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Sludge that contained many types of heavy metals from factories, which made the 

adverse affected to environmental and environment can indicate to hazardous waste. 

Bringing the sludge for using in the cement process is the one method to reduce 

concentration of sludge waste and consumed of raw material. However, the heavy metal in 

the sludge can make the effect to cement properties. This thesis study about the initial 

suitable concentration of sludge can use cement process without the affect to the cement 

properties. The heavy metal will ad 0.5, 1.0, 2.5 and 5.0 % by weight and combination of 

heavy metal include Cr: Cu: Ni (1 : 1 :I), Cr: Pb: Zn ( 1 :4: 13) and use real sludge form steel 

industry and electronic industry was added into each 10 kg of the raw meal and burned in 

the pilot-scale rotary cement kiln. 

The result showed combination ratio of Cr: Cu: Ni (1:l:l) not make the effect to 

cement properties if concentration of heavy metal lower than 0.5 % by weight and Cr: Pb: 

Zn (1 :4:13) not make the effect to cement properties if concentration of heavy metal lower 

than 2.5 % by weight 
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(Clinker) ~ ~ d d 0 0 ~ ~ 1 ~ 1 ~ ~ 0 ~ ~ 1 ~ ~ 1 ~ d 1 . J ~ ~ 4 i 6 1 1  m l Z l d d  2.1 i ~ ~ ~ ~ ~ d d ? ~ l ~ ~ ~ ~ d ~ O ~ ~ c b l n ' M a ' n ~ i ~ ~  

oonlcNrisoauo.r~u.5iuu~doS'~iiauR' 

!do~~ i ! !8~ ! !~~ i i ! !az5 ,~ i i . rosunnn ' . r~~ iuon~~~Iun~5!m ?u~twiolii.rgnbd~u 
i '3 

i ~ o ~ ~ ~ 6 ~ i i 2 2 7 1 2 i 3 ~ ~ ~ ~  ~ ~ u i ~ i ~ u ~ ~ i u ~ u ~ n a ~ . r d r z I c i o l  25 

d A ,  d L; 
Saa'iums $~u~u~umnua l r i l kw i~ : i j i i i i i ~u"u~?~d~1~1a~3u~t iou  lriiduliu ?uuumntw1iiiu 

Y 

w o ~ a z i j ~ ~ i j ; R i a l i . P l c i b u n d o ~  mriwii~uwolu'iiiuniuudodi.rlm i ldr i i ln~i iu ld~odunzi~u 

riil4d1cllun1su~msiz~uii~~i~iiRuwo~ozijna1uii~~uin 
d A 

~u~u~nIR'oinrnswi~ziouuin ~ ~ R ' o ~ ~ t i i u m s a m ~ r u n ~ ~ i m l n : n u ~ o u i i ~ ~  
B 

u R i ~ $ i u U R '  r i l ~ i ~ ~ u i i h a u i ~ l ~ d ~ l d ~ 9 a ~ f l 2 1 u i ~ u  (Clinker Cooler) % J Q I U T J ~ I ~ U I ~ U U ~ ~ U  

(Rotary Cooler) H ? O ~ ~ U V R L ~ I ~ ~ ~ - I  n i ? i a ~ ? m n ~ f i ~ w a d o a u i ~ a  8~8i~ui$~gnviil$i$uii3otiid 

Z ~ R $ ~ B ~ U R ~ I U  ~ ~ ~ z ~ ~ ~ ~ u ~ ~ ~ P L ! ~ . I , ~ u ~ I u I u  7 i i d 8 ~ g n i i l $ i ~ u 6 ~ a ~ o d 1 ~ ~ 1 ~  n--~iuii$dkis.~ 
2' Y Y 

~US:UZM&Q:~JVU ! i h o ~ q m i i ~ d u ~ o : ! ~ u ~ ~ u ~ r J ' o u w ~ w  (Grinding Mill) f u a ~ l o u ~ ~ r ~ n i s  

~ d ~ d ~ u i U ' ~ ~ d R ' . ~ ~ n i n ~ d ~ u ~ ~ ~ u o ~ ~ d ~ u ~ ~ ~ ~ o  ~ R ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ u I B ~ ~ ~ ~ I J ~ ~ I I O ~ ~ ~ ~ I ~ I S U  5 

! tun iXuu ( M ~ o )  

~ % ! ~ u U ! ! i l ~ % ~ l ! f l ~ ~ ! ~ ~ U  (Na-0 + K,O) 

'~VI!~I!~UU (Ti-0) 

.r-losrvlos'ar (P-0,) - - 

G'aldof (so,) 

0.1 

0.5 - 1.3 

0.1 - 0.4 

- 0.2 

- 3  



rr 

uinn i i~uGau6ia : i"~u~  n r i ~ a ~ n u ~ i ~ ~ ~ ~ u G ~ u u k z ~ n ~ ~ ~ ~ d ~ ~ u ~ a " l u ~ ~ ~ ~ u ~ u $ i ~ u ~  ( B U I ~  
A 

Storage) % ~ ~ $ u ~ ~ n r ~ i l r : u o n ~ ~ $ i ~  f h ~ ~ d n n ~ u ~ ~ $ ~ h n 2 i u d u  i&iildurr!1d~.j6ia: 
4 0  4 d $ 9  1 iinGiedold uonsin~~uw8mn"m41 'Q1uum~u~n~n~uur :~ i i~~rzuaun1~~8~~u~~uu6 n"o iju 

B ?u (Cement Kiln Dust n i o  CKD) ( a ~ ~ $ u ~ u m n ~ q n d d o u o ~ n u ~ ~ ~ ~ u ~ ~ ~ ~ ~ : ~ n ' ~ n i ~ ~ ~ i ~ ~ l J '  $4 

Y .  

~ ~ ~ ~ i v w ~ n ~ u ~ ~ u u k o ~ u ~ I J " n ~ u ~ ~ u u n ' u n ~ ~ ~ a a ~  41% (umru) kndldimn 

Y .  
4 9 9 

~ s ~ u a U r 7 1 5 W ~ n ~ ' t : I ~ 2 ~ z O ~ - ? ; r ~ c ~ = ~  ,, l o .  ,. . , 6 ~ ~ ~ ~ a ~  (Limestone) !4a:qul'fla(~hale) ~ l n l t l ~ ~ ~ i ? u h ~ u ~  
9 .  

w'u6iGuJ1nu d~;i~~~'uijno.rai~G~:~niiui!~i!~~~.jinuvui~1i;~3udu!~n~vuimi~nii so 

iinBlunr ivmswta?u!iki I ih nYo~lCn'uJuds:uia 1.6 siu J . t ~ ~ i ~ u r i ~ 7 i ~ u ~ s : u i m ~ a u a :  80 

!du !!i!nin (Iron ore) T ~ ~ ~ z ~ i l l j i ~ i ~ ~ ~ ~ ~ ~ ~ ~ i i l l s ~ a : ! B ~ ~ ~ S v ~ . ~ ~ u I u ~ ~ U Y ~ ~ a v u i ~ l t i ~  
3 . r  

(Grinding Mill) s i i l ~ u ~ i J t i U R ~ s z ~ i l I I I I U 1 1 ~ ~ ~ ~ 1 6 ~ U i i o i ~ U 2 ~ u 1 U ~ ~ ~ i l N a l l i ~ U ~ ~ ~ R ' u  

(Homopnizin_e Silo) i;oudr!&ldG~11nouil~iuYou (Preheater To\ver) ~ ~ i l ~ l l i a l b i i $ ~ i ! ~ i  l i i i d ~ l n  

diu~u;louuo.n;lllwiILa'2~:1n'I-Ia'wn'a~~$~unii~ui~ daa:end~d~u'ld~ado~i9~n~ius'ou~ia~ 

Eiidutld18ulilu1rFa riin?ulunr:u~umr~u4~n*iu~u ~ u i d ~ a : ~ n i i l d u ~ ~ a u ~ ~ ~ Z I I ~ u  

1 ~ a : ~ u ~ u ~ u ~ i 8 o u ~ ~ ~ ~ ~ ~ u n ' ~ d n 1 ~ ~ ~ ~ ~ u ~ i u u n ' w ~ n i ~ ~ ~ o ~ n 1 ~  o i i l ~ u , : ? i l d ~ ~ i ~ u ~ d 1 v ~ a  

lw"oromrusr~4ta~dJ'1d~ll1u'iUn'o~d (Siam City Cement Public Company Limited, 2005) 



zdi 2.1 ; d ( l a ~ t  nr 3Ilumr w%&uu~~ (Siam Cily Cement Public Company Limited, 2005) 



i6flCIi~tllJi;mR (Triealcium sillicate) Imiina~GuuS;m~ (Dicaleium sillicate) 1 ~ l i l f l l l l ~ ~ ¶ J 0 ~ % 1 U R  

(Mcaleium aluminate) ika:: m n 5 i i m a i G u ~ o ~ O 1 u i d o ~ 5 6  (Tetracalcium aluminafemite) . ifiJ$ 

2.2 ~ . r ? 6 ~ ~ d ~ u o - r m ~ d 5 ~ n ~ ~ i ~ 1 r i i ~ ~ 1 u ~ ~ m ~ n ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ 3 i ~ ~ d ;  I R D ~ ~ ~ O ~ Q U Q ~ O B ~ ~ ~ ~  

mrdr~nou~u~u~~uun"~~an5~n'~o'o~tunu1~'n'~i9~~~9I&~~~uun'iU'~iii1d~~U 

E u ~ i ! l l d ~ v i i u o $ m i ~ ~ o ~ o ~ n ~ m  ibu 6~nnirriidfjn'iuiEu~i mrlnYiouoinJfjn'iui'1~~m~~u 

fiia"ss'Pliisd~mlta5:uzi65fl (Early Strength) !!at 5:~:1ii% (Ultimate Strength) f l 2 1 ~ ) . 1 ~ f l i ~ d d f l l 5  

E~ns'suussGaadn i 3 u 6 u  

(1) I [ ~ ~ ~ i f l a & J U % ~ i f W l  (C,S) 

1~1~imniSuuiGmn (c3s )  ifiuairdrznou~ditqioduo~I&wGiuu4.iiilnYin"afiiit'~~u . . 
i i59&1I6i?? ( d ~ z u i t u  14 ~ U I I Z Y J ~ I S H L ~ U )  i n i 5 d i d ~ ~ u i f i u ~ i d i u n a i Q  r i o h m u l u I i A h 1 u t  

(2 a 4  3 4 3 1 ~ 9 )  ? 0 l f l ~ ~ ~ ~ € l 9  C3S iNd~1!hfl~L1~fl~iodu~9d8f~iiald:6GiU~~ ! ~ ~ l l i ~ ~ d f j ~ ~ l f %  
Y 

G iozr io l~ i~mn~iufoudiuna i~  120 imno'iionsir 6 i k % i o . r 6 m u o ~  c,s gnnrznu1mudhitu 

iiJ4u Jiui tu  C,S lu~uGiuuniloiniiau~ozidszuis~fouaz 35 ;.a 55 



(3) ~mslmaliuuo~~iun (c~A)  

lmrimaAuuoaPum (c,A) vi l lkr i~ri ikiuto~l~i~3uinIuszuz1tsn (drzlnar 

i  iuvtY~rinmswna) rnnziidfjftuikt$i~'u~ cioihuazu&thi?$-, Ii;n~iu5ouuinJr~uiar 

2 lo  imao?don?u ~ ~ o m ~ ~ d f j ? u i r u  1id!~~?ul~i6ia'~5'ut~s~6~I~rzuzwa'~ i i !&li~n-~iu 

!in%% (Unsoundness) !~a:?~~un'nmrbnf ouuo9~a~dm ~u%uu&doin~mu&~zii c3A odlu 

d3.Jisus'ounz 7 5.j 15 



az~n"u~%i~u~u?iuu~e,~n~ia~~az8ni5d5ri lounKndo I ~ r i m a ~ ~ u u J B m n  
Y B 

(c,s) iiaz1~ii~ai?uuGgma (c,s) s~uhdr:uiorioua: 70 o'.rSouaz 80 uotdiuituritnun .rc 

m r ~ r : n o u ~ ~ n o . r r ~ ~ d i 3 ~ ~ 3 n ~ ~ ~ u n ~ i u i i i ~ i i ~ ~ u e , ~ u ~ f ~ 1 i ~ i n u n  msiin'cln&rin 

~ u . j i u u ~ ~ ~ ~ n i i a u 4 ~ ~ u ~ u f i ~ ~  r n s d o u ~ r r m u u n a i ~ u u ~ ~ ~ f i n ~ ~ i ~ r n  (calcium silicate 
A 

Hydrate n?o CSH) T J ~ U  ~ ~ ~ n ~ ~ d ~ i 0 1 ~ 1 ~ ~ n i ~ i % ~ u d ~ z m ~ i 1 a : d i 1 ~ ~ ~ ? i u ~ n ' i n " ~ n i 5 r i ~ ~ ~  
"94 . i i ~ r r i ? ~ r n z i j ~ i n i z ~ u ~ n ~ w ~ ~ u  (nqut i  mlnzitl ,  2545) i m : q o l n u u n ~ m < ~ v ~ ~ n i 5 ~ ~ z n ~ ~ ~ ~ n  

4 ~ ~ ~ ~ 1 5 1 4 d  2.3 i i ~ ~ 4 ~ l 5 i ~ ~ ~ i ~ ~ ~ ~ t u ~ 1 ~ ~ ' ~ ~ l U ~ l 4 ~ % ~ 4 T I l 5 d 5 : ~ 8 ~ ~ d ~ ~ ~  



timate) 

(2) ~ 1 2 $ C f ~ 5 1 i ~ ~  Free Lime (CaO) 
i )  

IluuiaGas:d~u"ulR' 2 nrcin'o 

I .  ! u ' o i n q ~ u i i ~ u u i ~ u i n ! ~ u ! d ~ i ! ~ ~ i i d ~ ~ u i ~ u  S~O, - AI,O: - -  !!nz ~ e . 0 ,  - - 

1; ~i?ilJn 

2. i d o ~ i l n o r u o ~ ~ u u i ~ i ; ~ i u i n i L i i i ~ ~ ~ u i ~ f ~ o o n ~ ~ ~ & i i ; l  Iiauuld 
Y Y 

d d  w A T~u?uuia3nr:iiezriidG%uin"uiioii~~iq niYminti~iuuminam~I181 .adolo 

r i o l ~ m o u n i ~ i ~ ~ n i ~ i a ~ n f i ~ t ~ u ~ i u 1 X  n ~ o d ~ u n i i  4iuum"lod~iiu"o~oiniuvia mniiotiFiu 

nil 3 idoft$u~( 1~u6nljn 



(4) 6afll~flljo€In!%6 (Na,O i6az $0)  

I.a68uuoon?%i (N~,o) iiarId~flialduuoon!%i (K.0) iiclolnuiGiii!ludi.r (Alkalis) 

riilgiiuriiri~~luszuziLsn idfi1~~6~lurzu:na"~ama~ i;~wnulG~u'n'uin~wnu$iid~ii?uin"udi.j 

m s ~ 1 ~ n ' ~ ~ m m s u u i u ~ a ~ u u o $ ~ 1 i n ~ o n ~ u n ~  iiimmrunnfi~tBumuIRY uonQini~.rrii~n* 
cl l 

lJu5iuui~uss~o~lu?( ~~~3n"ui3ui;ouls?vu 

sz~ilul~'iinirdsznaunrinuoJ~u5iuu~;~oiniiau~~uczii c3s iinz c,s 

r ~ u r i u i d i l n o l l n n ~ ~ d s : u i a  70 b.r so idniiiu6' uotdiuioluoJmrdsznouiJMUm 
d. w w 

m s d s z n o u ~ ~ n o ~ ~ ~ u ~ ~ ~ ~ u ~ u 1 ~ ' u ~ ~ ~ i ~ ? o ~ o u n ~ ( r l ~ ~ n i a ~ s u ~ i r ~ 6 ~ ~ ~ f t d 5 z u z s  L I R I S ~ U ~  

9 4 0  w w d n k  rnnn'o~rnrlnurna~ru~ir~~w~~a9uszuzi~rn rzRYotlGdu~iuu.'iki c3s W ~ U O ~ U I ~  TJ 

1lilntun~iur'ou~i5moind~~cn!~i~s~u;fszuin~atl i i i u o a ~ ~ u ~ n " u ~ i n n Y o . r r n t l ~ ~ n i r ~ ~ u i  

fiikiu!rr-aQlunrn~oui 86oioc!.a'~u%uu6$ii;ii c.s wauotjum!iu5u d~uh6omslr i~ loun~~ 

5n~iutlutnuiioms;mn5'ouuoJ<ai~1n~i;lu~u\t?o6i 8 i ;o~ l&Juimu6 C,A unuodu*ou 

1.1.4 d~Ztli7~in~~uiruaa1&uItuu6 (HI-dration Reaction) 

d i j f  ln1aimsih.i n'o d ~ ~ ? u i s z n i i ~ ~ i i ~ a z ~ u 4 a u u 6  ~do?uald~uui'muriu& 

lienil %uu&wn& (cement paste) f i 15<~63 ! !nz ! i~~ i~vo~? iuu6  ~ S F I ~ I ~ ; I I ~ ~ ~ I ~ ~ ~ S ? U I ~ I I  
Y r '  

P M  a 
or~drznoui!uu$ Tacldflnruiu~~~;uu~X 2 6n~iuzko 

-. 2 
(2) m~iF i~ \d~Eu i rz~ i i i ~ iuo~~ i f  4 (Solid State Reaction) J . r d ~ ~ u i i f ~ z m ~ v ~ ~ ~ t l  

\ 

~ 1 ~ ~ ~ i i ~ ~ r ~ ~ ! i ~ l ~ u 1 z j i i 1 1 z j ~ 3 ~ n " o ~ " 1 4 f i i ~ a z n i u  



iinaAuuGiimnlsarm (Calcium Silicate Hydrate l l ? ~  CSH) &iin61~i8u%drm kl tn~c lu  

2.6 u a z n a n i s n i r i ~ ~ ~ ~ ~ u i i j ~ c G  

2(3Ca0. SiO,) + 6H,O 3 C a 0 . 2 S i 0 .  3H20 + 3Ca (OH), 

ll?o 2C,S + 4H,O - C3S2HI + Ca(OH), 
B 4 

ain~~i i iu i la t f is+udazi~wioa (Gel) .aciunu$dri?s:iia'n~~az$5i;~ 2 dr:nir 

n'o ~ n ~ c n ; 1 3 l r i n ~ i i n u o l ~ n z i j ~ w ~ u  o~6d~:noumeiniivociinnLCiiuu~a'innlaRrnC:Guodiiu 
I Y A 9  1 

oiy  golanu'ila::brioi,u~ido$Iulcn' !u;irrz!&%'ti7do CSH iinultnaiiuuia'iilm?8~~s~ niilwuu 
a a 4  

Ca(OH), d ~ h i n d  j~uil.iws~uii9M'$iuu6~~maruiiii3udi~orii~11in "Bun 

i o n ~ s z u ~ n !  12.5 4 ~ ~ ~ u 1 u i n s ~ o ~ ~ u n ~ s ~ ~ r ! i ~ 1 w v o ~ ! ~ i i n ! a r ~ u ~ ~ i ; ! 5 u o t i i ~ ~  

CSH Ca(OH), Ettringite 

jdfi 2.6 d~n"?uivo~lifiaiGouG5inm (%-ma mruypr, 2543) 



2.1.4.2 J ~ E U ~ T ~ I ( I S G M Y U U ~ ; ~ ( ~ ~ ~ L L ~ P L ~ ~ P I ~ ~ G I M ~  (c,A) 

P A '  
djE?ui'laai7uuo~ C,A ar~n~uufiutvjula 1in:riolGiZ~mri~$9~3e,tii.j'12ai$3 

d .-a 
uot&.~u6iwni  &nun13 1r;"olrri~~lil~Z~d~Euidotii~5a~~~a o-~ld&bh~ (CaS0,.2H20) 141 

~ d l u n s z u ~ u n i s u ~ ~ i u w n " ~ d ~ u o z ~ i d ~ ~ u i n ' ~ ~  C,A igwi'uuo9tonn?tlnci (Ettringite nio  A F ~ )  

~uE~us9oynin  C,A &nun15 

3Ca0 . AI,03+ CaS0, . 2H20 - 3Ca0. M,03 .3CaSO,. 31H,O (Ettringite) 

ifuuotronnic!n~' rinlG~Z~mrnri-d.r<avo9 C,A ~ i a ~ d i l ~ i i ~ r n ~ t - i o i i ~ l u  
Y Y  

d?.rioniju'uo~riud~Eui?ain3i7uuo9 c3s im c2s i8udaulntxj iid~uvocionn?eln~li~&n~n 

J jRu1laicrguuo.r C,A ndi-Go 1 ~ o i i i a i o n n 7 ~ l n ~ z ~ Z ~ i i ~ ~ ~ u ~ ~ i o i n n 1 5 ~ ~ ~ d ? u 1 m ~ p 1 o . j  

uoriiir !nr~udo: i i l l i t i iakuuo. j !onn~9~nit inne,on~ia: i i i~11~~ui~a!~~~uvo~ c3A witdo 
V 4 Y  !Z~mr!mn& ~ : m ~ ~ ! o n n i . r l n ~ n i ~ ~ i l d ~ i m u ~ i ~ u n i ~ n t i ~ ~ d ~ E u 1 l a ~ a ~ ~ u 5 n ~ 1 ~ ~ ~ u ~  hmou 

Q~!~uQdld~1dQ~n3:~9'1QQF)U%Q.1~51!l~(il (Sulphate Ions) B ~ ? V I ( U ! ~ ! ~ U P W O $ D : ~ Q " I X L ~ " ~  

ionni-alni o:tScd j E t n l a ! a r ~ u u o ~  c , ~  ~ c u ~ d d u u ! o n n ? ~ l n ~ d ! S u ~ u I u ~ a ~ ~ n  

(h.lonorulphate V i ' i ~  AFm) 

2.1.4.3 d ~ ~ l l l ~ ~ l c ) 5 ~ ~ ~ 1 ) 9 i ~ ~ ~ 1 1 6 ~ ~ 1 ~ 8 ~ ~ ~ ~ b ~ i d ~ ~ 3 6  (C,AF) 
)I Y 

s d 

djRiiuila!~r$uund C,AF ~ ~ z ~ n a % u ! u d ? ~ h ~ w  C,AF az i id  j%uiiiU;dGu 

iiaznna1aua1~oon'l.aR' . a " ~ r i o l n Y t i i n ~ ~ i l i n d i ; ~ d 5 ' i ~ ! ~ i d o u I ~ u u o ~ ~ a ~ d o ~ ~ ! u ~  

(Sulphoaluminate) !la:hl~l!do?l56 (Sulphoferrite) $ d t ~ ~ i l l l  

4 Ca0.A1,0.Fe203 + CaS0,.2H20 + Ca(OH), - 3CaO(Al,O,.Fe,O3).3C~ 

m ~ . n &  2.4 !~aiddi"I~J~Eui1(1tnsi7u~ocni~d~znoun~in liit?rioua:: so (C~21a mrvy.pr, 

2543) 





2.1.6.1 f i l ~ 4 ~ l ~ ' t l l M ~ ~ ~ f i ~ ~ f l ~ R  (Strength of Concrete) 
"94 . 

~ o l n u u n ~ m n i y $ q ~ $ l ~ ~ n i s u ~ ~ n ~ u n T n i d ~ i i ~ . r ~ a t t a ' ~  Go 6iihliuniuti~~tY~ 

tu"n.roinwuii riifiqR'iumunioiutisqiiuudu'uo.jnoun?n idu tiik&iumuinqii.r 6i5~$iuniu 
u 

iaqb iii&~iuv1iv!!st!~ou!!wz!15tZ~1~).i~oa n~oiiitiin~isnumuitazni5tdduuiida.rdiu~~~ 
a a. w Y 

a 'aui~u~~daun'u~id~n*iu~iuii5~o"~~o noun?. ~u~o8inounrnuma~~1iuniuit3.jo"~~t 61th 

~iurnu!!s.roditbun?~aaiu~iu1iiu8o:~~niu~d~~u 

2.1.6.2 ~ a l ~ l l ~ 9 ! l l 4  (Strength) 
B . A * * i t  

f l 3 l ~ i i i ~ ~ 5 ~ i ~ ~ ~ ~ a ~ ~ f i ~ 0 ~ l ~ \ 1 ~ ~ ~ 6 ~ ~ ~ 3 t ~  % r u . r a a i ~ u ~ t u u & d ~ z i i ~ d ! ~  

iqminnR~iioli a a i u t t ~ ~ i i ~ t u o t ~ u 3 ~ u u ~ 1 1 ~ ~ n i u i ~ 0 ' 1 4 ~ i ~ ~ u i u ~ t r i i a " ~ n ' i u ~ i u u ~ ~ f i ~ u n ~ ~  
Y Y  

V U  a 
i i . r i i r n s i z ~ i ~ ~ ~ u u o ~ n o u n ~ a  uduotjriuiloouduonainuiu naiuiii~ia.ruo~~u;iiiuun't~a~in 

.A 2 
mr~~mmz6uuo~~iuu6iwar~1 a.ruuhd~uioluo~nisd5znou~~o~1u~u~iuun'iiaznaiuaz1"ou~ 

A .  2 
mrn~rroun~i~ii1t!ts~u~~~u3!uuE; I&iri.raobinniuusind~uwnusznii~ 

1JuQtuu66unsiuuins~iu msnRnoui~qmrnRnouwinaiuiiuniuoioii5q6Rtia::tirc~'c 1u 
Y 

4 w  cl 

~iuasuuozn~nouiawi::iiia'~n'iu~t~ J ~ R  

w e 4  

nsiuuins~iu ~ ~ u n s i u a s s u n ~ d ~ ~ a i n i u " o . r ~ o ~ m i 3 i  sroaauou6 (Ottawa: 
A 

Illinois) dsrtnnnnY~otuim r.nautcinaoini~oui.jnuR ij~uiana'iuiLRiansi uui~uoriih 

nisn~aounaiuR'iuniuioiis4~~ (Compressive Strength) niumms_slueiu~fi"uu 

~ ~ ' a i n n i s ~ ~ t t v i t ~ n u i a ~ u u i ~  2 liauo.ruoini id5:nougau~iuu~ I ~ i a u f i ~  miouin5fiu 
Y .  

~~ndiau'irciu 2-75 d a u ~ ~ u ~ . & n ~ n  d ~ u i t u ~ i ~ l ~ w w ~ ~ o i n n i 5 n ~ n o u ~ i n i s ! n a h k u l f l &  
Y 

mr!na (F~OW Table) uinsqiu ita:iiuundo~~e,di~~dns~~uinsqiu 2.r 2 02 u u i ~ i d u ~ i u  



9 ,  

gu6nai.rhudi.r 4 6; huuu 2.75 UP3 Ci~ss~uoirn 2 i u  tdazkn3z$.r 20 nR Bounttiuao.r 
-4' 8 2 

~ ~ z n i r ~ ~ a u u g ~ ~ s ~ u a ! ~ i l ~ d d e , u ~ ~ n n n s : i t n n a ~  25 nfd mulu is iui! 6iuoimiuui~ik;r 

iiu~uu'nai.rlnaiiioonldoiniGu 100 - I 15 ./a i i n ~ . r ~ i d i u i m ~ i $ ~ $ ~ ~ ~ u ? i ~ . r ~ ~ f l & ~ " o ~ i ~ M '  

d3uwnund ru nm-xmaaiLlRY (plastic consistency) wuiidiuimil~v;lRnoad 11n~tiu1$k4iii 47 
Y .  

- 49 % lRui in~nro.r3oui  i:ol~iulljuimdiCiin~~i:nu 8*iinirwnuuoipniirl?nliolIdc 

;nuin& n k s i n ~ u n i u i m ~ l i u ~ i n u ~ ; f d i u i n ~ n o u i ~ o P n ~ ~ ~ ~ i t !  i 3 7 im:: 28 <u 

2.1.6.3 n i ~ ~ ~ t ~ ~ ~ i ~ p d v n t d ~ ~ ~ 1 n n i 3 ~ 1  (Loss on ignition) 
d2i d 

18umrnr~raou~mmw~o~~~3iuunninus'n~i l  ii&Ifl8odn'iold dilbnau 

iwidu~iuuihu3und.rimriuii'in~nii~'uou$~mn~~'d3zuim 900 - iooo o.rmigat+un 

runs-A16~in~ln~1.r~ ~ i n ~ u ~ ~ i i u ~ a n i ~ i ~ C n ~ n i ~ l d  mudn5msntyldu~i~Gnldn~~t~u 

n i l  3 % i;idmrntyidu&nGnuinniiGiiara~ii ~u~tuu&i t~;u l8 t ; i id~~uin 'u~i ldr i~u~ta 'a  
A 
a ~ o i n t ~ u w n w s i n m s 1 8 u ~ n ~ i ~ ~ 3 1 u u n ~ d ~ w ~ i i f ~ ~ u 3 ! u u ~ ~ ~ ~ u ~ ~ n i w  

auinunanou?'nqorui5u (ASTM c 150) i i ~ z ~ i U Y n . r ~ u u i n ' i ~ i u ~ ~ n i ~ n ~ ~ u  

(u.0.n. 15) !~i.r~u~!uu&ofii?Iu 5 dsztnndo 
A A 

ds-mnn~u.r ~u.jiuuuidainllau61'fis3umi (Ordinary Portland Cement) n'inh 

la'iiiilouilin n7ow~ni i rus i~~mnns~u~~$1da '~ . rn is~1ai1~ iu" imni~~~~uai  itirziiniul4?luciu 
4 U P "  

~ioniidmudn.~&ld ~?tin~lumazoimnluats.r nronuounsiusi i l~!d~!guw'!~~ nfon;iu . Y 
s s  d d o 

iou$in'~ainnirsau~i~u&rzl~iil.n*~t~~~u~wu~ua.r~u~uu~siu~nouni~ozi~~1n5'ia1iiu~iu 

% 67 

ds-mn&mr du.jtuuddeimt~auA'Zn~~dad (hlodificd Portland Cement) n'iniu 

1 ~ l u m r i i n o u n i n n ? ~ w a " ~ 1 ~ m ~ ~ ~ 1 n i n n s ~ u l ~ ~ ~ ~ a n a i u ~ ~ u i i 0 z n ~ ~ a i r l ~ l 6 d i ~ n a i ~  ibu 

.nunfi.nv"ounoun?n 6itiw~F;USu nt ioYi~no~nin~uialn~ i guh  ~u~~uu~dsztnndlM'~ ia '~ 
A iuiulo~~~hnii~uituuidrz~nnnu 9 

d3ztnnialu au.jtuuidainttouAt~G.rtia (High-early Strength Portland 

cement) n?oiduniipidoi5wui ~u~~uu~do~mtiau6dszinn~1~'6iil'.r~uiisd~e\~.r1u 
' A stu-iirn i~aniiimzi;i~ot?Iuw~a~i~~~~uG~uu~dr~inm~nu.r w8nl~ui$ua~&dauwar (mi& 

2 va2  2' c,s iia-am C,S) ~ 9 n l ~ u n i ~ i ~ u n i s d ~  U R ~ ~ Y ~ L L ~ U R U ~ ~ U U  nf o l ~ ~ n i ~ t w i l ~ ~ u . r r u  i j d s ~ I u ~ 6  

r i iniur i inoun' in~G~.rni~lC~iu~~a niofoiiuu~a idu miiSunoun;. ouu &im:mu tduh 



Y 

ttazkmlnzFium5*i1floun~m~u~1ni$1~ui3 noufl?m~n~oR'3u~ud5zinn~t~u.r 3 i u  3ziGiS.r 
' A c ;  

t i i 6 u n o u n ~ a d ~ z ~ n n G ~ u ~ ~ ~ a ' o ? X ~ ~ a " a  28 % 
1 1  

d s r t n n i i i  Ju~luuddeinttaudd~z~nn~'innaiu?~uii (Low-Heat Portland 

Cement) i3u~uliuu4$l~naiu5'ouAi4m QnmsiF i~Gi~ . run~noun~~1t~u?do~i . r41~  1+uin 
d - 8  

lumtr ionh.rnoun?mnai  tdu t4ou r u " o t a 1 n ~ ~ ~ o l v ~ ~ u o . r n o u n ~ ~ 1 ~ 1 n ~ i ~ u ~ i u u ~ ~ u ~ ~ u v ~ :  

rioiYat6aztt$ct% 

d 5 z l n n i ~ i  Ju.jtuuddeinaaudn~dGa~dm~.r (Sulfate-~esistnnt Portland 

cement) i ~ u ~ u ~ ~ ~ ~ ~ i r ~ ' m I i ~ ~ a i r ~ m 1 R Y ~ . r n 5 i ~ u ~ ~ u u ~ d ~ z ~ n n O d u ~  (i C ~ A  diqm) la'riin?u 
Y .  

~ n s - r n f i c ~ o ~ ~ u i i 7 i ; n ~ ~ n ~ ~ i ~ u o ~ ~ a i ~ I ~ 5 . u t ~ ~ . r  idu iid:R'u 11iod1.r (Alkaline) ;.I $ . I$LUU~ 

4 
d5z~nn&5:uzt~aii~$q~2Gini id5zin\~~liud 

2.2 ~ l i l ~ b ~ 6 ~ 0 ~ ~ ; 1 ~ 1 ~ n 3 5 ~  (Industrial waste) 

2.2.1 n a i u ~ u i ~ ~ ~ ~ n i n ~ ~ a t ~ a ~ n a i w n s s u  

i n n u o ~ i i i u o n m ~ i n r r u  HUIUBP U O ~ ~ ~ ~ B O & Q I ~ ~ ~ ~ W B ~ ~ I I ? D ~ . ~ U O ~ ~ ~ ~ ~ B O U ~ ~ I ~ ~ U ; ~ ~ ~ I S  
4 ?i?&i$a n ? o l u n r ~ u ~ u m ~ w i i ~ ~ 1 ~ ~ ~ ~ n ~ t i ~ s 5 ~ ~ 1 ; n ' ~ . r n 1 ~ 9 s d ' ~ n i ~ 1 d  1.minuo.riiiukndi2&iji; 

vs 4 m a44 p n u u m n r  n ~ ? i u i i u ' u s u ' u 1 u ~ ~ ~ u ~ n 1 ~ 1 ~ r 7 ~ ~ ) 1 ~ a ~ ~ o ' u m ~ i u ~ ; i ~ ~ u n 1 ~ u ~ . 1 ~ . 1 u ~ t l ~ n ! ~ a z ~ ~ ! ! ~ ~ ~ o ~  

1~u$2ldmnuo.r!iiu~wai11n55~ !~ic!?lu 2 d r z ! n n l j ~ $ l  R'o 
Y Y 

(1) mnuo.riiiugumnu (Hazardous Waste) AD ~ 4 d ~ i ? a ~ ? ~ ~ f 1 4 ~ l i l ' 1 1 6 6 a 3 n ~  
Y 

sa6dsznouw?~dui~ounis~u~~iu n ? o i ; ~ a w ~ ~ d a ~ u ~ u ~ 5 1 u ~ 6 ~ 1 t ~ i ~ ~ o " ~ ~ ~ 1 u 1 & ~ 1 ~  

dr:mffn~znr?.romm~n55ut~o.r mstiik~.rdjnan~oa'n4$?1;~a'!~da (W.R.2548) $ . I ~ ; ~ o ~ ~ u G ;  

i b u m s b l d  m3FiRns'ou r n 5 i t F i m d ~ ~ t n ~ ~ i u  msGu a.rdiQan~oint$li14ita'aiij 
o t 6 d s z n n u u o c ~ . r ~ 7 o ~ u  i~o i iu i rnr i~n~ iu i~uu 'u~ . r~umuo.r~~t~odu nui1io.rnilsznauuo.r 

4 d u  a d u  P 4 

n i ~ ~ ~ u ~ ~ u o u ~ ~ i u i t a : n i ~ ~ ~ ~ ~ u ~ ~ m ~ i u  lun~?uuaan~uv~.rni5~onw".rn'~an?uue,.r~.rd~~a 

n ? ~ % ~ $ ~ 1 ~ i i $ 2  (mgkg; wet weight) t ~ l ~ u n ~ o u l n n ~ l F i l  Total Threshold Limit Concentration 

Y 9 A . 4  
(TTLC) GGinun!< ttaziitd~~a~loinq~lIj~aantuoi~u~nn'mXau?~ Waste Extraction Test 

n d" 
(WET) ~ ~ ~ 6 d ~ ~ ~ ~ ~ ~ ~ ~ l 5 ~ i d " ~ M 5 ~ ~ ~ ~ 5 l ~ t 6 a ~ ~ l 5 ~ ~ ~ ~ ~ ~ ~ ~ 5 l ~ ~ ~ ~ d ~ ~ ~ a a " ~ 5 " ~ ~ ~ 9 ~ 1 ' i ~ i ~  

Y 

Bnruo.riin6m (mg/L) ~ n ' l 6 ~ n ? ~ u l n n ~ l r i l ~ o l u b l e  Threshold Limit Concentration (STLC) ( ~ T U  

I=i.rciuqamnnrru, 2549) 



(2) n i n u ~ ~ ~ i ~ ~ ~ ~ ~ t h m i ~  (Non-Hazardous Waste) AD dm.J~~anioirr~i%i~+ 
9 4.4 d d" 

i i a2~1 '110~1~1~6R~2~~~  Waste Extraction Test (WET) ~ 0 4 6 d ~ z f l b ~ ~ 8 9 n 1 5 8 u ' ~ ~ 1 5 ~ ~ i ! R 5 1 ~ ! 1 5 1 ~  

d l v  

mstunsuounsiu~un~auija~n~uuo~nisie,~msvo~iin~m ( m a )  <t3~n<i(il~olublc Threshold 

Limit Concentration (STLC) ( f l 5 ' 1 1 ~ ~ ~ ~ 1 ~ 2 @ l d l ~ f l ~ ~ ~ ,  2549) 

2.2.2 ms~amsmnwesa~erq(;~ai~ns~u 
A' d 4 - 4  

nir1~uuuuntninuociiiuoin1s.~.~iu~mni~nssuijd~ui6~inuu u.nm2iuiii9ulunir 
Y 

imnisiiuuo~iiiumsiiriuotii~~n$o.r11nzijd5z~n~niw Iunisa'nnisninuo.riiiu~~ni~nssu 

rnuisodi'l~vmui? &nisdilipluo.r~iiu idu mrdiiai;us nc~d nirii ld8unait nrzummr 
d A 

~ i % 6 ! ~ u ~ ~ u ~ ~ i f ~ 1 i a : n i 5 ~ i 1 0 i ' ~ 0 . r 1 ~ u u i ~ ~ d s z b ~ " 1 / l a ' ~ n ~  (Reutilization) !$UZfll5n~J ~ l l ~ B Z 4 3 f J  

a n ~ i l n o l ' U o t ~ u ~ ~ z ~ ~ . r ~ i a ~ i ~ d 6 i ~ R  (Treatment) 1; uonnn6dszmnlnu6a~ii~1~qo"nni5nin 

En\-iromntsl  Con\-emtion Co.. Ltd..) H?O GENCO ! n l ! ~ l ! ~ ~ l 6 ~ ~ ? n m ~ n 5 5 ~ ~ 1 4 ~  h < R  

d" 9 

nunrdnnir u o n s i i l ~ u . r ~ n a m r ~ m u i n i s i ~ n i ~ ~ o ~ 1 Z u 0 " u ~ s i u ~ ~ 5 z ~ u ~ 1 i ~ a  frrudd~z~nn~nu 

!$&~u~Y"u (Ratification) I $ ~ f l l ~ l l ~ l $ n ~ ~ ~ ~ ~ l ; ~ ~ l ! ~ i l  I;o?U~ 21 W()H;R~UU W.62540 !lilt. 

o y l i ~ q i c ~  linilfidh1~5udrz!1ia'!1iukd!!i~ud 22 ?uinrTui w.n.2j41 usnruzi;uvnf k o i u i  

! I a ~ i l l 3 6 l k i  (Basel Convention on the Control of Transboundary Movements of Hazardous Wastes 

and their Disposal) ~ d ~ i i i n ~ ~ ~ o ~ n a ~ s z ~ . d i ~ d s z i n f i ~ u n i s n a u ~ ~ n i s f l i ~ B u ' i  msd.roon nisfli 
Y 

ciiu w ~ o ' 1 1 6 m r ~ w f l l s u o . r ! i i u ~ ~ n ~ l u ~ ~ ~ n 2 l u d i l o ~ h  I r i i ;o lA~~nwan~~nuioqvniwoui~u 
d u o ~ u y u 6 t a z d . r t n ~ ~ o u ~ n d ~ i $ u f l i s ~ ~ ~ ~ u i l i s u u i ~ i ~ m ~ a ~ i u i u  .a~airzAi&yuoroydy~iui 

ma 1kili.r~~siuBouoqi~uc8u 2 ndu AD 
(1) List A t g U ~ O d I 1 i U $ R ? U ? ~ ~ d 3 t . 1 1 1 ~  59 %;A lkid 

- ua.riZudsrinw'ianz 18 TGR i4iu ~ S M ;  RG-J hen itiluM9u L L ~ R L ~ U ~  

- vosliiuds:innnu'un?6~is 6 TGR i i u  nisd~dZjEuiYlpot~~u 

- uo.rdudr:mnn'umi6ais 19 aG@ idu i i G u ~ u  &Guini 

- uociiiuiu 7 16 aow idu uoctiiusinIr.rwtnuia ?mqszt0m 

(2) List B t?luu~qiiiuIi6un=iiu idu t m ~ t d a  no.riia.r nszww turi-~u ?dnsd 

GrarlnsnGnn' ~?lu$u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ M ~ ~ ~ U ~ M ~ ~ ~ L I ~ I ~ ~ ~ ~ ~ U I I ~ ~ ~ ~ I ~ L ~ ~ D M O " I U ~ ~ ~ W " ~ ~ ; U ~ ~  

l ~ d s z I o ~ l d t l ~ o l ~ l ~ i h 4  



d.4 9 e 
I~w~?.I~~IGuG (Printed Circuit Boards) rio?ds~~idnn50~nan1aainiutdou 

0 . 1 6 d l z f l ~ 1 ~ d l d ~  ~ ~ l i h  thin fiber epoxy ~ 1 ~ ? ~ d a f i d ~ ~ u ~ ~ o u ~ ~ t t s ~ z 1 1 ~ i d ~ d n ' 1 1 5 ~ n o u d i ~ ~  

~ u i u o ~ ~ i ~ ~ u o i n r 7 5 ~ ~ 3 t ! n i 5 r - 1 ~ n ! ! r - 1  ~~ufi.13'111 m u i x - ~ i i ~ ~ o o n ~ c ; l ~ ~ u  

n€Idau^~ n'o & i 8 ~ ~ ¶ J l ~ l n ~ l a " l Q ~ l d d l W  (Rinse Wafer) Llaz&L~(IiL~RIlnTn5ln~1UnSzU3Un13 
Y Y Y B 

~ l ~ R f i H 1 1 ~ € 1 1 ~  (Bath Dumped) ~ A ~ ~ l i ~ ~ ~ ~ ~ ~ d ~ d ~ 1 ~ 1 6 ~ ~ ~ 9 ~ ~ 1 1 ~ ~ ~ ~ ~ ~ ~ 1 l 6 ~ f l ~ 1 ~ n " ~  %.rl~ll~il= 
Y 

9 a w  a 
n5ZU3Ufll5WaRUF3dU 

(2) f l ~ ~ ~ 3 ~ ~ 1 5 ~ 1 ~ 2 A a 1 ~ t 1 ~ J L i A ~  (Exposure + Developer Step) 
Y Y B Y  Y 

- Gii8uo1nnisa"i~fu Film ~ ~ n i l ~ n ~ ~ ~ i ~ ~ ~ a i . ~ m a u ~ ~ i ~ a ~ a i u ~ u n ? i  
I Y Y 

- ~ 1 ~ 8 ~ 0 1 f l r 7 1 5 ~ l d ~ ~ d l ~ ~ a " s ~ l ~ a " l d ~ ~  Film DBn 

(3) n 5 Z U 7 U i l l T r i ~ l & N O d ! I R J ~ 1 ~ i ~ 8 3 f l l 5  (Etching Step) 



aa 
5
 

(
I*
 

5 
2r.T 

$
 

.7
 

3
,
 ,. G 4

 

a4 
v
 

-us 
a
 

a2 
I
P
 

" 

a&
= -us 
7
 
G
 

z
 

q
p
 

a
 

5
 

" 
5
 

g 
3," 

O
2

'
 
o
 

(P
 
C
 
VC 

c
 - 

2
 

2 
?' 

aa 
b- 

2
 

c
 

a
* 

7
 

7
;
 .E 

m
 

a
 

w
e

 
O

g
,

 

r
 

C
 

-
c
 
0
 

C
 

F
j: 

c
 

p
a
 

Z
 

(a
 

A
 

(I*
 

-, 
E

 

BE 
'US 

C
 

B
3

 
ell 

s 
c
 

(P
 

v
 
0
 
7
 

2
 

@i 
*' 

Q2 
L
- 

23 
2
 

C
 

r
 

aa 
G
 

5
 
a
 

d
 

- 
2
 

011 
J
c
 

7
 

3 
-
g
 

c
,
 
c
 

e. 
n -. 
UG 
'
7
 

F
 
2
 

r
h

 
3
 

2
 

rZ
a
 

" 
wa 3, 

(
I*
 

5
 

c
 

-, 

2
 

c
 

e
 

n
2

 
2 

5
 

9
 

"
 

2 
G 

=: 

a
 

E
?
 p

 
0
 

'
G
 

-us 
'
G
 

(
I*
 

r
F

 
Bz 5

 
-8s 

g 
a
 
c
 

Q
h
 

nr;, 
xo5 5

 
a
 
o
 
c
 

' 
a

3
 

5
 

g 
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jU (NTU 



ed Solids 
a .-. , 

m31Gtt 

 lo% 

Total Solids (mgl 

Suspend 

Dissolve 301las (I 

Volatile Solids (n 

Fixed Sc - -  - ' 

COD (rn 

Zn (mg/l) 

d ~ & ~ ~ a % ~ V i  

11.1 - 

4,780 - 

290 - 430 

4,490 - 6,170 

1,010 - 1,810 

' 777 4,967 

473 

120 - 190 

~uiiuu6doiniiauk1nT5a~iu~'~1Ia11: (Stcpmannn itaz Buenfeld, 2003) 
w w 

n ~ n  61olPd"nua.a Jiolw"ndues 
4' 

hudsznalruuq. ri3u J.izneul;uq 

(foaarlnu&nljn, 

f l ~ R < 9 l f l  !5VgU !t,.,%, , K,O = 0.24 - 
MnO = 0.4 1 

AI,O, - - = 4.3 

Fe,O,= 35.0 

Ba = 0.05 

Cd = 0.10 

Cr = 4.17 

Cu = 9.63 

Ni = 6.24 

Pb = 0.05 

Zn = 22.70 



n q ~ n r s n u n ~ ~ n n z n u " n ~ u r z ~ ~ ~ ~ u u n ' ~ ~ ~ ~ i n n ~ z u ~ u n ~ 5 ~ ~ ~ ~ u ~ ~ ~ u n '  T~u;n13 l4  
i n o n a ~ i i ~ m ~ . r ~ u n i r L H i i a u G u ~ u i 3 a ~ ~ u ~ ~ ~ i ~ ~ i i n i 3 i ; u ~ u i ~ ~ ~ ~ ~  i i t i iu . r rn iu~3~1~t; 'um 

sns ~4 s d d r J n r u i ~ ! n ~ & r z n i i ~ ~ ! ~ u 6 ; ! ~ n ~ l a M z M 6 f i  ~t rnu1r t~~~noo f i i 8u I i ;  4 n i u  iio r n t f m Z i c r  

(.Sorption) f l l 5 ~ f l ~ a d f l  (Precipitation) f l 1 5 5 3 ~ 6 3 i ~ l ~ ~ ~ ~ 5 3 c ~ a " ~ ~ ~ t 7 1 1 5 d 5 ~ n ~ ' ~ ) ~ ! 1 ~ i ! n '  (Lacttice 
d 9 -  

Inclusion) ! ~ i l t m r ~ ~ a ~ ~ ~ t l i r ' i u ~ ) . ~ f i ~ ~ ~ n o u ~ t ! ~ ~ ~ u ~ ~ t a ~ ~ f i ~ ~ ~ ~ ~ i r ~ ~ ~ n a u r ~ a ~ ~ i ~ d a : a i u ~ i  

~$~l%l (Li llazR6Mz, 2001 LLWz Achternbosch iifizfl€Uz, 2003) 

811'%141"12.8 6 f l i n b l l ~ ~ H ~ f l ~ ~ ~ ~ ~ 0 ~ ~ a 1 1 ~ ~ u " f l ~ ~ ~ ~ ~ ~ ~ ~ ~  (Siarn City Cement Public Company 

Limited. 2005) 

iinuolzwnarnudsducii~~odn' 

nisn'on"a4ias 

i~nnirn'acl"aodis5a~1t$a 

- 
L' 
- 
~ a n n w n 6 a i h o s ~ u  

rGnvsslaw=wld"n 

Pbt Zn, AS! Cu, Cd. F 

Cr, Ni, 81%a~au 

Zn, Pb, P, B, M_e 

Cr, Ni, V, Ba, F 

Cr, Mg, Ti, Co, V 



mmr; 2.9 wanrznuuor~ananhd~~u~iuu6 (Dalton iiaznrz, 2004) 

lnriduuibulanzn~niw111~n1u~"u n n o  ~~fizn'rrniuarrun~ka~Id Insiiiuu 



1 ~ ~ 6 ; ~ ~ l n n  $ d ~ q ~ m 5 i 6 ~ l n a " ~ ~ ~ ~  ~ e + l  irarin'clnznoui?h CdOH), (Garavaglia l i a r  

Caramuscio. 1994) i i a r n i u 1 ~ n m ~ z ~ i 3 u n s ~  (Aio%ljhunii 3) ~n~ i~uuszo i fu ldn i5aza lu fu~d  

c1-0~'~ 1 ~ ~ i l j u u s z l j ~ n u i n d i n ' ~ l u  CSH i o n n ~ ~ ~ n ~ i i a z ~ ~ ~ u ~ a i ~ w v ~ ~ d ~ n ' ~ u i ~ ~ ~ ~ ~ ~ u  

(2) MQ.JI19.1Q (Cu) 

n i s a z a i u n i u 1 n ' n n i ~ z $ ~ 3 u n s n v o ~ n o . ~ i i ~ ~ i ~ ~ X u ~  7 i ~ a z ~ u n s s i i i l l j ~  

CuO H?Q CU(OH)~ ~uns~q$~ i~~o iunno . r~ in~~zannznouo~ lu ;d  Malachite (Cu,CO,(OH),) $G 

Gioauinnii 7 l ~ u t l o . r ! ~ ~ . r G u n u i ~ ~ + i ~ ~  CSH tonni~~nkiarlulu~a~dnvo~dijn"~ui~u~~sGu 
B BY 

rzuz!!rn d u G u ~ i v i i n e . r ! ! a r r ? v 5  CSH riiaiguwanvu (Polletini. Poni Liaz Sirini. 2002) i 

d nuq iiazezi$u5unsiuuiili<oo~lu5,dvo.r Ni(CO), drgunsiunii co I i a z l u d ~ . r ~ d u d i ~ ~ q  

GilGailzodlurd HMO, d.rodlurdrnra:aiu ~ u ~ ? . r ~ ~ ~ u n i n . r i t a z ~ ~ u n r ~ ~ z ~ ~ ~ u ~ d  Nit2 

iunt~aljunuindi~~lulu1u~aidn'~o~d;jn"iuil~in~~~~~uziisn i i a z u ' n t n ' a a i l n s n ~ ~ n u ~  

l i n a t ~ u u ~ u l o l l i n  (Scheide~ger liaLfi(U:, 2000) T R U ~ A ~ ?  NiCO, i g ~ i ~ 1 5 h ~ ~ ~ ~ i I l j i n i ; ~ ~  

~ iazdv i ina l ioun i i  8 iuniiiaszrzazairm~lu;duor ~ i "  lgociiqr?cld? (Achternbosh i i azmiz ,  

2003) 

(4) FlzfY-2 (Pb) 
4 4  01 n z k ~ i l z a z a ~ u o i l u ~ d  ~ b "  lunni~z~uraivl~iiaznifuoiu~~~~~~ii~u odi.rIs; 

niu ~ i ~ ~ i u i ~ i ~ u v o ~ ~ a i d n a ~ a ~  ~ b + '  s z a z a i u ~ ~ ~ A i o 1 i . l i i ~ u 5  I U I ~ U L I * ~ U B ~ G ! U U ~  (Cement 

Bond System) i j i i u ~ n z i ? ~ d i i u u  Pb*? i v i i ~ f u ~ m u l r ~ n r ~ ~ n ~ ~  ~ l l ? ~ ~ i l l l f l f l Y l ~ i 1 ~ f R i $ ( l 3 f Y U  

w q s n r s u u o ~  ~ b + '  a P nzri?sz~unuindi~~~unirin'~d~~fui~ai~r~uszuziisnh 



B 
*iuaz?a~sonl.ad m r d r z n o u n ~ n l ? ~ z i d u ~ ~ w ~ ~ ~ n ~ r i ~ i m d ~ ~ ~ ~ ~ a ~ ~ r ~ u  .a~nmiii~urrauiuin 

nir w a l i a u o ~ a z ~ ~ l i u v i u a z ' l ~ ~ n k R I  ~ R u n j ? ~ ~ ~ u r z u u u  n ~ i u n i u i ~ ~ ~ u m ~ a l r ~ i u v ~ . r  
4 1  Y nzih~an~nuniuouuin n imi ia :~n '~n i r rzazn iuvo~nz~~1~d~1or1~ i in 'u  5 

( 5 )  ZJ~:; (zn) 
4 4  Y 

~ ~ f l z i i ~ z w u 1 u s ~ ~ u n ~ ~ 1 1 ~ ~ " ~ h 3 1 1 1  ~ ~ n m ~ a n v a c z l d u 1 w ~ n i i v l 3 i i a ~ ~ n t ~ u  

pmnnsruin$n rulanz inboulnn: i l a z i ~ ~ ~ 2 ~ d 3 ~ n o ~ % ~ ~ 5 n ~ ~ 6  i inzdu7~nuinuiu 

i?'~n:%nnuidun'&i i ~ a z m u i r o ~ d d u u ~ d ~ ~ ~ u ~ d v o ~ i n a " ~ ~ ~  ~ ~ s z l 8 u ~ u m i u u i n  r hu lw i  

n i r l f i 6 u i r . n u ~ i n ~ ~ n z i i ~ ~ u i ~ i n n i ~ q ~ ~ u 1 u * i ~ 5 ' i ~ n i u  1li&nziii j~2iumuirnlunir~~3uC1 

!um.r!~uoimr$~I~n'oui;ilqniuincn u d ~ ~ n z ~ d o d ~ u ~ d m s a ~ a i u l o o o u o ' n r z s z ~ n a ~ u ~ ~ u  

PuuinsioBr rini!uqnmnnrru~luuiar"Jnziii~4 azui~ inui~rouui  (Andrade llnznm:, 2003) 
Y 9 4  9 9 l u & ~ u i ~ o t ~ ~ ~ ~ I a ~ ~ a ~ u n ~ i u i u ' u ~ u  114.483 unaniuiosnr (Trczza and Scian. 2000) i i az lu  

miln:noulr~ciupu~a~z~d?uim 227.000 iiaiinian'nlns n'~n:~di!r~flir6on'3$ia~ l u  
. a d d i f  u i ls !~rJvdG!o 8 be 12 z7~nzlrzodlurduoc ZnO wio Zn(OH), ~ ~ m i u m ~ u ~  VJ 

Y 
Y d 1- n ~ i ~ a i l n r n l u n i ~ a z a i u ~ ~ v ~ . r  z n o  ~iidilnacll;!Zu 3 iiaGni'udo6n3 msuruimiiq~nii i i rr 

anatiloulurd ZnO  ti;^ P-Zn(0H). 11az ZnCO; ~. !~R$UIUJ~~R!O% 7 b d  8 lui-x&?ludi~qc 

5 ~ n : i i a z o d l u l d ~ a z a i u ~ i l i ;  ~ i o  zno,+' iia:biGiioauYounii 7 ozocjlu~d zn" S~nzii i i  

unuinliriiG%!u CSH ! B W ~ ? J ? ~ ~ X  !!nnT~T~<a'il!Ylnu~dd~6?ui!a1~5$u rzuzilrnluconni~'ln6 

~~nz i imuisor~un 'aCu~1~7a~~t lu  ilazlu CSH 53nriissl!fi;iliulu2dua~lailroi~l;r;iiniuo~ua 
4 2  BY 
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(hIicro\va\-e Digstcr) inUUIW5ziU US EPA S\il-8% hlethod 3051 I A O I H ? R ~ ' ~ Q ~ I J ~ U F ~ ~ ~ M Q Z I ~ U  

4 94 

uo.rina3tn ~ouii1d~inn:N'~~uip7~0~ ICP .aJ~amrciounaiuni5i;Eunou~di 



+ 
~ . l ~ d ~ ~ ~ 5 l Z l ~ l ~ l d ? ~ l ~ ~ 1 5 ~ ~ ~ ~ ) . i u " i l ~ ~ 0 ~ f l ~ ~  ICP 

2d i  3.7 ~ u n o u n i ~ i o u n a i u ~ a u ! a ~ ~ ~ i o u n a i ~ ~ ~ u l u 1 n i ~ d  n i u u i ~ ~ ~ i u  US EPA SW-846 

Method 3052 

5) f\l5MRZi0Unl5%~aZalU (Leaching Test) 

1 n ~ 1 ~ ~ i u m ~ ~ z a z a i u w i ] ~ ~ 5 ~ n i a n 5 : ~ 5 3 ; 1 q ~ ~ i t ? n ~ ~ u  l i a ~ n i r f i i ~ ~ $ ~ ~ ~ ~ a ~ i 0 7 n ~ i 1 ~ '  

1g w.ff. 2548 & ~ ? 7  WET (Waste Extraction Test) ~ i n ~ u i i r n 5 a z a i u < 1 ~ 1 1 ~ ~ n 5 i z ~ ' ~ i d ? u i w n i 5  
B 4 2  

lanznu'oR;uw$oc ICP rcuuutloukf: 
4 9 

( I )  u~K3oL;i.~ ~ ~ U ~ I ~ F I Z ~ L ~ ~ J ' U U ~ R  2 uaacuws nziins~tuo; l o  

(2) 4ei~mdiJ 50 niu t t u m r ~ 1 z a i ~ ~ . a ~ i i o u ~ t ~ 1 5 n  0.2 IumiCitorr 5.0 + 0.1 lliuiar 

500 u"aSa"m 

(3) n6iuutn<octvditiuunuu iflunai 48 AluJ 



%uui (nyu) 
- 

M91U ( f t ? ~ )  

I ins) 



3.8 p d n ~ d l l l l ~ l ~ m ~  

3.8.1 tnteri ieaazqdn3d 

(1) ~ ~ ~ I W ~ ~ U J L U U ~ V M ~ R ~ O ~ ~ U  
(2)  M'on~nuiila 

( 3 )  m?o.rlliduGluui 

(4) V-mix machine 

(5) ! R ~ O J ~ D U % U ~ R L ~ ~ R ~ M I L ' E ~ U L P . ~ ~ U ~  

(6) tnf~.rnRnouliikiuiLsJ6mi;0uuoinl 

(7) I R ~ O . ~ ~ D U U U I R L ~ R ~ U  

(8) L~~;ocP~s'JQ?FI XRD 113: XRF 



3.8.2 U I ' ~ M ~  

(1) HNO, 

(2) H,BO, 

(3) HCL 

(4) ~tlll~fllJ$Wl5~ 

( 5 )  2ws5~n~uoi4i2l~u 



4.1.1 eJa%nsi:4$autn~~a XRF 

9 1 n m 3 n ~ a ~ J ! & m i ~ % ~ a " W q ~ ~  (Kiln feed) BlOLRl lWl  5 (K5) !,La:: 6 (K6) 0 l f i 1 1 ~ 4 1 ~  3 i J i 1  

9 9- 1n?n~nq~udi;oP6d3zn~uiimnii~n"u iiazwaimsizM'~2uan&J xw uoJ inq~~ukaoa lac l~k  

LSF 

hznanr %q?u 

J O U ~ ~ Z )  f, 

Y~€$ualn!cll!wla 

yss41u 3 
- 

SiO, 12.64 

- 

- 

- 
hl,W 3 0.93 

K.0 0.34 

0.03 
- 

0.20 
- 

0.06 
- 

-. 
0.0 1 

- 
0.14 

- 
0.04 

- 
99.98 

- 

110.81 - 
billca ~odulus (3 2.50 

Alumina Modulus ( 1.47 

Loss on Ignition 35.72 36.07 



a"mq%l 11 5 

w~uoaun'w 

~ili.n?Iu~tn: lo n'laniu 

t'UY7ln:o;tllj 

L I I ~ J ~ J  10 iilaniunia:qa !i;l&q;ta:: i iilailiu lo 

a Y 

PIFlU Shale core !!a: clay 11 2.5 % % B U ~ ~ W ~ ~  

wnubawz~u"n~iu$iiuasuSI 

.mix Machine 

wf~uiiniswnaas 



T~uin~R'un~~a1nni5~tni~a9uq~ yaaz l o  n'faniu i1S2 '.1ab.rGnirlliuri1 LSF d o ~ e ~ n  

i m q ~ u d i i r n r t ~ u u u  iicii LSF 0 ~ ~ d r z u 1 ~ 1  104 - 110 I * I ~ ~ L ~ I ~ & ! I I ~ ~ J U O J ! ~ I ! N I ~ I ~ U ~ I ~  

n a a o t z u  l&ii?n LPG ri~l{ci~ LSF ~lia~a.mrzuaum~iui~o~~nu~raa'd~~r~nm~~uici~d~~~iiu 

n ~ u t ~ u i ~ o t w ~ , i i ~ w ' d i  LSF naac %1&.rzrnracl6i LSF 14'2ri1odillrzlno195 - 96 ~ ~ t l a z d i n ~ r  

&arl$n;r l h n ' ~ i % a  (Shale core) i iazRumQ w (Clay) $diu1012.5% ~ R u i ~ j ; n r i n a o ~ i n r ) i i  ua 
P 

2in=iizixw % ~ 9 - h ~ ~ ' U $ i l i 9 6 b ~ r ) ~ a :  10 i i ~ a n ~ u  I I S ~ O ~ ~ ~ ~ I A ~ Y J R ~ ~ I ~ ~  4.2 

te:O, 

CaO 

nl5znsu hg diu 

rouaz) 

SiO, 13.23 

0.04 

39.7 1 

05.41 

I 2.65 

L 1.35 

Loss on Ignition I 35.62 

SUM 



Y 

f l l ' i ~ f l ~ ~ L ' I ( ~  (Shale core) LLS1Z s ~ 6 V i t l ' l  (clay) fi 2.5% b ~ t J ~ l V ~ f l l J ~ ~ ~ ~ ? h  1~~9:~Clu 
4 4  A 

~u~umoui i i i . r imq~u~~uq.ra~ i Elanill 4uunnmon 25 nyu R i ' i i . r i  4.3 i m ~ a w a j ~ n f i : ~ ~ ~  vod 

n'u~aa iiumiiu? iia:wnu~.rno.rotii.rtu"i~atlgu d&sid?u 5:4 (Shale core: clay) dou~~:i11d 

wauhinqGu ~d*il~~m'imqiiuiLMul:~(un"IInlsnREto.r 

odulus (f 

sra 
ai~dsznenr Gosstrtra:5oaanGaa 

Gas 
(5:4) 

57.86 

. -- - 

3.71 

- - 

- 
0.01 

0.12 

5osm;e 
($8 

S 

A1203 11. 

5 -1 

TiO, 

0.1 - 

29.22 

13.10 
- 

1.21 

L , 0 . 0 ~ ~  w.Vw I 

0.50 

0.35 

0.001 

0.00 1 

M,oO I 0.' 

0.001 - 

1.42 

SO, I 16 I 0.03 - 

K.0 

Na,O 

"n203 - 
UM - 

1 .' 

39 

0.06 

103.54 

0.09 

82.02 

L 

Silica Modulus (SF I'W 

0.35 
- 

0.06 
- 

93.75 
- 

0.86 

0.83 

2.23 

1.33 

Alumina M *I) 

Loss on Ignition 

1.97 
- 

2.21 
- - 

2.45 
- - 

3.55 

2.04 

3.65 



n ~ ~ d q z n ~ p l  %t@nr 

h u a z )  

14.35 
- 

3.29 

MgO 

K.0 

Ja.0 

so! 

P A  

- 

- 
43.10 

- 

- 
u.34 

0.05 

0.23 
- 

0.06 
- 

C1 - - 

TiO. 
- - t 
- I 

I - 
UM 99.78 

- 
-SF 91.57 

- 
Silica Modulus ( S  2.57 

- 
iumina Modulus (, 1.43 

Loss on Ignition 34.88 



iiodialrffniu 1mdnf i ~ ~ ~ u i f u  ozijlnnrnCnt~uli~uwnu~~iid3 iid~lud?uiol$~ou 

a a . r ~ i ~ m ~ ~ w n o z ~ ~ 1 u n ~ z u ~ u n i r w ~ ~ ~ u ~ i 1 ~ u ~ r n n a d  4.5 i i n ~ ~ d i u i o l ~ a ~ z n ~ n $ ~ d ~ u ? ' m ~ ~ u  

A rioummnulnnrnu'n %.~~lfll5t+l5 ~ O ~ R I R O I & ~ ? D  J ICP (Inductively Coupled Plasma Spectrometer) 
v 29 
~ ~ ~ D ~ ~ i ~ 3 D d l J ~ d d D U ~ ~ i U ~ 3 O L ~ ~ 8 . j ~ D O ~ ~ l U ~ i 5 ~ ~ U ~ ~ ~ ? ~ 1 3 ~ 3 ~  (Microwave Digester) nlU 

ulnr$lu US EPA SW-846 Method 3052 ~ ~ L ~ H R ~ I ~ u u I I ~  3 



1$;inu~15 ~~ur i imr~nlm&nnnis~nui iu6(11a1~az~~~~i i t l3  siniuriinirrii1~~utdoa~u2iiu 

hu6flfo.r V-mix machine dim3 wau!$'l6hdilnolijRP~ . Y 

nz 1 ATanYu Giu-~u lo ~ . r  r-Judu lo n'taoru ~uu~azn ' in~ iu66$uu~~~an: :nU"n~~~ ' l? '  i l a z i ~  



82.46 : 80.45 : 1 OOi 

117 7. i c ?  nc .  -inn 
.7V . LUU. 

4.1.3 ~ t i j l n n z ~ ~ ~ i i n ~ i u i L  (nlc) I taznisBa?i~ai iw~n (Lor) 

m r ; i n n z ~ i i n ? i u k  (Moisture Content) LLaznlrgqiliu~imi'n (LOSS on ignition) ZU 
a i u i r i n i i ~ ~ ~ n i i - q ~ ~ i ~  lUnszu2um3 ~ ~ n ~ u i i u u n ' k 1 ~ n 2 1 u ~ o u ~ d i u  ~ : i i l i ~ q ~ m u ~ ~ ~ o ~  

d ,  * 
u ~ a u o ~ i n g t i u n ? o I l i  iu"o.rainlunirnni lo~!~w~Ei14~~ i i in is? lns iznmr i r~o~~94Pa~~Ed 

9 .  

h u n i i  lnudin2iu9uiriduoni;~d?uIatiin1u1d itazdimrgrutiiu$inrin.a"tffodilnolu~amr 
Y Y Y 

GmuW I ~ u d ~ n ~ i u J u v o ~ n i o t i ~ ~ n ~ u ~ ~ o ~  0.21% i iazmqo~t8ul j inu"n~d;  4.79% ri~n,iui?u 

~ 8 9 h Y I ~ ~ 6 n  Cr:Cu:Ni o t i  1.03% riln2iuiuuod1anznljn Cr:Pb:Zn of$ 0.21% dlA?lUdUOd 

mznou~rd.nugmrnnnsru~1a"n~5ou"n6 nt j i  0.18% 1i i l :din~iudundmznou~5~~iuwa8uin~n 

o$ 0.27 % $ ~ U ~ ~ ~ I S ~ ~ ~ ~ ~ U ~ M ~ ~ ' U D J F ~ M : M ~ ~  Cr:Cu:Ni 06; 5.09% (iini5g?iiiu&n~"nvod 

Ianznlin Cr:Pb:Zn odd 6.10% (iinisBOliiiulj;~~nipJiniuido~uli]in ynaouma?vo.I  Pb liar 

z n  ~ ~ $ 9 6 2  iiaz 907 miuBi61~ d l f l l 5 a ~ L ~ ~ ~ ~ u " n ~ ~ J ~ Z ~ ~ U ~ 5 J d l U B ~ f l l N n T 5 L J ~ 6 a " n ~ ~ 8 w ' n n '  od 



--e Moisture content + LO1 

.- . ture content 

-- 

-- 

- I 

Loss on ignition 

(%I 
- 

5.10 
- 

5.20 

5.00 

5.05 
- 

5.09 



Moist 

+Moisture content + LO1 

5 5 

Ave 
-- 

h i m ~ ~ ~  b:Zn 

0.5 % 
- 

1.0 % 

5.0 % 
- 

.\verage 

Moisture content Loss on ignition 

ure content 

(%I 

- 

9n ignition 

(%I 

- .- - 

7.L 1 

-- 
6.10 



--tMoisture content + LO1 

ure cont~ 

(SC) 

( +Moisture content + LO1 

~0lftI3.3. ent Loss on ignition 

taollsldn 
(OC) 

7 

0.5 % 
- 

1.0 % 
- 

2.5 % 
- 

- 

- 

- 

0.26 
- 

0.28 
- 

73 

7.4 

7.9 

I 8.6 
- 

7.8 



4.2 ~ : : ~ 7 ~ ~ 1 5 6 ~ 1 ~ ~ 6 ~ 1 ~ 1 ~ ~ ~ 6 t ~ ~ ~ ~ ' ~ 1 ( ; 1 0 ' 0 ~ 7 U  (Burning process in pilot-scale rotary cement 

kiln) 

~ouriirnsnRao~iH1du~iuu~;iu I ~ ~ ~ ~ Y I R ~ o u  t i a z k p m ~  ~ i i  tmaimiimi; 1Runi3 

n~nou~:146~uurr~RqSuiiu3u 5 63u ii?va:dilnar 1 GIaniu a i n ~ u i i l d 3 1 . r l ? l u i ~ i i ~ i ~ u ~  

~ i u ! t u r n i ~ 1 ~ ~ ; r : : u ~ ~ ' i a r z ~ d 1 ~ ~ 3 u ~ u i ~ i i n ' u ~  25 i$un'lunr ~ia::e:diiu'unirmmao~i~uu~~~yu 

4 '  
Rdrzuiol i 150-1200 otmian~iun .a~siiniigcu1i~u'niu9~~ni s~nrd i i  4.6 ~ta~.rFiit~nU'.rmr~l~ 

82~iLaz thermocouple 

nkainviimsiwii~uu static ~ ~ h ~ i r n r m r ~ a ' i ~ n n z M ' d ~ u ~ a d w o ~  C,S c,s C,A C,AF ria:: 

Juwl.~Bns:: ~wdom~~i in lnm~~t4n~~uauni r i~1Ju31uu~ sinnirnRao.rwuiipd 3- 4 lha 
nism~ao.rdmui:aunii~~~u~ k i m ~ . r 1 ~ ~ ; l d u ~ 1 u ~ i ~ a a ~ ~ ~ u ~ ~ ~ 1 ~ ~ u ' o i ~ 1 ~ ~ ~ n o 1 u n 1 ~ ~ i 1 d ~ u  

qnW ~ a n i r n ~ a o ~ i i n ~ ~ f i m 1 ~ 1 . r d 4 . i  



5 8 

ni.sisfi 4.17 wa?!n~i~Mlnisnasrss!~~~~~u'~ Static 

4.8 Thermocouple u ? ~ ~ o ~ & I Y I u G I P u o s ~ D J ~ ~ ~ ' R ~ ~ ~ ~  



ker) 



nai~~.V"'u.V"u 
e.tidsznsudlduwiin (%) 

-?-Y C3A 

0.5 % 15.26 k 1.0 % 

1 1.04 

13.23 

11.53 

9.95 

9-1 1 

Free Lime 

1.03 

1.13 

2.64 

3.3 1 

<1.8 

8.98 

7.44 

7-14 i.5-8.5 

2.5 % 

5.0 % 

%11~113~1U 63-70 



=ree time tandard I 

LSF SM AI.1 

65.10 95-04 2.54 1-44 

63.43 1 2.04 1.40 
- 

.22 1.53 

~ 7 . ~ 1  105.26 , 24 1.49 
- - 

94-96 2.2 

l w ' ~ d ? l l l t x ~ ~ ~  Zn Andrade LLaznaz (2002) ~ ~ P i l n l r ~ n ~ l a l i u i ~ u u  (V) Zqflza (Zn) rlaz f i z k  
K 

( ~ b )  ~ ~ ? U I ( U  I % l~eiiwu"ninuo.riRn~u wuiin~i~rrnuirolumriwii~uvudid~uim1awzwu"n . Y 
P 8 twuvu (2.5 - 5.0 %) ri~ud~ui~~uui~Bnrz~~in'u~iuirn~qiu~~~1aiut4uGu 



:e Lime 

+ Free Lime -t U?et57u , 

2 - 

n 

s 
V 

Q) 1 -  
E 
1 

a, aJ 
4 

ct 7 

i 

m - I i I I 

! 

a, 
i 

I 

0 00% 1m 2m 3 00% 40096 500?6 j 
f11 I I I I ~ U ~ U  1 



naw ~~nlrznsnrw~sanG (%> 

r4w.U"~ I 

- 

- 

CaC LSF SM 

0.5 % 65.4 93.41 2.63 
- 

1 21.57 99..44 2.54 - - 
2 . ~  /o 20.69 96.59 2.63 
- - - 

5 
- - - - 

1 n f l 2 ~  IU LU-LL 4-6 5 -4 64-6 1 94-96 1 52.2 L1.4 



' AF '4 :e Lime 

10.33 2.14 

1U.UL 1- -- 2.20 

12.5 1 I 2.34 

16.82 10.66 2.75 

.5-8.5 9-1 1 4 . 8  

1 + Free L i e  -)-31ermv I 

maw 

l ~ a ~ & d  

0.5 % 

1.0 % 

2.5 % 

5.0 % 

U l F l I ~ I U  

~s~ds=nenrpl~stai (%) 

SiOz !03 Fe,O, 

3.39 

3.49 

3.4 1 

3.50 

3 -4 

22.64 

22.68 

22.94 

22.61 

20-22 

5.67 

6.0 1 

6.90 

8.58 

4-6 

CaO 

65.90 

65.75 

64.9 1 

AM 

1.67 

1.72 

2.02 

LSF 

91.13 

90.23 

86.99 

2.44 

21.4 

SM 

2.49 

2.38 

2.22 

63.25 ' 83.50 

64-67 94-96 

1.86 

22.2 



VOJ Zn n@Jlfl6~51: Zn aAfl1sln"RuaJ C3S ila: C,S Ract 66i?t:A6u= (2003) ulwLl~lnllwtlunln 

n-nouyuFanA 2 ./. TReiLn~n d t i  cu 2.4% iia: Ni 1.4% TBI~$I~;NC~ ~udi1n~~6un~lirnGim 

na~'ut$~l$od 

0.5 % 

1.0 % 

2.5 % 

5.0 % 

ollm3;lu 

1 

~s6d%znt)nriaawergn (%) - 
C,AF 

1 1.50 

31.y I 

63-70 

c2s 
22.66 

Free Lime 

1.93 

C3A 

8.48 

22.02 

20.38 

13.14 

7-14 

2.16 

2.33 

2.56 

<1.8 

o qn 11.71 

4.57 

6.5-8.5 

17.83 

9-1 1 



+ Free Lime -m- wm91u 
w - A - 

h 

. o  
0 ' 
d 

't) 

s 
.=I 
cl 
aJ 
'1) 
i r, 

% 

n-aw 

1&Ju"l4 
- 

( - 

e~6d~:nerumsaai ( ~ / b )  

I 
sio, 4% 
22.2C 8.61 

I 22.12 3.85 2 - 
A 2 1.65 4.49 :5 - 

7 
- - -- 
ulmaq ~w ZU-ZL 4-6 5 -4 64-61 

cao 

65.4 1 

94-96 

- 

1.74 
- 

22.2 21.4  

LSF 

91.77 

.I. 

- - - 
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0.5 % (C: 

d e  w u 
1.5 (Compressi~e Strength) 

mrian:~wiri~~~~u~~s~~~~o~fl'ou~1~~e\ r i i n i u lnn rq iu )  I R U : ~  ASTM c 1 0 9 1 ~ 1 0 9 ~ -  
9 .  B - 4 - 4  

05 ~~uezrioumsn~ao~s:iinisnRnou i~oiiwoii;ozgti (air permeability test) 'I(JISU~E--JRNUC~ 
ti?oymnuot~uliuu.' 1 ~ c l l ~ ? ' i i ~ o ~ i ~ o u  (Blaine Method) ~ ~ u ~ ~ d ~ u i ~ o i r n n ~ i i u ' u 8 u ~ i u ? u  n; 

4 n u - l ' l n a d 1 u ~ o ~ r n n u o ~ ~ u d i u u 6 ~ ~ ~ ~ ~ ~ ~ ~ l w ' i ; n a 1 w u  oinin~:lnadiuduQiuu~da:tZuw 

Ibinnii~u~uu.'~i jnaiuaz~Ztl~w"otlnii  u~mr~ iu f i inu~~ i in~ iuaz i~ua~ i~~uo . r l~u~ iuue f ia i  
2 

i lf l j12,800 crn /g 



4.5.1 inaau$wa~Ian:nrin Cr:Cu:Ni (1:1:1) 

R1514#14.32 imflddi~ii~.r?uki~.r~fln"ouuo~mi#Iwacu~awzwld'n Cr:Cu:Ni (1:l:l) I R U I ~ H ~ ~  

n ~ i l r i b 4 u W i i i u  0.5 % Tnuhnld'n 6 i ~ . r ? u i o ~ ~ u ~ . r ~ o u l r ~ $ ~ i d u ~ 1 u u 1 ~ ~ ~ 1 ~ d  162 kg/cm2 

iia: 251 kg/cm2 d 7 Lka:: 28 ? U ~ l l ~ i l h  $ ? ~ # I R ? I ¶ J ~ ~ ¶ J ~ u ~ P u  2.5 % ~ R U h w h  d161iY.rY111i=i~fim 

u o . r ~ o u u o i ~ ~ d ~ d i n i ~ ~ ' ~ l r ~ a ~ ~ ~ u o ~ ~  79.82 kg/cm2 im:: 161.22 kg/cm2 $ 7  liar 28 7 ~ ~ i u d i C u  

~i~i.l?uio.rbana.ri$o.roin~s"wauo~ c r  iiaz cu d d ~ l ~ ~ ~ i u ~ i C . r i o t s z ~ z i ~ s n a ~ a . r l d c ~ n i ~ u  cin 
9 w  d I 

.riu~~uMwiuui Murat (111:: Sorrentino (1996) ~ ~ i l ~ l 3 N ~ ~ ~ a w ~ ~ h  cr  ~n~ia i$uGu 1.2 im:: 3.25 
Y 

Y o  w w 

% T~uu' iwr in  d ~ ~ w m a . r s u u r . r ~ ~ % o ~ n " o u l r ~ ~ ~ i a m ~ ~ ~  28 i u  Stephan ilaznmz (1999) W U ~ I ~ I ~  

wnu1nn::nh Cr $ 2.5 % T~u~imjnd.rwal~am~ia".r?u~i~~fimlun"~uuo$ni iia: mrwnulnnz 
Y o  w 01 c: 2 nrin Ni 6 2.5 % T R ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ . ~ ' ~ I I ! I S J ~ ~ ( U ~ . ~ ~ " ~ ~ ~ J ~ ~ G I L W U % P ? ~ J I ~ ~ ~ ~ I ~ " ~ B ~ I J ~ ~ I I ~ U ~  28 

?u !!a: Ni &) i id.~~it l i l~ns::~~ur7is!wi i inl6~t~ 

ngth 7 51 
. 2 



4.5.2 ~ n ~ ~ u i w a u ~ a n m ~ n  Cr:Pb:Zn (1:4:13) 

A I S I J ~  4.33 i t t l ~ . r ~ i l f i l  k?u11~~~~n'ouuotw1iwaru~a~t).iid"n Cr:Pb:Zn (1 :4: 13) wain21u 

~bubu 0.5 % TRuLnlin '1G137.28~225.2 110:: 331.83 kg/cm2 i 1 .  7 11RZ 28 i u ~ i u i i l ~ ~ ~  ~ ~ u l d o  
Y Y 

Iw'un~iuih$uldd 1.0 % 1~uJ1nGn in:t.lRYwa.liiimnd1tE11n31uiu'uu'u 0.5 ./a T ~ u f  1nCn ulnlin 
Y Y 

iidn~1uibu4u 2.5 % T~uP~nrin wad i tin: 7 i u  otJnlZu.mEu 0.5 x Touljlnlin liar 1.0  % 1 ~ u  

i1i;n~n i i n n i ~ . r ~ u d ~ ~ ~ u ' u  28 i u  wauo.rri1fi~uur.r~~idu~~u1nni1n31u~~'u~u 0.5 % TRU 
&Hi% ,la:: 1.0 % TmuLnCn T R U Q ~ ~  430.93 kgicrn' iUio.rg~il Zn ~5diuimulnluj~~~uin:d.rwn 

Y O  w or t d  ' 1nma~rui~~.r5~a~a~~u5:u:~~~n1t~iau~kuri1a".riui~~.r5~1~5~u::wa'.jd 28 i u  rawaiw'un--iu 

ibubuld; 5.0 % ~ ~ u i ~ n l i n  w n d ~ ~ ~ ~ n i i t i ? o t i ~ . r n a u ~ u  tldkd1uuinr~1up~a1~nr5u 

gasei1.1 Y Y  nalul%Pl%W 
- 

aanrqpl n c 01- % 2.5 50 5.0 % usn. 

Blaine (cm2/g) 2800 0 2800 2800 >2800 

Strength 1 5I.l (k@cm2) 

Strength 7 avtd (kg/cm2) 

Strength 28 TI-4 (k@cm2) 

70.2 1 

207.42 

304.27 

37.28 

225.2 . 

331.83 

33.88 

229.48 

310.39 

43.67 

234.2 

430.93 

43.68 

164.47 

283.23 
-- - 

- I 

150 

245 



Strength 1 a " ~  (kg 

5 a ~ p i i s  Y Y  naipIIwoJwM 

% 2.5 % 5.0 % 918fl. 
- 

2 
D I ~ I I I ~ :  rcm 12) 10 2800 2800 >2800 
- 

icm2) 44 33.18 20.7 - 
- 

Strength 7 5~ (kF1cm2) .83 207.19 17( 50 

Strength 28 ?U (kF'cm2) 

0 5 10 15 20 25 
I??n (iu) 

30 



4.5.4 ~ ~ q ~ ~ ~ w i ~ ~ n ~ n r n = n ~ ~ d ~ ~ n h a ~ ~ ~ u w ~ a u ~ w d n  

m i n t ;  4.35 t t a ~ a ~ a m ~ ~ ~ n 0 u f i i a ' ~ 5 ' 1 1 t t s a 5 ~ ~ 0 a n ' ~ ~ u ~ i m i ~ ~ n u n i n m : n ~ ~ ~ i n b ~ ~ ~ i u  

naoutnln dn3iulbu'u 5.0 % 1au6nlin i;~a 35.3; 202.66 11a~ 287.69 kg/cm2 d i , 7  im:: 28 TU 
4 miusii&~ %auiflniin'?stiian?uqu~1u'1k;~nuFan=~fifl ~6i~n-nu1UYuUYu 1.0 % ua:: 2.5 % 

TRU&MG-I !Ra$h in i i~o t i i tn~u?u  i ~ a : : ~ n ~ i u t 4 d u  5.0 % bRaifinlin '1&~a$Ainiiuimryu 

Blaine 

Y Y  
l31BIWOI(UM 

81'1 b 2.5 % 5.0 % Nan. 

(~rn' /~)  I 2800 2800 >2800 

~tren-gh 1 5~ (1 25.87 15.6 10.3 
-- - 

Strength 7 % (kz u c111 102.66 179.38 151.1 1 40.32 150 

LET (kdcm') I 
287.69 251.68 254.44 89.8 245 
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~a3mnz~1nrJaficRu~"a T~u??doto&ot~an5ra~~~u11dojn5i~  (Scanning Electron 

Microscope) L ~ U ~ ? R ~ ~ O ~ A O ~ ~ ~ ~ ~ O ~ E I ~ ' ~ ~ ~ G L U U ~  ~Wdodinif~r30j~~i11~1am C3S 6~az C,S jj 

~an:nrinBflnw$uinizo~n+o1ai l~unr~o~n~awizBn '3or i i~n3 iu~ t~a~v i iLu  iinzdua 3 rm 
4.6.1 ~ R ~ ~ P ) ~ w ~ x o J ~ w M = ~ ~ ~ " ~  Cr:Cu:Ni (1:1:1) 

Y Y 
li;ndudnau~anznrin Cr:Cu:Ni (1:i:l)  dnmunuuu 5.0 ./. TnuAn~n ainmsnr~ricl~ 

A 
Spectrum no.1 SS~~~YOIZL~UMOLW&IU W L ~ U ~ ~ I ~ ~ ~ ~ D I L V O I  C,S JG ~r 06 0.88 % Spectrum no.2 RXIO 

MU C3S 2 Cr 0.79 % Lla:: Ni 0.70 % d3u Spectrum no.3 tl53O11U C,S Cr 1.13 % IltlRt!$L$~~l 
Y 

9 PQ 

t a ~ : n r i n ~ w ~ u n t l d ~ u ~ ~ ~ u 6 ~ i 1 1 J ~ n ~ ~ i ! u n r ~ u ~ u n 1 ~ 1 ~ 1 1 ~ t a " 3 t f t i z ~ ~ ~ ? ~ ~ ~ ~ ~ u i i ~ u o ~  

? u ~ ! u u i  PolIetini iiaznmz (2002) l&~u~ iTn5 l~ t luo :~ '~1muind1<~ lu  CsH tonn?.r!n&!nzlu 

tu+atvIn uo3J j E a i  Is!nsGur:ar!on ainmrs?ug3uoc c;' ~u~i lr .rni~.rwdn~~umr!mud 
8 2 

.Al-\!~nZ&u'.tl?l~il Cu nug?%l CSH !!An!8uwnfluu Scheidqsr  !!arilaz (2000) IU~I Ni 

utiu11idi5~lululuQ!d~ uodd jRtnle!~s%urzut.!!rn !!a::u'n!Anmuiro!!nvB!!~a!iuutu!o 

I1Il:d~n~ 

Spectrum no.? 

Spectrum no.3 E I  

Spectrum no. 1 



rn.rw4 4.36 ~ o u a : ~ ~ ~ ~ i ~ ~ ~ ~ U d ~ ~ ~ ~ w a u ~ a n z ~ ~ n  Cr:Cu:Ni ( I : I  :I)  ~ n a i s t 6 4 u  5.0 % 
Y 

1R81d°lti<r7 Spectrum no.1 

3d i  4.11 ~ D u ~ ~ L U D J ~ ~ ~ I ~ ? ! ~ G  J ~ ~ ' ; H ~ P J I ~ I I L ~ G ~  Cr:Cu:Ni ( ~ : i : i )  dn--nuiiuiu 5.0 % hu&niin 
4 

ll Spectrum no. 1 



Pl1513i 4.37 ~ Q U ~ Z V Q ~ ~ ~ ~ ~ U ! ~ ~ R ~ U ~ F I T ( I I I ~ ~ M Z M G ~  Cr:Cu:Ni (1:l:l) i n 2 1 u l ~ u ~ u  5.0 % 
Y " 4 

? R U ~ ~ . I M U ~ I  n Spectrum no.:! 

d - 2 d i  4-23 f o u a z u a . r ~ ~ 2 1 v ! u ~ ~ u ~ t t ~ n u l w ~ : ~ i ~ r 7  cr:cu:i.ji ( i : i : l )  &~~ulu'uiu 5.0 ?.; ~ a u & n h  

Icj Spectrum no.2 



? d $ 4 . 2 4  ~ O l ) a : : ~ O ( l l ~ ~ U l i f ~ ~ U $ ~ f l i l h ~ : ~ h  Cr:Cu:Ni (1:l:l) f ! f l ? l U l & h  5.0 % ~ R l l t f l M k  

Spectrum no.3 

4.6.2 IQ~~u~~wBuI~HTHUVO Cr:Pb:Zn (1:4:13) 

liR~udwnuTan::n~ncr:Pb:zn (1:4:13) $ R - ~ u L ; u ~ ~ ~ . o  % T R B ~ I I I ~ ~ ~ U ~ ~ ~ Q J  

Spectrum no.1, 2 i t a s 3  R539MU C3S $4; Cr Q d  1.46, 1.55 lla:: 2.40 % RllJ;l(iU l l i l ~ i  Zn @i 6.80, 

40, d 1 

5.27 [la:: 9.87 % ~ i u B i 6 ~  O l f l 4 1 U 2 0 ~ ~ A l ~ ~ l  Murat LLil:: Sorrentino (1996) W U ; ~  ~n V?ldiE~ln'u 

Fe 1 U i i R d ~ l l ~ 2 f i Q ~ M ' i n ' ~  C3S ; ; V U l R l W ~ d  Ila:: Stcphan llaLfl01:: (1999) W U ~ I ~ ~ ~ H ~ U T P M : :  



ncn z n  d 2.5 % dolf i i ;~~ CIS 6 d i u ~ ~ l i ~ n ~ o ~ i i ~ z a ~ ~ d ? u ~ ~ l v o . j  C,S Older !!azn@:: (1980) ~ Y I  

' - 4 '  1Eitradno~nZo~n'u Stephan ~ U G O ~ I Z ~ G U U U U O J  C,S i ~ ~ w a u ~ ~ ~ n m ~ i t n u ~ ~ t ) ~  Zn 1~ Ca iiazeln 
K m r ~ n l n u o t  Andrade HBZROIZ (2002) nu41 Zn T J L I ~ U & J L ~ I ~ ~ O ~ J ~ U  C,S ~ I U V U ~ ~ I ~ ~ U  110zh 

nuilmrwnu v zn  iia:: ~b d ~ i l n o r  i ./. I R u & t I ~ n u n J i n ~ i u  i ~ l $ n ~ ~ u m a ~ r o l u m l i w ~  
2 2 9  ' 3  muuuo~d iwor IanznGn~Gu~u  (2.5 - 5.0 %) a lnc$4 .39  0'9 4.41 ii11~1.j Spectrum no.1 $4 

Spectrum no.3 V O J ~ ~ ~ R ~ U ~ W R U I ~ ~ I Z ~ I ~ ~  Cr:Pb:Zn (1:4:13) d f l ' J 1 l J i ~ ~ b U  5.0 % 1 P R U i l j ; n ~  

Spectrum no. 1 E J  

Spectrum no.3 EI 

Spectrum no.2 L I  

"l31.1$4.39 fDUlilLU0d61q~Ul~R~U~WflU~lilNZ).1~fl Cr:Pb:Zn (l:4:13) d(l2lUIGUGU 5.0 
Y 

IWUJIMG~ i Spectrum no.1 



2d$ 4.26 f Q ~ a z U 0 4 6 l ~ ~ ~ l i j ~ ~ ~ i W H u 1 a w z N u " n  Cr:Pb:Zn (1:4:13) in31Ul<U;;liU 5.0 % 
Y 

I F I U I ~ I M G ~  i7 Spectrum no. I 

~ 1 4 1 . 1 d  1.40 ~ a u a z v o ~ ~ i q ~ u l i f ~ ~ u d w r r u ~ a n z w ~ n  Cr:Pb:Zn (1:4:13) ~ ~ ~ I U I < U < U  5.0 % 
Y 

I~~Glli ldvn ?I Spectrum no.2 

Y 

~ R U ~ I M ~ ' ~  fi Spectrum no.2 



msl.r8 4.41 ? o ~ a a u o J a i ~ ~ u i ~ @ ~ u $ w ~ ~ u b a ~ = : w u ' n  Cr:Pb:Zn (l:4:13) ~ R ~ I U I ~ G U  5.0 % 
Y 

lF l0 i l~u ' f l  ?I Spectrum no.3 

2 d i  4.28 ? Q ( ~ ~ ~ u D ~ ~ I ~ I U ~ ~ R ~ M ~ H T I U ~ ~ ~ I ~ ~ ~ U ' ~ ~  Cr:Pb:Zn (l:4:13) ~ F I ' J I U L G U ~ U  5.0 % 
Y 

I w u ~ I M ~ ~ ~  ?I Spectrum no.3 



4-63 I ~ A ~ U ~ I I I I U ~ ~ ~ R ~ O % U ~ ~ ~ ~ ~ . J J ~ P ~ ~ L ~ ~ ~ ~ B ~ ~ ~  

Bm~udwnumnnrnouo1n15~~1u5~~nw5oia"n~ dn3iu ib iu  5.0 % 1RuGnlin A I ~ I ~  

4.42 b d  4.44 llBI1 Spectrum no.1 5 4  Spectrum no.3 P ~ ~ ~ I s P I ~ ~ Q I ~ ~ ~ u I ~ w Z M G ~ ~ ~ ~ U I O  t ?~ ia"~j lU  

i1~anznrindwnu~~i!d~io~d~nizo~~11~1am~ud!~!~i1nisn53~a"a 

Spectrum no. 1 -4 

Spectrum no.3 I 

Spectrum no 7- 

m i 3 i . r i  4.42 ~ o a a : u o . r a i q ~ u ! ~ m ~ u ~ w n u i n n ~ z i l o u a ~ n ~ ~ . r n u ~ ~ i ; n n r o ~ i l ~  P ; a a i w h ~ u  5.0 % 
# 

1~0Gi~G'il fi spectrum no. 1 



2d$4.30 i o u i l z u o a s ~ ~ ! u ! i ; ~ ~ u ~ ~ ~ u ~ ' ~ ~ n i n n z n o u o ~ n I r ~ a ~ u ~ ~ ~ n r o u ' n d  ~ F I - ~ I U I G U G U  
Y 

5.0 % ~ ~ s ; I u G I M U U ~  i? Spectrum no.1 

n1514i ~ 4 3  r'oua:uo~ai;!v!iR~u~tlnur7inwznouainlrctluo'~dnnroln~ )il~~-m~!bu$u 5.0 y 
Y 

I a u 4 1 1 i k  Spectrum 110.2 

4.31 ~ B ~ ~ ~ ~ U O J ~ ~ I U ~ ~ R ~ ~ ~ ~ H T I ~ W ~ U ~ ~ ~ ~ ~ R ~ ~ O ~ ~ ~ ~ ~ I ~ Q Q I U G L ~ ~ ~ O Q ~ ~ ~ ~ ~ ~ ? ~ U L ~ G U  
Y 

5.0 % I ~ ~ t ! l ~ u ' f l  Spectrum 110.2 



mnd 4.44 fouazuo~a~~~utif~~uiwnmmnn:nounn~~~~~uo'iBnnsou'nb & ~ i n t 6 6 u  5.0 ./. 
Y 

r~u6l)i<fl f! Spectrum 110.3 

Y 

5.0 % JWfJt!l~h ?I Spectrum 110.3 



4.6.2 rin$(u~waorrnnr;lznauba4~1~pfo~or~pf~n 

i$~~udwauninnznou0inn1r7~zno~1~.jdi~naoum8ndn3lui6~u 5.0 % ~ ~ u $ i t i ~ n  
1 4  9 4 

01nn15(153P~RWU31~UTL2SW Spectrum no.2 WU C,S %.]~d%Jlol0.93 % al l l4d 4.45 z 4  4.47 ilHR4 

4 

Spectrum no. 1 0 9  Spectrum no.3 
9 0 1  d l  

ain.nu3ncliwiuui Ract ilaznorr (2003) wujininnrnouoinm~lu~~wz3~ij cu iiaz Ni 

06 I ~ u d u n r n o u ~ i u ' h ~ 1 u a " ~ ~ ~ u  0.25-5 % I ~ u i ~ n C i n  waasinnir~nlnnuii n1rin"un:nouoin 
A 

niqu~nnzdI l i l i iu  2 % ~ ~ u & n ~ n i n . a t o z ~  cu od 2.4 % ~ R u i i n ~ n  ilaz ii Ni od 1.2 % ~Ra$intin 

Spectrum no. 1 d 

Spectrum no.3 6 
Spectrum no.2 m 

Y 

% R U ~ I P I ~ ~ ~ I  Spectrum no. I 



4.34 ~ n u n z ~ n ~ ~ 1 ~ 1 ~ i i ; ~ ~ ~ ~ f - 1 n ~ r - 1 n 1 1 n l r 7 a : n ~ ~ s ~ n ~ ~ ~ ~ 1 ~ t i ~ ~ u ~ ~ ~ i )  )inmuibuGu 5.0 % 
Y 

IFIUU°IMG~~ fl Spectrum no.1 

m.i lt$4.46 ~ Q U Z I ~ U Q . ~ ~ ~ ~ ~ U ! ~ ~ R ~ U ~ W ~ U ~ ~ ~ ~ ~ ~ Q U W ~ ~ I ~ . ~ ~ ~ W H O O U ~ H ~ ~ )  ; R ~ I U I & ~ U  5.0 % 
Y 

I R u C I M G ~ ~  S Spectrum no.? 

y ~ i  4.35 5 ~ 0 u a z ~ D ~ 6 i ~ 1 u l i ; ~ ~ u 4 w a u ~ I ~ u n 1 n n ~ n ~ u 0 l n 1 ~ ~ ~ l u ~ i l 0 ~ ~ n i ; n  ~ F I ~ I U I G U G U  5.0 % 
Y 

1 ~ ~ i l ~ U " n  G spectrum no.2 



lmuiinrin $ spectrum no.3 



4.7.1 %q~u~u€Yuban=nw"n Cr:Cu:Ni (1:l:l) 

n a m s n n n o u m r r z a z a l u ~ o ~ a ' ~ ~ ~ u i ~ ~ ~ u b a ~ ~ n z d " f )  Cr:Cu:Ni (1:l:l) !?tWa~l311cln~Jd 

o t lu i~~r i i lnnr l iu  TRU; Cr 0 l r ~ ~ n u ~ 0 o y n ~ ~ i u 1 G ~ G u ~ ~ a ~ o ~ ~ ~ f i 1 u 1 ~ ~ ~ 1 ~ y n n ~ ~ u i u * ~ G ~  cu 
4 . 4  Y Y  !liniuiremr~owu!~ynn3i~~~uu*u ua:: Ni ~ r 2 s n u d n 2 i u ~ G u G u i ~ u 3 n ~ n  iuuuu 5.0 % T A U  

odd 0.1 i rng o i n c t a m r ? i n n z ~ ~ i a , n ~ ~ w ' i M " ~ ~ i ~ n n z n z d " n ~ n n ~ ~ ~ ~ ~ u ~ u ~ i u u ~  &mind 
Y 

4.49 Taweekitwanit (2004) W Y ~ ~ ~ ~ S W H ~ J  Ni $!I%u~% bRU~1~zd"fl i l n 1 3 ~ z ~ ~ a l ~ % ~ ! ~ i n ' ~ i l  

u1Olsq1u 

A l S l d  4.49 W ~ ~ l ~ ~ ~ ~ ~ U ~ l ~ l n ~ l n a i U ~ J ~ 2 ~ 6 1 . 1 ~ ~ ~ ~ 1 a ~ ~ ~ u " n  Cr:Cu:Ni (1:l:l) 



4.7.2 ~ R Q ~ ~ J ~ W ~ ~ N ~ Z I M ~ ~ %  Cr:Pb:Zn (1 :4:13) 

wam~nfiHauflis.trzazaiuuo~~mq~ufiwnu~a~z~ld"n Cr:Pb:Zn (1:4:13) !$h=m5nma~d! 

o ~ l u i ~ . r r i i u i ~ r ~ i u  ~ R U ;  Cr ~ 5 ~ u ~ u ~ 0 ~ ~ n ~ ~ 1 u ~ u ' ~ . u " ~ ~ ~ a z ~ ~ ~ u ~ 1 u 1 ~ ~ ~ i u ~ n ~ 3 i 1 1 ~ u ' u u ' u  Pb 

ms2rwudn2iai$uu'uq.r5!mDdi 0.370 rngn iiaz Zn ms~awudn~iutu~uu'ui+ua~oi 5.0 % Tmu 

i l M < f l  D ~ A  0.328 rng iktlm.r%nln.rd 4.50 Taweekitwanit (2004) WU<I~IJWHII Zn $ I ~ ~ E U  2% 
8' 

1 ~ u i i ~ w " n  n ' i n i s r t r z a z ~ i u o ~ ~ r i ~ ~ u r i i ~ ~ i ~ ~ ~ i u  

~ 1 3 1 9 i  4.50 ~ a f i l 3 ~ ~ H ~ l l n l 5 a ~ a ~ a i u ~ ~ ~ ~ 3 ~ t i 1 . r d ~ n ~ ' 1 a ~ z ~ ~ n  Cr:Pb:Zn (1:4:13) 







(1) w a i m ~ i : ~ . m ~ d s : n s u ~ i 3 v ~ ~ n  itazs~n'dsznsum.rIA; ( x m  saz XRF) 

oinwarnrnnao. rd~~c 'u iwnuba~:~~n Cr : cu : Ni ~n~iatt;;Gu 1.0 x 
Y 

9. d 
T~uliinCfi 1ntnnodlui2.rdiuim3~iu Tnuij l lu-~TGuniuvo C,S ilam1racla.r 

uo.r c2s ~don~iu ibt ;uuotTanz~u"n!~u~u 
4 .  " "  

(2) ~ ~ ~ ! ~ 3 1 ~ ~ ~ ~ 4 3 ~ ! ! ~ 4 ~ ~ % 8 ~ n " ~ 9 ! ~ 1 8 5 ' ~ 1  (Compressive Strength) 

olnwnfilrnRao.riinq~YiH71'U~WN:11~n Cr : Cu : Ni &?lU!$U$Uh.i!h 

0.5 % i n u h n ~ n  l i i ~ . r ~ u ! ! s . r ~ ~ v o . r r j ; ~ u ~ o ~ ~ i 6 u i i u ~ i ~ 5 ~ i u  !!iin2iuiiuriu 

mililii 2.5 9: lnuhnlii l  i u  ~i~J~u!lrd~mvod~ouuo5"mii1~hiiliiiiuin~~iu 

2 .  w w 
(2) w ~ ~ ~ R ~ ~ ~ H ~ ~ L ~ J ~ u I ~ ~ ~ ~ ~ u B ~ ~ " B M u B ~ F . ~ ~  (Compressive Strength) 

ainnirnclnou~ik~u~~~~6nuo.r8ouuo5"mi An2iuibuGu 2.5 x ~nu&nljn 

~ w a n i r n ~ n o u d l ~ i u i n i ~ ~ ~ ~ a : i i u u i m s ~ i u  ii itdoin2iuihdu 5.0 x Inu 

i i n ~ n  ~1dliY:uana.r 



d m  w w 
(2) H ~ " a ~ 3 l Z c l n l ~ 9 ~ ~ t l 3 9 ~ n 9 1 B 9 n " B ~ ~ 1 ~ ~ ~ l  (Compressive Strength) 

d o  w w r? 

(2) ~ ~ ? 1 f i 5 1 ~ ~ ~ ~ ~ ~ ~ 1 6 3 9 ~ ~ 9 1 8 ) 9 n " ~ ~ ~ ~ 3 ~ ; 1 1  (Compressive Strength) 
Y 

oinnisw~aaswuii Gfiaiuduiu 0.5 % Tmuiii~Gn %&iiiiiiY.~sir~is.riuin 

~ a ~ i i a z ~ . r ~ i u u i ~ r S i u n r ~ ~ ~ r a ~ B ( i l n ~ ~ n 5 r u  W.R. 2548 Im-iiUd~~~inwa?in5iz); 

n.rn'rlrznouiifJuwE;n ~inzn.rn'drznoums~nziia'~ vi i lX1R'waii i l r imui5n 

r i o l ~ i i m ~ n r ~ u ~ u n i s ~ w i ~ n u ~ ~ a 1 ~  
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V.2 \'-mix machine 
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Alumina hiodulus (AM) 

LC 

3.67 1.21 

0.70 0.35 

2.7 1 

1.40 

35.72 

1.78 0.001 



SUM 

a Modulc 

Na,O 0.09 O.( 01 
- - 

SO, 0.16 0. 12 

P1°5 0.07 

rl 0.001 ".""a 

0.50 1.42 
- 

0.06 0. 
-- 

103.54 82 
-- 

LSF 1.60 0. 97 

Silica Modulus (SM) 4.56 O.-* 
- -- - 

24 

2.04 2. 15 
- 

L U ~ J  UII 1 5 1 1 1 1 1 ~ 1 1  3.65 ~. J J  I 2.55 

-913 Jxna.il 

SiO, 

A1,0, - 
Fe.0. - -. 

- 
CaO 

h1-d 

K.0 

Na,O 

SO, 
D n 

TiO, 

Mn,03 

SUM 

LSF 

Silica Modulus (SM) 

Alumina Modulus (AM) 

Loss on Ignition 

a"nqh 

(s"suaz) 

14.3 

3.29 

2.X 

43.10 

0.97 

0.34 

0.05 

0.23 

0.06 

0.01 

0.16 

0.04 

99.78 

94.57 

2.57 

1.33 

34.8t 







Ioisture t 

,.. . 

Moisture content Loss on ignition 

t .r:t .I 1 (%I 
- - 

5.10 - 
- 

- - 

content 

i 0 06 -. 0.1 I 

Average 0. I 01 

oss on ig 

.*, . 

-. s 05 

5.09 



content 

- - 

I I 

Average 0.18 6.8 
.I .I 

nisisi FI.17 w ~ ? ~ P ~ ~ I : G ~ ~ ~ ~ ~ ~ ~ ~ J J ! w I I L u P I  Static 

c;l~na9?~ln6%991pd 3loisture content ,oss on ignition 

waautwfifl (x, 

7.3 

'6 7.1 

Y3 7.9 

5.0 ' 
.\\-erase 

0.33 8.6 

0.27 I 7.8 



Y Y  
nawiwupa 

rnhJ~znsu$idu~;n (%) 

I -pF-TT ee Lime 

R ~ I N  

t43~bu"pa 

0.5 % 

1.0 % 

2.5 % 

5.0 % 

UlFI5~1U 

7.78 11-04 1.027 

1.U Yo 8.83 13.23 1-13 

s d d a z n a ~ w ~ s t n i  (%) 

2.5 S: 

5.0 f'o 

U l R 5 ~ l U  

sio, 
2 1.55 

19.9 1 

17.40 

20-22 

- 
j.5 1 i 

( 6.5-8.5 9-1 1 <1.8 

A~,o, 1 CaO LSF 

5.00 5 65.10 95.04 

5.69 5 63.43 97.41 

3.4' 99.75 
- 

3.1( Y.LU 105.26 
-- 

4-6 3-4 64-67 94-96 

SM 

2.54 

2.04 

2.22 

2.24 
~p 

22.2 

&\I 

1.44 

1.40 

1.53 

1.49 

21.4  



esddszni 
na101~~01~u - 

CIS L.A U,AF Free Lime 

0.5 % & 1.0 % 

19.00 7.69 10.83 0.86 

k*fl-n 1 1.08 
- 

2.5 % 10.89 

80.10 0.82 6.88 12.20 
- - 
PJ1F;I - 63-70 7-14 6.5-8.5 9-1 1 

I I I 

nai01 

iejweju 

es6Jazng stin (%) 
naiw~6u"o~bV'pd - 

CIS 
I 

C4AF Free Lime 

0.5 % 53.18 24.80 10.33 2.14 

~sdd~:nsnrmis~a~ (06) 

1.0 % 

2.5 % 

5.0 % 

0JIF;IilS~Iod 

SiO, 

0.5 5i 1 22.43 

49.9 1 

38.60 

22.88 

63-70 

, 
1 3.11 

27.37 

36.66 

47.57 

7-14 

Fe.0, - .  

"z4 7 1.38 

2.26 
- 

91-96 I 2 . 2  I p1.4 

65.16 - -- 

I .r 4.96 i4.72 - 
A << -I.Lu G3.23 - -- 

5.r - -- 
, u~nsp. !  20-22 4-6 
I 

10.02 

12.5 1 

6.5-8.5 

CaO 

2.63 1.45 

3 -49 

3-4 

10.62 

10.36 

10.66 

9-1 1 
I 

I 

SM 

59.55 

64-67 

2.20 

2.34 

2.75 

4 . 8  

AM 



S i n  

naiw osn'dlz 14 (%I 
- 

f..u"'fl&l US.,., . '.,V - 3 - -2; C - ,  LSF SM - 
0.: 22.64 5.67 3.39 65.90 91.13 2.49 

- 

1.0 % 22.68 ' *9 65.75 

1 64.9 1 2.5 % 
- - 

5.0 % 8.58 3.5 83.50 1.86 
- 

OJlet52lU 20-22 4-6 3 -1 94-96 12.2 - 1.7 

I 
- 

L I . ,  . 
13.65 

naiu 

!.u"o~.u"pd 

0.5 % 

1.0 % 

2.5 % 

5.0 % 

UlGl32lU 

~s~daznanrwisanii 

SiO, 

22.20 

22.12 

2 1.65 

19.84 

20-22 

AllO, 

5.6 1 

5.55 

5.24 

5.47 

4-6 

A M  

1.48 

1.44 

1.16 

0.93 

21.4 

Fe,O, 

3.78 

3.85 

4.49 

5.86 

3 -4 

CaO 

65.41 

65.32 

64.25 

62.37 

64-67 

LSF SM 

9 1.77 

9 1.97 

2.36 

2.35 

92.1 1 2.22 

64.75 1.74 

94-96 22.2 





ga~eiis 
- 

nanr~u 0.5 6 olen. 

2 
Blaine (cm Ig) 

Strength 1 % (kglcm2) 

Strength 7 % (kg/cm2) 

Strength 28 %4 (kg/cm2) 

2800 

70.2 1 

207.42 

304.27 

26UU 

63.85 

162 

251 

2800 

15.23 

129.82 

212.07 

ZSUU 

22.1 1 

79.82 

161.22 

2800 

21.77 

59.5 1 

155.22 

>2800 

- 

150 

245 



Blaine (c 

h i l a  naioli.u"ud 

5- q2-, 5.0 % wan. 

Blaine (cm'i? 2800 >2800 

Strength 1 ?¶. 35.44 33.18 1 170.98 

- 

1 Strength 7 TI4 (kg/cm2) 207.42 191.83 

Strength 28 TU (k_elcm') 304.27 , -. 3.27 1 298.47 1 ..... 290.35 - .. 
I 

- 
I aavqnl , , , 1.0 % 2.5 % 5.u YO 

L- 

2800 2800 
- -- 

Strength 1 5I.l (kg/cm2) L.85 15.23 22.1 1 21.77 

Strength 7 TU (kg/cm2) 207.4. 62 129.82 79.82 59.5 1 

Strength 28 5I.l (k 51 212.07 !2 
- A 

~aai1.a 1&&4 

1.U% 2.5% 5.U% w,... 

-- - 

Blaine (cm2lg) 2800 
-- -. 

Strength 1 TU (kg/cm2) 70.2 1 19.98 35.44 20.7 - 

Strength 7 TU (kg/cm2) 207.42 177.18 19 1.83 170.98 150 

Strength 28 TU (kg/cm2) 304.27 279.27 298.47 333.8 290.35 245 

uan. 

>2800 

- 

150 

245 



~ 1 1 3 1 ~ i  A.36 $ ~ u a v ~ ~ ~ ~ l ~ l ~ l d ~ ~ ~ d ~ l f i ~ l n ~ l z ~ l l j n  Cr:Cu:Ni (1: l: l )  ~n-nul<a<u 5.0 % 
Y 

IRIIJIMGI i Spectrum no.1 

m s i ~ i  n.37 ? o c l a v u o . r s i ~ ~ u l $ n ~ u ~ ~ f i ' u ~ a M z ~ u " n  Cr:Cu:Ni (1: I : 1) in?iu!=tiu<u 5.0 % 
Y 

I ~ u i i i ~ G n  i Spectrum 110.2 

~ l s l d i  n.38 ~ 0 ( l i l ~ 1 1 0 d 6 l q ~ U ! ~ ~ ~ u i W 7 1 ' ~ ~ a l i z ) . i ~ r 7  Cr:Cu:Ni (1: l: l )  rdln?lU!hh! 5.0 % 
Y 

% F l ~ l ! l ~ { F l  Spectrum 110.3 



mn-ri; n.40 Y o u n z u n ~ a i ~ l u ~ S ~ ~ u P 4 ~ 1 ~ ~ u I a ~ z ~ r ? " n  Cr:Pb:Zn ( l : l : l 3 )  iin~iu!<A'u 5.0 
Y 

9~ IFIU<I)~G'EI Iq Spectrum no.? 



nni.r$ ~1.41 f ~ u n z u ~ . r a i ~ l u d ~ ~ u ~ w f i u b a ~ z ~ l d ' n  Cr:Pb:Zn (1:4:13) ~ ~ ~ I U I G U ~ U  5.0 
Y 

% ~~t l I ! l k ih  Spectrum no.3 

~ ~ l i . r $  n.42 ~ o u a z u o . r a i q l u ! ~ ~ ~ u ~ ~ ~ n ~ r 7 i n ~ z n ~ u n n ! s . r . n u 8 i d n n r o ~ k  dmiu 
Y 

w a !.U'U.U'U 5.0 ?h ~ ~ ~ $ l t I u n  l'l Spectrum no.1 

n,si.r$ n.43 iouaz~o.raiqluii;~~u~~nunin~zno~a1nbs.1.r1u8i~n~~~u'nai dnmu 
Y 

I&& 5.0 % I~uU'inld'n ?i Spectrum no.2 



Y 

u 0 % b a c l n h  ?I Spectrum no.2 



nimi; n.47 t~un:v~~~i~~ul~R~udwnun~nmzn~uein~r . r .nunaou~ni tn  imiu 
Y 

l'hJu'u 5.0 % % R u $ l ~ G f l  Spectrum no.3 

FawzwGn Cr:Pb:Zn 

0.5 % 

1.0 % 

2.5 % 

5.0 % 

Y V  naiwnw~wsta~~awzww"n 

(mgm 

0.362 1 ND 1 ND 

ntipliasgio~~aaa~?~~!A 

(mgn) 

5151250 

0.271 IND IND 5151250 

0.175 I ND I N D 5 151250 

0.771 1 0.370 10.328 5151250 
J 



- 
1 ~odeinlsssiod aa~osr vdawzwod"n i ~ i ~ ~ ~ ~ 0 ~ 3 t I n "  

u~~rl~ls~$nd (mg~i) \~r:Cu:Ni) I mall) (Cr:Cu:Ni) 

0.5 % 

1.0 % 

2.5 % 
- 

- 
0.08 / ND / ND 5 / 251 20 

- 
( DIND il25120 

b IND il25120 
- 

4 
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