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Abstract 

In this research, high purity silicon dioxide, which was obtained from rice husk in 

Phitsanulok province, was investigated. Rice husk samples were submitted to a chemical 

0 treatment using hydrochloric solutions and neuterizing by water and dried at 120 C. These 

samples were calcined at 600-1,100 OC for 2 hours and under oxygen atmosphere. The formation 

mechanism of rice husk was clarified by using a thermogravimetric analysis (TGA). Silicon 

dioxide in the calcined powder had been investigated as a function of calcination temperature by a 

X-ray diffraction technique. The obtained product was amorphous phase. The morphology of the 

calcined powder was determined by scanning electron microscopy (SEM). The result showed that 

particle was agglomerated and basically irregular in shape. The purity of silicon dioxide powder 

was analysed by atomic absorption spectrophotometry. From the result, it was shown that the 

purity of this silicondioxide powder was 99.14-99.79 % and the major impurity which was found 

in silicon dioxide powder was potassium and magnesium. 
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AAS 

TGA 

SEM 

XRD 

- - Atomic Absorption Spectrophotometer 

- - Thermogravimetric analysis 

Scanning Electron Microscope 

X - Ray Diffractometer 
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1.1 ¶lvlGl 

~~~d&nau~~i lap~udrz twa~wut f lu t tnd~wi in~ ia~di~~uo1an drzainrdau 
B ln~uo~drzmaiioi~wtn~~mrnrro~ttazwuiilu~nu q drzmalwuiiwawiinhauinnii 20 

Xiu6u ainnrzuaumsi4ia (rice mill) ~uazlkmaut9uwanaou~Xlud~oJisld~ouGi~q~ 
a a ~ u n 1 n i 1 t m a u J ~ i f l u w n w n ~ u ~ ~ ~ i n n i ~ ~ ~ 1 a d ~ d 1 $ ~ ~ z ~ ~ a 6  a idu l$lun1rdiuJ~9~sldmw 

d 2 t u  ~flu~mdtai~oiniruo~w'a ifludauwa~lunirdin'~d~a~i9 lfluv(iruiau.rld 1&flui$!o 

mii~ytblunhdouimzl~duid~~~ii9ndo~odilu~r~~iui~ia ainmrJi~mnuuil$ 

drzlu"116lu~anrru69ndia4i9Xu 8~nuii~nnau"on6iuauoJinuiu~10j1~~nod"iui1$ 

1lrz1ua~uuiwR~oia~~oui91~tiouaaiu~~~~~iii7~iuniuoJiniwrizainnir~~uwuii1u 
ciA 0 r c a  d . 4  

iKi~mauiio~nilrzno'~lwi~~nuwai~~~~azidrzluau~Xiid Siim (silica) nro~runonannud~ 

ii Siinoulnoonlmi (silicon dioxide) I E W ~ Z Q ~ ~  (alumina) O$U~';UI(U~~ 

p o  4~ e a 4  8 y w ~ ~ ~ u a ~ a u ~ ~ i a ~ i l n l r d n l n ~ u n ~ l b y a n i ~ u ' i a " a 9 w i 9 n i ~ i n f l a r i ~ a o ~ t w o u ' i  

u i l ~ d r z l u ~ ~ ~ o u ' i t ~ n a ~ ~ i ~ ~ i m t S u S i i n 0 ~ 1 n o o n 1 e l l ~ ~ ~ n a i u u ? ~ w ~ ~ ~ : N d o o d " i u i l 1  
w  o, q 9 ::. 

drzlusnilSuninro9 airan$uiiazui9n;9u ~a~~~umr~aXulunirr.!iimnrzni~~wriu uciu 

dui ~huazlupnmrtnrrulnuinuiu 



1.4 91~~1~91019189910d~~tJ 

I. ~wnhionairAi~uaio~i iaz8n~l i io~ai ioJi~oJoin$Zo~ 

2. ii;u~aoii.rimaudoziiuii~u 1nua~Jiimnu~inTs~~~ialwC~p.sa"nw"~l~lan 
d mJa 3. 8nlnitni~imiua5iinoulnoonl.anlp.so~naio~u?~m~~~~iniinau~auif n i s m i d i n i  

imznnuna l .a~$gar~~ i i i az iaa i$~ i~n"w s a o ~ S ~ 6 m s i n i s i ~ o ~ ~ o ~ g a r p . s ~ ~  

4. i i ~ i i n o ~ ? n o o n ? . a ~ $ l ~ 0 ~ 1 m s a ~ a o u ~ ~ a o ~ 4 ~ ' ~ m i ~ n 1 u n i ~ i i a z n a i 0 ~ u ? ~ m ~ l n u  

4.1 Ul&~d XRD ( X-ray diffractometer) 

4.2 i & ~ d  SEM (Scanning Electron Microscope) 

4.3 i(1$0d AAS (Atomic Absorption Spectrophotometer) 

4.4 8n~l in isaa iu~a~i~na iufow 

5 iois&iaza~rlwnrnsmnao~ 



1 9 imau~1ai~ui~~mao~~n1~n1~in '~ lm~lud~zin~~d~n~1ai5uwawi imna"n Tnuar3u 
d Y  .r i~uo~iuanuiaaznh~inirdo~n"u~zn41~ni~i~3~i~uTmi~uida"onii i~ nksinoisdhaa:: 

d cia 
1&d?u$i8u6d~onuu9ni3uniiiinau ~t!u'ifiu~nu1oni.anirn~11 ainsiunudrzi13wui1i 

wnwiimtia~a'lann41 400 ~iu<uuazmiioi~uiinaud~zuia 10 % uo.rwawiimha&nun 

ocidsznounrinlui1nauGia15ui1a~lan (cellulose) iinUPu (lignin) ~ ~ d i u i ~ ~ z u i n n l ~  
4' u ' o u u u o y ' ~ u n m w o ~ n i n ~ ~ n r ~ G d ~ z i n ~ i i a z i d ~ v ~ a ~ l X ~ i n n ~ ~ i w i l ~ d i i n a u G ~ a ~ z ~ o ~ ~  

drznouuo9Jiin187-95 % lu2dohpiuim,-fnn::$dodu[i] 

2.1 %Znsdneen'lwn"apd~~nap1ru"ia[2] 

IuiinauGiaw~oidBonGia (rice husk or rice hull) ~z id3~1a~~~Ja9n7  (silica) f1?6 

Jiinoulnoonl.ai (Sio,) duotnil~znouoddrzuia 15-20 % uothnrjnlmnu 6fio~i1d 

ipc ioz lk~i .ad~i~~nou~noon~~11io~1ud3uia~~uinni  87-95 % uo~Xwrinidi uonaind 

unauu' iau '~d~rnou"1.d&auf l i5~un~u"~~a~f l15d5znouuo~~a~t~ iwani~nai~uu(ca) ,  

liunijitiiiiu (Mg), 6 t h  (Fe), ~zsjG6ijuu (Al), N0916R.1 (Cu), 1%6%~ (Na) iiazdu q 5 0 1 ~  
4' ~3uiol i i inGoud3uiauo~ni~w~oaiq$~~uo~~d~znouuo~i~nau(u"ia~zuuo~n"u~niwuo~ 

&~'rrunz~ninvazni~~wirdsjn$~imnii~n"uld ainmr?wnzini.r~niuo9i~nauGia wui i i  

sio, 22.12 % 66aZmiu0UilM&J?OJn'Ui~U 73.87 % trnrorpGiQuuoonlr~( (~l,o,), 1n8n 

oonl%i(~t,o,), ima~Guuoonl.a6 (cao), iiundiGuuoonlmi  go) ~mzltutniijnoonld 

(MnO,) 1aufiUd3:uia 4.01 % ~nulj;nljn ~~~un i~and iu iavo~~~ iQodu lu i ina~ l4 ia i l i u  

Tan,-i19 q $nr i ian 'miuimnrz~~lX~a~u?~ iliu naXi.mlousi~mauGiaXaunan$naiu 

ibbuuazpmgGd19 7 6u [2-31 
d Y  A 

ainzdd 2.1 1inn~nin;;Ruai~un~iuan~ia~11~d~znouAa~daudi~ 1 n'o iuuonqn 
A 4 99 

Gun41 d5on (husk) ~ ~ i ~ u d a u ~ i ~ ~ u i n i w ~ i z u ~ 1 1 ~ 1 n o u ! n o o n ! t l l 6 d ~ ~ ~ o ' ~ o ~  d--~u6nuio: 
d A 4  

ifJuiifosonlrunii i1Gia (bran layers) dauiina9ldQzifluiULOiid9 (starch) II~L&.JIU~OQ:: 

19uk16opd (embryo) 



~~~ndia i~a 'a i i%ui ina~]~ ia0:ds:n~ '~1~au~~n~u~noon1a6u1nni1  87-95 % vss 
A 9- &nlin~~iiinnua~aanowl~oonlo11~dCna1u~]~~~1b"~~0:l4ds:7~(11oa"i3un1~k~~ulw~ann" 

A q?u:Bbuni~i~uGiinow~~n5'~iann"4~~: (solar grade silicon) i$~5p(~msn9hiilunis 

wbmiann"q?u: n 1 ~ i m ~ u u G i i n o ~ l ~ o o n ? ~ 6 ~ C n a 1 u u 3 ~ ~ ~ d w f i 1 u 1 ~ a f i n ' ~ ~ ~ ~ ~ 1 n i i ~ d ~ ~ s s u  

n P  idw n'unaoini rock) nionsiu i d s ~ n ~ v o w i i ~ f i i u & ~ w G ~ ~ ~ ~  aimwmin?uu 

) i i n o u l ~ o o n l a 6 ~ ~ n a 1 0 ~ u 3 ~ ~ ~ ~ ~ X a u ~ u a u n 1 s 1 ~  q ibinimaut;a Giinoulnoonla6 

uonain~~i'lbunir~~n'~msin?uu.a'~noud1n5'uiaaa"q?~~ii~au"~i1?d14i$u5~~~'~11u 

rnswiinaisds:nou6u q i;nuinuiu iiu 5fiqiiwan4iinoum;luR'u6 (Sic) Gi5noululnrR' 
A A u w  

( s i , ~ , )  a q d ~ 5 a ~ ~ ~ n a i u i i ~ ~ n a 1 u ~ u ~ 1 1 u ~ ~ n ~ o ~ ~ i ~ u u G ~ i n n  (N~,o-s~o,) a.r~muuinlu 

wqtdon rlmauGimaiui$u~wlu (porous) ~0.1~iinou~n~on~ak1niinaur~"1aGu~~141u 
u nn nisi3uaisgn~u uuonain~aanouInoonIa6d1~oiniinapI(~"iao:Cvuiniinuin~szuim 3- 

4 lun~ou J~IIUISOGIW~~~IUP~I~XIU~~~UIIU (nano-material) d~iiY~odlunaiunu~Q 
d u  A 

vo~~nininuicnnn~~niivu~iia:i$uma~un"~a~oJ"~lua~n~s~~u~a~nns~n~unu~ 



2.2 2Zni[3-4] 
(silica) Y740 %flFJul~FJofll%R' (silicon dioxide, SiO,) ifiuaisdsznouu~q 

3 i inounazoon~eu~df i~mso~id~ iu  $8 SiO, n'ioluzduo.rlsnsm n'8 SiO,. nH20 Siinifi 
d d *a4 A' rinvmnfiuuo~in~n~uua fipnnnnumaaqtdrz11m 1500-1700 O c  fii7ai3nuumdmlu 

Q 99 arsuviR"nazoinnisd~insiz6 uonain~%am&aiuisodsinBo~~u 2 zdliuu iiuuurnifju 

w8niiiuuiniimniidn'uldP;'diid~'unaos"m4 Idauihuuindn q iniu nnu riau2inuuundc 
d eras A 

$o~iini6iiinainadua?. (biogenic silica) ~ifiu3iim~dmgiu iSiu ~~nidoiluwanainiiu 

idiinnii$an'io!nozm (diatom) ~ i i o i u a z d i d  7 ~f i~uin ibndszn~u~d~au3a"ni~~f inaiu  

w1uq.r niuisoQiWlglunis.iiisziGn (dynamite) ~ ~ ~ I I I u ? u ~ ~ ? I u ~ Q ~  uonain6~awujifi 

3~nid?uimp.rlu~nr~as"i~uo~w"(11msz~au"ia iiu*ii3iioiw8nimz3a"nio.a'mIiu~zfiQmsinfi 

m~ouiiutd6firlma,u~~w~iun]s~nis~iimndidn'u i$u naiunuiiiiu naiuiAd unznaiu 

iotladndfjEuimfi na iaad i~kn l i ia f ia i i~~~do~a in3 i in i~~ao~~di iuuGa 'n~1mz 'bns~  
4Y An u 9s 9 449 a n~i.rimzwrmwa(iiwiziiirniidn'u nl i~annanoio~m~iudi~naink~uvamuvui~o~nin 

Y r  
ad de 

i ~nn~ i~u~~~wdnuin i iazuwu~wa~ i iw izu inn~ i  

S~niaiaisn~oznnouazniu1uidna1doon~~~'bnsiau (OXY-hydrogen) qmn~guod 

nisnnounzaiudsnli 1500-1700 O c  iu"odilfii~un.razijn'nvmzii$dlandiuii~a dezlriij 

n'nvmzuodwn'ndsin~oiinu ~urounisnnou3iimu'naiu~~uinwoaunas nisidfiuuiidnu 
d A nn 4 4  gmnQ~riuGviuLazii~Xi~nsoufiavu~iulu~in"a nuGt5ndsznisnutuot~11nninou 

+udszdn~nisuuiuhW*ouuin ~iimoz~~azmc~~u~in~onsnuni$unsnl~'bnsnao?n liim 

dwnoumnaazu'iui~#d~z'buvw"dins'u~unis~~~jiuiia~gmsi~a'boiam uonain6~iini&a't# 
a ' 

ifjunisiR"u (additive material) i w o i ~ ~ ~ n ~ o ~ i u i ~ d u u a u u ~ ~ f i ~ ~ m i u ~ o ~ n i s i i n z ~ a u n n X u ~ u  

mswiim iiuul4~aldlugrrnnnssuuid qmmnnrsuwniatn 

gmainnsrumii grainnssuui 

2.2.1 Gihle-6in 

~dw~nuot3iimrnul~naiu~udnR"iii~oonlXifiu 3 2diiuu YXiiri naoin4 (quartz! 

n?n'?u$ (tridymite) imzn?a'bnui!ni (cristobalite) idmuZdw8nmuisoid~uuYduis~wii.r 

nirlfnnunislbnaius*ounsz~u kun~.rlu~dR 2.2 az i~u i in is idduu: i .~nd~~ , ia~q~~u~n  



cin 3 n~snuuu~uouozi3uni'~id~uuiidn~winmvuotii~Gi q iim~idiuuiidn~ln'~9n5'19%nriin"m 
3 A n  A' vusznii~driumzi~'u~z~ndiniuldm~id~uuuda~ninmvuodi~nu~ rdoznd%uldvoq 

9 ad l 
[sio2J'' Edns~iniuudnGi ~ ~ i ~ u r n s ~ d ~ u u i i d a ~ d & o ~ % ~ w a ' ~ ~ i u n 5 : ~ u n u n i ~ ~ a ! ~ u n 1 ~  

i d ~ u u i i d n ~ m u g n a ~ l u ~ i u ~ ~ ~ i f l u n i ~ ~ s u ' i i i w u ~ ~ u v ~ ~ n i ~ ~ d d u u i i d n ~ l n ~ ~ n ~ i ~ ~ o ~ n ~ u i ~ z  

IridnisiiaiuriuazlR'u k~u~iu~uGumzi~' l r id~~ui~dn~if luni~idduu~~dn~di i5n~i i4~ 
0 tpi i~iuuusn dpcunrJu' 573 c P- n~nk&z~dduui3u a -  n?oimCdi~5?~d? d 

gcungu' 1470 OC ~ ? 0 i n c i d ~ n ? 1 u u  ( iid.rffoduGounii o.oiidoii$d ) niuirod 
8.4.4 di azi~duuuii3unin1n~1i~n~X~tn:eCin~o5"n1un~ioo~uuin~~cuw~G~~zuicu 870 OC 

p -n-roin$ ozniuisntdiuut3u P-niR'luR' (P-tridyrnite) ttnz~ndduuiidn9doldt3u 

p -  n?nlnui'laR' (p-cristobalite) dpcunoG 1470 OC t t t l z d g ~ n ~ ~ ~ d 5 1 ~ 1 ~ 1  1720 OC 8oz i i i~1  
A' 

nismsumn?vu %us:ni i~ni~i i%n'~"u~~diC~1ni~id~uui idn~0z~inni i~n'u~3~luR' i inz 

ninlnui'lnR'oz'ldd#uwuiL~unao5"n~niudou!vdn~ oii -r l~i iniuo:i ini~i~duu~i~a9 

oeiis.sa~~$auiniflu a-w35?u&imz a -  n3nlnui'lnR'miudiCu 

p -quartz 870 OC p-tridymite 1470'~  Psrirtobalite 1720'~  Melt i 5 7 p  i 1 6 3 F  
4--+ 1 200-270°C 

a -quartz 4 b a-tridynite a -  cristobalite 1 117Oc 

2.2.2 t5nistYmgioa 
d cia 

v o ~ ~ n r n u l d o ~ c u 3 i u w u i u d ~ v o ~ i i ~ ~ d ' l ~ n ~ u ~ ~ n ~ ~ i ~ u ~ ~ z m o u n i u ~ u ~ n ~ ~ n 5 ' i ~ % ~  

i3usztiiuuociiriotu"o9 ni~4nlnt$u?riuln~9n5'19vo9w~n~19 q d?ulnoj'lnYuiainn14ld 
w 

nlsiiu?iuuuoJi9dL0 (X-ray diffraction) M ~ ~ ~ I S L ~ U ? L U U % ~ ~ ~ ? ~ ~ ~ U  (neutron diffraction) 

unz~uvcuniiu~i*iiniui~n144n~1~n~dd~1aa1n~dwn"nlk;~2iui~u~n'u ido%~~sn4ii 
4 ad 

n ~ u u i ~ n ~ ~ m ' i n ' u ~ : ~ z ~ 1 9 ~ : ~ ~ 1 ~ o ~ n o u 1 w ~ n n w u n 1 ~ o ' m d u ~ ~ ? ~ ~ 1 9 i f l u 5 z t ~ u u  o:ii%n' 



A' 
iiimnisiinindiiu~1u~udii9 q 5u i ~ u ~ d f i ~ s i i ~ ~ 0 . 1 ~ 8 n i f ~  2dd 2.3 iiIuZdiiu~vo9nl~ 

d ss 1iualuuuo~kiiion~vo9n:nlmuilnm .annilan (silica gel) iinzGiini~o5miiu Giiniiun 

~iimlmunisiiilkGiinimnmznouuinmtnzniu5nnilnd~5inm GBniorlbrgiulAuinni~~~f~ 

AvotSiinimna ~ d i m u ~ o ~ n i ~ ~ ~ u a ~ u u v o ~ 5 " ~ d i o n 4 v o ~ ~ U " o n i ~ h ~ n o ~ ~ i i m n i i ~ u i n n ~ n ~ m  

u i l n ~ ~ o t u S i i m i a n Z n i ~ n ~ ~ o ' m n ~ z ~ i u v o ~ ~ ~ ~ l u v u i m ~ u i ~ n  q iflu4iuauuin 5uirlfluul 
B Is 2 

ainni5iiimoymnvuimi~n5zw4i9 10-100 5~nmrou .a90yniniiuuilunmvuluGiinlo 
Y Y  
a a4 99 5m3iuunm~ii Siimo5mliuijlnr~nfi9iiuuic~ido9 uonoinun~anniiaaunz~iinlo 

A 4  A' 
Zm3iuuziiimnitrin~wiiuun96'i9 q l u~?~6~u?~~yud i~yn1nm%u~inn i5w"n iw~un~n lm 

u i l n ~ '  iiam~1~iiuii~nr~nfi9i9nius~m9finaiuduw"uf~u 

d ss 
2.3 XRD pattern uotn?n~mui~nn ranllaallnz~iimo~m~iu[3] 

a a  a . 4  A 1 4 9  
1. ? lY l?~~$~ f l l  (vitreous silica) M5Di3UflD010HM931 ~1(~lfllbl6'3 (silica glass) ~ ~ f ~ ~ m z  

A' B 49 
n l ~ l r i i i ~ n r u i i i ~ v u ~ i n n i ~ ~ ~ O ~ ~ a u i n n ~ ~ ~ n o u ~ w n ~ ~ o ~ ~ n n ~ a n i w ~ o n i ~ p . f a ~ u ~ ~ ~ a " ~ ~  

o~m3iuunz~inisuuiu~awi9naiu~ouiiuino~Iu4i 0.5-0.8 ~ I O - ~ K - '  
9 .  

ddl 49 

2. Giimiun (silica gel) ~ ~ n ~ m ~ ~ i ~ ~ ~ ~ ~ ~ u g ~ ~ ~ n ~ ~ ~ f i ~ ~ ~ ~ u i i u u ~ ~ i i ~ ~ ~ w u ~ ~ ~  

O1iwizg.a ui9ooni3u 4 a5o go 



n. oznailon (aquagel) liinoinnisazniu 

v. 5ngnroa (alcogel) ~n"~oinnisds:nou 5nnontii- ?vmu 
2 n. QTslan (xerogel) iitinvol:llfiq ~r~Si.rl~'uo:d~uu?dvuo~n'un5~uau 

9 9 nisv?iIw~lws 
9 9 d  4. llt9?5l~n (aerogel) ?~hblol:llfiq l i i h ~ ~ n n ~ z u a u n i ' l d ~ ~ w ~ ~ w ~ ~ ? ~ w ~ o ~ ~  

i n q ~ ~ b i o ~ o ; r i i r m ~ ~ Q f l J ~ ~ u ~ ~ i i ~ v o ~ ~ o n ~ b o ~ o ~ n n ~ ~ r ~ d ~ u ~ r ~ a ~ ~ ~ n  

3.3Bni~4 (powder silica) ~ n i ~ ~ ~ n ' l : ~ i u v o ~ o y l n i n ~ ~  Tns.rnhtiivui~rndnuinwi!o 
d2 A 9  

?iiiTnssnsis ~rnzuwu~waiilwizqq 

2.3 rniwsaisazaiuGini 
aa 0 n u ~ m ~ ~ n u ~ m ~ ~ o c ~ a ' n i n " o d ~ ~ u 1 ~ : ~ - ; i i ~ 3 a " n 1 n ' u ~ 1 ~ ~ 1 ~ u n ~ z u a u n 1 ~ v ? 1 l f i  

~iinrn~~n~~nour~u3a"ni"Iur~nnu~~azw"'11'11~~ii~ q ns-uaunnrii~dit q ii 4 h o o u  i # ~ c i  

nisnzaiu (solubility) fl150;lflA%flBU (precipitation) fl155%J%d (agglomerate) ~lw~ni5ln'@woa' 
B 

~u~i(~o1~rnerization) ~ ~ ~ i ' l ~ ~ ~ 1 ~ ~ ~ 4 ~ a " ~ 1 ~ i ~ 1 5 f l ~ ~ ~ @ 9 ~ ~ ~ ~ ~ ~ ~ 1 ' 5 ~  (2.1) 



w d.4 
naiu11~;ln~i~szwi1~in"mwo~iuof5un1rsaumannon1ssa81CaiSuii~n1rin1zra81n'u 

&a'?ais;lii?uim0!hlad (van der Waals forces) % 0 - l ~ U ~ r i j ? ~ 0 ~  ESi-OH iia::~li;dQnqm~uvi~in~ 

i iF inisi~mwo~~~o~if iunis~f i~Gu~zlw~uo~niulCb;  E s i - - - o - - - s i ~  dnrnaziloclriiania 

nirazmuuos%iiniszh V ? I I # I  (refining) uo.royninvuiniinii I iun3ou 
dB s 

(pm) ii11.f~ ~ ~ ~ u n i r i ~ m ~ o ~ i ~ o s ~ ~ i n m 1 ~ u 1 n n ~ 1 ~ a u ~ 4 i o v d 1 u n a 1 ~ i i d 1 n i  lo  symn 
t 4' 

% 8 n 1 ~ ~ ~ u 1 ~ ~ ~ n ~ z r a 8 1 6 a ~ u i ~ u n ~ ~ n ' o u u o ~ ~ ~ n 1 n ~ ~ u u 1 m 1 n ~ v ~ i i a z ~ ~ i o v u 1 n n 1  lo  

nmwn1mza1u~~wod~zin"mi)1r~1w~~i~azin"mifiunoaao~FI"nr~nauvu1~lw~ 



4 4 o r  
2.4 6~1~'1NB1~1~11~~Oa"0b61519~Cl~B~~~N (Atomic Absorption Spectrophotometer, AAS) 

[5-61 

ni~~nniiuun~lnuozmou~$~~mnw'n6l4lunis~~nsizw"~1qlu~d~~$~~z~ou~ns~ 
99 P do, d Li d d  l n u l ~ n ~ u ' u u ~ ~ g a m h l a l ~ ~ a m ~ ~ n z a n ~ ~ a  uonain;uqumniinoumLnuaLdoq~wwa"nnisvoa 

AAS ~mnGnnis%nis~dkql~nq&au~dna!d (flame photometry) 1mn~nnis5n~in~6ldbq 

~onu-~~nuozm~u (atomic emission spectrophotometry) L151z 6mn~nmsozm0uU'nd~~06sn 
d ~.aum (atomic fluorescence spectrophotometry) ~~nz~mnw'nnisr~nnn"u~~na~nuo~m~u~$u 
9 d  mnunmnznanun:san~fan<i iinaiu~nbio.r~mn~oiu81~a~au i~rnsrJnnn"uuna~nu~zm~u 

i9umnlind~vuIbinIqiLm~ n.pr. 1960 bul~unirimsiz~lawzwu'n luil~~ljuifniuiso 

l#wid?uim~.~qiia q uinnji 70 a iq  

mnw'n~oi~w&nisa 'nna iu~~u~~na~anaa ~doa~in~n~nnbulnuozwouvo~lawz 

dnrnaziu (ground state) Q ~ ~ ~ w ~ " ~ ~ I u X I ~ F I  1 ~ d ~ d o o z m o u m d i ~ ~ ~ s " ~ ~ ~ a " a ~ i u 6 ~ ~ u i z ~ u  8 
9.4' o:dil$nmu%~~n~rouvoaozm~u ~nn3:~uInvulddania:n5~6u (excited state) ud 

iu'oaainnniazijllilar~us~Ldnmsou8a:n~u<nniazRu wfouAniuwkaiudiui~ildoon 

v1tu~dn8utrna ~ ~ a i q ~ ~ ~ n : r ~ n a z s n n a " u ~ 6 n a ~ ~ n a ~ u u ~ a n d u ~ ~ a  7 I?U lawz#l$lunis 

~ o v i ~ o ~ ~ u ~ d v o a n i s a z n i u ~ ? o t i q w ~ ~  (combined element) t%l.?u$aha~%~aio~foud 

wo~wlnz~dduulH'naiu~~u~awzot~~uduni?~i i f ia:~ou~u~~~u (atomizaticn) o i o o z ~ ~ a l l  

naiu~ouoin~daaldlun~snait~~~uozmou (flame atomization) n?olojl#6nlaaldlunis 

nniul~uozmou (non - flame atomization) 6 ? i ~  ~ $ n a l u ~ ~ ~ ~ ~ n o ~ ~ n ~ d ~ ~ ~ i n ~ $ n a i u f ~ u  
d P  A' Y 

aindnald~unounmnvulu1daa!d~~aii 

I .  Vaporization or Fusion ~ ~ ~ l ~ l l ( ~ ~ ~ f l 1 ~ 6 ~ O ~ l 9 Q l ~ f l 6 1 l ~ ~ ~ ~ ~ l L ~ ~ ~ d L ~ ~ L L n " ~  

2. Dissociation i i o ~ & d n ~ ~ d ~ ~ u ~ i ? d ~ ~ u ' i i ~ w ' F u l n ~ a ~ ~ n " n v o a ~ i q i ~ ~ a n i s ~ ~ n s i : ~  

rrmn6a~3uozwou 

3. Absorption ~ o n i s i o z m ~ u i ~ ~ ~ n a ~ a i ~ n i a z R u r ~ n n ~ u w ~ a a ~ u  (absorb energy) 

v o a ~ a r ' u w k a i u n f l a ~ ~ n ~ ~ w d a ~ ~ ~ ~ u " n ~ ~ ~ a w " i ~ ~ ~ n n ~ z ~ w  !11~~6arnia:ns~~w 



S A d  ~nnu'nnisqnnn'u~ia~fnuozmouU:u ~uiuii~~u~nnunnunisl49iun'uuin~~n1uaiu 
B 

mnu'nG9ndiariiwiunis5~nsiz6d3uit~aisii q r~nis3nsirQ5~diuit~ (quantitative 

analysis) ~ ~ ~ m n u ' n n i s q m ~ u ~ ~ d ~ f n ~ 6 z m ~ u u ' ~ n ~ 6 i a " ~ n a i u d u w " u ~ ~ ~ ~ u ~ d m i u w a ' n v ~ ~  

L&J$ (Beer) 69d~fl13 

A - - abC (2.9) 
.A 

Lo1 6 

A n'6Tiimsqnndu~m9 (absorbance) 
B 

a n'oTiidudszn'n$nisqnnduL~a9 (absorption coefficient) r . ~ ~ a u ~ i n ~ d ~ i ~ u ~ n ~ m :  

~awizvo~nisiqnniiu~~a9 

b n'oszuzni~iua~iiuiLn"anis~nndu~~a9 

c n'onaiu~CuCuvo.raisiqnnn"u11a9 

%a $~iiTiinis~nnn"ua9 (A) ui~iiuunsiuliiunaiu~GuGu~69ais~zniuw 

giurzdsingnsirhdums~~d~niuiinsiuluimsOiuG~edd 2.4 il.'oditlrffmiu nisaffwsiul 
9 9  A 

uimsliu~u+volndud az1Einnuhduiu.s~lu4a9naiu~uuvuwu~ q dl& nazui.mf9oia 
pl d a  az18oenui~3urar'wtnsnu 



d 4 w  
2.4.1 B d ~ ~ $ ~ a " n ~ f d ~ ~ 3 ~ 9 ~ b a t l n 1 3 6 t l n a " f d ~ ~ ~ 9 ~ t l ~ 8 ~ ~ ~ ~  

'4 '!iU o~sznoudd i fkg i i9  q uotm~o.ruoanmrgnn~uiin~~nuor~ou i i a n t ~ a ~ d i  2.5 

ii 5 dau6aun"od;o 

1 .  irn& fiiila'niias (Light source) 

2. S:Y'PJPJ bWIt713 (Burner system) 

3. Gailuniia9 (Monochromator) 

4. %WfliF;16Sd (Detector) 

5. m$o~dszuaawarmzdiu~a (Data system and read-out units) 

1 Light Source 1 Sample Cell I Specific Light Measurement 
I 1 
I I I 

Source 
I Monochromator Detector 

Readout 

I Electronics I Flame 
I 

I (Or Furnace) a 1 

1. rr~a'sAilGtlrrars 

i d o ~ a i n o z ~ o u ~ r ~ n n ~ u i ~ t 7 ~ i n a i u u i a n ~ u ~ ~ w i z  Iunirinnirqmniiu~~a~~aunaiu 
d A 

'Ilp.aqn 41t8ulo~tmi~rii~Gmtrn~~t8u~r~lutdw ~ a z n i u i i ~ . r d i i n ~ i u u i a n a u ~ ~ z ~ n ~ n  
Y Y 

nbul.uornou u o n a i n r j u ~ m i ~ i r u ' n r ~ a ~ ' ~ ~ G m ~ u ' ~ d ~ ~ n ~ w " ~ ~ n ~ n i n n i s ~ m n n " u ~ r a ~ l n u  

oznou ~ ~ u ~ n n ~ n n i r f m s i r ~ ~ i i n i s s u n ~ u d o u u l n  i iw r i t f i i i ~nknd iaddn5~uu I~  

nnonsualaciilnlnn (hollow cathode lamp) 4 9 j i i # a ~ l a n r ~ ~ n t ~ u a n " u ~ i ~ d $ o ~ n i s  
a .  9 

8nvi ibu btnis~nvivizkl  (lead) ~ b i o ~ ~ ~ n a o ~ s o a ~ a a " r i ~ ~ ' b w n ~ w i n a u ~ z k a n i u ~ w u s r ~  

huii8aia"oc~ iniu ijoou (neon) ntooiinou (argon) inaiu~uv!i  q dr.zuim 2 - 3 GnSiunr 



A + A -  w A  9 0  
c11.r At nmmar~~!d%uoznou~o~n~t;aw~%wli in~~n (cathode) iiazCil~nom~~qqiu 

& A , A  
l i i l i~a~nouuo~nznac11~o~w~niaz~uiiazazQnnrz~u!do~~nniaznrz~u iu'oniiudnmaz 

A c i w  &iiazd~ouw5~~iuoonuilu~d5~~iioiiwa"n~d~i (electromagnatic radiation) ~q~an~fi l lz  

iamziauimuitYuuo~nzka ~ n i n v ~ z u o w a o m s o a ~ a i l m ~ n n ~ n u i a ~ ~ a z i ~ n ~ f i l l z ~ q ~ ~ i  

2.6 

Anode Window 

cathode Fill Gas 



2. %zPIPIIHlQl% 

iflurzuudiini~id~u~aniwvo9ai~azaiuI~naiui~uozmou oia~un"o$oon$9 

idunisahtozmou (atomizer) gdnsdd?u~d3znou~augdn3dtiou 2 d3u L d3udiau& 

afi9a:oo.r (nebulizer) imzli?udi$uri7lwi (burner) llt7m9kSdd 2.7 

Drain '\ 

~ ~ h ~ a : o o ~ l ~ u d ? u d a i ~ a : a i u ~ n i i 1 ~ ~ ~ u a z o o 9 t l o u ~ a d n  q wau?iuiul&tlw&iiaz 

Pi3oon41mn' d?u~?iwio:illhi~naiui~uo:mou~a~:ii~w'ai~~aotii9~z~mna"u~a'991u 
2 

n~iufouoinda~~vlna iu~~u1oo~noo~ (vaporization) ~ X ~ I U U U  ~ ~ ~ L I R F ~ I I U ~ ~ ~  2.8 lda?1dd 

m ~ ~ o i n n i r ~ w i l n r i u o ~ ~ ~ o ~ w a ' ~ ~ w ' ~ d i ~  7 ifigtuntJu'di9 q iiullaziinGi6ndiuiaaa"n13~m 

niiuuac (absorbtion cell) ~da?1dd~~6u1munL?1d1uinfo~a"mni3~mna"u~~a91muozmou 1; 
i ifi 

- oinin/Iwnwu ii;l~a?1ddiigomtJ~4i~mi+io drzuitu 1,900 oc i.rfo'ouwoda: 

~ i l i i l i ino~mouGa~~9~~~aiq1Xnniuaiq lriu no4im.r nri% TwunaiQuu Taiiiuu im:: 
A d  I 

kn-ir ~ i a i q d b t n i ~ i m s i ~ w " i i ~ ~ o ~ l u 9 ~ o ~ w a u ~ u a ~ u d ~ ~ f : e ' ~ ~ ~ e ~ w ~ n h ~ ~ ~ ~ ~ ~  

aiq~uoiaiiimaisds:nounuld iGu refracto~/ oxide odniuluiJa?ld iu'oila2ld~ufou 

~riwodo:ii~Xrnr ils:nouurpii7otii9auV3d 



- oini~/oziaiiiiu i8uidaa?d$l+6uotii~iiwif.oaiu1uidaa?d~~ndi~fiMf.o~G 

dszulol2,3~ OC L ~ o L Q u u ( I + ~ u ~ ~ ~ ? ~ ~ ~ ~ ~ A " B ~ ~ L ~ w ~ ~ S ~ ~  

- luniaoon!ai/oztaii'lu t8uidaa?d$lkaiu5'0uuin$~n$~olf.o~~d5sui~ 

3,000 "c u'uu9#tdaalvlau'nda~iniplni5tn"nozmou~a5z~o~~iq~id~uut8uozmou?#uin 

idu  usn nu oz@tQuu Giinou iiaznqnluin (rare-earth element) 

d t d i ~ $ ~ z i i l h ~ ~ t n ~ i z g A " ~ i ~ l n u ? ~ n i ~ ~ n n a " u t t a ~ ~ n u o z m o u d ? # ~ a ~ i ~ u ~ ? ~  
Y J  r * ~ z ~ u o ~ i i u n i r t n " c o z m o u ~ a ~ z ~ ~ ~ i ~ ~ o ~ ~ a n i a z R u F n u l 4 n a i u 5 ' o u ~ i n i d a a ? ~ ~ ~ n ~ i a  

uilia"a 

M+ + A- (solution) 

Nebulization 

M+ + A- (aerosol) 

Desolvation 

Liquefaction 

MA (solid) 

MA (liquid) 

Vayorizatix 

M + A (gas) 

Excitation 

Ionization 

M+ + e- (gas) 



3. $aiianiias (Monochromator) 

ri d huununqii inu' i~lunir i iunn~uiin~~inund~61iu'nun~ln~l lna1uu1an~um 

bio~nirinonni8uiio'~1nioi8unia~nduii~~ooni8uiin'~1nioi8unia~iiin q iniu Rainoi 

nioci?iiunun.r diaod1.r ~uununc~1#1um<ot~~nirfihnn"uiin9~huoznou 1ki6 J ? 6  

(diffraction grating) 

4. ~6~1f96~18; (Detector) 

~mnino~~zdin~1di~~ouna~ni~~zi1dn~naiui (u 'u%~~i in~~M' i8un~: i in1d~1 Jnl 
B 

~h~:i8~nn~hTdTnoJ"a~WaiUi06i (photomultiplier tube) %918um<09~hn?ioJi(u'uiin9~ 

c i ~ u o o n ~ i n m r c i ? o r i ~ ~ i i a z ~ ~ ~ ~ ~  (reference) i ~ u u i G u u n a i u ~ i n n i i ~ ~ o ~ n i r ~ n n a " u i i ~ ~ ~  
A' d l  w  d 

I ~ ~ R U U  81i~una0~1TdTnljnlwaiu 

iooiiiuulX~n"~~ius'~~~8u~ao~qyy1ni~i~~ouiiu~no~1d1niiiIM'61n"~~~iu~o~~~~1(~ 
Y Y  I l~~~n i1u1nn 'oo1a l4 i idn inos"~o~n1~~~1~q~n"~  10' iii ~ ~ i i ~ r i z i n i r d u u u u o 9 i i u a u  

de. d 
~dnnrouiiunili%iiuhl~oiann~ou (secondary electron) i l lqhoonulQln~ui~a%09 

lnTur (dynodes) & ~ I # ~ C J I ~ ~ M L Q ~ ~ I ~ ~  

a 
5. ~na~sdaz:an~n1rnz6iod~n (Data system and read-out units) 

~ ~ Q n d ~ u ~ ~ r ~ i u ~ $ m u ~ ~ n d ~ ~ ~ ~ n ~ r ~ ~ n a " u ~ i n 9 ~ f  oi in i~n iu i in~ l~1wum~~ 

2.4.2 niariiduid6nai-.ol"&aa~wn~nniaO~na"odi1asb~~~z(il~u 

l u n r ~ ~ n 1 r ~ a a d 1 ~ ~ o i i o ~ ~ d ~ ~ u n a u ~ ~ n ~ n 1 ~ ~ a o r i 1 ~ i ~ o ~ 1 ~ o 1 ~ ~ z d 1 n 1 r 3 i n r 1 : ~ ~ #  

i iu  q ~~u~~uuriualrlllnr~lui~~l'~1na1ui(u'u(u'uiioiuouii&a iiidiiuu14iiuAa q 1J TRU 
d ~ u ~ y i ( M ~ ~ # a i o  blank ~M'i8ugu$ ~ ~ # ~ ~ ~ ~ ~ ~ I ~ I ~ ~ R ~ ~ w ~ ~ ~ ~ % ~ ~ ~ I J ~ ~ ~ I u ~ I ~ J ~ I ~ ~  

naiuiUu(u'ud19 q iiu (4-5 na iu ihh )  iu"o1#imnu'nn1rnrnui8uoznouT~u~0jl~inlaa~d 
w w  2 dcr 

(flameless atomization technique) 0 1 Q k ? ~ W ~ I l W f l  (peak area) ni0n3l¶J~t~ot%fl (peak 

bight) i1~~~1w~~n~~uun~1~~A~p.o1~~1un"~w'~~ii'~1na1ui(u'u(u'u~~~n1xa~a1~~:l~nx1d~1mr 
e 9 dl8 9 9, A Jlu (calibration curve) 1 9 0 1 ~ 1 8 ~ 1 # ~ l l 9 ~ ~ 6 i # ~ a ~ n 9 n  Lh ~ ~ n l l i ~ ~ ~ n ~ d 0 1 0 ~ ~ ~ n ~ 8 9  

1 9 ,  

no~~a1oinioin<o9(iiua(~ii191u1# 8lhfi8~i#~fl19l# least squared fit iim~liduikfu 



-4' n a i u s z h s z f  lumtl&iu iw'o~%~k~um~iu~1azilm~i~ni5l~~1ulw'u1uiuvu n i s l l  

m$otiioa'mni~qmn~ul~n9~muozn8u~z&o95zoJ'm5za'9i~uan'~~t~n"n6~9 q dl+ni51ald nrm 
w  a w  ~iazaisw'ucii i l  q ~auBtnaiuTouunz~~noan5'1?a~o1am~1n"m~inn15t~ilwo~' n i 5 l h z u u  

naiudaon~iudin~uos'o9d~s~'~nl5~a q ~ d l ~ t ~ u 9 w o ~ a z ~ o 9 n ' u n a i u d a o m n " u ~ ~ 9 n a ~  

w~iuCs~zoJ'm~za"sluni5l4~1u l4ttfi 

v d 
I .  5zuuqmlow'u (Exhaust system) %uvmzl4~n~o~a'mni~~mna"u~tn9~mu6zmouTmu 

iawizdauozmou0nt iou ~ o ~ w ~ u ~ z 1 n " n n a 1 u 4 o u ~ ~ ~ 1 a z 1 n " m l o v o ~ n i ~ ~ ~ 1 ~ ~ t 3 u n ~ m 6 i 1 3 ~  

& o ~ ~ l ~ o o n ~ l w ' o ~ ~ % o s ' i n " ~ ~ U ~ 5 1 ~ 6 0 $ ~ 5 a ~ ~ i n 5 1 ~ ~  ~ 9 h  Exhaust system Qr&o9jiQm 

n 1 w ~ f t l h n ~ ~ i u i i 1 i 5 ~ n " ~ ~ n ~ i n i a ~ i u i n w ~ o u ' ~ u i n " ~ ~ d  i w ~ i z ~ i u i n t ~ u ~ d o i ~ ~ z i ~ ~ o s '  

~daa'lv(~in~~~~nuo116diw'~u~n"~~d~zin'm~um51u~aio$~~~~nzna5~~mn'ou~~z~m~daa1d~~o 

i%? im l l~ l l l ¶ J¶J f l 3 l l v l k  (graphite furnace) 
ad d 9 w 9  

2. kllh (Compressed gas cylinders) ~ ? ~ ~ W i ~ ~ 6 9 l l n " ~ l l ~ n ~ ~ n ~ i n ~ a o s ' ~ 9 d ~ ~ ~ n 1 ~  

o d l u d  q iioiniariiumnmanaazQ~nO0liQ~~an'~~~n"no~lu~~uad~ (verticao naziildk'los' 

Z m n ' u w ~ ~ o ~ v i o ~ i n " n ~ z ~ d ~ ~ m n ~ ~ ~ n ' ~ ~ ~ u ( ~ w ' m v o ~ ~ ~ n " n t t n z ~ ~ n ' u ~ u ~ u n ~ ~ ~ ~ ~ t ~ n ( ~ u " ~ ~ i ~  7 
dd 9 

iiaia"a3m8m~o~lndii~%un501w~nm~~ni iihuin5aa~nn15kavo9~~n"n tiu i ' indimznou 

n ~ a ~ & n  l$nni5kaodtnuotiazqnni'9ii~duu~9iin"n 

3. n ' o ~ l i i h  (Gas hoses and connections) ~ 7 l % ~ ~ ; i o t t $ ~ ~ ~ l ~ l n 1 5 d d l ~ ( ~ a " n t n $ o 9  

~ounr%~~urzuz~u~qm~zoJ'm5za'~ni5~md~o~~%os'in"mna~uiduniu6ow'ottn"nttaz~~ou~o 

iinim~~~~itilnnmuv~m~z~o9iini5~m~~~nu&ivioitn"niw'o~o9~uni5~unu 

4. an"florla$i%J (Acetylene gas) l ln"~(H~Rdz6o~lzoJ'~5za'9%un15~~1w5l~oi~tn"m 
Y 

sztGm18 TnudtjGZihd 

- &u%4iatn"n (tubing) I~WT~=IH~WOSIIW~ 
ey dd - oti1%(%'~9rtnnwunaiu~utn"u lo5 kPa 



(grease) 

5. ~uninoonlellri (Nitrous oxide) ii~n%~nii;gu6ai?4i~u~~in"nn13iw11)1o~"~~ni~uan'p1 

oon$iau i 1 a z i i $ t r i ? ~ d i ~ i u \ u ~ m w ~ ~ d n ~ i a a i " I ~ ~ z ~ o 9 ~ 6 a " 1 ~ n a i u ~ o u  (heater) iNdadod~i)l 

m~i1$~Aunzlina~lX~n~p1lvoJ'u~~~1z~~i1lXin'nn1~n'un1d 

6. 63iw1~13 (Burner) ~z~~ori1%46ai~ini~ii~1~1oin1~1-oziell~Zun'p1idaaldozielliZu 

lurinoonlelln' m~iz6ainnir.aG~~oi~una1us'oui~nzoi~in"nna1ui~uw1ul~ iicimuao 

I~~aiw1msoziellii"nulum5'noonlo11~n"LIielnald01n1~1-oz1ell~~ulX ociilCoo4iouuiqn~ 

w ~ o o i n i ~ d i i o o n ~ a u ~ ~ u 1 1 8 u ~ a o o n ~ ~ ~ n u ~ ( 0 ~ i d a n t )  ~ ~ n z l i n a 3 l X  liquid trap ~ n ~ n . i u  

~ n u n i ~ a z a i u d a o n u ~ a i n i n ~ o ~ i ~ ~ i z o i ~ i ~ n ~ ~ i ~ n I X  nas0nidnaldhoudoziinaiunzoIn 

ci?a1rn~unzl$~u'oO'~6aiwini~i~~izoi~u'~QouO'n 
a# da# 

7. 59tY0nmri?al0in~1 (Ultraviolet radiation) )ln~n81on~n~iin~mniinzwnon 

electrodeless discharge 3 ~ U & i ~ l I ~ 1 i I U U ~ 3 l ~ d ~ ~ l ~ 1 3 ~ ~ w ' i i ~ 9 ~ ~ ~ 5 l 1 ~ 1 ~ i ~ ~ ~ ~ 9 ~ ~ ~ ~ ~  

8. ~um31ualnn?lu~ou (Heat hazards) dna ld  i ~ l i ~ l i i U U n 5 l ~ d 6  (graphite 

&ace) 1mz6aiwin11aziigm~~Gq9 nasazinrzao~o.rn'unaiuQou~inzIninara'p1~o~w~o 

9. m3aonounaludaon~u (Safety Check) 

1) nas9nairi?ii%qnn59minnl.%!91u 

2) msaa~uiiamii~iuori~lW'iini~ini~ion~~Iald 

3 i~ngdlo&imazmsaorGnni3~i9~u 

4) 1drili~nni.r dQnb.nia-.Bon6anQi9azoo9IXii0iu 

5 )  mr a ~ ~ ~ ~ i i ~ n ~ i l $ n X o ~ i i n ~ l o i i ~ o u k a  

6) 1 0 n i i ~ n l ~ i i n a i u ~ u n i u ~ e l ~ i n ~ l u ~ ~ o v o ~ i n ~ o ~  

7) ilnnrzando.rr*unr (flame shield) imzgnui;rtnudu'o 



2.5 ~ndndtid11d3nInG~n~%' (X-ray diffraetrometer, XRD) [7-81 

%un1sn1lnssnfi~wa"nn19~1snmsa~no~1lmunis~ins1:w"XauJ~iiion4 i.a"siion4ifJu 
A n8uii~ini;nlddi (electromagnetic radiation) ~ii~&~iu~~i~n:iinaiuuianaun"ulmuii 

A n~iuui~nnu~udlr iu i~uan'~1s:u:~19s:~~19o~~ouu~9a'n~uo9i i~9 idoiiiin.ruo-ri98ion4 

nr:nuinquo.ni8.ra:in"nnisns:iii9 (scatter) 1uynn'~ni.r iudo-raino:moun?olooouio@%u 
w a d  m-riiiuuo9r~nion.a' ~ ~ ~ ~ o i ~ n ~ i a ~ 8 i i i f J u i ~ n w " n ~ % ~ ~ 1 ~ n s ~ n f 1 ~ ~ 1 o ~ n i s d 1 ~ ~ p 1 n a i u  

i i i o ~ o u i n i ~ n ~ o  mnw"n~on6siSdudsfi$u (X-ray diffraction) 
a w  i~iiionbfJun8uuGmdnldd1~Znaiuu1annu~911i 0.1-loo A iu"oti.ri~iiton4iii 

9 1 . 4  n.nuuiandu~nX~~u~~us:~:W'i~s:nii~s:uiu (interplanar spacing) ~09~Bni~1t~wnnnis~t.  
9 w w 9  riiI#i~iiion6;i~oisiBuaiuu (diffraction) 1~ ~ ~ U ; n i i s ~ ~ ~ i u n a i ~ u ~ ~ n d u u o ~ i ~ i i i o n ~ ~  

mu1soi1u~cums:u:p41~s:ni1~s:u1uuo~~a"n~1s~uI~ln~o1a"un1so3u1u8aun~u~~ 

iiusn6 (Bragg's law) 0:!8ji 

.2dsine - - h (2.9) 

ido 

d = s:u:w'i9s:njiss:uiPI ( w?D~?u~<I  d-spacing ) 

0 = UUOII~PIWIA (~ragg's angle) 
a  , a  h = na1uuiannumni~n4 

n = 0,1,2,3 ,..... 
9 A u A s  1unis~iumwnlriAuaipJuuo9i9iiLon~1~a w~na:~.amrutuonnun<i ion~tsi~~ 

u ~ s n ~ m ~ i m o i ~ n u i ~ a w ~ s : n o p J ~ i ~  q ;ay~i/ 2.9 



X-ray 
Source 

2.6 n ~ 9 P ~ n 3 3 ~ d ~ i ~ n ~ 3 8 ~ i i ~ ~ d 8 9 n 3 1 ~  ( Scanning Electron Microscope, SEM ) [9] 
d s  d n & ~ p n n r r n u o m n ~ ~ o u n u u d o ~ n r i m ~ d ~ ~ ~ u ' ~ ~ o u ' i ~ u i n f u n i ~ ~ n ~ i d n ~ m ~ n i u  

Y 

u o n ~ o t a i r ~ i ? n u ' i ~ l n w ' ~ 1 w ' 6 i a ' ~ ~ u i u o u ' i ~ n ~ ? ~ ~ ~ ~ ~ i ~ o u ' i ~ ~ i ~ m l n a ' 1 ~ u ~ ~ u n a ' o ~ ~ n ~ ? ~ ~ a w "  
B o w  i ~ u u a r r u m l a u o ~ ~ a 9 % ~ l u q 9 q m ~ n & ~ u ~ t ' i u n l ~ ~ ~ i i ' ~ l  TEM (Tranmission Electron 

Microscope) ~ 5 l 1 0 n ~ Q 9 ~ ~ n ~ ~ ~ ~ ~ 9 1 0 9 n l W  (resolving power) iinaiut8uldlG9 3 UI~UIUAS 

d s  d uonuinhiihna'n.raiimd~9n!aulw~d5znou&;autZdn5moLnno15o~nd Bqdm'boninltftj 

l~ i lonia~inudn9io~~u~dn5m6u q m~ol#inistmm~~rnlu~dhi9 q tbumsimsi:i~i~ 
a w  4 

nitciiuammuaaim:~~uim~ n~oqaGmdinuiz~unirauuW'u~iuu1niqm~'uduLdoquiQin 
s r l d a  aanunaiusawda~iun.;ii35i~lfluni~dn~1i&;au TEM 

daud~znaubSi~~%o9 SEM Pl~znouiau 

1. Vacuum llnz Column 

2. Electronic console L L W  CRT 
u d 

5:~uq~~if??'R dl.%?~~'!k!tJ rneehxica! !!a: diffi~rion *If O?JIPI!UUU ion getter 
B a  9 4 .  

pump gqunui~?nh~?iqqlqlin~a niu~unofid (column) %oq SEM d5:n0~6audiunq 
B B 

o'ign~sou (electron beam) ~ ~ 1 ~ u i i n d ~ 6 1 ~ ~ m i ~ ~ ~ ~ ~ i ~ ~ ~ ~ : ~ n ~ a u ~ # i 8 u ~ m % u i m 1 ~ n d ~ z u i ~  



3-6 U I ~ U ~ U ~ ~  O z Q n ~ 9 < ~ l 8 ~ ~ ~ 9 ~ 9 ~ a ~ ~ l 9 X a U I a a ~ n " a " ~  (objective lens) WfoU$9Bn~fi 

~ k t n B o u ~ l l l l u n ' a w ~ ~ ~ u " ~ ~ " a w ~ ~ l n ~ u Y i u w " a v ~ ~ ~ a o i ~ ~ ~ a u t ~ ~ o ~ ~ ~ i l k ~ n " n n i s d ~ ~ n ~ i n  
B 2 B  a 

(scanning generator) %9od3zMi19 condenser lens filliH9v09tiinn58uu%9i5unii~doJif 

tiinnsou (primary electron) ~ z ~ n ~ d i i ~ n i ~ ~ a ~ i ~ ~ n ~ ~ ~ o ~ n ~ s X a ~ i a u ~ ~ n ~  I ~ O M U I ~  

B 
5iinn~ounrzwuuu~aod19%do~niuh specimen chamber 0zdi'Ikin"nn~~v0~S"t8nn5ou~n 

4s sl 4 2 ~uni%iiun150tanns0~ (secondary electron) 0 o n u 1 O l n ~ ~ ~ a o ( i 1 9 i i a z 0 z ~ n ~ a ~ 5 a ~ ~ a u  
9 1 . 4  A 

electron collector ozd.rdiuvioJi i rn~iv i~ inso~v~~1~5qqim (signal amplifier) r a i i w f l i i  

vu1u~~~imi iXaul la~~~1mlXin"nniwuu0o7w~w'a6 (CRT) t t n ~ l j U ~ n m ~ l ~ n a i i ~ ~ a i i u  



2.7 nl~'im3lziml.malubu (Thermal analysis) [lo-111 

n1~~ ins iz iw1ana1~4o~~~um~ndihz1u . t ru"ou '1au1n%unis8n~1~ in~1z im~  
A 

i~~izni~110i in~an~p1~w1ana1aJ~ou~oan1~~X~n1uor i1a wani3jm3izdwianaiaJfoudoz 

t9umr;tnmiuwani~id~~uiidaana~~tira~1z~oan1~ln~i~~p1i$~p1n'p1~mn~u' danisdiuu 

qmnQu'nXiutin'a (glass transition temperature, ~ g )  iiazqmnf~u'ni~naou~a (melting 
A 

temperature, Tm) w a ~ m n O u ' d a a ~ o z ~ n i ~ ~ d ~ ~ u i i d a a ~ a ' a a ~ u ~ ~ a ~ a ~ u i o a o ~ ~ a ~ ~ ~ o u  h u  

m4~1.1 DTA ozl%~ni~5nni~d~uuiidaawa'aai~ulnuiGup1iiup1n'p1qmnOu'dl~iifini~tia*a 

itnnaoonul~u~dnsld DTA ~ u n i l  iw0i~aJiin3~ (thermograrn) I R U ~ ~ W ~ ~ ~ ? ~ ~ O . I  DTA 9: 

1#niruim~~1ui~uhid3~p1i i~p1~ani~a~1m~~1u~oz~oain1~id~~ui id~a~m~~u'u'oua~1n 

nio!u'ijnisid~uuiidaaqmnB~~nu~uia~dlflu+ii~wnaoa rn.juimrlpiu~l#i'lbu ogu'ui 

(alumina) az~daaqmn~u'l#aiu~ada 1500 oafliimi~unoz%wa'aaiui~mn~ia"uoafl1~6a 
A odiafirnru~m~~iudqmn~u'~ia q w ~ ~ z u o n 8 a w ~ a i u ~ n 1 ~ ~ a o ~ i a ~ n i ~ 1 ! d n ~ o n 1 u o o n  

~0108Niif11'iiNG 0ldl!o%f (Thermogravimetry analysis, TGA) 

idumnu'nd'l#8nvinaiaJindu~wianaius'oudaoz8nvini~tdduuibdaa~inu'n"uoa 

niriGuui$uufiuqmw~u'diwY~~~wnw'n TGA duliaiau 2 d3zmwlnqj q n'o 

!oknoiuoa moiluimrhm3 (isothermal gravimetry) igunirdn~i~~uj~ni3  

idiuuudaadnljov~ani~id~up1i$up1n'p1iaai1nud~w~~nadmaonni~flnaoa daqrungu'd 

~ ~ ~ z ~ w a ~ o m ~ n a ~ u ~ a ~ i ~ u n i ~ w n a o a f ~ ~ m n ~ i i q a n ~ ~ n n ~ u ~ a o z i ? n ! ~ i ~ a n i i n ~ ~ w ~ a ~ a ~  

f$mnrJu'i~ 

uou!~l~iVI~iaJ~a nI~hiin3%aJm; (non-isothermal gravimetry) i & . d n 1 3 ~ n ~ i l ~ u  

inn i r td~uuidaa~1nu"n~~aa i~~~~p1n 'p1 iaa1~ ia~qmn~u ' lu~~z~ i jn1~ lXna10~~oun~~  lu  

nir~mnzH'ozdi1uu33ulniffvoaibn"flidou iiu !uhr;iou idofiik~ouoarnranzibn"fl 

oon~oudt?n~inm3nalu~a~ono1n3~p1p1 wad!n'~innaIu~dnsidnaiu~a~~"u6"~zn~iac'i 
-4 pla 

nh%JQoln~uw!airun~i moiTuun3u (thermograrn) 



I 1  
n w  44 

2.8 ~ i o d a ~ u w i n u a 4 ~ 9  

J. James and M. Subba [12] dnll lnl~?mrl~inl9nalu~ouuo9iinau~1a~iinir  

iwiauifiuifiiTnuiwnini~ofuoaiin~3iu~1?no~ui'Ia3 (TGA) i i a r5d ids iRua i3un iwo i  

uoao ru -1 la3n  (DTA) iia::idu$in~~S.~naiu~ou~iw'in'u n i r d n ~ i i i u a i i ~ n a i u f o ~ d  

o ~ u i u o ' ~ i i i m ~ ~ ~ 8 u o ~ n ~ r i i u n i o 1 1 a ~ ~ a n i i n ~ ~ n ~ u $ ~ i f l u o ~ ~ d r r n o u ~ u ~ ~ u " u o ~ i i n a u 4 1 a  

tinvm::riuuo.r ~ i i n ~ i m a u t ~ i 6 r ~ ~ ~ i i ~ ~ n u n ~ o . : ~ ~ a w r r a " ~ i ~ n m ~ o u i i u u ~ o n r i n  ~ i i m  

luifi1'ldini;oar~1n1rmra~~i~ma'n~1m~bn~ion~'i~u"5diid~nTmGimoiiia~s"udrii~nnidn 

Tmr aTnY (infrared spectroscopy) d~unirnauP:umrii~ni~~a~unai~f ouuo.aiinnu41aur 
B 94 ~ ~ n ~ ~ n ~ ~ ~ n ~ ~ ~ m u i r n u ~ i ~ ~ u n ~ r d ~ o ~ i i u u Z n r : : u o ~ $ a " n i  

n w  a ci v. P. Della iiamm:: [13] ~ ~ d r : ~ ~ u o ~ ~ 1 u a ~ ~ ~ i ~ o i ~ u m r w ' w u 1 5 ~ n i ~ l ~ u 1 8 ~  
Y 

$ a ' ~ 1 i i ~ ~ a ' n P 1 ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ l ~ w " ~ l ~ ~ l w " ~ ~ ~ ~ 1 ~ 9 $ a ' ~ l ~ l ~ i d i ~ ~ ~ ~ ~ d ? ~ l ~ ~ ~ 9 $ n " ~ 1 ~ ~  

' I  i~uurmG~~inniriwiauifluifi~ ~pmnr31iuar iarn iw 7 95% u o ~ w ~ $ i i n i o r I X n G ~ a i n n i ~  

n i i p m n p i i  700 OC n"oi4uain 54 m2/g ifiu 81 m2/g 

R. V. Krisnarao imrnmr[ i4]  ~ n ~ i n i r ~ m ~ i r ~ ~ i i n i a i n i i n a u  Tnul4 3 n r r u a u  

mr ~urnriil#lnuni~lwiIn1~'Guo1oui;ua, iti~notriil#Tnum.riwi1n&XaudBZ1n4iun 

(fluidized Bed) ~ ~ ~ ' . ~ ~ ~ F I J ( ~ u J I u I ~ ~ ' ~ # ~ u ~ I ~  f l l ~ ~ ! l ~ ~ l ~ ~ $ ~ n l s " - d ~ u i i S n  ¶.iiiinau~i~i=i 

Xaunsn HCI 0.1 TunIoiimrif iuiaai 3 k b ~ 9  im:J~ I~ i~ in i~ l&n~r i~~uo~ i in"ne ,~n$ iau  

i / p w n r J ~ i ~ r i u n ' o  500,600,700 imr  800 OC i f lu iaa i  45 n?o 60 uiii n k a i n ~ u d i u a m m  
a' 2, i a  d wunwaiiiwiruotwiim~mdiI~ ~mriwiIn~Funoui;uawnn~n~o dpmnrJij 700 oc iSu 

ian i  60 uiii $~arvii1fi~wiimrie91"iZ~s~ii9Iiiiiuou~naiuu~qwt 99.9 % im*;riiuamm 
a' d s  wunwaBiiwi:uotQBni (SO2) I# 315 + 5 m2/g imrniniul&nirlnouo~iin"no~n3~ou~ 

Y ,  a u  a9 
q ~ l n p G  600 oc iSu iam 3 h ~ u 9  a : : I # ~ i i m i n a i u u n t  99.8 % iinruwunwa~iiwi:: 

331 6 m2/g / g i n o t i - ~ ~ ~ n u n ~ ~ i ~ ~ ~ ~ o ~ " X a ~ ~ ~ ~ ~ n ~ i u ~ ~ ~ ~ i i n ~ ~ i n a i u u ~ ~ w t .  % z 
a' An . 
wunwaniwi:q.~ 378 ?r. 5 m2/g ~~~~::%q~#iu¶.iiiinau!dnn'nXau NaOH 1 bnn'oi imr 8 9  

Y ,  
9 d 9-9 aa a d  a c r  ifiumnunn1~o11nniiunaiuu?~nt96.6 % uwunwai1mirq.r 404 5 m2/g 

qnns diiin iin::u::mhni iitrrwod [2] ~&iinisin~uu$iinoulnoonl~&~Gnaiu 

u ~ q n & i n u n a u ~ i ? ~ n u ~ i ~ ~ n a ~ ~ i a u i i i ~ ~ a u n r n  H C ~  d i j n a i u i b b i r  I, 2, 3 im:: 4 lundn 

s $ ) j L f i ~ ~ ~ l  24 h 1 ~ 9  Ai~~Xi~nnu~miwi~uns~i~ou~W"iiW"~ i i ~ ~ ~ i ~ i ~ i i ~ ~ m f ? ~ j  800, 



goo, iooo oc i g u n n i  2 h b s  ~ ~ n m r i i n u - ~ ~ n r t n S i t X a ~ i n f o ~ i o n G i ~ U " ~ ~ i ~ ~ ~ n ~ m ~ i m ~ ~  

w u i i  i ~ i ~ l r i l k m i n m i w i ~ ~ m n ~ 3  1000 O c  iiiAiinmuiauw~in i d o 3 m r i ~ w ~ ~ r z n o u  

uoqihunauhuin:oq xw wuaiq~iwanfan-o~d3uimia"nod'ou d3uimuoqGiinouln 

o o n l r r i  lui~1imau~lC;ainniriii i inau~a~nrn~z~61u1nni1i~1iinau~!~jl~ii~~inauAau 

nrn imnudndnrn HCI na iu ib r i ;  3 i u d o i i m  a idqmn4G iooo O c  r : i id fu im~i inou 

l noon la4q tqn  99.61% 

aiaru' m d ~ l w ~ a d  imznmz[is] i i i ~ ~ i s ~ m ~ ~ z d i ~ ~ ~ m n i w i i a : ~ ~ ~ d ~ o J ~ m ~ o q ~  
4 . 4 4  ~nou~noon~aR"luunau~1ain~~a~1~iw1zdqn~1ao'd~a'n~~1ar1~11a1u a.r~mri:d~auiwnu'n 

9, a d ds I 44 

M~V~X-flushing f~ul~11inrodionairundiidsn'bn~inoi dringaiaanoulnonn!r~luionu 

4 i r ~ ~ u a i i i ~ i w i d ~ m n ~ ~  iooo O c  *?Juiaai 12 k~u~!gd?uimvo~GZn~ulnoon1~61u 
Y 

EdwBnn'~nSu 15.63% f n u i i n r i o  

N. Yalcin l i a r  V. Sevinc [I] ~ ~ i a n u i n i r ~ ~ ? ~ u G i i n i ~ ~ n a ~ u u ~ ~ ~ ~ ~ ~ o i n ~ ~ n a u f a u  

i i i m a u ~ i i i ~ ~ u m r a ~ a ~ u ~ o ~ n r n i ~ n z ~ ~ ~ i i a z i w i ~  600 OC i i X a i i n u i n i r n r r ~ i u ~ a  i?uiniinz 

Zdf i~i=%umzuo.1~3ni;lX 

H. Riveros l ia r  C. Gana [16] 
I dd 

81%; ~ ~ u i l n l n n i r i m ~ u u ~ f i ~ ~ ~ n i u ~ q n ~  99.98% uonaini~9wuaiuuiinc~~zuigunir 

i$odu% 100 ~ ? u ~ u # I u ~ ~ u  (part per million, pprn) ua:m~ou~%~mui:~~oJ~unir in~~u 

f nu~~irolii;.rnniluni~iwi gmnpu' 

S. Huang tm:nmz [17] I ~ ~ n u i n i r ! h i ~ i ~ i a ~ i n i i n a u G 1 a f a u ~ Q d ~ ~ l n ~ ~ u ~ l 4  

~ u d ~ v l Q t l n b n i ~ r i i ~ u U " n a i ~ ~ w i n  90 Gaiiium l A w . r ~ i i n i ~ i i n a i u u 7 ~ ~ ~ i a ~ ~ i w ~ ~ ~ ~ u  

o j i n G o u  



3.1 1n :os ioaaumannaos  

1. m$oto:nouu'niaounoiw~unadn'bws~~v~~n3ano ( ~ t o m i c  Absorption 

Spectrophotometer, AAS) i~ AA-6200 W ? ~ P I ~ R U U ? ~ ~  Shimadzu dfrmffiji/u 

2. Ipnou (hot air) i~ ULE 500 wBnlnu ~ I : ~ ~ R ~ M ~ U ~ ~ I % ~ S ~ ~ ~ ~ U ~ ~ ~ J " ' M  

3. anlawl (furnace) %M7n 1100 OC i~ RWE 1100 W%I%BUU?PJ"W Carbolite darma 

nwsi~oimiCns 

4. afl%4& (balance) 2 i l i ~ u ' 4  i u  PG, 2002-S W f  ~ R U U ? & ~  Mettler Toledo 

ds:rwanwsi(lrsimiCns 

5. n~o'o~~awrsn8aiinnsouaaup~do4ns1n (Scanning Electron Micmscope, SEM) i u  

LEO 1450 VP H ~ R ~ R U U ? ~ ~  LEO ~ I ~ ~ M ( ~ ~ ~ ~ ~ I D I ~ ~ ~ ~ L U B ~ ~ ~ U  

6. i~~o'o~ion6sG5d~dsn~n3inoi (X-ray diffractometer, XRD) ~I.I PW 3040160 X' 

Pert Pro consde wa"n~auu?.d'w Phillips ds:awffnwsl'lrslml~ns 

7. m+o'oJ?m'llriMl4flalaJf8~ (Thermogravimetrc analyzer) i u  TGA-7 u?;w 

Perkin-Elmer d 9 : ~ ~ f f f l ~ 3 1 % 8 1 ~ 1 ~ f l 3  

3.2 ~1%6p1; 

1. nsn!@Jh3flaf9?n (hydrochloric acid, HClI 37% d = 1.19 kg/L AR. grade era"n1nu 

u%hMerck dr:m~nn$uini~isolJ~at~osoJ"~1 

2. ~ 1 9 a : ~ l ~ a J l ~ 3 ~ l ~ ~ i a J ~ ~ i ~ ~ a J  (standard solution of magnesium for AAS) wa'n%flu 

pJ?PJ'WMerck d 5 : i ~ f f ~ ~ ~ ~ ~ ~ 1 % 1 5 ~ f ~ i t 1 0 9 o J " ~  

3. nisa:nluaJlns~lu %~ii~4i%JaJ (standard solution of potassium for AAS) wa'nhu 

pJ?PJ"lI~erck d 5 ~ i ~ f f ~ l w $ ~ ~ ~ 1 6 1 3 ~ f ~ i t 1 8 9 o J " I . I  



3.5.2 ~~ni~?~wrizdaiah'ao~i9b~un~~9q61waa~od"~~dnma~od~~p1p1do~nai~ 

nirmm~uu5a~tiiti~oiini~n~a~iinrizps"A~auna'o~~n~rrau"~m~nm~ouiiuuaia~n~in 

ii5aoi19~ltX~1d~ai9uua5u (stub) no.rln8o~uuini#udig1~u"nni9drzui01 1 iwuArunr 

1 n u n i r ~ 6 1 a i ~ u ~ a ~ ~ o u f i a a ' i ~ u o ~ ~ a ~ n ' ~ n o ~ u u a 5 u n i a ~ ~ s r ' ~ z ~ o ~ ~ 1 n ~ z ~ a u ~ ~ o ~ z ~ a ~  
B ~i!ut i i~~ibu;i?i i lv l~i ~ ~ ~ o i n ~ ~ n u u o 1 ~ ~ ~ ~ o i ] i ~ u u a 5 u ~ ~ ~ ( u ' u m ~ u i i ' ~ r ~ ~ ~ i  mounting 

dl 

i 1 # ? ~ ~ ~ ~ 9 b i h o ~ i 9 ~ d ~ a i ~ 1 f i a X a ~ ~ 0 ~ i n p n 9 1 ~ d ' b ~ ~ ~ ~  vaccum evaporation nro sputtering 

units 91191 15 ~ l f l  
nir coating ~ i i f j l l o d 1 3 ~  drz4i 1jn~zdu~innirr(iuiiauo96aotii~~auni~ue,u~3u 

~iou~~oi~uni~ji ld~ii~nzmiuXauni~~iuijaXauno~wau~~wnini~uu (Gold-Palladium) 



naiunuiiiu'uvo.ru~iu1uia~avo~1anz~~na'iasaaIYi'~ii~unif'L1ou~~~iun~~isnsauriu~ 

nasin'u 15 uiluiuns 

horiia~diums coating wiou~ozu'~1ldslsasniul8ndo~~awss~u"~idnnsouiiuu 
: 2'9, dotnsinldiviui horiism-o'i~aiuitni6u1a"1~i~~diaaiuiu n~unoai6ul~u$aoriiqiiiw"q 

d s  d u a z d s ~ ~ a i n ~ u a i n ~ u u ' i ~ ~ v u i n v o ~ o ~ n ~ n ~ a ~ i n ~ o ~ n d ~ ~ ~ a n s s ~ u ~ i a n n s o u i i u u a i o q  

fl51Fl 

Parameter Condition 

Final Temp 800 OC End Condition Load Temp 

Start Temp 50 OC Load Temp 50 OC 

Scanning Rate 20°c/min Go to Temp Rate 1 0 0 . 0 ~ ~ / m i n  

Sample 10-20 mg 

3.6.1 a1aa:o1uol1naql1uuaslrolnGr4aol 
4 4 ad 

a1sazaiu0~1n~g1uvo~iiunui~~umunai0~i4u4uF;i1~ 7 n'uin?uuln'oinanrazaiu 
9, w c c  inlnii~~uut4utu 1000 pprn in~~unisazm~uins~iui iunw"i3~un~iu~4uvun~o 0.2, 

0.3,0.4,0.5 ilaz 0.6 pprn 1 ~ ~ 1 4  ~ ~ ~ n ~ ~ ~ d n ~ ~ a i s a ~ a ~ ~ u ~ n s g ~ u ~ i u n ~ i ~ ~ u  1000 pprn 

uik~2.5,5.0,7.5,10.0,12.5,  in:: 15.0 !ulns~nmmuiii~u Idaaluuanind?uinsquin 25 

BaSSnrdiudiuinshuaisa:aiunsnlal~snao?n 1% ountudiuinsihriiua1sa:aiuns 

~unastuva~waia5n 

3.6.2 ~ 1 ~ ~ 1 ~ 1 ~ ~ 1 ( 1 ~ ~ 1 ~ ~ ~ 9 ~ ~ 6 1 1 1 ~ l ~ ~ ~  

n~ra~aiuuin~qiu~oa~~ii~ni4uu6inai:~i4u~ud~a ;1 iiu~n?uulk~t,msazaiu 
9 9 ,  w e ?  

u.1ns~1ulwuneBuuiGutu 1000 pprn I R U I F ~ ' ~ U U ~ ~ ~ ~  ~ ~ ~ I u u I R ~ ~ I ~ ~ ~ ~ ~ I o J ~ ~ ~ ~ u ~ ~ ~  

o.os,o.i, 0.15,o.z pprn ~ ~ ~ ~ f l ~ ~ n ~ ~ i d n ~ ~ ~ i s a z a i u u i n s ~ i u ~ w 1 1 ~ 1 n ~ ~ u u i ~ u ~ u  1000 pprn 



n"auioln3n AAS 

1. 4qi~~oti1s 0.5 nyu IinsIuinanoiwu~n 50 GaSSns i~a~nsm!s~nsnao?n ~+u+uas 

~ 4 1 w ? u  25 GnSSnsnu~W'ia 

2. M"1n1stiou~aoi1slmuw"-11d~0~uu1nina10~~ou~u~wa"~d?0~1ns9:0sn.1sa~a1u~a~i1s 

dszOJ1fU 5-10 G R Z ~ S  
3. d b o u ~ W ' ~ a o i ~ s ~ ~ u a s ~ ~ n ' a n s ~ s n ~ s a z a ~ u ~ ~ w d ~  (Kaunszm1unsot~uoi42) Idaslu 

wam5md30~1nsuu1m 25 GaSSns 

4. dYud?ol~nsXaun~saza~unsm!almsnao?n 1 % ounsud?u~ns 

5. 6lun.lsa~a1uci?o~1s~~~1das1uvamwa1n~n 

6. Jhdimw1d?u1ollnnilmul4 AAS aXai iuuns~r lu~nr~~u~sL~uuszwi~sd~n~s~m 

~ ~ L L C ~ S  (absorbance) ~ ~ I ~ ~ I X I L ~ O J $ U  ( concentration) 



I I soo / wtduiadud41 I wt4uia I wtiiuia I wtiiuia , 
1 goo 1 wtduia I wtduia I wtduia I wtduil 



i f l w  wsduia 

i f l w  wsduia 

iflwwsduia 

4.2~warns?ansisol"aana~bnan1s~a1a$am19na1~1fau 
P W L L  9 A 

1u9lu?ou;Qz1TM589 TGA-7 WI9 Perkin Elmer ~muwn~~~~inmaiTullnsul~nm9 

~ ~ ~ a ~ ~ a t n ~ ~ u n ~ n ~ s ~ ~ ~ d u d i n ~ " n v a s n i ~ ~ ~ ] ~ ~ a ~ ~ ~ w ~ v o ~ n i s ~ ~ ~ i l u d i n ~ " n u ~ n  AZIJ 

i 4.1 

Parameter 

Final Temp 800 OC 

Start Temp 50 OC 

Scanning Rate 20°C/min 

Sample Weight 10-20 mg 

Condition 

End Condition Load Temp. 

Load Temp 50 OC 

Go to Temp Rate 100.0~C/min 



90- 
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70 - 
S6O- 
f a -  - 
2 40- 
5? 
% 30- 

20 - 
10 - 
0 ,  I 

0 200 400 600 800 1000 

Temperature ('C) 



4.3 m~msaomln~acrha~oa~a3ino0d7(;1oon~o11d~~m~a~7ZZa~~n~oa~on.d"~sd~d~~dsnlm 

Slmsi 

i i n i s n s ~ o n a u w i ~ s ~ n f i ~ v a ~ ~ ~ n a u ~ ~ n a ! v p a " i ~ f ~ w ~ ~  700, 800, goo 1000 Liar 

I loo O c  i ~ u i 3 a 1  2 h ~ u c  ii?dns tn f i~ i~ua~ id !s~~~u in~od ion~ isU"~d i idsn 'bn~ in  niu 

%&nni3:daw!v~tiiwum 

Measure Condition 

Target Cu 

Chart Speed = 20 O~lmin-' 

Sensitive - - 1 

Lower - - 0.05 m 

Gain - - lo2 m 

Meter Range = lo4 

Start Angle = o O 

Stop Angle = 60 O 

n1sms3onou~mumtodionGisu"Sdi~d5n~mGi,naf~z! diffraction pattern k2dd  4. I- 

4.4 ~ U / a i i  W ~ ~ ~ U U ~ ~ ~ U U Z ~ U U  diffraction pattern U ~ P I S ~ ~ U Q : ! ~ ~  di'fhction pattern U D ~ ~ B ~ O U  
d A s  o, 

!moon!v~~in~uuiSuw~3a"nau!aoan!~m~1~an~~~~:iS~o8f~~iu!u'iSuwbniws1:ido 
A 9 w'oirono~n diffraction pattern % 0 9 ~ 1 3 ~ 3 i ? 0 $ l d Q ~ ! ~ ~ ~ 1  (peak) nn3i~im:hi 1 i%iii&~ 



20 3 40 

Position ('ZTtbataI 

4.2 XRD pattern ~0;11t011~d1~idgmwqS 700 oc UIU 2 &IUP 

M J) 40 50 

Position I7Thafi1) 



Pooilion (?Thela) 

4.4 XRD pattern % ~ . l l l f t t I ¶ J d I ~ l d ~ 0 l ~ $ 9 0 0  OC UIU 2 &TU( 

O ' . '  . , . . . . . , ,  " ' " " "  

P 40 20 

Position [ T h e l a )  

4.5 XRD pattern U D P ~ ~ ~ U ~ ~ W I ~ ~ ~ M $  1000 OC UIV 2 ATU.I 



Posltion 17lheta]  

I I 

4.6 XRD pattern U O J ~ ~ ~ U C ~ ~ W I R Q ~ Q  1100 OC UIU 2 ~ I U J  



5n'nvm:TnstnhvUulniin (microstmcture) uo~wa9iinopYnoonYc116ibwli 700, 800, 

. a's d 
goo, iooo na: i loo oc 19u13m 2 h ~ u s  1nu1~n'nXo.r~nnrsnunbanasouib'~1'~1aio~ns1ni.~"o 

LEO i u i 4 5 0  VP ~ i n d s : m n n w s i ~ o ~ m ~ k  ~&nimn.r54~di 4.7-4.11 ws~m3uuY~u1do.l 

R~u:uii+xia:mgdiid5npIm: (morphology) ~3~fl~o9~ansmd~iinm50uib'~1'~1aiodfl51n W U ~ I  

w . ~ ~ ~ i n o u ~ n o o n ~ . a ~ ~ ~ a ~ u u ~ ~ ~ n ~ m w ~ ~ " ~ ~ ~ n ~ ~ ~ ~ n a ~ . a ~ d d ~ : n . ~ n ~ ~ . r d n ~ ~ u r i u &  5 

Scan Speed = 10 WD - 7 mm Signd A. VPSE Dde :31 Ju12003 

= 500 EHT. oo Phdo No.. 008 Time :8:12.08 I 



1- Scan Speed = 10 W- 7 m  %umlA.VPSE D.L.:13 JunZM3 I 1-1 = 2,00 K X  EM. j 5 , o o ~  PhetoNo. Q41 T i  :10:53:07 I 





0 0.2 0.4 0.6 0.8 

nalu1Cu4u ( ppm ) 





P.s¶.Jlu~M@j ND = Non detectable 



5.1 s~daiueraniawnass 

~usiu~tu$i~unirm~nia::i iwui::nui~n~unisim~uuw~~iinouImoon~rii i i  

naiuu?qn~q~oiniinau4ialuo'~wa'nw'~q1an In1~o::Bonnaiuibu4uvo~n~nl~11n~nao?n 
B ndl#~~~ioaiaz~ol~~~diwuiza,uIuni~iwii~~fi i tnd~i3oduluw~3iinoulnoonlr~ rqwu 

i~d~#nrRls~nsnna?ni~u(U'u i , 2 , 3  im:: 4 IunioiimrniuriiR'u golwg~i l#~unnai  

iinauh-~ 600 OC, 700 OC, 800 OC, 900 OC, 1000 OC l iar 1100 OC n iu r i i gumiq i  4.1 

9 9 2  w u i i ~ n a i a n u v u n ~ w u i : : f l u i ~ n i i a ~ g 6 ~ ~ ~ u ' i i w u l : : f l u i ~ n R " o i n a i u i ~ u ~ u ~ ~ ~ n ~ n ~ ~ ~ n ~  
4' 644 

nno~n 2 Tuarioiimrim::ipolwQ~k9iiri 800 oc vuldiwsi::wai1&i~uw~iunviau3qn~ido 
9 9 2  l$gomg~iin::naiunuvu~iwui::a,uiida slniu~iim3nnno.ni~owiianiiiwui::a,u1nu.iii 

ni3cioamaudi?unrn~sIn~nae,~n 2 Tuaiaiin3 i ~ i d g ~ w ~ ~ ~  800 oc idiini3ifiuuiiuu 

naiIunisiwiInuIBaaiIuni~iwi 1 , 2 , 3  iia:: 4 A ~ ~ ~ ~ ~ ~ d ~ h ' u  wuiiiarndl$w;w.rvot~h 

l ~ o o n ~ r d ~ u i ~ n ~ ~ u ' S i o " i ~ ~ i i t ~ d u R " ~ ~ i a a i  2 . 3  na:: 4 k a l u ~ m i ~ i i ~ u  

oinni~i (nYiwani~~~n~izw"ni~naiufouwp1i i~iw~ni~yt~u1~lve,~i innu(~' ia ido 
9 2  4' ~ o l ~ ~ ~ ~ w u v u l u d a . r t t ~ n ~ i w w " n v e , ~ t t n n u p u ' i a o : : q ~ t ~ ~ ~ u ' i ~ ~ a n t ~ a  aunr::ikagtuwnu' 

B d3::ui~ 500 OC ~ i ~ w " n v o ~ ~ m a u o : : ~ a n ~ ~  & w ~ n v o ~ ~ m ~ u o r q ~ ~ i u l d d ~ : : u i o l  78 % r q  

hu~pymuldo::d~::no~&au %o, coqa::ni3a'un?d~u 7 nkoinnir'imri::dniqnai%~ 
u 99 

#ouvo~tmau4iawuiiU'.~n~twnovanids::uiol22 % tm::iibw::doduo~i~nod'ou 

o in~u~iwt%~noul~o~n~r6~!~oinni3 im?~unda,n ia: :~t~ui : :~ i  7 n 'a igcuwg~ 

700 OC, 800 OC, goo OC, 1000 oc 10:: i 100 oc n 3 i u i ~ ( U ' u v o ~ n 3 n b 1 ~ 3 n a o ? n ~ 1 ~ ~ 0 u ~ o  
a4 

2 Iua6oiinr iami~ f lumra i  Go 2 kaht ui. i i i rnrnraowiq~a"n~ol::n~~~n~iIn~q~fiq 
dcl a B , A  

uo.tw~3iinouLoon~rnnim~uu!~$auin~u"n XRD iioq2dwnnaina,nia:iiq 7 ~dwdnii 
'4 

mrdduuilda.rldociitll wndl#&imn.rZd$ 4.2-4.6 rqwaoin XRD pattern voqwqGiin~u 
2 A lnonnlr&dim?u~l&qn~fil l~d;?u'vo~ni~i~io::!&~nuim~~iuvo~%n'nou~noon~r~ a-uun 

0 = 28.5 o t n i i i f l m ~ ~ i ~ ~ u ~ n o u ! n o ~ n ! ~ ~ ~ ~ ~ d ~ i ~ ~ ~ u ~ d o l ~ i u ~ u ' ~ ~ n ~ ~  i.rw~n[i I] 
4 9 

ain~u~iw.r~im?uulbiaio~~~uwaiia::wi~dii~a"npIsMz (morphology) &2(jon&o.r!anrrd 
d 2  n 

~li;nn3ouiuuliuan3in1Xwn~q~~li 4.7-4.1 1 w ~ ~ i i n 0 u ~ ~ ~ ~ n ~ v ~ n t m 5 u a ~ ~ q n ~ ~ ~ n ~ ~ u ~ ~  

naunn!.nio::l~Tn~~a,~i~~na"iun"u#~ 5 qolngu' d~::nould6auoynin$iinisn~::aia 



uuinuoaoymn~rin~iin~oiia:~nizn'uiflun~un"ou (agglomerate) oiai~oaui~inoynlnuoa 

w.rQBnoulnoon1.an'fim?uu~~iuuini~nuin[i3] diniuoirnid?uimnir~i1odulu 
d d  4 

Y 

$snoulnoonlmnimruul6&au?$ AAS ~ ~ u d l n i ~ m l l q ) ~ l a  q <a< Cu, Ca, Na, K, Zn, Mg, 

Fe ~iqAmraa~ui i  2 aiq do K, ~g U O R ~ ~ ~ ~ ~ Q I J W U  iu"o~inaklilmauain 700 -1100 O c  

~u~id?~imuoa~ai~odu~:anaamiu~mn~~uoaniriina~.aw"n~d~~<.rmiriad 5.1 
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