Disinfectants and treatment
cell membranes, of infectious diseases

protein synthesis, and

DNA transcription and

replication

252 nalnlunisAunuaEa®
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o = , Y ~ - o A o a oA
W lalanaraduuazmruaunisiudneanaasasadlugas navinanatiafulilsiuse
Wealnalla (Phospholipid) Aagianslar fAnuazinligenussqagnis usagdiianisialua

Tafluanmnivinlimadanels
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i

Peptidoglycan layer \

(el walt) \ | 'I

Cell membrane —~

I~
L

Lipateicheic acid

(a) Gram-positive bacteria

Integral
protein

Polysaccharide

B / /,men

i 2 It Ty l P Porin

(sectioned)

LFS layer
Parin W

Quiter
— membrane

= = ; 2 | i 1

e of cell wall / j—— Peniplasmic space
Peptidoglycan i W J =

layer of cell wull/ B ]

Cell membrane e

(b) Gram-negative bacteria

Phaspholipid layers

Integral
proteins
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Hae



38

. P SNy a 2 A Ay s 0,
slumuﬂﬂ\‘mﬂvlﬂmﬁ‘mmmﬂ%Li‘ﬂﬂ’)ﬂ@uﬂ’]ﬂL\‘iuuu ‘ﬂuﬂ']ﬂNuV]iNNﬂizﬂ (Ag) LHB

v
o o o

waudwmnaanazi linanedulessn (Ag)  Baduaisnauisanaldiianisduds
wuafiFels Inelesausesiuasdrldindjisaniunguloees (-SH) 2eslusfinuaziug
299 DNA fauanslunnd 2.22 asrlilgnisdudanszusunisunelanzanisaaienasn

4 &

299 DNA uananifailnasionisuifovesmaguazinaiedaniviaiucias (Cell envelope)
> py o o - A o o o P P X

dunanilsenavldfaemiiuaaduazitiofuitasinalnlunissiunuaiGoasiiuunau
A - a ] o ] v X (65) 4 o o
WamnnguunuazAiauiiunga-ang  (pH)  TEnnau® Inaduneulunisduds

WUAT B9 RUAEALa A9 A NT 2.23

Anti-microbial mechanism of silver i'g_iiﬁ-;]

Az silver ons ane “laken o
vierobes, ey react and bond o
the celivlar enzyme microfes,
This inhibits enzyme aclivity
and multiplication of microbes,
thus extinguishing the microbes,

A 2.22 nalnlunisdusausan Gusnglaaauaestu®

@ Silver lons beeaking
ﬁ through the cel wall
N

Siver lons attaching
o the DNA ol the microbe
to stop cell repicabion
@ Siver sms disrupting
the respiration
of the microbe

AN 2.23 dupaunislunissugsuanFedoelaaauaqiiu®”
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[IneuddaTes WL Li wazanie” Alddnsnalnnissinuuuai Faaesaynia€
o \ ~ a Lo . R AaA A | a a
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¥ v a

AamNaN170 lungsusanisvnelaas E.coli ldunnmintiunas lafedaduiisgiusiluuy

d49 U

v
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Tunsdruuuadidelidreyniaiussduunluazinaraifiefuisasduuan (Outer
membrane) Peptidoglycan Wag Periplasm nai Faiunarlfifansialuaressad sesn
m,;mﬂszzﬁumiuﬁﬂﬂﬂ“@Lﬁlﬂﬁjmmzﬁ’%ﬂu (Inner membrane) WAZENNNAIYTZLLNG
nela Dehydrogenases AU lilaaame Safluduldannnd 2.24 W%’@uﬁuﬁwmﬂﬁu

seauunluanunsadenansznusalisfivuasladunaswn (Phosphate lipid) uazinlignns
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nanadauirasvinliaadiianisaanasiauaznielllungn
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:

NINT 2.24 nWEne SEM (a, b) Uaz TEM (c, d) 284n19€1UEl E.coli freanninRusyay
w1l Ine a, ¢ 1lulAg9a519294 E.coli BNAL LA b, d 1lulasaad1eued E.coli nagainunu

annARusz AU "’
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253 ANMNANNUSTEUINANTHAMNTALUINLNITANUBLATILSE

o

auilfAaTe LA ANANN AT 1T MAST] spedndangiuiareends 1in
mnﬂﬁﬁ?miwdwiuL@qmﬁ@%\amq?{qﬁmﬂﬂﬁﬁu 3zduANTRLN (Wettability)
QNNINUAFREILINANARTTNINNIS Adhesive 11U Cohesive FaUsULL Adhesive 331909
gaamarfuresuisassinlfeamarinenadliAAnsuAnITaNEFILUNLAY §9uusauLL
Cohesive %Lﬁmmﬂummmm%ﬁﬂﬁlﬁmLﬂu‘wmﬁﬂﬂ@m LAzvANLALINTEL AT
Noifin™

mif"a’mmuﬁﬁmfmmfauﬁﬁﬁﬂmmmﬁmgmﬁmﬁm (Contact angle %38 Wetting
angle, 0) i amasduiatuaesudsiaiheaannusseming Adhesive fiu Cohesive
frmeamadNnsausnTzanaULNsRa [EThis el Surface energy gaUATALIN
Tiyndniaanag %Ixﬁminguﬁummmméimqm”lﬁmﬂLmﬁqaf;i:udmmﬁhm PLLAR

un1ni 2.25 uazaunisn 2.16 (Young's equation)

AINA 2.25 139TTUINane AN LN LR a9 ude©

Yig COS 0 = Vsg — 7Vl (@un1sh 2.16)

=l A 1 [ 2]
) Vig  ABLINTENINNI8UNAdNLLA A

Vsg AausITEINeesudaiLuia

Vg  AsussTudnereduwiviutecman

0 ﬁ@mguﬁuﬁm (Wetting angle)
¥ ° % o N ¥ o
0 Vsg> Ve azi1licosd > 0 uar 0 <90 ussvantiATaun (Hydrophilicity)

(
0 Vg < Vg axinli cosd < 0 waz 6 > 90" uansaNtR lalgannin (Hydrophobicity)
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F197 2.7 AnudNiussend N ANTatuANTa L e LRe "

NNANTa Wettability Anwoueitlang
0=0° Perfect wetting y———%
0 <90° High wettability B
0=90° Incomplete wetting r/’ \.
" RN,
0>90° Low wettability . '
g
. ’_'\
0 =180 Perfect non-wettability { |
\\ 4

o

Tun1sFuLLAN B ANTTRAINTaUTNA g8 TN sasuNen i Un1I N 1 a
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AuiuRaresdan (N Lotus effect) MnlilanianuuanGaazaguuianiviasaidanalidan

q

Usaannuuan e ldduiugalunsaiiasldeuludnene Self-cleaning surface
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o A o o

=KX a 1 o all 1 o . é’ ngll a o
ﬂ’]ﬁ‘ﬁﬁ[ﬂﬂﬁ‘%‘WJ’N"JEQQV]VLNH’]VLWWWﬂUW@NI@VZ@vﬂu UANBOUSWUNITBAITLRALA TH

'
a o A =<

| 1 =KX o G| v o g = a d‘d o va
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°ua;sui:mﬂ'%uﬁqa?ﬁmimqmﬂmwu%mﬁ NI9NARIAILNIA m'ﬂﬁu%m@wimwdwﬁm
I anen13daees D.J. Monk uazanue™ Tiduananalnnaialfisanzesnieinga
Famaulaeenlaf(sio)  deunsalalnswgeein(HF)  ilenislduszlamTludy
Micromachining wudﬁﬂﬁ'ﬁ?ﬁmm?ﬁmﬁmﬁmﬁuﬂi:ﬂ@uiﬂﬁmﬂﬁ'ﬁ?mmﬁﬁ'awm Sio,

TnaFuannanliinaeiusy Siloxane ( Si —O- Si )AiE2es SO, Winanaiflumy Silanol
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1
o

nszuaunstiilunisiiafidngaesiia Sio, el Fluorinate  species (F)  findfjfisendu
FRAaU ey Silanol  azfidanaidu OH  yinlidreuinisnljisaniuaisaulaenis

wanitlaauilerq uaraneuddaaes D.B. Fan uazany” I8ANEINszuaunsLSuRasae

°

HF faun1sdauASNLNe MnS Luufawudngld HE Sunumdndnyluntstinfnszmnans

' 1
c aa 1 ¥

Afu MnS  AunAalaswianniunsl5uRnazlinnstiamauasiannAnd AN L liHwnng
uliamay HF - azvinliialavnagessnaudailunisiia Nucleation  site lunns

\NnUA3NUUL Heterogeneous vizaifiniiufiaNannsngaduneassfiinlussazans

%

Nty wananndansUiuiadas HE uda Sainnsulfufindaedamnani Tealdiuudn
Yiufe33 Sensitizing Tneldaunudanaalsd(SnCl) aneuddeans LR, Pederson® &
WReufleunsAnenusAnsnagesansazany Sncl, waz Sncl, Avuiiniiflu Sensitizing
agent ﬁfmm?lmfl@ X-ray photoelectron spectroscopy (XPS) Lﬁ@ﬁ’ﬂ%ﬂ’mﬂ@iﬂﬁlm
N9LUIUNNT Sensitization  WiITWgaIENTaTAE T UIBIALALTATIN 1 FLRaas Tl

paalaRtsnguaziius Sn” windunasflunmenssudng Ag fiuuiada Ag azduiueszmen

4
Ao A

294 Sn 1udn31 2:1 911 Sn” nanendli St UAdElaeARRRIRLNNLWAAEYRY J. Jie baY

1 1% 1 14
=X 9 =

X. Chao'” N1#3tA13i Oxidation state 184 Sn MAATULAAEAT XPS W91 Sn ARATUaLH

4 1
=< o

Oxidation state Lilu +4, +2 ez 0 Tudndaunsaiudsauiuananeeuiainadeanuin

1 o ] =3

winlug dndouaas Sn*" Aaviietdasas  luanien Sn” way Sn’ AaziiNTy wananifas

0)

NI J. H. Moon uazAnz™ AANHINITAUANAIINWLNTIBINITIAREL Ag 11

graNalngm AN NENRUEIE NI AN NT e Sn AuA N dnduaes Ag el
A P & 19 2)Q = Y o o 8 v a &
Reulaiwunzanlunsiadey Ag wudileinaAudndures Sn azinldinannsAdey
PN X P A v oAy \ \ &

2199 Ag NN Twansiuuioufan lifeznenass Sn agarldnunisindauast Ag
a 49( 1 ¥ £ Z// 1 dl ¥ £ QI é’

nnTu Tudouresnudnduaed Sn TunudlaANdNTINNTUIUIANIULLIBUNA
Ag Aazfliaamingn wananiladeniesunisdiuianaunisiaaeuudn felatmnauly

2 . o gua =2 A Aa ' = oo BHY v
mum’ﬂuﬁlﬁﬂ“‘] VlVl”]lMLﬂmﬂ’]iﬂmﬁlmVlmLmuﬂixuquﬂﬁﬂqmm@’ﬂ‘u Tmﬁlmmﬁu%ﬂﬂ]m Y.Lu VL@

' '
a = v a v

=] o al & al & a a 13 o/ o
ANHINITPARUNSN Cu  UuRaNnwadanaungnUfutinsaslaan Inaldnisdudans

a

latpsansanudInlsslaminasnisdusaadandilaiialuauilfanssduazdoslauianas)

u

%

a al e a aa o b2 o a A a aa ddg( uI/ o
uummmvxlauwamﬂmumﬂu Cu @nunganzAuHan N‘W@@L@V]@uiﬂﬂ‘lluLL@ZLLT\‘muqsz

t% 1 S| <3 = o ! I a e A =
Tinsurwialugjaes Cu unnesniduanniaidnT deazinlugnisindeuidunuicuaz

U

»

a

= s o = o R Ay . a A =
ﬂ’]’]NLﬁ'HU@N’]L@N@VLﬂ @ﬂﬁ@@ﬂﬁu@m@ﬂm@m@ﬂq?ﬂmmﬁﬂ'ﬂ’ﬂmvﬂﬂﬁluﬂf]ﬁ‘ Anneal 421N

Kl a
'

NUAdEe89 G.J. Yang uazanz”” THAnenaresguuninldlunis Anneal aunia Tio,
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1 o ! KX a ' dl Ql a =X o o
Tudiag 300 — 600 C FaNTEIARANLAEANNEUUNNTUNT Anneal lauis 500 C [z

Kl a

a A ' a @ IS

Tin1stinfnatunazudsanguugsenatauuaidulunistinfnfiazianaiuanidn
NIZLAUNNINNANNFRUTGUN RN TANANNTOTRNTEA R A L6

TwaudsailsAnepdau sy Ruasuuiiodadunne Ul A AN S uud

'
al

antiAlunisdrunuanzandlsr@niningainlilauidaninunaffneiifea iy

Usz@ninnrasayniaRusenisfiuluaiGe 1l 9uldeaes G.J. Chi wazaue'™ 16

a a a

A a a6 Iy a a ?.I/ o o a2 &
Lﬂ@ﬂ‘i.l’ﬂiéﬂ’?ﬁL\?‘LL@\T]_I‘L&‘V\I@NLLﬂIu1ﬂsﬁ°ﬂﬂQﬂ$@“NLuﬂNIﬁﬂIuﬂuLL?ﬂ’QzV]’ﬂﬂﬂ@NLuF;INLﬂﬂ‘V\I@lI

al

aanlmFainni3ldnszuaunis il eRn l9nszwansalnalfunl asuAANFNaAneR 5, 10

waz 15 toas arntuazinlilindauayniatulag ldnszuaaduuazinlinaaaunissnu

o Ce

~ p - A o WMy A a aey \
LL‘LIﬂ‘VlL?ﬂTﬂﬂLﬂ??;l‘l_lLVIF;I‘LI?SWM\WJM\?’TLWILﬂ@ﬂ‘].lﬂ‘i_lvl,uvl,mLﬁ@‘ﬂ‘l_lmgm’]ﬂLQuVlbl‘m')’]Nﬁl’Nﬂﬂﬁ

F1197] AL TR UARNTIAAI LA ARUAEHAINANNTD TNNIFLLLAT Fgandn 95

&

wafidusinndu nanislsulasuaipanuaedneiuld s danasaniiuainsnlunisdu

q

LUATITEUAAEAINAR DU ATDITNIUIBIWAN UMY LAZAINITUARELD9 S. M. Lee UWATADLY

(16

1 v
a o

)N =R aAa ¥ a a
AN HaTaveYN1ARARAEANAINTT0 NI UL AN FETULLUNINLANLAY
= - ¥ N al 5 YRSV, = N
wNINAL AnuadATzinissiuuuaiFelaaldarndndusisiuresdaneflunemni 0.1
Tuand nFauiuiuiueuiligninddeaeuntaRunudn Fusuninisiag ayniaRuii

HAuaNngnlunIFuLUATIBEUNINLINLAZUNINALIGIDNFaEAY 99.99

| ¥ Sanily Ko, DU 090
| Tiest Sirvin | Siepfpdrrmm s ATUD s

AT 2.26 HANTTANULLATIFUTRALNTNUIN S.aureus W 7281219a0 24 F7lu4 (a) ldfnng

TndayniaRu (b) AnslatleyniaRu
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AN 2.27 HANIIFNUULATN FETRALNTNAL E.coli fW 32819an 24 G913 (a) Tdin1sladl

aNIARY (b) AnslatleyninRu
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aa o =\ o Qv
ABALIUNISIREY
TunuddanlainnisraeueynIARUUBEIAAeRE N 9quARe LU T F W
TnalgdnsufuReauinneunisquaday anduaziiuianldlilquansavaeildindauiae

1 | asd ¥ 19 & qI/ 1% o a g 1 dl ¥
LLU\T@'ﬂﬂLﬂuﬁ@\‘iQﬁﬁ‘ﬂﬂqﬁ‘sﬁ] LL@?JVLNELﬁﬂWﬁ‘@uW]H@@Wﬁqiﬁﬁuﬂluizﬁqq\iﬂqﬁﬂﬂ Lﬂﬂimﬂléﬂﬁﬁ

a A 1 ] py 1 ¥ | al o a 1 ¥ o a & 4ay Yyl 1
RuadauetivdaiiasaguuuitaunataiiuildnsauFeauda tandun ity

a o 4

nITLIUN1INIIANNFen Iiaqatlsraesuanlunisiiunsiafnsend s iaN RuiuwAa i

X o A& o = o N a o 1 val & a aa 2 a
UNAL AANTNAFNN e I ANIN1FukLARE Tasarandadnaz laNaNRuNNnIstinfna

o

VUABATH A NTALUN DA NAFANTTLNUNFULLATN 8 At AANIT L NTE AN TN

o

AN Pl uuAN FaRNTuLNa N1 AN AT LA AN AT ULT I NA19LAaTIAANI AN

)

! a

a A a X
LUANLFENNUTLANTNINNINAY

31 @5IANLATIRRALNLE lUNNSNAaDY

JRPRPYEY e ) , y JRPRPY o
a1l lflunmaansilldutveaniduansdaulunjAaarsiaiinldluntsd sy

HouthraunisaaauuazaisadnldlunisquedavueyniaRuuunladld il taedsn 14y

a A aad v A 4

nstfuioNeganithenisintontinfeansalalnsngeedn nnsnaeuausuiananles

U
] 1%

WATNIFAFIENTEANENIENAN WIAANITEH AR AT NI N AN RUAULAATY Tudqua89

'
=] a o

aynARuaguuiauiaiklfunaindfAsameaiaud (Tollen's reagent) @4AAAINNITY

'
a

Ufizenaevatsazauatnaiinpeansazatsdanafuonluiaganiausnmduuna i

aynataasnaudndy 5% arsavaslamunlansanlafiiudidlusonauauaaiy

1
o a

Wuwananudndu 10% uwazarsazated-nglaaniniimiusasasdnaaududu 5%

aAa sy o

" Ganefleasuazgnandaassiasaatliinataiilueyniadanesuarliinizeg)

Anuasu’

wuiawAn a9 Niflunmaaesivaesdauuansuniged 3.1 uay A19799 3.2

A1397 3.1 @19 ART I N s SuRaMTINa9LA0

ansLad ARG L3N IWAEN9BY
Hydrofluoric acid HF Merck 32057-09-3
Stannous(ll)Chloride SnCl,*2H,0 Ajax Finechem 10025-69-1
Hydrochloric acid HCI Merck 7647-01-0
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;13197 3.2 @ngwadnldlunsquiAaeL

GREIGIY 4naLAs U3 IWABN9DY

Silver nitrate AgNO, PROLABO 7761-88-8

Ammonium hydroxide NH,OH Merck 1336-21-6

Sodium Hydroxide NaOH Ajax Finechem 1310-73-2
D-glucose CeH,,04 Ajax Finechem 50-99-7

3.2 AN LATHHNWRINUIRE

3.2.1  NISMNANAZAIALNANAWNITUS LR

Inednfuduileinrestusnmdudaiueiniadnaziianistutewanssine] ol
= (4 v a o ! ! =|X a (3 =
aslaidaenislifiinlunimaaesnsziueiadinasanistnfnuazadAlsznaunaa
109 aN A Horesduamsnazluseivinldouniadn  innzeguuietaduusaniaaiu
wiauseAaudnege n1svinlianstmtaungaaanliiuasfasinaaiusssznineans

dutleududuaiasadslunsainduainsmiunia anstutlendnazifluayninaaeg
a a & A a a ¢ rdl v %; al| dlal 1 o

AraunTeviraanuyiad anraanlasnilsznaulidatinuariaunddiuilssnataalusiu

s nsnnAnNdzataRaniaN leuatenamun1s e azans nnsANEaL LazNIg

Tinszualifin ilusiu ialinisinaaulduiilss@ninngegatiu n19vinANazaIAln

[ 1
a o o '

FuammaaiudednAnsesinneunimaaasdua’”

v |
= Y |

Tun1maaastliaannszuaunIsNIANaLa1ARILA2835n 19 1d AT
san3lafia(Transonic 310, Elma) Issandeusedudaiunsanianianinina liinadas
seudnanstuitlauduiaufouazinnzivetramasunininuazvgaaaniilungn wsedu
AFlunmeaasiilaand 30 Aladsnd

= [ a' o Il [ . . Qi 4 .

NITLBITHNLNALTHANNNITAALNULND (Microscope slides ground edges glvia Sail
Brand) WiRau1A 1x1 A1979899 (AMNUUN 1 HABLNAT) LAduN lUnIANELaInAQsILATas
danalaialaandlunn Fnefdaaaluda (Reverse osmosis water) WAZIANIUAA DENAL

5 UNNATNANGL
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N

[ Glass slide 1x1 inch’ (thickness = 1 mm)

J

A 4

~
Washed by reverse osmosis water in

ultrasonic bath for 5 min

J

A 4

~
Washed by ethanol 95% in ultrasonic

bath for 5 min

J

AN 3.1 LAASTUAALNITNIANINAZBIALANARUNN TS URAUTN

3.2.2 n1sdsuBioutnuadwng

PAIRAINNIANNAZAALTEFALA wAfazutsaantily 2 UssinnAa whan tdenu

v a & dl Y @ L4 a a 1 ¥ A o
ﬂ’?ﬁ'ﬂﬁ‘ﬂﬂ\l’lﬂuﬁﬁﬂﬂ’ﬁ?&iﬁ]Lﬂuﬁ]’J@’N’ﬂ\ﬂuﬂ’ﬁ‘Lﬂ?‘HUL‘V]EI'LW“I'JWNLLﬁ]ﬂﬁl’N uazunaNuiuN1IlFu

a

foutihlaenislsutiantinnialunnmesasiiiiiaaaniily 3 Aasasaldl

3.2.2.1 msUsuRauinsemsnansalalnsWgaasn

wuaqulunsalalnsngeain aansdudu 1 Tuanfidunan 60, 90 uay 120 3u¥

AniuAa g9t nefaaaa luga waana il

3.2.2.2 msusuRaninasenisanlusnsazaedunuianaalsn
wufnqnluansazarsauauiananlasnaaududu 0.05, 0.1 uaz 0.5 Twans Tne
pauaNAtANunIasmansalalasaaasnaududu 1 TwanflidaAegludae 1.0 - 2.0

AniuLAn g9 e faaas luTauaana 1A lE

3.2.2.3 N15USURIMMUIALNITUANIUNTEAT BN
Huidnfqenszaenseiues 240 (MEGA advance, Thailand), 320 (Buehler,
Germany) WAz 600 (MEGA advance, Thailand) flwaan 5 uiilaeldaauidasay 150

saUsRUNNAMELATENdATW Phoenix 4000 &itia Buehler
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Ve

Glass slide ]

N
[ Untreated surface [ Surface treatment ]

-

J

Vs

[ HF etching (HF) ] SnCl, sensitizing (Sn) ][ SiC paper grinding (SP) ]
) | |
Etching time Concentration Number
1) 60 seconds 1)0.05M 1) 240
2) 90 seconds 2)0.1 M 2) 320
3) 120 seconds 3)0.5M 3) 600
-/

[ Treated surface ]
I

.

[ Plating process ]

NN 3.2 WAASTUAALNITUSURIUTINLAY

nsUfufandnlunmeaesiiazudeeeniiy 2 Ussinndenisufuiantiuuy
fupeuiizs waznslsuamiuuusesdunen SannsiuAawhuudunewien Tunuas
dnunsUfuRautinuas e uinrfulaniuuusestunewiu Tunuazgnuiy
Routih 2 5 leautisasniiu 2 mjmﬁqﬁ

1. nsdiuilontiinanisdadaunseaemasiuas 320 waLNIN1IAARIAENTA
latnsnigeansnilunan 90 W (SP320HFI0)

2. msdfudaniinenisdnsqenseaenaeiues 320 WATHINIITNANTATANE

aunuianaalaAnaAudndu 0.05 Tuans (SP320SNn0.05)
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32.3 MeAsaNATaTaeNldaNIARaL

mmzmﬂﬁ'ﬁ@;umﬁ@uﬁummﬂﬂﬁﬁ?mmmL@u (Tollen’s reaction) tlsznausae
'ma‘@tmwﬁﬂﬁ@mmmwﬁlﬁwmm’f‘iuﬁﬁlwxlﬂuma‘i@@@wmL'?lu (Ag) fuansazae
m@qﬁf;’?faqﬁl,a:@wﬁmmmmﬁqLﬁuﬁluj (Additives) Lﬁlmwmmuﬂﬁﬁ?m Tnelunns
nanasifazidansazanesine il

1. asazantdanefuenluiiaanudindu 5% Tneinininmiiiduuses
BUNARY

2. ansazanalnieslansanlofanudindu 10% e fidusanauns
ANUNIA-ping

3. ansazanarinman-ngladaa i 5% aetiminiuiiiidusiaaleaay
19981 (Ag") WinaneniluayniaRu (Ag)

'8

fnanrazansdanasuenluiielfuan 10 1a8amns naudusasazanalaime s

v (%
a v o o o

lansanladiFunns 5 Fadaansdnfaiu aandumaisazanauinian-nglaalinim 10

Faaanaad il luansazaaNuaNLANeaTA T laaa1aadtts

10 ml of 5 wt% silver 5 ml of 10 wt% sodium

ammonia solution hydroxide solution

A 4

Adding 10 ml of 5 wt% N. .
Mixing solution

D- glucose solution

[ Plating solution ]

= Y = P . =
NN 3.3 LL@ﬁ]\ﬂlwﬂ'ﬂuﬂ’]?Lﬁlﬁ‘ﬂﬂ@’]ﬁ‘ﬂzﬂ’lﬁlﬂiﬂuﬂ’lﬁ"ﬂwLﬂﬂ'ﬂ‘l_l
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3.2.4 NSEUIUNITINARBUAYNALNY

o 1% P 1 [ @ a 2 ! a o % 2

tufaniaukazlieunisdiufiondnquacluansazanewsenlilag 1435019
wauwiuiaie Ui amnsofintuliatsBassisaadnuiuanaluning 3.4 1an

TuN1991azIf 60, 90 uaz 120 WIW wazazuiienszuaunislunisqueaniiu 2 33Aa n1g

linnsdusaasans lailaniulildn1sdusisdans lana IHaaNATUANNATUUALIAILAILN

q

£% '
a & v a

b2 dlda & a ] a 2 % a v %
LLﬂ"J'VIN'V\I@NL\'iuLﬂ’]ZQQUMNQQ‘ﬂﬂ@’]ﬂ@ﬁﬁ‘ﬂzﬂ’]ﬂLL@‘J‘VN QiﬂLLﬁQW@qWMQNM@Qﬂ’]HTM
a A aa ¥ 3\// = ' 1 %3
UI9eNALUNF 2198z a1uNaNLTNIRT 25 Qﬂ‘].l’]ﬂﬂll@@@E‘I?@ZSL?JLWEI\‘WNLﬂﬂqmﬂﬂ’]ﬁﬂ‘ﬁ\ll,mq
dl aa’ ' 9:/ = 3 1 3’/ dl | aaa o
uuwuwnuwmxmmxmngnLmﬂmuiumnﬂmumLﬂumimuquﬂgmmLLammqu
A da X oA ' py ' a aaa dl
‘ﬂ‘l;m’]ﬂLQuVILﬂﬁﬂuLu‘ﬂ\‘i‘ﬂ’]ﬂﬂqﬁ‘ﬁﬂﬂﬂ ‘V]‘ﬂ%slu@’]ﬁ‘ﬂzﬂ’]iquﬁ’]ﬂlmuﬂ’]ﬂﬂﬁﬂ{]ﬂi‘ﬂﬁLi‘ﬂF;I"'I LA

o a aaa a v = 1 (4)
dnsnainUfisenasifindaaiiananinly

(a) (b)

WA 3.4 ANHUTNI9INLLLI(a) N9 lEN194w (b) T ldEnsdusaadanslalia

3.2.5 NSTUAUNITALWAA (Annealing)

o ;/ d‘: A alse A dy a Y o 1 ]

UNTUUREUNS AR LTSN IuLuNLEaufanruesne Tdiaunszuaunimag
ANFRU (Annealing) MIgauund 450, 500 uaz 550 asAmaidsalaglddnsgalunisiia

ouuNH 5 avAgaEaaraun uazasguunIngeenisliiduszazioan 30 wanly

U358NNALUNG
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3.3.1 AAsIzHaIAlssnauadLng

nisatasziesAlsznavasuionlfiiufuamsnlunisindauayniau az
AATITAARELATE Wavelength-dispersive XRF spectrometer (XRF g’u S8 Tiger, Bruker
AXS)  Tegruddlduauazninisnasnliduauiansmusiduudunanniawinidunin

ARENANY 40 HABLNAT (NN 3.5) neuiiazyinn1aaineil uazsoudesine) Nlduandlu

A13797 3.3

A1519% 3.3 FiaulsnnsldAaes X-ray fluorescence
Target Rhodium

Voltage (kV) 10-60

Scan speed (min) 3-30

Current (mA) 5-170

EEURE Mask changer
Vacuum seal
Collimator changer
Filter whaal

X-ray source

In tha casa of wavelangth dispersive X-ray
fluorescence WDXRR each elament is analyzed
under optimal measurament conditions. For this

purpose individual ccmbinan'on_s of measuremeant !

parameters ara sat ] to the cor
range and to prevent line overlaps:

N7 3.5 dauilsnauaedimsad X-ray fluorescence

Scintillation counter

Heavy elements
satup

Crystal

changer

Light elements
satup

Proportional counter

(75)
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3.3.2 AAszilasedsnasingasrlssnauraIlan
AT IR AT 1A NAa9ALTENaUARINANA LS AoenATIANIFIALILUIDISIA
wWndlnelgiaTas X-ray diffractometer (XRD, D8-Advance, Bruker AXS Model D8

o a o

Discover) A4 'JLL‘iJﬁ‘[FiN"] Tumn3199 3.4

A13799 3.4 Fulslunnsaeszisneases X-ray diffractometer

Target CuKy,
Voltage (kV) 40
Current (mA) 40

Angle (degree) 10-80
Scan speed (sec/step) 0.3
Temperature (°C) 25

Tun12AnE 1w aa9Alsena LI NAN R AL iNTUINUNENUNNTLARR LAY T 21911

winaTuulaafa liAuAuuty Wranaesuduuioag Tussunuinsafuiuaudniu

9:/ R A vas o‘d‘ o a o 1
@Wﬂuu@ﬂﬂ\‘lﬁ\‘mLﬂﬂsﬁLW‘ﬂVﬂﬂWﬁ‘fJLﬂﬁ‘qxﬂﬁ]ﬂiﬂ

333 AATIENIATIESINaNIATRIRILAILAsHANRY

N33LATIEAIATIAF1998N AT U NBULAT UAINITIARA LN AN AzvinTne
WATANNTERINIIATRIBLANATAUAEILATEIND Scanning Electron Microscope (SEM qfu
JSM-64 80LV, JEOL, Japan) N9wsizeiufnatinaiieiinseilnseai1eqaningedmusum

1% o ¥ ?.', :all [ A 1 I als A Y G| i’ <3

Mlaesnufionsilddunisieaeuuazitunisipde i s Rulnidudwanauiatlssunn
5x5 {aniung Wnsaetwen IFlUAatuuiusesidml msueuinegudarinliindauiia

% 4‘ Y a o 3 v @ % o o ‘E( :J/
e Faamaaivaliiianistihiniuazyinlivinnmiaseaiessduaaniadnau aaniiu

i lAnsesidaeeses SEM Inglddndnilng 15 kv uazdnan miidszenasiie
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= L _~\ &’ = v
334 AATIZURMFIUIMENNURILN
a 'S a dy a % 1 A a) 6 a 3 dll o/
NsAAEidgWINgTesuRauianeuA R LTAN RN e AN AN LU AN
X a y o o a v aa ) Y = )
2795LVINURILANHIUNTUFURLAIEAEN9619]  A%ELATEY Scanning  Probe
, . Yo o v 4. ,
Microscope (SPM §u IV, Veeco) Tagldvialnsuiluiamau uwazldsruuneduda (Tapping
am a4 . E . L, B
mode) asnnsAeaznnnsaunuia insulduuiuialnadalnsuasduluassaminun
Aualiuaziinistuasameslunien Aunaunuiuie uadiaimefazannsenuiuain

o o

wasinsuuazidngmafudtynunad (Detector) antuazinnisudadayayrnilupaniomasli
dsngeanuifuniwdneusiuiioniunisasuutlasszduaes s uiinaeuenuiuiE,
209TUIY FFUAINITDIA AT ALAINT VI TIBINURIUAZANMNTOTIUAN Uz IR I 16

a 1%
anNMIEl

Photodetector
LLaser beam

Cantilever

AN 3.6 AnauraesrulusTULNedNTa (Tapping mode)”

3.3.5 AASITHANLANINAINSDULBILN

nsAneantAnIvANuTauaauiaazldiATas Thermogravimetric/differential

1
a v

scanning calorimeter (TG/DSC, qfu STA499 F3 Jupiter glyia Netzsch) Lﬁﬂuﬂﬂmugﬁ
AN1NWAA (Glass transition temperature, T, TnadnainnislasuitlasAndsnugauas

ANeIANNSaL Taa sl ssananalumgnei 3.5
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A15197 3.5 FaulsnnsliATes Differential Scanning Calorimeter

Atmosphere Air (O, : N, =80 : 20)
Pan Pt
o
Rate 10 C/min
Temperature range 25-900 c’C

3.3.6 AWATIHANLANITHARATENINNANNURILAD
=S a =) a 1 a6 o a % aal
AM3ANEaNTRNN9EARATEMINAANAURA LA NAgaLTAeRa Cross-cut tape test —

test method B (ASTM D 3359 — 02) @saznaanoflanliiiludednsng 5x5 g9 lnsusay

daelaunn 1 Aadawnssauandlunini 3.7 anduiamula (Transparent tape 600, 3M
Scotch®-tape)  asuuiaNFnuarzamlliliinasanmnalfndfaduRgu luyniug
sannliAunteanetnermia uwazlszilunistafnnaesidauiuiouiainedFauiauiy
MNTNNIATFIUNUAAINIIAALLNLsTINKANAFBLUNTEAFA TUNNNAlUNIATI 0B - 5B
(M15197 3.6) TneazsuanszAUNTE AR

A a PN oy, ¢
5B waulevsennsalBuuLaranysnl liddeslannanngnaan
4B WHUANIANT MQARBNATNAARATITEENTT 5% TRINUATINNNA

3B WHUWANIANT MQARENATNIELLAZAAFATENTAENTATIOYTENINN 5 — 15% 189
& 4%
Wunauun

]
o o K

2B Wauvgeeanduwiumiuteuredsesninuas uUNAuIas N UNA MALNARaTag

YU 15 — 35% URINUNTIINUA

o o |

1B Wduugeesniduwiunuaeuaessesnsauas lunundwasndniadusimndag

FIDLTLNIN 35 — 65% UBINUNTIINNA

a
v
o

0B  WANugaeanaNFUAATANINNGT 65% TBINUATIUNA
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NIcan «—-——

ANy +——

I 5 LaALNAT

—I

1 HAaALNAT

A 3.7 ansaizgluuunisnsiafdanRuierinnsmagauaniRnstinfa

R399 3.6 N9 sTINNTIRINaNAdaLINtinFA

Surface of Gross-cul Area From Which

Classification :e?;:\::; Flaking has Occured for & Parrallel Cuts &
Adhesion range by %
0%
5B lone n
4B Less than — —;I"—
&% ]
j -
| _L_"!_"‘L
3B 5 - 15% e {
_i A, :|| Ji_u.
[l T
I [1]
2B 15 - 35% = HH1—
—pvt i <= B -
— - i ! I
I 11
| AN
1B 35 - 65% = e
g U
| B
oB Greater than
654
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3.3.7 AAsIzRaANTRAMNTaLINN

nsAneaniRrNTaLnesidNiuasdnAyudndalag1diAsas Contact angle

meter (Goniometer) §14 CAM-PLUS Tantec Waz3iAINziNalasan s NURoNasaaxilR

=

T A gy > 2 = Y P a
mﬁwﬁ‘ﬂ‘uuﬂL‘W@I‘HLﬂuLLufJ‘w’N‘]Jﬁ‘:ﬂ‘ﬂ‘l_l"ﬂ‘ﬂﬁa;‘ﬂslwﬂuﬁl@uﬂ’]ﬁ‘ﬁﬂ‘]:fﬁﬂ’]ﬁ‘mum_lm/lL &l

=)}

nn

ab

be

naaauazl4is Sessile drop TNNHAUINAUAZYNULAAINNADABALNTUIALENAILUNLTY

(% )

WanlnanisAes ) MyUINALI28ATRITATNRAALLFOUAULLLINARARALNTNALFa

'
A o o

ale X o o o ? c A 6oy S 4 o~ A
QV\I'Z‘]N”H‘HVL‘]J@NN@ﬂUﬂﬂmqu@ﬂU?Lqm‘ﬂ@qﬂL°].|3JL‘Wﬂiﬁiﬁﬁﬁlﬂuqﬂ@utw%\ﬁﬂﬂ@lLﬂﬂqm@ﬂm@

u

=)

o o

AuRaNAu mnﬁuum%zﬁ'mmué’mﬁﬁwmmm%mLﬁmLﬂummwuﬁ’umﬂﬁ@gﬁﬁwm
TRavEAT mﬂfwfmms{mﬁmﬁmimﬂ‘lﬁ?‘lﬂimmmﬁ

mﬁmgmﬁuﬁm%ﬁﬂmimmuémm 5 Fuanznaziifauiorunisuiufialag
nsdasaenszaumaaes 320 uazitllinmadansalalasgassnidunan 90 Aund
(SPHF)  Iatluusiazduazinn1sdn 5 AR andutianAaag Tnenanisdnyndndaniy

neavnaznandl3lunanuan A

a (4 s g a a a)d a
3.3.8  AATIEZUANUANITAULLANLTEUDINANIU

=2 a % N a a & a o dl a a
NNTANHIANTANIIATULLANLTLUAIN AN IIUNINANAGAUUTLANTNIN LA
ANNATNTDBINANAANTFAN UL AN FeTHA Escherichia coli ATCC 25922 (E.coli) Ing

. @ 2= o X
utaanli 2 JEnAdaLAil

3.3.8.1 NM9AATIERANTRNNITATULLANIEEA8AT Spread plate
f“ﬁm@ﬂi:mm@%@ (Spread plate) %qéﬂﬁmwmmgmﬁum JIS Z 2801 (g
nakuan 9) unimesaulu@elsun (Quantitative analysis) FahAannenldiesann
Wiedeafletien azean uazsnida aaduannstindunuguaclumndoadeiiiFums
20 AaAaRTLATRNANwIuwUAT Bl 10° CFU/mI (fiﬁmul,%@r%\iﬁu) ANt aafnann
lalyinnsdudaeiatas Shaker e 24 Falug Lﬁlmi%umumuLfgmué’q%@m%@mnmm

150104 1 Radamnsuaaanailuansu (Serial dilution) et luszaumanudndulszunn

u

'
=

10™ ivalianuiulaTatiag ludosinvuauaziiuuan Beniiunsaaa1eudaFunn 0.1

HARAMIULAAIATINANLUABIWIZITAN B MNTIAET et AMnduiiuiuiagildauLes

(L-spreader) Ninunszinimalneiinsquuaanaaed 95% udnaulnanueanaaesuiminn
Tuaznsliidudnag snaadeliinnaaiueimsiuiedunimin s dsine wanuay

a

o = P Ao = aa o | ' °
NITINLURBANAINNNL L@@ﬂLQ@uVLﬁJV]Nﬂ’lﬁ‘EIﬁ]mﬂ@‘ﬂ@;mw’mmﬁﬂ‘u 3 AR ABNIUIRIULNIE
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k4 1 d a o QI/ o o
@elidn13neundl 37 C dlunan 24 dalusudansanalaanisiuaiuiulalail (Colony)

3

|
a

1eauLAN FeRrenTInAen Ll anTaaseenuiluatuai Colony Forming Unit/ml (CFU/mI)

a o

BATHNNITARATUR9R11W T Tusaz N aula anntutinldAuaslefidusnisanas

IR9UUARN3E (% Reduction) ANNANNIIN 3.1

_ 100(A-B)
A

(ANN199 3.1)

R

a

Al e UAN17aAAIIRILLIAT LTS

b
5
oYX

=

A o a d‘ a da( dglj
A ABARNUIULLLIANL immmuslumw,wqmmm@mmu@m

—~

Untreated control specimen)

=

ARNUIULLANEENINATLTUANUN 2 TR UBITUINUFI BN

w
o)

(Treated test specimen)

Spread-plate method

Incubation
\ L ,,;‘: —i
Sample is pipetted Sample is spread evenly over
onto surface of agar surface of agar using sterile results
plate (0.1 ml or less) glass spreader

A7 3.8 3813 i @ansyans (Spread plate)””

1 9
= a =)

An9tuRuaulaTatluelL AN BaRa T U LBABINNZ T A L Aada1AtNan171anana

o

\{ua i (Serial dilution) Aauanlun nd 3.9 asarnnisiuauowEasas faa1uIu
Tdunuzataaiull frauawaeduinifullazinliaaugnaasuiudnlunisiuanas
¥ o

4 a9 a | @ o o 4 T v vy |
fraruamdeltesiiuldazldannisaidusaunuasearuar e famulimezanlenna

Rananlunisdssiduatuantlszainsaasdaniasyiiulnasigeau Tnavinlilaziuaniy



58

AUIALNTANNANUIULTARTENIN 25 — 250 1maaiiniu®

¥ 1
o 1

a a = o 2 aa |
LL‘]JﬂV]Li‘EI‘V]@']EIﬂﬁ‘\‘]ﬂ@uﬂ‘ﬂzuﬁiﬂﬂﬂ@‘ﬂllﬂ')ilrlﬁﬁﬂx‘}”l

79) < a X A X
AIINAUAUILLANANILT R

ac o o a a dgl a |
n1991eukalaeaEN1siLA UIKLLAN e Tuat W s@atan s ey Colony

] v
= o

Forming Unit (CFU) lasanntdanunsauenléetresdmiandn 1 Ialatlunann 1 wmad sl

¥
a A a aa = ¥ &

AUIULLAN BHAaNARANTATAN U IFAINN1T1NAUNLIATaATIAUARE 10 enzanlAvnTe

a

a v

N lufFunouies 0.1 Hadansgaduwduiounuaes 1 §adans wazgmdiadunauses

o N Ny ' L7373 E (80) o =
FLALNITIRADANINALTLNIUANANITNTUIDITDAIFY  AANNITN 3.2

a a

AMUIULLAT 8 (Bacteria/ml) = anuaulalafiuuanumwizida x 10

x 4UNAUIAITEAUNITIRAAN (ANN139 3.2)

FN9ENNN19AUIN LW ANnInd 3.9 Tuanuiireanadeliag lusydu 1:1000 a1xnsntiy
unutalatild 65 Talall I9azanunsnAwINRIUITERIS UAaN A AT LAAIY

65 colonies x 10 x 1000 = 650,000 bacteria/ml
1ml original&
culture |

¥/ 1:10
dilution

Y 1:100

J 1:1000
¢ dilution

/ 1:10,000
W dilution

dilution

1:100,000
dilution

9 mil broth +
1 ml original
culture

(a)

0.1 ml of each 0.1 ml 0.1 m 01 ml 0.1 ml

transferred to

Incubation period

(b}

Teo numerous to count TNTC 65 colonies & colonies 0 colonies
(TNTC)

(c)

NI 3.9 TURAUNTIARANLLIAN FRLLL Serial dilution®”
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3.3.8.2 AASITUANITANITANULLANLFEA283S Disc  diffusion

method
A3 Disc diffusion method 34 Kirby-Bauer test VradNTaunilaAa LAAsSlmY (Clear
90// [ a . . . F dlzl a
zone) umﬂumammmﬂumgmmw (Qualitative analysis) gaxzauenlddmainann

| = \ X a X Ao aal o
lﬂﬂﬂ']?‘l’lﬁ@@‘]_lwﬁ"ﬂill SLUﬂq?Vlﬁ@'ﬂ\?quL@ﬂﬂ“ﬁuﬂquWNLﬁﬂuisﬂﬂmﬁﬂﬂqwqﬂqﬁ‘wmﬂﬂu 3

o = o < X X & Aa - S <
finaeing IneFuannnInIsinaLTa (Spread) 11/1‘1/]']@’11%1/\1’]5Lﬁ’m’m@’ﬂ)ﬁﬂ@ﬂﬂL‘?J'ﬂ'ﬂ?;lu AMNUU

P13l nranansresanumnzidalns T usuninae LR AN Rua sl us unduda

o/ X o 1 i a ] | ul/ 4 a a J 1 < < o
Aumaudati lluunenmgil 37 ¢ unan 24 daluslfidasgiiuln Watluaianazin

UALEBRIUALENA1T04 Inhibition  zone  @vluiFnatiazifunlaldviumelsngeg
anwaizinaAua1nien NI UATNIFHALlsANNUNADY Inhibition  zone  WAY

ANUNTDANUIIANNNIIBLPALIF Tl AAaNNaNN137 3.3

:(T—D)

- (@NN137 3.3)

W

A A ¥ a a a
bHB wW ARANNANTRNLARLS LT (Haalume)

T AoANENIAWRILAUENANN LT WILATIARRS T (HAAINAT)
D AANENAEUHILANIN AT LI (RARLUAS)

¥

19

ﬂ’W\lﬁ 3.10 Lmerﬁ'nmemii’mwuﬁ@ﬁﬁuqmmmﬁmf%wmmaﬂﬁ%u
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Fsnsantivaniddnionaazagliduunudsdlunmd 3.11 walfidiunwsonaas

oo o X
sy luail
Glass slide preparation Plating solution preparation (el
Glass slide 17 %17 x 1mm 10 ml of 5 wt% silver ammonia solution 5 ml of 10 wt% NaOH solution
* [ |
Washing by RO water in Adding 10 ml of ¢
Iq - .
M lut
ultrasonic bath for 5 min 5 wt% D-glucose " ing solution
# solution ¢
Washing by ethanol in Plating solution

ultrasonic bath for 5 min

Plating process

'

» Clear glass slide

v

Surface treatment :

1. Untreated surface
2. HF etching
3. Sand paper grinding

4. 8nCl, activation

v

Immersed in plating solution:

60, 90 and 120 min

Plating process: <
1. With ultrasonic vibration
2. Without ultrasonic vibration
Drying in air
. - Structure: XRD, SEM, AFM
Heat treatment (annealing):
T = 450, 500 and 550°C - Glass chemical composition: XRF
¢ - Glass transition temperature: DSC
- Adhesion: Crosscut-tape test
Ag film coated on glass
9 9 - Contact angle: Contact angle meter
¢ - Antibacterial activity: Spread plate method,
Characterization — Disc diffusion method

AN 3.11 WNUEI9NLARE



uny 4
NANISNARDILAZNITILASIZIANA

a o »34’ 2 A ale a a Y v ac 1 A 1 dl ]
niRdsilAinaeudNRuLuiauiadeRsnisqunaauuuL g i dsaz uianig
a ' 3| ] A =2 o 1 4 ] 1 X a Add 1 ale a o %
nszieanidy 2 deuhanisfnuniladesine NdenasanistinfanAsznI SN RuiLL
IpeApzflusnsazidamnenUa N s wAa N lEun17U5URY Anenie AN RuRnAL
anniladeludnunannldlunisquiaaey 35014 lun19quiaaay Anwossiaudiofnunig

Ui luuuusne wazgungil wanainiifainnsmezimaesdlsznasdon Bndaunils

'
a

A =S A al & aa 1 % a | =X a
AANIANEANLFIAINAN RUNTNAARNTAULLATNIEE T8AzNa1IINIeaslRanTIaINg

- e o s X
nIMARBILAzNITIATIZHA luidase il
41 maAnmilasasng g AdepanansiaRafinszuIeNaNRuAUILA

411 Anmansusrastonnanlilaniun1sdsuRnazNa Nt uNLAnw

(Mza1984)

a ¥ 1

4.1.1.1 HaunINauiIMsIsARaL
LLf’w’qﬁ'ﬁﬁmﬁna:msluﬂ%ﬁt,ﬂw,tﬁqﬂ@xmw‘l}nmi@ﬁ(Soda-lime glass) %qgnﬂﬂﬂ%
atiandraannslunnsifunszanifiesainanulare i ilinifunausitasds
e lnenAudanoufaasi fuiaf Gausndauanslunind 4.1 Asnasaniminnay

Acan

Swm B841 11 28 SEI

AT 4.1 AnsasRaLialnG
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4.1.1.2 maiaRanRusznIn1squadavlugsazans
Ao o o = - A q
annsnindaneflumsm (AgNO,) nanfuuanTulaylansanlas (NH,0H) 1l
Aaduansaranedane fuenuiletiu dnsozaesaisazaransngewiinisnaulsid
o = = = = = P4 P P gy
Auarinindasuulasdeesarsazaraainilaldidnareidudriimnadnlunsnnng
= i 1= =% Aa X oA = =
dninefidaneslumsnnnazneusgdnznauduimaniinalume Ag,0 Tnaiauiainnisy
Ag” Mnufiseniu OH 2esenlufianlansanlas uazileniinisnauiielidaneslumsm
azane lulanluiflaylansanlofduinianes Ag,0 azazanamaliifinaisilsznauidetan
Ag(NH,)," " arsazananduanlamlewsnn antumarsazaelnmanlansenlosfaslolly
ansazasdanesuanluiomedlunisaouanatanilunsa-anelie ludeendaonudu
suaiinasazansa-nglaaluafugadinainesaadanslsznatndietou Ag(NH,),” 1ie
dunanisiasuulasresarsazatenudn lugdasusneesniafindjsenazdldifianag
wasuwlasaudanadwhilszann 1w ansazareazFunlaauainansazanslalila
nanafludmaeslandades ) duauauiudninialawaznateduding auluigaiin
Silver mirror TuvuHawfailuduamsaiunnsludninesaeuanaluning 4.2 AduRuuy
o = v a X yo. = Y Ao ) o= o \ |
duamsanduuiaufinzulddiresiasanuiolinuazidulaiauiasdnelunguaes Hard

solid wardAIN1IuNAgN (Spreading parameter) szudaadna (fuawmsmniuansazaie

~

wunnndn 0 inldansazanasiesnisnazuiaguduansnieannaauia®  foamnil

Q

dfmameaaudinifinauainimne ddniuniafinuuy Heterogeneous nucleation
AANRUNNAVUWAAZAIUATLT T 8ARAZUANANTU WHasanAaN AL AR
d! U ] U :// (=3 £ dIQ ' a o/ o o U 1 1 al ¢ o
NNDANUAINAIENWANITUAL T UA U AN SUANTaTULAY  (FasfassnIaNANTu
FUAnIR) Aziialiy Silver mirror TIRNNTAsTaULANLAR LA WA NN AN RudN Ty
21988 LNAIURY19198 % FananslunIng 4.3 waznIng 4.4 nnsazvianlunsdiiay

AnTuLEeIaINaUNIAGENTARAT WAL Iat e ss I 9T ande T lnTaulF i

° - A ¥ o o ~ \ A o qw Y =
Surface energy ﬁmﬂqqLu@rJ@@Imﬂﬂ\?ﬂ’m@ﬂNﬁ']f]NLﬁ\El‘UNqﬂLmqiquﬂﬂﬂqiﬁﬂq?@:ﬁm@um

q

a a o

X A Ao o g u = Py - \
NN m‘wL??J‘Llf«w%ﬂﬁméﬂﬂﬁmuﬁ?aLiﬂd‘ﬁmmmﬂﬂmmLL@zﬂwﬂﬁﬁ%LﬂuTaumzmﬂ

< (83, 84)

gudsnn1sazyioulnengafain1InszaeveAaU AINUANUNA SN Rudndanudo

¥

a 92/ 49( ¥ Aa & a @ o o < s A
aunsaiianisazientuld dowludunidudududaiuaisazansaziiniudeiouss
WasanaynalildGesdaiadunninin W ldinanisasvieudeaziiuldaingy SEM 7iin

a a A & 2 é’ a a a 49( o 1 o v I
ﬂW?QLﬁ?’}ZHN’JW@Nlu@’]uu @‘léﬂqﬁL\?MV]Lﬂﬂ“LIuVLNL‘WENLLW’QZLﬂqz‘UHGﬁU@Lﬁ]ﬁ‘ﬁlLLﬂfJ‘ﬂﬂqﬂ

LA @ A ‘o Sy A e Ny o
m'ﬂLuﬂ\?@uﬂ@qﬂLﬂuW@NLLmH\Tmﬂmzﬂ@u@ﬁlﬂmﬂuUﬂLﬂ'ﬂT@ﬂQQH Imﬁlmzﬂ@u@gﬂﬂlm’]ﬂ\iu@ﬂ\‘]
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Tun i 4.5 nanaaestazAnnaresaa N ldlunnsquiaasy (60, 90 uaz 120 W) uas
= aa ! 2 \ @ acds v v ¥ o A o aday gy o
AnwuaeIan1squieaauinau eanidanldnsdusasdans Taladiuisn i ldnedu
Faadaninladnlaadsslagiresntslddanslefamenisiindnsnisaaeulfiaay
mmmimvmmmmm@umﬂ%mJu LaranuTndasinnsiafalaanislanesenni AT
m@qsﬁ‘ummemluﬂumﬂmvl,ﬁm%ummmwn"l,ﬂLmﬂuﬂﬁummevl,mmmuu@wmm

ML DT s

(d) (e)

N 4.2 madasunlasansazaeilenandanaslunm (AgNO,)  Auuanluiiies
lansanlas (NH,OH) (a) 15 uﬂg’j’ﬁ?m b) BUNANITALUA (c) BuIRzNauUAATY (d) B

a . . dld '
LA Silver mirror INNENUNLNAT (e) Silver mirror
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WMNAZYIaU

(a) (b)

= o SNe A da X o Aoy A y |
NINN 4.3 @ﬂﬂmtﬂ@ﬂL\iu‘VlLﬂﬁﬁlu‘U‘usﬁ'i_I@Lﬁ]ﬁ‘ﬁﬁ/lLﬂuLLﬂ'J‘VILL’IIQHW@EI@%IN@W?@Z@?EI

(a) AURNFURUFNTAAURNTavaE LAY (b) AUANFNRUANTaTUWAD

dnnas «— _, ufe

*  SRUABIEHIN

LN as 2
Haamunuuna

1%
=

dl o dl a dl ¥ '8
NINN 4.5 aNPUEAZNAUNINALUNNULNINGT
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4.1.1.3 aasrlsznauraslanRuNL N ATy

' 1% ¥
o o

nsaAsziindesAlsznauiinaliuazendamnaiian XRD IAaNINTAT1Ziianue
6 N1IzAD
1. mequpeuiungn 60 wiiilnglsildmsdudaadanslaila (60 min)
- megundenidunan 90 wifilaglildnisdugaasansnleila (0min)
- nsqupdaulunan 120 wilnelail¥nnsdudaedanataia (120min)
- n3guARaLluaN 60 wilaeldnnsdudnasansloia (60 min-U)

. Maqupdauiunan 90 winlawldnisdusasdansilaiia (90min-U)

[© 2NN O B ¢ E N

- nsquedauilunan 120 wintaaldnsdusaadanslaiia (120min-U)
==ll I A dI a é’ A ¥ o o
ANNINA 4.6 WUINAANTAATULNARLAARBIALNTANINTFIUNNELAY JCPDS
01-087-0720 @ailureslansiu (Ag)  TnelinuiipeenlafaesRumzamadu uanainil
= = P A e . > =~ X 4 LYY, ] =
WanFaunauludinismaaiunudiannudnassinazgaauianatnldlunisquaaay
X 2 = o o o X2 = = | aa =
UIUAUTIREHANNANAUT TUANHOIEIENY 2 NzuruNIsuazINaL FaUNILIENIN3ENN9T
linsdusnadanslaiaiulaldnisdusiadanslaiianlunisquiadaey Wi uduie
dl k73 ol/ % o a . dl 16 & y % o a 1
29909 IEnsdusaadanslaiinargendaniaen llldnsdusaadanslaiialusendng
nazuauNNIquIAdeLILans W s ldnsdusaadanslataazdosiumonuiunanes
WanFusnnauitlesannauiduianansdanisszatasoresasnanatauszuuuas

annnrnelulaseaine®”



intensity (arb.units)

_,J:IL\.\—-.-________._\ Y

tAg

60 min

~—~ 90 min

A~ 120 min

60 min-U
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e A N _v__h..__.,..-|,_._._a Nt eSO NELEL

120 min-U

—ee e

T , T T T ! T X T - T . T x T 4 I

0 10 20 30 40 50 60 70 80 90 100
2 Theta (deg.)

Nl 4.6 avALsznaumiainarasildn SunlFaangduuuniaaenuuisddnd

4.1.1.4 anwnzlnsadainqaninraslanitu

Tnsva¥1eqaninaasildntuazgnatnssisnemaiin SEM Tnadnsvuionesiay
a . o al o . . dl a s
N1 (Surface analysis) LAZNIARAUI19ABINAN (Cross sectional analysis) LWAILATIETIND

al e dl a é’ 1
ANNUUNLBIRAN A AU WLAATN1ENINAAES
o L P —

1. ANHEUTAURITBINANNY

ANHOIENURIATNRUMAATUA LA IUNINT 4.7 WanFauieudanienldlu
nequidauszudensdinisdusadanslatiaiululdnisdusosdansladanudiaus

dn ey 4w o A e Loe A

aynnedn1s i ldnsdudasdanslatinazidnndinisniinszuaunisdudnuinandas
patiuazinlidinisdulunsiiiazinlieyniauawimdaniniziwmidunguien
(Agglomeration) NN T9dBAARBITLNNUASHR M. Pattabi wazanuz " NlFANENAT04
nsduaesduainsmnsanismunguaasianRunud N lduamsnduluanizqunaey
pradanslaiaasiniAan1999uN NI NAN IR UTW N1979UNGNAUTBID YN AN Y

AVUNINATNULUA BRI DIT W BN RN I E 28w dans Taiasananaluning 4.8 lu

(% '
dewo‘ad

a An o o = ) o o Y
NNUINEU ZmNuVILﬂmf-ﬂ’mm‘:uf;umﬁ‘wiu34mﬂ‘ﬁﬂ’Wimu@:l,??;l‘]_lm’m’]?‘vlhmmumﬂ

fansnlafiamazdtaynIainsFesdiafaiuatnsuiuuazadane
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M BO18 18

AN 4.7 AneausianaaF1anubinres WA dUaInaan1aAaal (a) bdlEnNsdusqs
dananlaila (b) ldnsdusaadansilatia Tnaianisduiaaeuiiungn (1) 60 W7 (2) 90

U 1Az (3) 120 W9

AN 4.8 WFauieudnmusNuiinaesidanRkua) tuldn138u (b) WMnnsdusadansnlaila

(apnNasreneagiva N INI)

a

2. NNARALINNTRINAN 191

AANARRIINNTEIAAN W IUTWIUAN ARszilaamaia SEM Asuansliunim

' 1
a

i a o a s | v d’l’ v =R a
7 4.9 aqn1sntuaniNgaiuANnUnI e dNuazuanstsdayailiessiuresnistinmn
sendaiduRuiuudAals WanalunisquiadeuiinnnIuiazieinldaynapaaio
o 49( o va & A QI 49( k73 y v o
FuaRTANINTUAINANATIN TR ANTANNUUANTY waznareenildn sdudadans
Tafinazin i dunuindanszuounisnladldnsduidalinonuuuisesilanRuag Tudas

680 — 835 wnlums luanziawaesidanRunldnszuaunisdudsdanslalinag
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AN9NT 4.2 NANIFEARATEUINN AN RUT LN LA NAUNILNTZUIBNIINIANNFAUTUN 1

Sample 1 Plating time without ultrasonic Plating time with ultrasonic
(min) (min)
Treatment | Condition 60 90 120 ueo uoo U120
Untreated surface 0B 0B 0B 0B 0B 0B
60s 4B 0B 0B 0B 0B 0B
HF 0B 0B 0B 0B
1B 0B 0B 0B
0.05M 0B 0B 0B 0B 0B 1B
Sn 0.1M 0B 1B 0B** 0B* oB** 0B
0.5M 0B 0B** 0B** oB* oB* 0B*
No.240 3B 4B 2B 0B 0B 0B
SP No.320 4B m 0B 0B 0B 0B
No.600 2B 1B 0B 0B 2B 0B
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AN3NT 4.3 NANTFEARATENINA AN RUAURI LA NAUEIUNTZLIUNITN AN FAUTUN 2

Sample 2 Plating time without ultrasonic Plating time with ultrasonic
(min) (min)
Treatment | Condition 60 90 120 u60 u9o0 u120
Untreated surface 0B 0B 0B 0B 0B 0B
60s 2B 0B 0B 0B 0B 0B
HF 90s 4B 4B 0B 0B 0B 0B
120s 2B 0B 0B 2B 0B 0B
0.05M oB* 0B* 0B* 0B** 0B* 0B**
Sn 0.1M 0B 0B* 0B 0B** 0B 0B*
0.5M 0B** 0B* 0B* 0B 0B 0B**
No.240 2B 0B 0B 0B 0B 1B
SP No.320 2B 4B 4B 0B 0B 0B
No.600 0B 2B 0B 0B 0B 1B

AN 4.4 HANIEARATENINNHANRUTURILAINDUNILNIZUIBNIIN AN TAUTUN 3

Sample 3 Plating time without ultrasonic Plating time with ultrasonic
(min) (min)

Treatment | Condition 60 90 120 ueo uoo U120
Untreated surface 0B 0B 0B 0B 0B 0B
60s 3B 0B 0B 0B 0B 0B
HF 90s 4B 4B 0B 0B 0B 0B
120s 3B 1B 1B 0B 0B 0B
0.05M 0B~ 0B* 0B 0B** 0B 0B

Sn 0.1M oB* 0B** 0B* 0B 0B~ oB**
0.5M 0B 0B** 0B** 0B* 0B 0B
No.240 1B 2B 1B 0B 0B 0B
SP No.320 2B 4B 1B 0B 0B 0B
No.600 1B 1B 0B 0B 1B 0B




76

v
& o

wNnee] ;e Wdndaunnnugaeanuasainmaemilausfiaamaedulduiuiseguu
Roufalutsunuries
KX a5 ' o =2 ! o A ?/ a6 i
= pugde Aandiunnnugaeenuasanaentlausdeaavaeduianuieesuu

Aauia lulFunusnn

' £%

ANNANTINHATAINTEARANNINITTATINNA 3 ASY  aziiudnnsldaan1sdusnel

danslafialdn 1 lminnn1s8aRaseudaNauRuiuTugInsa laas sasiuiladaaasnigld

a A

Anrdusasdans lataag litinuifansoun lwindasaannil NaeNinEinRn AN A LLLAAY

q

AsnsdiuinazgnideniatiifsaLna LAz An iR NANRUETE NI AN TR LY

'
a g

wuusne Audnwosiduninnaundeuasenistnsnsellinanistinfnresdnemsiowdn

o e X
pina7) ilusan

1. Wi Ll nnisU5uRa

dl a o a % a =3 ¥ o | o =2 % dl
WaRasananezaestianialniazmiulddnauinnasainnishandlaeanutan

e a o

TdlaeinunsdsuiontinlianunsniinRa U aN Ru LA ae eI NRILAI N AN FELNNGY

a Y | a aaa ANaA Y o o als a & | a R a aa

LLZQmsluﬂ’]‘WVl 4.1 LLﬂsz’ﬂNLﬂmﬂ{]ﬂ?mLﬂNVIMNWMﬁtﬂUW@NNu@ﬂiummmﬁ‘ﬂmmm%m
| o alse Aa = 1 1 a Y v '8 1 dl 3| o

TEUINNU WﬂNNuLWﬂ\iLLﬁ Lm?.:ﬂ%l‘i_IuN‘JLLﬂ‘JWJEJLLN LLQHL@@?Q’]M\T@@W’] i Lﬂu@ﬂ‘ﬂmmﬂﬂ

Physisorption Lileleaeinaifgn

2. wiafidunnsiaRasdaensnlalnsgaasn

v
a o

ANNANTNUDILANTE AT AT 3 m?qwudﬁmqmmmiﬁmaqLLﬁqiquaﬂrﬁiNj Gisl

!
a 4

=~ R A aa A o o A& Yy a aaA
ﬂ?ﬁiﬁiﬁﬂ\l@jﬂm‘ﬂmuN@miﬁlmmmmmﬂmﬁ'ﬂﬂ’?’wﬁn‘v}’mﬂi‘ﬂmmLLmLﬂuLQm 90 AUIMNLUANANN

D

' = a dll = o A A o a ) =
LL@@\?ﬁqﬂ’]?ﬂmmmfﬁ\‘iLN@L'Ll?ﬁli.lLWHUﬂULQ@q@uVIGLmuﬂq?ﬂQNQ ZQ'JMLQ@'W&LMT]']TQNLV"I@@U

| A

MNNZANNGATLNN9E20IN13AANTARENITTNIARDY 60 WITILHEIANNIITHIARDL

q

=)

D

a o

dgj T Aa a o 2 v Aa ] aa =<
?ZHZLQ@WHW@NNM@’WN’]?DE‘Imm_lLLﬂ']VLmuV‘!ﬂﬂ’]’lzL’J@’]“ﬂ@\m"]Tﬂﬂ&l') BAENHNANUUNININIEN

'
a | o o

= aNa A v a 3| a = 1 A |
LAANNTEARANA LT UL YuAaN1Izaa9N1TAARYLTIWAA 90 QHWV]LLZ\]U?NL?]@@UL?.]ML’J@’]

de Yo =KX a dl ] o dy dl a Aas A dl A 1 o =2
90 mwnﬂummiﬂmmmmgqmuﬂu u@nmnmm@mymmﬂ@muw WMaRREUAI[IINNITAN

a [

willaaennudNdutunfsagnduuisazlinusenisntinlnaaziiiuianduidusaaanti

U

= o A >
DNTUALBIIANLTI LN



77

3. ufiafeunisqusneasazauauauianaelas

KX a 1 v a v Y Qdd” ¥ v 1 o 2
@’ml’«l@"ﬂ@\‘m’ﬁ‘ﬁlﬂﬁ]ﬂ‘W‘LI'J'\ﬂ’]ﬁ‘ﬂi“LIN'Jﬂu’]ﬂ'lilf)ﬁiﬂunﬂ”] ﬂ'J'\NL“IINﬁIuVLN'&WNW?ﬂVI'ﬂV

a =<

ale a KX a o v v dl al e a 2 2 ] ] I
‘V\I@NNuﬁlﬁﬁlﬂﬂ‘]_lLLﬂ’ﬂﬂﬁLu’ﬂ\i@"lﬂ‘l"l@&lNuﬂﬂﬂ\‘m@ﬂﬂ@ﬂiﬂ@’mm’nm’ﬂmﬂﬂ’]ﬂﬂ’]ﬂﬁ'WF;I We bid

a Q

FuaudiulunjasnuaruiduunfiranaauuRauindeldTunun e s 1o

o d' al & a % dydl [ % a dl a é’
NIATANUHNE (*) sLuB‘I’]ﬁ‘%‘i miquaum\mumLLmuamﬂumwm:wLm:mmmummmi

diutiantidagdstitiesanninudnwusiduusdsngetluniaziantihngnl fuluwuy

a

1%
=< =

-dll a a al s 1 T~ a a =3 4

AU LAZAINNI9EN EDS  AILTI AN N@ﬂﬁ"‘lﬂ{]Q"IWUWﬂﬂl'ﬂ\iL\iuLﬂﬁﬁluLWﬂ\?L@ﬂu@ﬂ
C 2 Mo = o , = gy o = = o g u

mmmmiuwuwmmmLmuummﬂm@LummmnmimumLLmummq’mmqmn Al

EDS lsanunsammadulasauanslunini 4.14

giK

Ag

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

NINA 4.14 nawene SEM uazvedAtlsznaumiaiizessnsingldinatin EDS 109WaNLNm

Usnguaaanisandla



78

4. WAENUNNTTIARNLNTE AN NI
=) a 1 vaal o v dll %
ANNATBINITEARATUA1319IAEFINNLINNNT I BN FTAARENTZANENI eI ND A SN
Yo a v @ ada v 4 A =2 a | Aale A o oa v ua
AN gese WinuHauiuduldsnAeuddedsunstinfnseud e lan IuiuEawAa TN
dil 1 1 £ = v :’/ v 1 dl o (=3
lunanee] nay wsazdoglfunysedeaiuudausnnennin1maaes ANAseAziiiu
F v [ Qdd‘ o Y a X a g I
1891017 1EnseANEnIeNneat 320 Wadnauiani liinanstiafa liuinndInsy e
A 9 ! a = o § v 2 a Ao
nPEuNeLaran] waznislfiaanlunisquindey 90 winazinliRANsERRANA Ty
nangaaantesiaNTasndn 5% uanainilileassyaialduRunudiduduazifluses
Weantdasupaz ldanllawiudugainsasuana ludauaaanisnreansmaa i
240 azn lEnanTstinfa lalusssunalfida e uiuwiaf ldlf 1N sU5uRaEN waynng

dnseamaeNneLa 600 tuazdqaani liinani1stinRaLNeI AN asYing
fladtaaaaannldlun1squinfdo Az danasa AN HUEN1NN1BATNTBIAAN R UT

]
=

a X A o | A & A = A Ay o o
LﬂﬂmuLN'ﬂN’ﬂ\?ﬂ’lﬂmqLUNWIQHW@NWQ‘NLﬂ@@ULﬂuLQ@’] 60 uqmqgﬂmiﬂmﬂf]lﬂﬂ@ﬂusﬂ\‘]

|
=

ANUNRAAzuAU19198 WaNazBENARU1IUIAdHLANANFIRNNLARDLILTLAY 90 W
lUudn winnsraauNldiaan 120 WRTNAZNLIaE LANIAINAN LI UAT WA LR ULAA

4 = ° -~ ' = = = P dl
AN NIz TUNAI TN Y ANAIMTUNIsINIARaUAS 90 WNT andayalunnsned

=2 a o g & py o = . = P
LLARN Nmm\im?ﬁlﬂ&1mwﬂﬂmu’]?ﬂLﬂ@ﬂﬂ’]’lz‘wfﬂ:uﬁmﬁﬂﬂ‘]:f’]ﬁﬂﬂiﬁﬂﬂ@:ﬂﬂ‘]ﬂr’] LQ@WVIW‘M

o

n13qu 90 Wi taeldldn1sdusandanslatia uazlunscuaunisdfuieuirlnanisinio

1
a a

Y a a4 o= i o a & a4 oA A = a
ﬂrJﬂﬂ?@VLﬁiﬂﬁ'W@u@@?ﬂQ:L@‘ﬂﬂﬁﬂ‘]ﬂ'qwLQ@qﬂq?ﬂmﬂJq 90 AUIN LUANRNNNATNITHUARANA AU

£
' =KX a o

k%3 k%3 o/ o‘d‘d =3 PR 3
nara9ANN Ll NduTeIasazaeaunulanae lsaniAan saaRauaziulAdNNauddnas

| 1
a

Taonududugeunniieslafladlddanlumasnistinfafn lunansanasianisiaaniag
Anmnanudinduaigane 0.05 Tuans ludsnislsuiianiinlaanisinsanszatenag
o = o o = o =2 a odad .
duazidann1agi ldnszaevmaeuniena 320 Wasanldnanisiiafannngnlunsans
Y = = = = o
3 TU TIuAnSiANASTRIN9EARA
ad o a i’/ a dl ¥ ! ¥ ¥ ¥ o aaal o a
wanaIn3sn1sliuiadunauaaaflinanunludefuuda deldsnsliuiages
dupeuTiaNIaINN1T9INL 289195 uRaTuRauALn 2 35 Inani9liuiasesdunanil
Y RV A4 aa e oo vd v
AatuuasaniinsmagesluFesnistinfnsendneilisuuiuuiuas lfReulanmunzan

v ¥
[ o =

wdn nstfuinaesiuneuiidnglszasfinetutlsannininaeinistinfnaesian 3uli

1%
aalk o a 1 o =

= a . S s o & a9 = A
nstiANRTUiLRauAoNINNdINEiANgaTeRENsUfuRaesdune R dtAadinTg
wgaaanIeIiaNIunTuivantes Insdneasiowinaeddsnisliuieaesiunauasil

=2 Ao X
AauUUTINAsa 1T



79

1. msdfudalasnisinaaensearsnaemungnat 320 uaadiunguaaensa lalng

Wgaasniluiaan 90 3 (SPHF)

'
¥ Al

AnwnuzRauianiunisiuRafeasnistilanessaanlatuiaaslaautguann

1 1 v 1
= = I~

a v a v a v Qdd‘ o dsj a | a v !
NgA e LALTUITUNRIUN9UFURAAR8 TR Y Anwuzuiaasiduln1nauasiof s
o . = ® i~ = o P o
faasanullfauaaineaiantes AN 4.15 uansteanmis g9 AuqanIALes
ad [ i’/ A 1 ad dyo v y A a | '
Jan1sdiuiagesduneuiuui 1 wudiaanisilinliiauiafiavnagassuasiindusassas
WANTANT WAL WEALAUANUIUNINIAZNIZANEARL19ANLAND waNAaINHAzdan LU
[~3 ] 1 o al v dl [~ 1 a’l’ dll o a ¥
nszanlan  egninsesseaunnidudaiuiuninanais Mduiduililasannnisdniosias
K N v o o lmma s o oy
nszasmaaunisiniuniaeduiafianisonlisendunsalalnsvigaaininlines
lalnsvigassnidnlivindjiseninseseessesunniifinainnisdnsaanszanmmealianuin
é’ 3 a K [ Aﬂl ! [ aa o a
AU WURAAUANUENATLaRIlUNIND 4.15 d9u szavaaaAdne7292 lWdEN U fuRNae
dupauaziINNdNsn9L5uiadune At U9 TR AN Z A NI ELAZNNIINARNTA

lalasngaasn Aaiudsnistiidludanisnlasunianinaaaianialiesneduda nanaAaann

a

=

%4 dl a %4 dld 1 o/ < = vl
NN ﬂm:ﬂmmﬂummemmmma;m:rzmnw”l,mmmmmmmmum'}mﬁ‘ﬂuimn

=)

|
A a v

a 5 U d’l dla % = QI d,( % o a %
LASLHNBNILNINAMNYTUTENINAUBAANITNUNHIUBILNIACHENNHINTUAVE ANBUSHNILNT

14
= v

A a o (48) 2y v o v A |
NNALUITARILNUNITNAADIURY M. Kolli V]LLmﬂﬂjﬂ’q@ﬂﬂmgﬂ@\?LLﬂ']V]Nquﬂflﬁ'WHV]?’]ﬂLL@:

o

a v a 1 o
aRafaensnlalnsvigeesniduiu

o ' 1

Py o a v A 13 ¥ a v
AN 4.15 aNBSHNILNINYNUAAIUNTEATHNTE (@) NAUNIUNIINANIAILNTA HF

2 1

(b) NRINUNNTTARIAENTA HF NaTeiluni915URM A a99UmAaUuLLN 1 (SPHF)



80

2. Mefunalaen1sinAaenNsEA1NIIENNIENATY 320 UAINI9N TUAITAZAILAUAWIA

Aan lsanAMdNdn 0.05 Tuans (SPSn)

o a U dl 1 v a v addsj a o [~ ?:/
Anmuznfguenvediauioiiiun1sFuiafaedslseaunnasianss i dudu
=~ o o o \ = \ ~ = o A e , X
WHAUAUNITAAQENILANENIEILAAINNANTAITRITLILANAZHANNAN I Wi Afluiduil
4 v s . Y e e, XX < .
anaLtasnanaynIaeanauiadi ldunsnainsasmantuinliisesseaunnmuaiu amn
AN NURIN AN FHUNINT WAL TN U LN AR N LA N TV LN LA T LRSI

Tunneanduiu WeanFausuiuiouwfanqustasisazaraaunuianans lafiiesatinaimen

! v ¥
al a

o a 9 o o X Al da A 3y o, o
nudranEuziauiangnuiuaesiuneuuuuilazinunionaz e yniaresaunutiaidong
INNEUURALAUANNINTY FAUAIINTLILITIadRa LAz g szud1en LT dunawAen
soenisquluansazansaunuianaslafiunisdnsaanseaneme Aaiulunisdiutodae

anglj o Va ¥ 3 dl a o o a v v
QﬁuqzﬂﬁiﬁmﬂlLLﬂQNﬂQﬁNﬂ@ﬂlizu’ﬂﬂ@QLN@LV]?JUﬂUﬂ'Tﬁ"L]ﬁ‘LINQT@ET]']?“II@]WJEIH‘J%@']HVI?’TEI

o

Nl 4.16 Anwnuziauiangndaaanszasmang (a) neuriunisdnluansazans SncCl,

a

(b) na<einun1Iqnluasazane Sncl, nanenflueinunnslFuRngesdunauuu sy 2 (SPSn)

wasan iianstiuiantihuiuaesdiuneundafazinuialiduiraauunan 90
a = o o a 9 = oy Y v vy =
wiiieldlunsBauisuAudnensionduuusu flfiaenliudodnediu uazdnenig

2 a ¥y as o o A ) o a > PN =< a
ﬂﬁmﬂmrJﬂ')ﬁLﬁﬂ’Jﬂuﬂ\?LLﬂm\ieLumqﬁ\’]\‘W] 4.5 NUINNTUFURIABITURDUANNITDLNNNTEIAR A

'
a A

Tunguwiuldlaanisdiufiafaeds SPHFE wansAnistinfnngeaignluussnin1azsines

a v

¥ o dJ 1 al & ] ] all = all 1
1@1/]’1ﬂ’1§‘1/]ﬂ@ﬂ\i‘ﬁﬂVLN‘W‘LIﬂ’]ﬁ‘ﬂ@ﬂ@‘ﬂﬂ“ﬂ‘ﬂ\‘lﬂ@uLLM@EIW\‘ISLQ 1u°11mzmmsammM@\ul,m‘ﬂmumi

'
a o a %

UFuafiaed SPSn axaunsaiiunstinfnlAleFeumeuiuuianyiuiafaeagnisqu



81

lusnsazatsannuiianan lssmnesnainen waazni AN 18 ARAARRILNDLLTaLWeIUTL

% dl 1 o % o L2 = a v a 1 !
winnH RN TR nszAENIaN IANNNTE AR ATRIN1TUSURALLL SPSN ATBEYTSNIN

|
o v ad v Y A

agﬂﬁiimiuﬂﬂﬁﬂtﬂﬁﬂ@umuu@ﬂ@ﬂiiﬁ UITNI7AAATENTTATBHNTILLUBIAINDYUNIA

|
= o '

awmiadnlUunaquiiaufongninniusessine inawdangndnanidnasinanegase

@A v a 49( ! o a o [N o =1 ¥
QﬂﬂﬂqﬂLﬂuNQuﬂQNﬁQWlH?HUNWﬂmuumﬂgﬂﬂﬁdﬂiﬂﬂﬂﬂﬂﬂqimﬁﬂ%ﬂqﬂmﬂqgtﬂuiﬁqqﬂ

NINN 4.16

AN N7 4.5 HANIHARATENINHANRUTURILAIN BN U FURA NN LLLA 89T WR 21979 3

Finatinanautn U E11N L LILNIINIA N U

Adhesion
Sample
No. No. 2 No. 3
SPHF 5B 5B 5B
SPSn 2B 2B 3B

ANNMTANEIANANNITA NN EARATENINARNRUTUEALAI RN ANUANATS
vnednmuziuinin fAennasione 6 nziasildAnmuasinsitedlagasie
danasiansEnRaTnaasiTnsAnEazaRindes e 90 wniiseil

1. Taifn19U5URMEN (Untreated surface)

2. UFuRauiilaannsiarauiasaensalalnsngaasniiluingi 90 3wl (HF)

3. dsutonilnenisquluansavarasunuianaalsspanuidudu 0.05 Twans (Sn)

4. dsuRanihlaannsdnfaanszanemanauuiaiay 320 (SP)

5. UsuRautihinannsdndienszanenmenuneiat 320 udanatauiafaansalalng

Waaasniilunan 90 Fund (SPHF)
6. Usunautilnanisdnsqanszarunsiauneias 320 warquluansazans

aunutidnanlsfmanndnd 0.05 Tans (SPSn)



82

414 AnmuarRENNTINARALAANSHARA

X a 1 ale a o k% %’/ le dll = =R a
AMNEALBINTEARATEUINAIN RUALLAN 3 TuwuleTeuneunanisanin

a o

| aa % Y o o o Y o a LA ~
sendnesnislinnsdusnadansTaiiaiuldldnisdudaadanslafianudn Naunnnsiiaes
Asldnisdusqadansnlaiialdlddoan1ldnaudaRaduRawio needut nAannauly

=X a o % ¥ =2 o1 % 1 v a Y @ ¥ oI/ %
anunsngmRaduuialaasfanddnuiaazenunisdsufiannuaafinan nsldnnsdusae

oA '

fananTatialuszndenisquiaaauazin Iii Su EUNg AR NUNNEIUNASAINTITNT W WESN

q
| '

QIIQ s a K a A ¥ o Y o a A nI/ o
/AINANTATANE @WLM&!"H@\?T]’]?V]W@NNu?;lﬁﬁlﬂ‘lﬁ\lﬁLN@I“ﬁﬂW?@uﬂQﬂ‘ﬂ@ﬁli’]Tsﬁuﬁﬁ”ﬂﬂ’]i‘@u@:ﬁ‘ﬂ’]

o o = So v o Ao B4) Ay A o e
sLﬂ‘ﬂia!ﬂ']ﬁﬂﬁ‘Zﬁ@f]ElmszﬁﬂN@ﬂ’ﬁ'ﬂﬁ@ﬂﬂuﬂlﬁLLHﬂﬂUﬂ’]uQ@ﬂﬂl@ﬂ Y.Lu VIiﬁLﬁ@ﬂUW@NW@\‘]LL@Q

1
a

al a aa v a 2 dl o 1 £3 a o a 1
@\TU‘HW@NW@@L@‘V]@‘NVIN’]uﬂ'ﬁﬂﬁ‘ﬂ&l’}ﬁ’)ﬁli“m@usﬁ\?u’] Lmum’]mﬂmm AtARanI litiAasTag

di =) a 1 ul/ o a 1 (23 ai 1 a Aa ¢ a aa o £
Lﬁ‘ﬂﬂﬂ’]i‘ﬂﬁﬁlmL‘W?’]g’]’]LL?\?@uﬂ@ﬁlﬁ‘WT“ﬂuﬁ@ﬂﬂi@LLﬂ’e‘i H, VI@%UHNQW@NW@@L@W@%V}’]GLM

¥
a o Ao

! S =X a 2 = 49{ | | ¥ = | @ 1= va v
dudsunstiafn lidunauw uilusuddaiduamsaiiuuiodaiureudenlifantifsw
= = A A A A ad o o A = a v 9 @
AMWTEauAsEAvE WA UTIANNERIRTAY AN aYN A TURILANAIEAINET
IHFundsaunianussduaasdaninlainaraninlifldannsagadundssuuaziinaynia

Ruldlduazinlfeunianszifueanainiaufialidne

415 ANBINAUDIANHUSAANTNAATULUNURY 6 NNITABNISHARA
[ allu A al e a ° =] XK a 1 als a o % v o
wasANNquIAdsLNANRuLaztin lAnEnstinfnsenanalaN Buiuuiauds aziin

¥ !
=2 ¥ A

WduRunldannigngnidenlilianistiassiinassdlsenaunesisuniialusoaieses

1
=

XRD  WAYALATITHANHIUZAANIALBIITALAIINTITITIBIHILTD 6 N1ITAILLATES SPM
=*KX a o al e v = d‘ = [ % al & d‘
mmmLqumnwm:@@mmmﬂ@mwLm'm SEM WL Fau e UAN UL R INAND

a X | = 9 . o X
mmuiuummmwmumu:uumaﬂ AN

4.1.5.1 WaasAlsznauuaslanitu

! ¥ 13
=< A

2aa9AU2NaUARIAAN R UNAATUANNANINNURIN AT ULAASIAINT 4.17 19 6

o '8

N9ziuaenAdediuNIFANINTEIU YNNELae 01-087-0720 BuluiiAnisiaaaiuuisdend

a ] ' ] o I { J a ]
109RUNANAgIgnagi 20 = 38.2 Taelunuwadulsing Wenaisnialuusaznioy

=X a

' A = = v | ale a aa X a p=|
wuInmeRinstinfnfazdauduiagauansi N RuARaAUWRLRI99019Y SPHF §
| | ¥ a ] o | a = a
AMUNANgegn usluuian19z SPSn 7120 = 64.6 arwudNAAAgeEalnFTEIaLTA
N o < p : a . ) o g v Ao
a1nn19EeAa Ll laLL eIt sRa N NINNGUNR (Prefer orientation) NN lFRNLWNRA

X y A &2 a X
HNUAU AMHLUANNAUDINUIILANNNINAUAIE



83

* - ¥Ag
] i A i
MRS ) ~ SPSn
| II A

:—@ JENAR. GLRIER: LIRS QUL EERETLRLLN VAN IS P Ry

- |

-Q A »

s LA IS SREEY WRDIAR R e SR =

=

= .

5 ALIECKEECRCCARRAEACOM RS, ¥ALARAF AEIR A ARSI -

=

Iiciitid Hilithi — HF
e NWNNNEY/ L . . .. untreated
| I 1 7. T | ) T T

2 Theta (deg.)

NINT 4.17 a9ALlsznaunIaaTas ARG 6 N1azangluuunsaeaUuiAenS

4.1.5.2 ANNUTUTEURIRILNIULLFN ) TAUNTIARAL

a

ANNAINN 4.18 BAAININATNRANIATIZIALNALA SPM ABINURILAINE11WNNT

U5utontindaenana 5 38 iNeifsauiiauaN171sz1edusasiui InaAiANea9Ea8s

o

aa ' @ o p g ~ o o X
’Jﬁm‘imﬂ Lﬁuﬂ\ﬂu[ﬂqﬁ\q\im 4.6 Mﬂm?’]\?‘wufmmﬁ')’m‘ﬂ‘a:"ﬂ'ixl,iﬂ\‘i@’mwmvlﬂﬁﬁu@ﬂiﬂ Ni2S

a_ = i

35n13U5uialaanisdnsaanszanenaaudanaiasiansalalasgasiniAininig

ho)

(SPHF) > Fansdmsnanszanmmane (SP) > 3snsdadaenszansmanaudatinliquluy

v a Y v

ansavasaLauanaalss (SPSn) > danisfianaufiasaansalalasvgassn (HF) > 38013

b

fc«jﬂummmmmLLmuﬁm@@%ﬁ(Sn) TIANAIINTTUTLAINAIRTADAARNDINLNINATNEF
(N7 4.18) waznIn SEM  lfvinnnstiasnzianeisiuiongnu fudaeigsine fewin

NN3NLARDL



84

500.0 nm

(a)
250.0 nm
0.0 nm
100.0 nm
(b)
50.0 nm
0.0 nm
500.0 nm
(c)

250.0 rm

0.0 nm

‘ﬂl aa Ai/ a % dl o % ac 1 1 o 1 A
NINN 4.18 ﬂ’W\lZﬁS\INlﬂ?.l’f]\i‘WMN'JLLﬂ’JV]gﬂﬂﬁ‘Uﬂ')ElQﬁﬂ’]ﬁ'ﬁl’]\ﬂ NAUNINITINAR/BL (a) HF,

(b) Sn, (c) SP, (d) SPHF uax (e) SPSn (sia)



85

2000.0 nm

1000.0 nm

0.0 nm

500.0 nm

250.0 nm

0.0 rm

- oo B g AP ———y ] ) o ' 4
NINN 4.18 ﬂ']‘W@"]llNm?.l’ﬂ\‘iwum')LLﬂQ‘VlQﬂﬂTUﬂ"JﬂQﬁﬂ'ﬁm’N’l NAaRNINIINLARBL (a) HF,

(b) Sn, (c) SP, (d) SPHF Laz (e) SPSn

=§ 1 25 a ¥ a o o a 2 aal |
19199 4.6 LL’&@\WYW’]’NN%@“H?&%@QWHNQLLﬂ’J‘i’l‘i’l’]ﬂ’]?ﬂ?UWJﬂQﬂ'ﬂﬁﬁ’N“‘]

Label A8n19U5uRn ANAINNTIVTE (Nm)
(a) HF 27.423
(b) Sn 2.537
(c) SP 47.592
(d) SPHF 361.09
(e) SPSn 44.969




86

] [ [
a a = A a

4.1.5.3 anuuzlATIA51998N1ATINANTUNDATULUNURY
BN 9]

o ng a ale Aa
1. ANBULNURIUDIN AN

1% a6 dl a zg Aill a A a a =
@ﬂwmx‘*/\l@m\mwmmwuu‘wumiuﬂqnqu (AN 4.19) ATNANMNBUNTANULIEN

|
1 A

Fadasaitiasiuusarldnsuzassaynanwanseiueen luaraun1ARURRALLNWEYN
Tiunstfuiontihasziauaianngt 1 luaseuieaanadesiuendduaey C.J. Lee waz
Aoy AlFaunneaynIARulszann 400 wiluwms TuanuefiouniaRulGaesiuuiuiian
1 v a U = 1 1 @ a o ¥
drunisdfuiioutiazlauinlunindt 1 luaseu lunisdiuiintaantsindaansalalng
Wgeasn (HF) azddanwuslasaiivreseynialulndipasiuiunioenliinisdiuiionii
o = S )
w0uAndaariglinresayniaunsanas
TidsnsUsuinnfinnsldansazaraaunuianaalss  (Sn) aflunisnsesuiia
(Surface activation) Az RANHUEASNFA9AINNEEW] athednaulngaznunig
sansiufunguasseynianateiuayniaeun nguasisunnmnnnszansaginiiuin
pauanalunni 4.20 leaaunesanwauiia (Sn”) Neguuiauioazinasanisnadiesyey
Gusureslfisantnandsainitowdogninagulilfsdusrnenaesaunuiialuduusnudo
auauiaguniuaziN AN guuseUNIANY (Silver cluster) F9NFRRUBLLURINANTY

o o o a o . 2 a a A X s v (50)
LLﬁ‘ﬂLL@ZﬁV]‘LIDNﬂuLiﬂﬂ“] @ulflmmum@’] N’]?QNENLﬂﬂﬂ@lﬂ]ﬂ\?ﬂwﬂqﬁLQuV]lﬂfymuvLmﬂﬂﬁQH

v 1
24+ o o a a

wasaniua-nglaaazunfuuinn lunissaadleasusesiusiaann Sn” Asiuayniatuieg

a

= =

a v :I/ a sy 2+ ?.\J/ a aAa sy
uum%mﬂuﬂumn%gﬂimsﬁ Q¢ Sn LL@Z@’]ﬂMMVL‘ﬂ‘ﬂﬂuﬂI@\‘iL\‘iuquﬂ”ﬂiﬂ’)sﬁﬁ‘?ﬁlﬂ-ﬂﬂtﬁﬂLL@Z

a
' (% 1

pnasuueynIaRuluduusnguiludunayniaRuiauiadnuasiiouiuuduswanaly

' (%
=3

NN 419 (o) eynaRuninnauluszaslnddugadisanasldinunlinzuasivon
. A s Aol

[ :I/ 454 a =<K A o % 1 a 1 1 a A
satiunsaltiaaitluananmeuilnni linunguaeseynIARuaua ajet LutaNduninig

Harazarsannutianaalss

1 (% '

1%
=< A

AuANHOIARNARUIINATULBNUEIIRN WM TR M anszAEmang (SP) azliiilu

gUNsasINAIA (Iregular shape) TnaaynIARUazANANTasdNUURaLiaRaaIn

a

ANgdAALn AT UR AN RUARR B A U TN RN R wA1ENWN R AQ8nTE AN I

v Aa % o

wdafnRasnansnlalasngaasn (SPHF)  AlAnmizayn1aRuliifuginsasanadinus

b

FANNAUATIN RN ARUARATULURA NN NS IR LU U AR TURRUAI8AT SPHF azlauna

Tuadndn

o



87

'
a o Y

dal dsll a % A a ¥ ¥ o°
u@ﬂmnuiuqu‘wumLLuuzgmmf;lﬂ@mLme N’]uﬂ']iilﬂﬁ')ﬂﬂﬁ‘zm'\‘]ﬂﬂi"]ﬂLL@Q‘H'WVLU

1 14
o a

uANIaTAEALAuTAAAa las (SPSN) AnHnizeuNATIiATWAzFEsaRaTuna e uidx

= o =

wduLAAzfATNLNgNTasauN AR et uuRuRa RN TR iU TunsinRaufagniFuRa

Tnennsquluansazans aunuiansalsfinadsinaausdacdauialuninduaziiense i

4 I
UaLININ

5, 880

al' o % ase a aa dﬁl’ a ] [N}
NINN 4.19 @m:rm:’fma@mm@mmmﬂ@uNuwmmﬂum'wwummﬂ (a) 1NNW%ﬂW?

b

UFURu (b) HF, (c) Sn, (d) SP, (e) SPHF wax (f) SPSn

AN 4.20 AnenuelaaaFeraa i AN Rulnt T NNAATULUNURINNIUA U UR NN Tas

nsqusnsawauianaalas (a) Sn uaz (b) SPSn



88

2. NNARALINNTRINAN 91

‘i’ tdl My Y 3 oA 1 a é’ 1 als A o A
mﬂmmmwiuimmumiﬂiumuuw:wummmmqmmmm:mﬁw\l@mauﬂum

% dl v o o aly v 1 % b3 k% 4’ % o =X a dl
uianiduduaimsnaanlananaldudn ludnesuteaenafesiuaareanseaRnfsneau

'
e A a

o =KX a | I v e A d? a ¥ dl i o a £ 1
sTAUNTEARALIIY OB LLm'Lum\'m@UﬂuWﬂwmmu‘uummemmuma‘ﬂmmuu’nmmﬂm

£% '
a =

WUTAI919721I194 80N A TLAS L HARANTUNTUINUR RN USURINEN AR N9 R A9
v o o a v a o a6 tdl a é’ a
nazasmaaudatiliiniasansalalasvgeasn anwousNduniialuardauagsenn

a [ ] n:ll o a o za I dl a -&l a [
aynaRuazidnliausesigndaninioresiuamsn uenanildunfauunuiouialy
nazgaing (n1aaaens 1,000 1) aznunguaeseynIARunzeguuianauiuauu

A % o ‘ﬂIQ 6 o/ j a Al 6 a o ﬁdl v U %
UNTDIFAAARAINUNIN SEM MmrzdaneisuRa N du Rus lanatanudn

dl o e A dl a d? dy a ' S v a &
NINN 4.21 mmmmm’]wmw@uL\m‘wmmuuuqu‘wummm (a) Tdfinnsd5usianiin

(b) HF, (c) Sn, (d) SP, (e) SPHF uaz (f) SPSn

4.1.5.4 ATISVNAUDIANHUSNURILNIAANISEARA

' o

¥ dl ¥ o ¥ v =3 U o i’ a % dl
mmmwimm e lddnasiuasidiudnuanainansrusNuiauionuansneiuay

a

AN AN MU AA N RUNAATUR AN NLAN AT ULA Rz dINaR AN ARATNLNATL

o

=

AANRBIUANH U ALANANI T WAL T U BN E AN ENWRIBA AR BLIARANN

o a a a dd‘ U 1 =® a 1 A o o =3 U
n3rUuNIsUSURAE N s NLAzIE AR TIas I danasani1stiafa ldwia i seaziiiuls
A unIngNaIaIN12E ARAAINNTZUIUNFU FURA IEIN1 8N I NA L A9NANINAIINITUSURY

Twdaanitasannnisdsunalu@anianinasiuasanistinfauesian luanHzn1sne



89

Mechanical interlocking Feazvinliauniafiazfiaduildudnllfnindesnanuagassuas

]
aa a o

X, o & - X N o« a =
@’mﬁqqﬂmimizquﬂﬂmﬂlﬂwu‘ﬂwLﬂﬂLL?\?LLQML@@?QW@Z{NN’]ﬂmu stuszlm?ﬂium‘LuLm
a a o a A s = %’z dl | %’/ a6 ' ZJ/
INAzdNafuNnaNaN NN TuLenT T UTUN AN LN9INTIY

'
a

=KX a ! & A v a ¥ dl 1 o a 3 = =2 dl o dl
ﬂ’ﬁ‘ﬂﬁﬁlﬂﬁ‘:ﬁﬂrﬂ\‘iW@NL\‘iuﬂUNQLLﬂfJV]VLJJNﬂ’]?ﬂﬁ‘UNQMH’WZNT‘I’]?H@Glﬁ‘Vlﬁl’W]ZﬂﬂL‘W?’W

wasanaunilasaniduazugaanduamanudana liumila 100% Asiuenanaialédn
a % dl 1 o a £ ] X a v Al Aa v dl v 1 o a £ o

Aaudai linsUiuRanth liansnsntinfafuiduRuls nnsiufalaifinnsdsutauiazyin
Tfuseaseiintusznd wianRuinwioeslugluusuaes Monolayer on monolayer @4l

AnsinUfise1iiuas Mechanical bonding lne) lunsaiiidlantaindesdneseudieildu

o o

Auduamsansazinnsansaliuinuazanifresiagdssiunisndasunlaaduizion

£ 1
o o I o

2 o v X a dl |d(19) al =X a v d? % o
A lEinsEaman llR FNHUNNINAZNNNNTE AR A T HNINTUREARININITLTL

s A

a 9 4‘ all o Y a di' =< ' a
NQ‘M‘LL’]LW@‘VWZ‘V]’]I‘MLH@LLNVI’Nﬂ']EI.ﬂ'TWLLZ\]‘?.Z‘VI’]\TLﬂmsﬁﬁimuﬂ’]ﬁ‘ﬁlﬁixﬁrl’]\iﬂléﬂ’]ﬂ"llﬂ\‘ﬁ/\l HINU

a

o v g v X (g9 &L a ! A v P~ = Ao
ﬂ‘LILLﬂ'ﬂMNN’]ﬂ"IM r“]’]ﬂﬂi@ﬂqﬁ\mﬂ@ﬂﬂ"ﬂ@\‘]ﬂ’]?ﬂmm@II@EI?QNWUQ’]ﬂ’]TV]LLﬂqqzﬂﬂq?ﬂﬁmﬁ'ﬂﬁ

[ 1 [

'
a A a A

tladauanmefaanin liinanuiaf W ey Mechanical bonding LaZazdaeANNUD

b

[ |
Il =

a ¥y o V| QI a 1y = d? dl 5 dla 5 dl
auiain iidunisianiui lunnsiiausaaunainad iy e NunEawInaun1m
2 ¥ v& = dp ! ZJ/ v 1 ] a
aglayniadllinngldfaslunauniu eyniamatuazidtllegnusesuaziianis
ViunuiuEes®) AauauN1Aia Interlocking  AudualmInuaziinfusessaull Mechanical
Anchoring T4azdigsunistinfalsininaudas’ wulunsdives SPHFE SeliAnistinin

1 [ 1 1

NANGALHENAINNNINANURINHAMNTTVILAININNGAUAZNIZALFIDLINIANLAND AYNA
=< [ I ] o o 3 ¥ o al s = o o
asudnliag udasaassaadnasaziiulfainainniasinaaaesian Tusnizimaanunisdiy
RR2eRT SPHF HldiNaeusaziiia Micromenchanical bonding THuniauRuuazduamsm
WASSLAN Chemical bonding Bnsog lunstlil HE  azdaginisaanagaszuazniaile
Rontminainnisdasnnenliiiawu Silanol group GedrasanisindfisaniuenniaRy
4 . S 1 (o . a a = a = '
\#89a1n Silanol group Hujiaridu SIOH agiFnuineaziinnsuaniaauszudnslaesy
sesRuaaiuilszquanfiagluansazaraiuiioudald™ §eiudd SPHF Auflunisnanugu
9211979 Mechanical &z Chemical bonding WnAneiu Astidusaasasenaeilan[uiy
a v v o A Ao a . . . | ' < a
NOLN2AENNTUFURNIENAZIAAULLL Mechanical interfacial layer wiiaenglaimINnNITAiA

WANHANTITRLINININATHHARBN WINTBINTEARANINNGIN9RANT9E ATl

=Dle

a

AN



90

nsdiuiindng HF  Mnl9iAR Micromechanical bonding  HeuHaAz 3T INEN
wniaewinduuazyinlfiia Chemical bonding Wi AnNNNIEARALNEIATIZTHATRIUIAN

i ¥ 1
a aakX v a deLy

TunsiaRnaznudinisldnandatainawld dduasantstinfnnnaw n1eiaRaNn 98N

¥
a =2

49( o 9/4‘3‘1’ a 49( ' dl a My a ' =2 ' 1
mnmu%mﬂuwumLﬂmmwmﬁ;m?:mmul,mmﬁmgmz‘wmmmuiuimmm@mml,mmﬂm
¥ o, |

- o @ a A C = P - a A X
‘Wum@qusl,ﬁmﬂ\?ﬂ\‘]LﬂuNQL?ﬂU@%LWﬂQLW]N‘L'?‘N’]mLL@gL@quu@juﬂﬂ@’]\ﬂJﬂ\?gLﬂmLWN?J'H

Lo =2 Ad a . ~ v A o~ o P o o
UU BUNTARNNNLNA Interlocking LWHQL@ﬂuﬂﬂLN'ﬂLVIEIUﬂUELuﬂ?mm’ﬂQ SPHF m'inLm'Jm

! 13 '
o A

Tun1eiaia 90 Funnudalinan1stinfnanuiesaInANLILITIeINLRAs Al AN

winzaNiuavInaynIATd N gansAUNuEaTuAe  nshauinaesgtlaniinluay
) . S 9 = Y A A G a . a
danariaayniafdinitainiziaedigilaiauisaniiulyd eaynipazliatunsoiin

. o d’l a ¥ ¥ a) = 1 a dil a dl
Interlocking ~ fiuuAald wazdrgaiauinlunjuinifiull eunirazinizuuiuiialaas
Td1MAnN1g Interlocking  iufuesananeUzNuRiazifFauwmNau e uiafg

A My = A AaX ] A A o= o &
ﬁ‘gmj_lquuusﬁﬁiﬂiﬂm')ﬂﬁluﬂq?ﬂ@mmW@Tu LLﬁ]ﬂqﬁ'mgLﬂﬁN”ﬂuqmLﬁmqgﬁﬂﬂﬂmu’]m@wﬂqﬁﬁﬁ‘@

o

nguaasayniIafazin lieynadn il lugidlaiuuazaiuisofia interlocking  AUNUWRA

FUALAIR LA WAt uAulunstin sTnRqsENIZ A NI N3 IENTEANENIIEARAINN

¥

dl dl o Dd’l a 49( 1 ¥ 1 =y a < v
wenugaivenaziinlinutangassuiniulilidinasranistinfintnaaziiulidinis 14

=2 o do gyl a o A M v R o Ao
NITATBNTIEUNNLAT 240 mﬂLﬂuMN’mL@“ﬂVW]ﬂMWiANQW;I’]‘U%N’]ﬂVI@®1N1®Nﬂﬁﬁﬂmmm‘wm

' ' '
= ' a a

gausnauiunisldnsearunsanuiaias 320 AldAnnstinfnngandiuanslifiiuly

L‘ﬁmf?l’ufjﬁmﬁwmmzﬁu%mmmﬂi:mw‘wmﬂLu'aéfzgq"] tufluafianenisinfnmesidy

RUALUTUAASANNNI AN LSZ AL AR NNSEANEM B AN
luniazgnslfufafifinisdaunuianaslsfidraifaadesasiiulddadnanuus

AfunpTvazLANANAINIfaREiasaInnIUsuRafasdfRiTludTn A Ndsas i nanitin
Anlunansonlain nanapeduazngasialdiumllandshseaniion 100% Aavas liws

v ¥

= 9:/ a6 1o g A a as a dl a dQ( dglJ a dsj

WERFUAAN LAWY LaZaINATNAE VBN URATAN RUNNATULUALEITRIN s ATy
NN399NNgNIUIBIYNARUNTzANte iR N aNT L TuANw e NuaNsA9aInnsl FuRa Ty
nazausantananaluude wenanniinisldaunudanaalsduininisdFuiia (Sensitizing)

] 4 Al A ) i\ |aaa | vt = Y =
neaunsipRe LN Ruaza nisndaetilfAsen ludauenlfgaiumiiounisnszfuiia

|
a a ¢

) 2+ P o =
LA9aIN Sn %fﬂg‘meLmLmemammm

(Surface activation) TﬁLﬁmﬂﬁﬁ?mL?ﬁu(go

a 1

Ag” 1l Ag anmnsannzianRauda i i Inazdiuldainainning 4.22 1y

v
=3

= P o Ale A a a o o ) = Ao a oo p
ﬂ’]TLﬂTﬂULV}HU@ﬂHmzsﬂ'ﬂ\TW@NWLﬂmmuuuNQLLﬂ']M@\‘]@qﬂ“ﬂNLﬂ@@UW@NNuLWﬂ\? 54U

wuITRa Rt IF w1 aauaLnLTaRaa lesNInau azsa llinANANAY TaenRnLALNEN



91

a a 1% Iﬂl/ A’ a 1 L dl o | a6 dl
m}}mﬁLqum’]:uummeammm@gmwumLLmVLszLumﬂmuﬂmmﬂu%l@m Tunnuen

' !
c a

FUUNEUNTIARLALAUTAARD A NN aUA LR AT WA AN RUNT AN ANATNT 4.23

iunisigarianulilsauasmasidninfaiu woudndwanunldinisndeuausuisnaa laday

o A ¥ o

= ) = @ o P 2 v g & Ao &
Nﬂqqlﬂ:ﬂﬁ\'} LANTNASRATNITO Lﬂuﬁ]q‘ﬂuﬂ@@mﬂ%ﬂ’]uﬂ@ﬂmu\?quiﬁ LLmGLumu\?’]uV]Nﬂ’]?Lﬂ@@U

o

o o‘d‘ o P94 Y o o [ o o o ' dl =2 |
mmuumm"l,immemvl,qmuummﬂﬂquiumum@ﬂmmnmqmmwmuLLmuJum

wanslivindneynIaRuaINIsaNIz fuat1esaiiosaunaaluian Fundaiues A
nmslfaunuianaelsdifunisdiuisludaninannsadoeisealJisaanisiia Siver mirror
Tudqusn ey inaNauRuEauLsAn1sliuRa @Al ez tinfan Ruiuduansan

Huufondaaniianisviunneesenn1aRulfiiesdunne (Monolayer) TeRANLNUMANT

1
= o v a ¥ ]

AziinsEinRaAiuLivanAae niagelizenlunisiia Siver mirror Aasaunuianaalss
Anldlaglaasunes aunudanilszq 2+ azdnliinizeguutioufanan arntiuieqs

A al e A a a; 1 a a ¥ aa 9% o 2+ 4
wReLAANRY leseureslunegiuniuisazgninadsionloasutesaunuiia sn” 1

naneiilu Sn™ Inemss TallenFaumeudunssaadinanldn-nglaa leaeuwesSuiianig

aa 1 v 1 o o a U i’/ aa Y
st luansavateneukaAet”] ANTLANAULURILD zasiunissnadinanselneld

laaaurasannuiaazn lna sy laatinasmisa

(@) (b)

1 ¥
=3

dl = o al & a a a a 2 o o 1 A
NINN 4.22 ﬂﬁﬁ'L‘]_l?‘El‘]_lLV]EI‘].I@ﬂHm:Z“ﬂ‘ﬂQV\I@NNuVILﬂﬁ‘ﬂu‘].luN‘JLLﬂ‘Jﬂ@ﬂ@ﬁﬂ‘V]’]ﬂ’]ﬁ“ﬂNLﬂ@ﬂ‘]_l
= = 1 A o & = A o o 1 g
WAEN 5 U (a) VLNNﬂWiLﬂ@@U@LLmuu@ﬂ@@iﬁ‘ﬁ (b) NﬂW?Lﬁ@'ﬂU@LLmuu@ﬁ@@iﬁ‘ﬂ NaRNITN

A
AR



92

(a) (b)

' 1%
=

AN 4.23 1WErauauaanllfanaa el AN R UANAAW (a) WENTARA LA LA
& = A o & 1 1 A al ¢ a Y & [ ai [~
Aaalsnd (b)  Hnisipdeuawsuianaalss naunisquAduRaNRUlFIiuaINUAALTY

ABNHTANIN Science

o o

:’/ dl v 1 o R F 72 1 1 P2~ &I =) a
"V]TWN'V]Nm'ﬂ‘lﬂﬂ@’mll'wnsluqLﬂ?’]gcl)ﬂmqqﬂqﬂqqﬂﬁlﬁﬂlﬁ‘gﬁiﬂimLﬂum'ﬂ]'}mq’]ﬂqﬁ‘ﬂmmm

' a o oA R i = o = a =~ A o
ﬁ‘zﬂqf]\isﬂ@\j@@\ﬁm\‘]uquﬂﬁﬁ‘@iﬂ LW?J\TLLWU@ﬂﬂ\TLLUQIuNT@\?ﬂq?ﬂ@Imm’)’]@gumqﬂﬁﬁ‘ﬂu'ﬂﬂ

Weslawiniulaeluwiiduaes D.E. Packham™ linanal3dinsulafimainagasylalldan

(72 1
1 a =

UTOUNANTATENINABINURY  NNINNURINANNNUFTIELANDLANIZATAINNIDLAN N U

)}

wazii ilgnistinfnnaauls Asiuds

4 o

DA = = < |
1 QJWVI’Q?J[?]@QHWM’]W@’W?M’]SLHL?@Qﬂ’]‘j‘ilﬁ]ﬁlmﬂ']‘]_l@VL‘JJ

SNo

(% ' £
o =X 1

UAIAN NI ARAN BT BINURINAATU INIIZAIAINTITEMNTULEINITNIZAEIAD
o X av. A o o ay =< = e ys o o g
1R9ANEIEUE lHeauiuenarinldgmuninesnistinAauwansneiuls dednumusnninlig
a =KX a dld k% a dld = 2 4 o dl
AL ARANAAZABINTRINHANANLATNAWNEANAIT MK LIUIATRIB N AL

d13170007 1M e9wa AN UINAY LATAZARINN17NTEANEAAAUAEN19ANLAND

1 ] '
o

A A o a = A o ' = = o o wal o ' pRp
LW@‘V]QS'}L'MLﬂﬂLLfNﬂWV]ﬂﬁ‘zqqﬂmqﬂwuNrJ@ﬂq\j‘V]qﬂ\ieﬁ\quﬁwqiﬂﬂﬂqqﬂLLmQLL?QNqﬂﬂQWﬂq?‘V]N

= X & = .o
BINE AL UNUNILNENLINAALNTIUY

q

1
o o =

X o o o R ae = P~ )
1ANAINY A98NNAIMNANATUHINDNTARUNLIADAITNAUNUDINANTIAZ NN ABID

o

'
e A

=K a ] dla e a a =® a 1 dl a
NITEARADEUIININ ﬂ’]’j“V]‘V\I@NNﬂrJ’]N‘M‘LﬂNWﬂLﬂuvl,ﬂ‘ﬂﬁﬁmﬁﬂﬁﬁ'ilﬂﬁ]ﬁillﬁLu‘ﬂ\?@']ﬂV\I@N‘V]

AU AT saziuldaInnIng 4.24 N liEanemnldaaanudn uralun1stinama

a '

svudnaniiuAaNRuazde e luduunrastialauna luseluntsaamdladuinndnuss

'
¢ aa e a

TunstiafaserinelaNRuAULAauazlsenaUfUA NI AANNTNN N ITAANRY

wgmaananiamalliumillalsatneinenng



93

%
LN

dl o a6 n:ll =2 = al e A
DN 4.24 NINNIARATINABIARNAULAAIDNAMNIUUEURINAN [ U

416 AnmuarRRUUYNAANISEARRA

NIANEINATRIGIN) RN HFBNNIEARA T MINARNRUALL uAT N IAN AN AL

= =

dl a6 a a o U 1 v
nlasuldaasidudunguunfisae aziaufalildiunszuaunimisaannfeulu
a dl 1 ad‘ A o 13 v a K a I's & v
U338N1AUNR Tagavgruugiiaeniinaldazs1edetenisaiaszsiasdAlsznanaaciin
Lmzmﬁmmzﬁmﬂﬂﬁﬂuuﬂmmamm’é@mﬁ@mqmmﬁmmwLLﬁ’qvﬁ@ Glass transition
4' AN — X Ly P (12) o A
temperature (T )ia4ANNINALANGUNYNNINTULARZNANNULARIAY ALARS ININD
4.25 uazillaiinguugianiean T, aziliufafinisdfsuulasainaniuzaeuds
< @ = . . = v v X
naneiiluaeananliugeann (Supercooled  liquid)  TlATIAFINUBIULAIATUAINNINTL
mn%’mg@ﬁqﬂdﬁqﬁaﬁﬂﬁﬁmwﬁﬁﬁudﬂqmmﬁ%muﬁmﬁifmmL@?um?ﬁmﬁmié’mm:

dl v a v 49( o va) & A dl I a a ¥ = ¥
nsnuiailassafraacuuniuasin liiduRunadusnutawioauisaunsnaadnld
IAseaF1auialatadntdasuaziiantaifiufiasarni i anSuudslUnfanduiunionas

=KX a o ¥ v
@qﬁJ’]i‘ﬂﬂVIMQﬂULLﬂfﬂﬁ



94

|
204 | l 19

—_
(=) o0
L 1
o gl
— -
i e |

£
L
L]

Strain Point 10143 P L1
) Annealing Point 1013 P

—

(]
l
-

—
=
|
./
-

Log;, n (Pas)

Loggy N (Poise)
/

=]
L

Softening Point 107-65 P

==

=
1

Working Point 104 PS5~

‘--q.__x_\_rlt'hing |

(=]

— N\ I I T o
200 400 600 800 1000 1200 1400
Temperature (°C)

i 4.25 neuansananilafiasulinuanmgRassusaloanlad

Tunisimenguugintiun ldluniameassazidenainnisinssinisdasuulas
NNANNFEUNEMIAA T, T8IUAT UATAININEIUNATLATITH DSC  WuduAnng
wasuulasmdsnuiguugi 512.9 esraadiaatuiugomgii T, aesufiafndiunldidu
Fuamsnlunimaassil Inevialdudoudalaniladi 7, agludaalszunns 520 - 600 8
waded®” usufaninun ddulidiudszneufifulofaneanlsd (Na,0) Tevinuinfiilu
Network modifier a¢/lulasaaiwpauinaun(@auandlunimei 4.7) aainliqn T, e9uria
dl o dﬁld 1 °I ! % O‘QI/ 2 o 1 ° V% A
Pl lunmasesiifiAanduialannlaiiall andeyasinanavinliainisaden

grunginiunldlunnmasecladne 450, 500 uaz 550 aAmaLTeATIgUUNRATTTTY

AU ALA e WAWTNNaIaINgn T, waziniainluusseanialng

;13197 4.7 asAtlsznausisaasuialannlastiunldlunimaseddimasifan XRF

Constituent | Na,0 | MgO | ALO, | SiO, | SO, | CI | K,0 | CaO | TiO, | Fe,0, | CuO

2

Wit% 14.63 | 3.90 149 | 71.60| 0.22 | 0.05| 0.68 | 7.22 | 0.03 | 0.18 | 0.01




95

4.1.6.1 anwagAanRuilsng

1
& a 1 %

PRI AN I ULIUNILUIUNIININAINNTAULAY AINAANATRU1IUIAAE
= A a = Y X P a v o X A o Al e
WAasUTIUARULATHANATUNINTBUALIHENANATUNAITBITUINUNNNNNTTAR NN
v dJ dl E N ~3 a 1 1 a) 6 a s v 1 £ dl
2ANA WD N LT LR 9LT IR AB T NI AN R UA LAz NUIAazasuann la

AR R waeslasuanalunng 4.26 Taaluanddaaas W. L uazane® 1dnanadn[@u

1 1 4
=KX aa a

gnldlunnsfianduialfidudivassunsiaus luafhngedniialuniann Surface  plasmon
a G dl o a o/ a 1]
resonance Bavalanasaunitin i luaynialanyRuszanunluaziianisunsaasloasy
2033uliguio wanantilenFouauFuinaesiduRussudanounasuasannedu
N3EUAUNIINNAMNTaULAIN LT AN AN Ruazne U TuuF i uf uuuae vy
s a @

A v 1 1 dll ale a a 2 a 1 2 1
V@QL‘W@@%L‘WEIQLLWW@NUTL']M@WH@W\TLu@ﬂ@qﬂW@NLQMU?LQM@’]HUHNﬁQ’]NU’]\?ﬂQ’]ﬂ’]u@’N

asnileseuresduianiseandinduuazngaaanainiantinlddnandn

T

s028-a892

1 ¥
=

AN 4.26 ANHULHANNINATY (a) ADUNILNIZLAUNNININANNFAL (F11nTn), (b) UAa
] % ¥ ¥ % dld dl a a 1 U a6
NIUNTELAUNITNINANNTEY (AN1UKN), (€) WNINHNITUALURALTI IR ABTZNININAN

RuiUwA9 (ANURag)

nsufiseneandinduaes Ag liilu Ag,0 dwansluannisi 4.1 awmnsdnu i
annsATUINames N lawfn (@unisi 4.2 - 4.6) naniuualiAn Activity 289 Ag

Winriu 1 Activity 2849 O, luanAwiniy 0.21 waz activity 189 Ag,O Wi 1

2(g) - AgQO(S) (@Nﬂ’ﬁﬁ 4.1)

1
2A + =0
Ys) 2



96

Nguuni 25 a9AEATEA A1N1T0AUIN AG ., WANANRUNIaT (AH,)
waz A1 Ut (AS,)) 109819714 lun9An Ag,0 A nAuandlumsei 4.8 LAzl
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- . 0 0 5y = a . 9 (93
A9 4.8 ANAH, uaz AS” 189 Ag, O, UaT Ag,0 NAMUYH 25 C

Chenical species AH(i)O [KJ/mol] AS(i)o [J/mol-K]
Ag 0.0 42.6
0, 0.0 205.2
Ag,O -31.1 121.3
\ 1 \
= 0 . 0 0 0 )
e AH o cion = AHAg20 - (2AHAg + ;AHo2 ) (ANN13N 4.2)
=-31.1 KJ/mol
1 .
0 _ 0 0 0 )
AS oion = ASAQZO —(2As,, + EASO2 ) (@NN97 4.3)

=-0.0665 KJ/mol-K

v 2 0 _ 0 0 =
ALY AGreaction w AHreaction 34 TASreaction (’&Nﬂ’]ﬁ‘i’l 4'4)
=-11.283 KJ/mol
ANNENNT AG = AGY +RT Ind,, (ANN139 4.5)
4Ag,0 o
WAL InJ, = In—1 (ANN19N 4.6)
5 1
a,. Xa?
Ag 02
WIzaTi AG™ © = -9,350.49 J/mol
pen R Af ﬁi’m\‘iﬁ‘ﬂmuﬁ@iu@qmuﬁﬁ (Universal gas constant, 8.314 J/mol-K
T Ao gouuiluniainlfisen (K)

)y

a, AB A1 Activity of species i (Ag = 1, O, = 0.21 llaz Ag,0 = 1)
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4.2.2.1 Spread plate method
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A1519 N LARAYAT 20, intensity uaz hkl 784 silver Baifludagannsgiuann 2003 JCPDS-

International Centre for Diffraction Data (PCPDFWIN) i1gitaa JCPDS 01-087-0720

Pattern : 01-087-0720 Radiation = 1.540598 Quality : Caleulated
Ag 2th il Kl K I
38,201 999 1 3 1
44402 482 2 o ]
B4.802( 223 2 2 o
Silver 77.600( 220 3 1 1
Silver 3C 81757 &1 2 2 2
Lattice ; Face-centered cubic Mol. weight = 10787 !
8.G.: Fm-3m (225} Volume [CD] = &7.78 i
a= 407724 Dx = 10.571
Dm= 10500
Z= 4 WMeor= 17.20
|

1CSD collection code: 084957

Remarks from ICSD/CSD: REM M PDF 4-T83, thermal expansion coeff, (*
10:6/C) = 19.7.

Remarks from ICSD/CSD: REM  TEM 2%3.

Test from ICSD: Cale. density unusual but tolerable.

Test from ICSD: Mo R value given.

Test from ICSD: At least one TF missing.

Additional pattern: See PDF 87-557,

Data collection flag: Ambient.

Becherer, G.. Ifland, R., Naturwissenschaften, volume 41, page 471 (1554)
Calculated from ICSD using POWD-12++ (1957)

Radiation : Cukal Filter : Mot specified
Lambda : 1.54060 d-sp : Calculated spacings

5S5/FOM : F5=1000(0.0004.5)
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A5 U LT URELNNIEaINTTANENIe A M N1 naziaaaluszuy CAMI AU FEPA

LAZIUIADUNIALRALTBNTAABUANS LA LLLE AT N EILAY

Microgrits CAMI FEPA Average particl
Grade P-Grade size in microns

P240 585

240 535

Very fine P280 52.2

P320 46.2

280 440

320 36.0

P400 35.0

Extra fine P500 302

360 288

P600 258

400 236

P800 218

500 19.7

Super fine

P1000 18.3

600 16.0

P1200 15.3

P1500 12.6

800 122

P2000 10.3

1000 92

Ultra fine

P2500 8.4

1200 6.5

1500 30

2000 10
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A58 A-2 HANNIANNANNAT LU 8IIAY

udorinRinsnansalalnsngassn (SPHF)

Tl GRECHY fustarini () At
1 50 51 51 45 49 49.2

2 52 60 53 46 52 52.6

3 47 49 47 51 50 48.8

4 50 52 41 50 51 48.8

5 53 54 58 61 60 57.2
EROEN 51.32

a v a % ac o Y
NHAUNNTUTURRAEA TN TAAREINTE AN NI

Tl A furariini () At
1 37 29 32 28 32 31.6

2 24 20 21 22 27 22.8

3 24 24 19 20 29 23.2

4 26 25 25 26 25 25.4

5 21 21 22 20 19 20.6
793 24.72
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ANuN3U5UR Na N

%m’m‘ﬁ' ANNNANETA ”‘u{i’] (B9AN) \9ae
1 90 68 80 79 92 81.8

2 35 60 58 40 57 50.0

3 68 74 70 67 67 69.2

4 71 72 84 88 92 81.4

5 44 40 62 81 63 58.0
794 68.08

A998 A-4  LansdayudnTan Ui AN Runnaeu iRl unNsU U nATNY

NITUIUNIINNANNTAL (Ag-T)

T ANYNANER v (89AN) 9Ae
1 21 22 34 25 31 26.6

2 20 21 51 29 46 33.4

3 22 18 36 34 28 27.6

4 31 36 27 34 32 32.0

5 20 22 27 31 33 26.6
794 29.24
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Scotch

Transparent Tape

600

Technical Data

Product Description

Scotch® Tape 600 is a transparent film tape that is excellent for various packaging
applications. It has a pressure sensitive acrylic adhesive system which is long aging
and highly transparent. so it has stain and sunlight resistance which makes it an
excellent choice for use on fabrics. Recommended for gift-wrapping. combining.
attaching. light duty carton sealing and miscellaneous store use.

126

Construction

Backing Adhesive Colors

Polyolefin Pressure sensitive acrylic Transparent

T‘\‘pi(-al Ph‘\'sical Note: The following technical information and data should be considered representative
Properties or typical enly, and should not be used for specification purposes.
ASTM Test Method
Adhesion to Steel: 16 oz./in. width D-3330
Transverse Tensile Strength: 14 Ibs./in. width D-3759
Elongation at Break: 70 % D-3759
Tape Thickness - Total : 1.8 mil (0.045 mm) D-3652
Features * Easy-release treated.

* Moisture and cheinical resistance.

* Roll stability.

* Long aging.

* Controlled. smooth unwind.

* Has good edge tear and breakage resistance.

* Easy to read through.

» Excellent holding and good dispensing properties.
* Does not yellow on fabrics.
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Scotch® Transparent Tape

600
Available Sizes Standard Widths: 3/8in., 1/2in., 34 in., 1in., 1%zin, 2in.
Available by Special Order: Custom widths and lengths available on request,
subject to minimum order requirements.
Core Size (ID): 3in.
Lengths: 72 yds.
Application Techniques  An extensive line of manual. semi-automatic and automatic equipment is available

to facilitate application of Scotch® Tape 600.

Storage Conditions

Storage of Scotch® Tape 600 at 70°F (21°C) and 40-50% relative humidity is
recommended.

For Additional
Information

To request additional product information or fo arrange for sales assistance, call toll free 1-800-362-3550
or visit www 3M com/packaging. Address comespondence to: 3M Industrial Adhesives and Tapes Division,
Building 21-1W-10, 900 Bush Avenue, St Paul, MN 55144-1000. Our fax number is 651-778-4244 In

Canada, phone: 1-800-364-3577_ In Puerto Rico, phone: 1-787-750-3000. In Mexico, phone: 52-70-04-00.

Important Notice

3M MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. User is
responsible for determining whether the 3M product is fit for a particular purpose and suitable for user's
application. Please remember that many factors can affect the use and performance of a 3M product in
a particular application. The matenals to be bonded with the product, the surface preparation of those
materials, the product selected for use, the conditions in which the product is used, and the time and
environmental conditions in which the product is expected to perform are among the many factors that
can affect the use and performance of a 3M product. Given the variety of factors that can affect the use
and performance of a 3M product, some of which are uniquely within the user's knowledge and control,
itis essential that the user evaluate the 3M product to determine whether it is fit for a particular purpose
and suitable for the user's application.

Limitation of Remedies
and Liability

3M

Industrial Business

Industrial Adhesives and Tapes Division
3M Center. Building 21-1W-10, 900 Bush Avenue

St. Paul. MN 55144-1000

If the 3M product is proved to be defective, THE EXCLUSIVE REMEDY, AT 3M'S OPTION, SHALL BE TO
REFUND THE PURCHASE PRICE OF OR TO REPAIR OR REPLACE THE DEFECTIVE 3M PRODUCT.
3M shall not otherwise be liable for loss or damages, whether direct, indirect, special, incidental, or
consequential, regardless of the legal theory asserted, including, but not limited to, contract, negligence,
warranty, or strict liability.

(SO soco2 )i
This Industrial Adhesives and Tapes Division product was manufactured under a 3M quality system registered to ISO 9002 standards.

®

Recycled Faper
40% pre-consumer
10% post-consumer

Printed in US.A
©3M 2003 70-0710-0228-2 (4/03)



128

MARNUIN 9

mmﬂmﬂ’]ﬁummmu

ROM ‘ FRX NO. (B@2318550228: Apr. 19 2811 B5:12PM  PL
Mo PR A Eeo G e Lt E
_mynqummtr:..n‘n..uﬂtbanam\‘ns (rno) - ;L\w,,_ i

NIRRT T Ay 4 SO
| oum@ament Sunading i Yanumft 11000 ) M
Tnsdtwits Tismar 0 2851 joat "",ﬁm

fm
e E g SR AR
bettpetiarueve.dmse moph g6 thAvelicoot/SQSFindex it

wmavvilian 4043750

FWATUMIRIVTRI

w308 2053007872 ; swnwalidisss 010 121

nuaﬂaaamww :

Fodothe ‘ : mau"ﬂﬂﬂmn :

e fudn . ey g ﬁmnﬁnw a7 M3 nuuguuﬁﬁdvmma’im

: ; frvadossintos dunstnlan SueSardqumi

Fufidusaein | MEG 300610 $1113170 14 5P 290612 {umnseiin Bl

MPUTUITY ¢ mawa'«mﬂn'iﬁ r«!‘tmat}‘ﬁ‘mmﬁﬁﬁmsmmmm;ﬁq 15865 imn'u ll'lﬂﬁ

BAMD 3 ua’@‘fﬂﬂiﬂﬁ'ﬂ %Hﬂﬂ Ijsl!'lﬂ?ﬁﬂﬁ u&"’muﬁ'}suumms (08,13 2‘%441‘2'000‘1
- anwuzdndi  woumanle hidE Yuiodu Widazao

Fuiitudastin & nsagiay 2553 :

Hifdhmsineed 6 nangimy 2553

pananTI ey : .

T : I | A W E it S snmagiu

manmdunmdn @ astor g APHAM@ZM‘B) 6585

ﬂ%':fmms'('?mm Gedniumaian Hoond12s  APHA2005(3540B) Yl 5000

vy Tt mafmnivens Towy APHA 7005 (2340C) “laitf 100.0

@adnfuiedng

nanlsd Tasdnrmiiunasiu Gadntuwiedas - 5.1 APHA 2005 (4110 B) it 250:0

s Teednooouths s disdndimoiey) Tive APHA 2005 (4110B) Luifiu 40

vigoolsd Tnvd nondhivigeoiu dindinsimodas) Younh 005 APHA 2005 4110B) TifrLs

min @efniudeing Iafwy APHA 2005 (3111 B) “Wiifu 0.3

s (nansudoian Tafvaas APHA 2005 (3113 B) Taifiv 0.05

e

fuanan Seetring)
un‘-wm‘tamwuﬁnum':qmmm
FnyEng msuvmu

Fuinsul
UjRaTmEATY 08 swqusrsma«mﬁviwﬂsﬁﬂmmmumnfu

ﬂ'm}’nﬂwmmmifmmqudmhubﬁi:uauqamfhmmin-umnm
B R | R e

i

22T ;u‘r.’ﬁ#




129

ROM : FRX NO. 823185502285 Apr. 13 2811 BS:10FM F3
ﬁnﬁ‘fqummm:mwd:wnﬁ'ammt (rnn.) . *“wﬁ"*
nsirmewnnadnisamnd nsens s ey SS=%
ouufamanat dunolos Fanfrwiyd 11000 ij-aﬁgmﬁi
Tnadtwni 7 Tnstas 02051 1021 ) ",‘,/7;_/?:\“::\‘\\;\?7
el dmsc.moph. g0 A svebrool BOSindex htm Hires _ B
P — —— WINEAINSUEY 4043/50

THNUNIINIIOIATIEH (718)

WOHaViIBg1 2053-007872 swmmiivi s 01.0 121
HamsAsI9ins 1Y ‘ :

0m3 ‘ Ha S5hnsn AT

MPN Coliforms / 100 i1afi Sns* teundi Ll APHA 2005 (9221 A<C) Hoondh 2.2

E. coli /100 findfns+ Tiwn APHA2005 0221 BF, 9225D) Liwy
Staphylocaceus aureus /100 Hdans Taisiy APHA 2005 (9213 B) Thiny

Salmonella spp./ 100 Haddas Ty 180 6390 1 1995 iy

*smmansaims TR UMs T pervmmunodeFiinsamansyn ISOREC 17025: 2005

"
" nsau @191:'3 RE'W( ff¥usea e

(nalow uiuef) samfimssa fiuteon)
WnTnshaadmsmmddnngns feinewnadmaamndsnmisitic
- it
& MY, 59

-

(“-mjﬁ\ﬂ ﬁamﬁw

4
nﬂ'-mﬁns'nmmm:nuwm ity

i
uny - ¥ nﬁ
YRS NmIEIIY ehuinnAn AT

-.nmm‘ffu:ammsﬁwéuﬁﬁrﬁmmuwhﬁu
: 1&'11’uxme'mmmmﬁm\ﬁmﬁd‘aﬂ‘[nﬂ'uﬂ&'fuoqwﬁ!umuﬁnudﬁnw



MNMARNUIN R

NIMIg1U JIS Z 2801

2

g
W

Vi

/ Jn”

JAPANESE
INDUSTRiAL
STANDARD

Translated ang Publishey Ly

Japanese Standards Associatign

—_—

JIS 72807 - 20

Antimicrobial products—

Test for antimicrobia] activity
and efficacy

&y
Descriptors :bacteriocide»activity dcterminzliou, microbiologqcaLresistzmce tests.
biological hazards, culture techniques

ICs 07.100.10; 11.100

Refercnce number S JIS Z 2801 : 2000 (E)

130




131

' Z 2801 - 2000

Foreword

This transiation has been made based on the original Japanese Industrial
Standard established by the Minister of International Trade and Industry
through deliberations at the Japanese Industrial Standards Committee
in accordance with the Industrial Standardization Law:

Date of Establishment: 2000-12-20
Nate of Public Notice in Official Gazette: 2000-12-20
Investigated by: Japanese Industrial Standards Committee

Divisional Council on Consumer Life

JIS Z 2801:2000, First English edition published in 2001-08

Translated and published by: Japanese Standards Association
4-1-24, Akasaka, Minato-ku, Tokyo, 107-8440 JAAN

\

In the event of any doubts arising as to the contents,
the original JIS is to be the final authority

N &
© JSA 2001 <
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or
utilized in ary form or b}' any means, electronic or mechanical, includzng photocopying and

microfilm, without permission in wriling [rom the publisher
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JAPANESE INDUSTRIAL STANDARD JIS Z 2801 : 2009

Antimicrobial products—
Test for antimicrobial activity
and efficacy

Introduction This Japanese Industrial Standard has been prepared for standarg
imicrobial efficacy in antimicrobial products shawn
itelated Processed Products with New Function.
°r 1698 (so-called “Guidelines for'Antimicrobia)
2s the antimicrobial efficacy, a part of the perfor-

fcr anlimicrobial products, and the testing meth-

izing the method for evaluating 2

in the report of the Meeting or
(Antimicrobial PProducts): Dec
Products”). This standard spe
mance considered to be import
ods. Other information conside L te importiant for antimicrobial products including
safety, duration of antimicrobial efficacy, and marking on the product shall be re.
ferred to in the “Guidelines for Antimicrobial Products”.

ol - . < g 7 N N B .. ‘-
1 %(C)_p?/Thls Standard specifies the testing methods to evaluate antimicrobial

activity and antimicrobial effie bacteria on the surface of antimicrobial prod-
ucts (including intermediate pra

-~ Remarks: The secondary e

{ungal and decdcorizin
dard.

~—

of antimicrobial efficacy, such as being anti-

3

2 Normative references T:
reference in this Standard, cz
editions of the standards iz

JIS K 0950 Sterilized rics:iz peiri dishes

1ng standards contain provisions which, through
provisions of this Standard. The most recent
low (including amendments) shall be applied.

JIS K 0970 Piston operczec mizro-volumetric apparatus
JIS K 3800 Class II binlogics! safety cabinets

JIS K 8101  Ethanel (8.5

JIS K 8150  Sodium chicride

JIS'K 8180 Hydrochloriz ariz

JIS K 8263 Agar

JIS K 8576 Sodium hydros:ce

JIS K 9007 Potassium dLh}’c‘ngEerhOSpﬁatﬁ
" JIS K 9017 Dipotassium hydrogenphosphate {
N
JIS L 1902  Testing method jor antibacterial of textiles
JIS R 3505 Volumetric glassware V
3 Definitions The definitions of the main'terms used in this Standard are as fol-
lows:

a) antimicrobial The condition inhibiting the growth of bacteria on the surfzcs
of products.

132

¢ efficacy, shall not be included in this Stan-
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b) anotimicrobial finish A finishing treatment for antimicrobial efficacy.
c) antimicrobial products Products treated with antimicrobial finish.

d) value of antimicrobial activity This value shows the difference in the loga-
rithmic value of viable cell counts between antimicrobial products and untreated
products after inoculation and incubation of bacteria. )

Informative reference : The value of bacteriostatic activity iLJIS L 1902 ex
presses that of the antimicrobjal actvity in this Stan
dard.

¢} antimicrobial efficacy The efficacy of antimicrobial products judged from the
value of antimicrobial activity.

'(A.ntimicrobial efficacy The value of antimicrobial activity obtained by the testing

methods of this Standard shall not be less than 2.0 for the antimicrolzi‘a_lerﬁ"w

antimicrobial products. Values ol over 2.0 may Qev_gpvgl_igglgl_giggbjgct to the agree-
nent between parties concérnad with delivery. o

5 Testing method

5.1 Testing method for textile products The testing method for textile prod-

ucts shall be in accordance with 8 of/JIS L 1902.\/\,

-
—

5.2 Testing method for plastic products, ete. This testing method is appli-
cable to products other than textile products, such as plastic products, metal prod-
ucts, and ceramic products. Testing method 5.1 may be used, however, for products
Judged to be suitable for using the testing method for textile products from the us-
age and form of the product.

5.2.1 Bacteria to be used for the tests The species of hacteria to be used for
the tests shall be as follows, and each bacteria shall be used for the test:

a) Staphylococcus aureus

b)  Escherickia coli

An example of the bacterial strain to be used for the tests is shown in Table 1. 1If
the bacterial strain is contributed by other culture collection shown in Table 1, then
it shall be obtained from member agencles of the World Federation of Culture Col-
lection (WFCC) or the Japan Saciety of Culture Collection (JSCC) and the same strain
as that shown in Table 1. ’

Table I Bacterial strain to be used for tht tesis
v

Bacteria Strain number Institution of culture collection

Staphylococeus aureus ATCC8538P American Type Culture Collection
Puialadeiid-L

FDA20Q9P : Food #nd Drug Administration
1F012732 Institute for Fermentation
- ] —_— T
Lscherichia coli ATCC8739 American Type Culture Collection
IFQ3972 Institute for Fermentation

—_— ]

133
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5.2.2 Chemicals, materials and apparatus The chemicals, materials and ap.
paratus to be used in this Standard shall be given as follows. unless otherwise des.

ignated.
Ethanol (C,HsOH)
Beef extract

Peptone

Class I as specified in JIS K 8102 or superior.
For microbial tests.

For microbial tests.

Sodium chloride (NaCl)

Purified water

Agar

Yeast extract
Tryptone
Gldcase

Casein peptone
Soybean peptone
Lecithin

Nonionic surfactant

Guaranteed reagent specified in JIS K 8150

Conforms to the reference of the 13th revised Japanese Phuy
macopoela.

Guaranteed or superior reagent specified in JIS K 8263,
For microbial tests.
For microbial tests.
For microbial tests.
For microbial tests.
For microbial tests.
For microbial tests.

Polyoxyethylene sorbitan monooleate
[Polysarbate 80 (Tween 80)].

Potassium dihydrogenphosphate (KH,PO,)

Guaranteed reagent specified in JIS K 9007.

Dipotassium hydrogenphosphate (K,HPQ,)

Guaranteed reagent specified in JIS K 9017.

Sodium hydroxide (NaOH)

Guaranteed reagent specified in JIS K 8576G.

Hydrochloric acid (HCI)

Cotton stopper, etc.
Platinum loagp
Dry-héat sterilizer

Autoclave

Safety cabinet
Clean bench

\

Pipet

Incubatoer

Petri dish

Stomacher pouch

Guaranteed teagent specified in JIS K 8180.

OME cotton, otherwise silicone, metal, or morton stopper.
With 2 loop of about 4 mm at the point.

Capable of keeping the temperature from 160 °C to 180 °C.

Capable of keeping at 121 °C temperature and 103 kPa of
pressure.

A performance conforming to od equivalent to JIS K 3800
For microbial tests. 7

Precision conforming to or equivalent to JIS K 0970 or the
class A specified in JIS R 3505.

Capable of keeping"the temperature =1 °C.

Made of glass with about 90 mm of inside diameter or con-
forming to No. 90A or 30B as specified in JIS K 0950.

For microbial tests.
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i
Stomacher For microbial tests. - T,
m/v ~
Film A material not affecting microbial growth and that does not {
absorb water. The thickness is not specified, bul one with /
good adherence shall be used. S

\K\%ﬂ—_\

5.2.3 Sterilization method

a} Dry-heat sterilization Put the object to be sterilized in a dry-heat sterilizor
heated from 160 °C to 180 °C, and heat it for 30 min to GO min (")

Naote (1) After dry-heat sterilization is finished, when the colion stopper or pack
aging paper is wel with water, do not use the apparatus referred to

b)  High pressure steam sterilization Place waler in an autaclave, and put the
objects to be sterilized, which have been kept in a metal net basket, on 2 metal
net shelf in the autoclave. Tighten the lid on the autoclave, heat it, and keep
it at 121 °C temperature and 103 kPa pressure for 15 min to 20 min. Stop heating
it, naturaily cool it to Jower than 100 °C, and open-an exhaust valve to draw off
the steam. Then take out the sterilized objects after opening the lid, and if
necessary, cool them on a clean bench or in a safety cabinet. In order to keep
the autoclave clean from contamination by incubation or processing chemicals,
wash it with neutral detergent if needed, and rinse it sufficiently with water.

¢)  Flame sterilization Put the objects to be sterilized intg & gas or alcohol flame.
For a platinum loop, red heat it sufficiently, and for a test tube, let it touch the
flame for 2 s or 3 .

d) Preparation of apparatus Wash well glassware such as test tubes or flasks
with alkali or neutral detergent, rinse them sufficiently with water, dry them,
and use them after either dry-heat sterilization or high pressure steam steril-
ization.

5.2.4 Culture medium, ete. The culture medium as shown below shall be used.
A commercially available one may be used if it is ¢f the same composition.

a)  Nutrient broth Take 2.0 g of beef extract, 10.0 g of peptone, and 5.0 g of so-
dium chloride in 1 000 ml of purified water or 1on-exchanged water. Put them
in a flask, mix them, dissolve them completely, and adjust the pH to 7.0 to 712
(25 °C) using a sodium hydroxide solution or a hydrochloric acid solution. When
the medium is used, take a part info a test tube, put in a cotton stopper, and
sterilize it with high-pressure steam. I{ it is not used immediately after prepa-
ration, then preserve it at § °C to 10 °C. was

been kept for one month or longer after preparation.
{

b)Y Nutrient agar Take 5.0 g of beef extract, 10.0 g of peptone, 5.0 g of sodium
chloride, and 15.0 g of agar powder in 1000 mi of purified water or ion-exchanged
water. Put them in a flask, mix them, and heat in a boiling water bath to dis-
solve them sufficiently. Adjust the pH to 7.0 to 7.2 (25 °C) using a sodium
hydroxide solution or = hydrochloric acid solUtion, put in a cotton stopper, and
sterilize it with high pressure steam. If it is not used immediately after prepa-
Tation, then preserve it at 5 °C to 10 °C. Nwmm agar kept for

one onger after preparation.
Cosparation.
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¢) Plate count agar Take 2.5 g of yeast extract, 5.0 g of tryptone, 1.0 g of glu-
cose, and 15.0 g of agar powdef in 1 000 m} of purified water or Ton-exchanged
water. Put them in a flask, mix them, and heat in 2 boiling water bath to dis.
solve them sufficiently. Adjust the pH to 7.0 to 7.2 (25 °C) using a sodium
hydroxide solution or a hydrochloric acid solution, put in a cotton stopper, and
sterilize with high pressure steam. If it is not used immediately after prepara.
tion, then preserve it at 5 °C to 10 °C. Never use a plate count agar kept for
one month or longer after preparation.

d) - Slant culture medivum  Pour 6 ml to 16 ml of nutrient agar b) which has bee,
warmed to dissolve into a test tube. Putl in a cotton stopper and sterilizce witly
high pressure stean:. Afier sterilization, place the test tube in a clean room 4t
a slant of about 15° ic the horizontal plane, and sohdify the contents. Ifitis not
used immediately afier prenaration, then preserve it at 5 °C to 10 °C. If there i«
no condensed water, digsolve it, and employ it after solidifying it again. Never
use a slant culture mediom kept for one month or longer after preparation,

e
\e) “SCODLP broth Ta: *-C g of casein peptone, 3.0 g of soybean peplone, 5.0¢
of sodium chloride, of disodium hydrogen phosphate, 2.5 g of glucose, and

m! of purified water or ion-exchanged water. Put them
2dd 7.0 g of nonionic surfactant to dissolve them. Adjust
C} using a sodium hydroxide solution or a hydrochloric
medium is used, dispense it into test tubes or Erlen.

1.0 g of lecithin ir. 12
in a flask, mix the= =z
the pH to 6.8 to 7
acid solution. Whs
meyer flasks, put iz ¢
it is not used immas!
Never use an SCDL

)

after preparation, then preserve it at 5 °C to 10 °C.
<k kept for one month or longer after preparation.

f)  Phosphate buffer soluticn Take 54.0 g of potassium dihydrogen phosphate

in a volumetric flask, ther add and mix 500 ml of purified water or ion-exchanged

P Wwater to dissolve ths content sufficiently. Adjust the pH to 6.8 to 7.2 (25 °C)

F\X/\ with a sodium hydrexids solution. Further, add purified mhanged

’ water to make 1 00C =], When the solution is used, dispense the solulion into

test tubes or Erlenmever flasks, put in cotton stoppers, and sterilize with high-

pressure steam. N r use a phosphate buffer solution kept for one month or

s f/ longer after prepars
&3

R S\\ g} Phosphate buffered physiological saline Dilute the phosphate buffer so-

_;\K Tution in f) with phy o:lqgical saline (0.85 % sodium chloride solution) into an

* 800-fold volume. When the solution is used, dispense it into test tubes or
Erlenmeyer flasks, put in cotton stoppers, and sterilize with high-pressure steam:’
If it is not used immediately after preparation, then preserve it at 5 °C to 10 °C.
Never use a phosphate buffered physiclogical saline kept for one month or longer
after preparation. {

™

5.2.5 Preservation of bacteria Transplant the test bacteria aseptically. Use 2
safety cabinet if necessary. Hold both the stock strain and slant culture medium in
5.2.4 d) (nutrient agar) in one hand ready to be transferred, hold the stem of the
platinum loop in the other hand, and pull out the cotton test tube stopper with this
hand. Then sterilize the mouth of the test tube with flame. Sterilize the platinum
loop with flame, apply the tip of the platinum loop to a part with condensed water
on the new slant culture medium and cool it. Scrape out the bacteria from the breeding
surface of the bacteria using the platinum loop and spread it in streaks on a fresh
slant culture rmedium (2). Sterilize the mouth of the test tube again with flame, and
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/

place a cotton stopper as it was beflore. Sterilize the platinum loop with flame. Incubate

“the transferred slant culture medjum at 35°Cx1°Cfor 24 h to 48 h, and then store

it at 5°C to 10 °C. Within one month of the transfer, transfer it on a fresh slant
culture medium to make the passage transfer. The passage transfer shall be, how-
ever, not more than ten passages counting from the original strain contributed by
the institution of culture collection. Furthermore, when kept for one month or more
from the last transfer, it shall not be used for the following transfer.

Note (2) As shown in Fig. 1, insert the tip of the platinum loop into condensced
water to disperse the bacteria, and draw straight line aslant 1o
gel to the upper part with the platinum loop, or insert the {ip of {he
platinum loop into condensed water again, and draw a zigzag line
up to the upper part.

Remarks: For bacterial strains contributed by the institutions of culture
collection which were preserved by methods such as lyophiliza-
tion and freezing for long time preservation, the number of pas-
sages cultured from the original strain to prepare the bacterial
strain for preservation shall be considered as the number of pas-
sages of the stock strain.

If this stock strain is used for the test, the passage transfer
shzll be not more than the number obtained by subtracting the
number of passages of the stock strain from 10.

Condensed
water

Slant culture

medium

Fig. 1 Transfer of bacteria

5.2.6 Tesl operation Bacteria shall be handled aseptically, and attention shall
be paid to the contamination of testing personnel, apparatus, and working environ-
ment with bacteriz, A safety cabinet shall be used if necessary.

o
@ Preincubation of hacteria Using a platinum loop, transfer one platinum loop

FIE

of bacteria from the stock culture in 5.2.5 to thﬁi@i{{gmedium in 5.2.4 d),
» ¢ and incubate at 35 °C& L*Cfor 1Gh to 24 h. Further, from this inoculum, transfer

,-—~. 0ne platinum loop of bacteria into a fresh slant eulture medium and incubate

at 35°C=1°C for 16 h to 20 h.
p el

bY  Preparation of test plece Cut the flat paxt of the product into a square of
S0 mm =2 mm (within 10 mm in thickness)(%), and use it as the standard size
test piece. Prepare 6 pieces(®) for the untreated test pieces{*} and 3 pieces for
the antimicrobial test pieces.. If untreated test pieces cannot be prepared, then
the film in 5.2.2 may be used. Pay close attention to contamination with micro-
organisms and mutual contamination between products and filth for preparing

137
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i
test pieces. It is d\esirab‘le to collect the test pieces from the product itseif, iv
if it is difficult to prepare the test pieces because of the shape of the product.
then the test piece may be prepared from the product separately processed (o a
plate with the same raw material and processing method.

Notes (7) Ifitis difficult or impossible to cut the product into a square of 50 mm
=2 mm (within 10 mm in thickness), then a test piece of shape and
size other than specified may be used if it can be covered with a film
of the surface arca of 400 mm?2 to 1 600 mm?.

t1 Test piece cut {rom unireated product or fiim

(*)  Among 6 untreated Lest pieces, use 3 test pieces to count viable coll
immediately after inoculation and 3 test pieces Lo count viable calls
after incubation for 24 h.

Cleaning of the test piece Wipe the whole surface of the test piece in b)
lightly with gauze or absorbent cotton immersed in ethanol 2 or 3 times and
dry it completely.

" If changeés such as softening of the test piece, dissolution of the surface coat-

ing and elution of components occur after these treatments, and it is consid--

ered that these treatments affect the test results, then clean the test plece with
another appropriate method, or use it as it is without cleaning.

Preparatxon of test moculum Dilute the nutrient brath in 5.2.4 a) with pu-
rified water to a 500-fold volume, adjust the pH to 6.8 to 7.2 with a sodium
hydroxide solution or a hydrachloric acid solution, sterilize with high pressure
steam, and use it as 1/50Q0 NB. Disperse one platinum loop of the test bacteria
preincubated in a) into a small amount of 1/500 NB evenly, and estimate the
number of bacteria with direct microscopic observation or another appropriate
method. Dilute this inoculum with 1/500 NB as appropriate so that the num-
ber of bacteria is 2.5 td 1Q x 10° cells/ml, and usglt_his,sdutlcmas\__‘_the\testi_n
oculum If the test inoculum is not used immediately, then cool it on ice (0 °C)
2R3 USe it within 4 h of storage.

Inoculation of test inoculum Place each test piece in ¢) in a sterilized petri
dish making the test surface(5) up. Take exactly 0.4 ral of the test inoculum in
d) with a pipet(?), and instill it onto each test piece in the petri dish. Cover the
instilled test inoculum with 2 film (%), press the film so that the test inocelum
spreads over the film while paying attention so'that the inoculum does not spill
over from the edge of film, and place the lid of the petri dish on (see Fig. 2).

Notes (¢) The test surface shall be the surface of the antimicrobial product.

Even when the product uses antimicrobial processing to a depth, never
use the cross section as the test surfacel

N,

(") The volume of the inoculum of the test piece to be inoculated of a
size other than the standard one shall be divided proportionally by
the ratio of the area of coated film. Even if the test piece is of standard
size, when the inoculum is.inoculated on the volume based on

= ~provisions, the film of the test piece of very good wettability, such as
ceTAmIcs, tile, enamel, and glass, may move at & sm;al/l/s_lin_gif]d
the moculum may escapc from the edmn this case, the

volume of inoct Ty T 174" aTIhe specified v

If the volume of inoculum is reduced, however, the number of bacterial
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f)

cells to be inoculated onto the test piece shall be 1.0 to 4.0 > 10% per
test piece similar to a standard size test piece. In this case, the number
of cells in the test inoculum shall not be in accordance with the
provisions in d) but shall be calculated from the volume of the inoculum
to be inoculated.

(®) The standard size of film shall be the size of a squarc of 40 mm
+2 mm. If the test piece is not standard size, then adjust the size
“so that the film mayv be located more than 2.5 mm inside of the (st
picce. Do not, however, reduce the size of film to less than 400 mm
Further, if it is difficult to adhere the film closely since the shape of
test piece is not flat, and if the inoculum spreads over the test pivee
without covering the film since the test piece is hydrophilic or water
absorbent, then the process of covering the film can be omitted.

Unit: mm
Test picce N\ F“m\ e e Lid of
‘ { ?/ T}/ petni dish
7 :
/ [, dox?
Petri dish AN

Film

0.4 ml of
test inoculum

40+2
5042

Test piece

Petrt dish

Fig.' 2 Instillation of inoculum onto the Lest piece
and covering with film

Incubation of the test piece inoculated with the testlinoculum Incubate
the petri dish contaiking the test piece inoculated with the test inoculum (3 un-
treated test pieces and 3 antimicrobizal test pieces) at a temperature of 35°C
+1°C and a relative humidity of not less than 90 % for 24 h= 1 h.

" Informative reference : The antimicrobial efficacy of 2 product is evaluated from

the value of antimicrobial activity obtained from the test
at the incubation temperature specified here, but the
temperature-established considering the zctual use of the
antimicrobial product (such as room temperature) may
be examined together.
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Washing out the test Bacteria inoculated

1) Test picce immediately after inoculation of test inoculum () For the
3 untreated test pieces immediately after the inoculation of the {est inocy
lum, place the covering film and the test piece in a sterilized stomacher
pouch using sterilized tweezers with caution so that the test inoculum does
not spillAdd 10 ml of the SCDLP broth in 5.9.4 @) with a pipet and ma.
sage the test piece and the covering film sufficiently with hands or an ey
tractor (such as stomacher) for the microbial test to wash oul the test bacteria
Proceed tmmediately Lo count viable cells of bacteria in the washinps

2)  Test picce after incubation(®) For the Lest piece after the Incubation,
in £), wash out the test bacteria in a similar manner+o 1). Proceed imme
diately to count viable cells of bacteria in the washings.

Note (5) For washing out the test bacteria, if other methods show a recow.
ery rate equivalent to or superior o the method above, such methods
may be used. If it is difficult to wash out the test bacteria with

- S 16 rol of the SCDLP broth because of the size and characteristics

= of the test piece, then the volume of solution may be Increased.
— T 7 777HMOn may be
Viable cell count of bacteria by the agar plate culture method Take exactly
1-1ml 'bf\thg\washings in g) with a pipet and place it in a test tube containing
9.0 m! of pRosphate buffered physiological saline in 5.2.4 g), and mix it well,
Then take 1 ml from thist\est'fﬁb?mv\pipet and place it in another test
tube containing 9.0 m] of phosphate buffered physiological saline and mix it well..

‘Repeat these procedures to prepare 10-fold serial dilutions. Dispense 1 ml each

of the washings and each dilution into 2 sterilized petri dishes. To each petri
dish, add 15 m] tq 20 ml of the plate count agar in 5.2.4 ¢) warmed at 4§ °C to
48 °C and mix it well. Place the lids on the petr; dishes, and allow them to
stand at room temperature. After solidifying the culture medium, invert the
petri dishes, and incubate them at 85°C =1 °C for 40 h to 48 h. After incuba-
tion, count the number of colonies in a serially diluted petr dish in which 30 to

300 colanies appear. If the number of colonies is less than 30 in the agar plate

dispensed with 1 ml] of the washings, then count the number of colonies of this

plate. Ifih_glga&ngtgw formations in any agar plate, then record it

asy@urther, if the number of colonies is not inversely proportional to the

dilution ratio, since it is considered that the formation of colonies is 1nhibited

by the effects of the antimicrobial agent, then determine the number of viable
cells of bacteria using a method which forms colonies without being affected by
the antimicrobial agent with the use of an inactivating agent or dilution.

Informative reference: For the methods of acoption of the number of colonies
other than specified abaove, refer to 1.2 Microorganism

. tests, 3) Viable cell count o;bacterza, (1) Pour plating

method of Standard Method of Analysis for Hygienic
Chemists (2000) edited by the Pharmaceutical Soclety of
Japan, or 2. Spoilage indicator bacteria, 1. Total bacte
rial count of Staddard Methods of Aralysis in Food Safetx
Regulation supervised by the Environmental Health
Bureau of the Ministry of Health ang Welfare, Japan.
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: number of viable cells of bacteria Determine the
1zria by the counts of colonies according to the formula

5.2.7 Calcula 7
number of viaklz -z . - ..
(1).

tom oo,

= T DXV o R P R PO (1)

Lt numbegf_v__ia“b\lgieﬂs of bacteria (f;er test piece)r;
€ . - 2 APET 1ESt plece

Z ¢ number of colonies (average of the number frco]o
nies in two petri dishes adopted)

dilution ratio (dilution ratio of the dilyted solu
-~ Uon dispensed into the petri dish adopted)
Vi volume (ml) of the SCDLP broth used for wash.
ing out
Record the r
rounding the th
the number of ¢-:

10 ml). When z- 2
average the nu~

cf viable cells of bacteria with two significant figures after
Hficant figure off. The number of viable cells of bacteria in
of “< 17 shall bhe req()\l*_cice\d as “<10” (in the case of the V of
ge of the number of viable cells of bacteria is determined,
‘iable cells of bacteria in each of the three test pieces arith-
metically and it with two significant figures after Tounding the third sig-
nificant figure en the number of viable cells of bacteria is “< 107, caleulate
the average consiizrizg the number of viabie cells of bacteria as 10.

2) Judgmeni of the conditions of test effectiveness When the following three
effectiveness are all satisfied, then judge the test to be effec-
oe conditions are satisfied, judge the test as not effective, and

1) The fellzu=ng formula is established for the logarithmic value of the num-
ber cf - cells of bacteria immediately after inoculation on untreated

test picoes: //—\\
e L)/ (Lgean) 0.2
B ——

‘«*v"here, Emax 1 masdmum logarithm of the number of viable cells
of bacteria

Luia ¢ minimum logarithm of the number of viable cells
~of bacteria

Ze o Lmeas © average of the logarithm of the number of vi-
\‘Dcég & able cells of bacteria in tHree test pieces
o

N
2)  The average of the number of viable cells of bacteria immediately after in-
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oculation on an untreated test piece shall be within the range of 1.0 to 4.0

X 10% cells.

. o,
3)  The number of viable cells of bacteria on in untreated test iece after 24 h

shall not be less than 1.0 > 107 cells an =1l 37Test pieces. When 2 film ic
used on the untreated test plece, however, the number of viable cells of
‘bacteria after 24 h shall not be less than 1.0 x 104 cellg on all 3 test pieces.
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b)  Calculation of the valué of antimicrobial activity When the test has been
effective, caleulate the value of antimicrobial activity according to the formula
(2). Record the value to the first decimal place after rounding the second decj.

mal place down. ~..
. \R: [log (B/A) ~log (cmninig'wi; ................. @)
where, R : value of antimicrobial activity

A average of the number of viable cells of bactern
immediately after inoculation on the untreated es
picce

B average of the number of viable cells of bacteria
on the untreated test piece after 24 h
plreated L

C: average of the number of viable cells of bacteria
Eeet i i frer 24 ]
on the ant,xm%ep@blauest piece a _6&\_1

6 Record of test results

6.1 Textile products The specles of test bacteria, strain number of bacteria, con-
centration of inoculum (number of viable cells of bacteria in the test inoculum), value
of antimicrobial activity (bacteriostatic activity), and the type of sample (type of test
piece) shall be recorded. Further, if nonionic surfactant is added to the test inocu-
lum, then the name and concentration shall be mentioned.

6.2 Plastic products The type, sim, and t@&sﬂmﬂ@ﬂ and
untreated test pieces, the type, size, shape, and thickness of film, species of test bacteria,
strain number of bacteria, volume of test inoculum inoculated, number of viable cells
of bacteria in the test inoculum; the values of A, B and C in 5.2.8 b), and the value

of antimicrobial activity shall be recorded.

142



!

~.
Errata for JIS \(English editon) are printed in Standardizarion Journal, published monthly
by the Fapanese Standards Associaton, and also provided o subscribers of JIS (English
cdition) in Monrrhly Information.

Errata will be provided upon reques, pleasefeontact:

Standardization Promotion Department, Japanese Standards Association
4-1-24, Akasaka, Minato-ku, Tokyo, 107-8440 JAPAN

TEL. 03-3583-8002 - FAX. (03-3583-0462

2002 ~ 03 - 05 Printed by ISA

143



144

ﬂ . ¥V a a

immmmﬂqumuwuﬁ'

u

| 1
A o a

UNAINUATTUN ARTITTUN LHALHAUN 18 NNIIAN W.A. 2529 0

o

i
NIUNNNUIUAT F1FANIANHITAULBYYIFTNANGRIINUNANARITUTR A117381 A0
AaRs AzAneAans aiasnsniuuanends lutinnsdnmen 2550 uazlsidndnusialuy
UANGATINEIANANTNITUTE a12131 1 atuladiigsin npdaidanAians ane

Ingntans ainasnsnlumangnan lutlnnsdnmn 2552 uazdganisanelutl 2554

TusyminansAnsnsyAutdaAnmi 188 Tenallinauenasmunidanisly
stuuuldames lun1sdsegunnedanig Pure and Applied Chemistry International
Conference (PACCON 2011) 53119795Uft 5-7 1ins1A W.A. 2554 o TsausnidsniAa wnsus
nPWMnWNIILAT Anlae AlAngAans unnanendtATueAsuN s asinaue uade
Effect of Ultrasonic Vibration on Surface Morphology of Silver Film Prepared by
Electroless plating (ARNWlugUuuy proceeding) taztinauanasulugiluuy  Oral
presentation Iuﬂﬁiﬂimgﬁmmi The 9" International Meeting of Pacific Rim Ceramic
Societies (PACRIM9) seWINTUR 10 — 14 nINJIAN 2554 4 LHa9  Cairns §3 North
Queensland Useina Australia 4alagl Australian Ceramics Society lagitiniaualuiade
Effect of Surface Treatments on Adhesion of Silver Film on Glass Substrate Fabricated

by Electroless Plating



	ปกภาษาไทย 
	ปกภาษาอังกฤษ 
	หน้าอนุมัติ 
	บทคัดย่อภาษาไทย 
	บทคัดย่อภาษาอังกฤษ 
	กิตติกรรมประกาศ 
	สารบัญ
	บทที่ 1 บทนำ
	1.1 ความเป็นมาและความสำคัญของปัญหา
	1.2 วัตถุประสงค์ของงานวิจัย
	1.3 ขอบเขตของการวิจัย
	1.4 ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2 เอกสารและงานวิจัยที่เกี่ยวข้อง
	2.1 วิธีการเคลือบฟิล์ม
	2.2 ปฏิกิริยาการเกิดกระจกเงิน (SILVER MIRROR REACTION)
	2.3 การยึดติดระหว่างฟิล์มกับซับสเตรต
	2.4 ปัจจัยที่มีผลต่อการยึดติด
	2.5 สมบัติการต้านแบคทีเรีย (ANTIBACTERIAL ACTIVITY)
	2.6 เอกสารและงานวิจัยที่เกี่ยวข้อง

	บทที่ 3 วิธีดำเนินการวิจัย
	3.1 สารเคมีและวัตถุดิบที่ใช้ในการทดลอง
	3.2 วิธีการวิจัยและแผนผังงานวิจัย
	3.3 การวิเคราะห์สมบัติต่างๆ ของชิ้นงาน

	บทที่ 4 ผลการทดลองและการวิเคราะห์ผล
	4.1 การศึกษาปัจจัยต่างๆ ที่ส่งผลต่อการยึดติดที่ดีระหว่างฟิล์มเงินกับแก้ว
	4.2 การศึกษาสมบัติของฟิล์มเงิน

	บทที่ 5 สรุปผลการวิจัย อภิปรายผล และข้อเสนอแนะ
	5.1 สรุปผลการวิจัย
	5.2 ข้อเสนอแนะ

	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน

