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Abstract 

This is the 41h report consisting of 2 section: I) development and improvement of 

traditional products and 2) development of alternative products. 

Section 1: 4 topics were studied to development and improvement of traditional products 

as construction bricks and natural latex cups. The first was to decrease sintering temperature of 

products. The result showed that the addition of cullet, sodium carbonate or borax could reduce 

sintering temperature and sodium carbonate is the most suitable flux for industrial production. The 

second title was to improve strength of construction brick by using lime mud or grog as 

reinforcements. In case of lime mud and grog up to 10 % by weight did not improve mechanical 

strength of bricks significantly. However it's useful to reduce the amount of clay. The third was 

improved the firing process. We found that by constructing secondary air inlet, at strategic location, to 

supply fresh air to firing logs combined with an improved bricks layout in the kiln, the firing 

temperature at various part of the kiln could be increased up to 100 °C, improve overall quality of 

bricks while using smaller or same amount of wood. For natural latex cups, rubber wood ashes, as 

waste from firing process, have been used instead of rice husk ash and limestone in glaze formulation. 

This ash glaze could fire at 1150-1180 °c 

Section 2: The alternative products developments consist of 3 subprojects. The first 

project was to develop slurry formulation for slip casting technique using red clay, in local area. The 

adjusting sodium silicate is an important point. These clays could be fabricated by slip casting 

technique, and thus open a new possibility for local manufacturer. The second project was to develop 

and impregnate microcapsule, containing geraniol oil, on pottery surface. Using this technique, 

ordinary pottery could release the scent for up to 5 days. while the pottery made by ordinary clay 

mixing with nano-clay could be prolong the scent release up to 15 days. The last project was to 

investigate the possibility of using poly(methyl hydrogen siloxane) and chitosan as a coating for 

natural latex cup. we found that the water absorption of the pot was lowered with higher amount of 

poly(methyl hydrogen siloxane). 
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2.2.1 fl1 'a ~fl'tl u-lg 'UeJ.:Im~ 1WUg:::'Utl1\?1'Uel.:lflg!a"'~eJg'~1I~h'i~.:I!m1t1~t1~hJlll'lh:::1l:::A!g::: 

!~eJ~t1~t1 (~t1cil.:l) llUllg1 

" ,"
lUfJ\9HYll1 fl':j ':i :lJ19i1.:JC] 1l:d'i'UeJ.:J l1.YfJlfl'fl'l1'U 11.1 m::: 1J 11.1 fl1 'J J>I ~\9l 9$.:J n:IJl1.:J 11.1 ~\9l'tYTI1 fl':j 'J:IJ!I 01 

fi'11'J 1'fl {f'U'tl.:JI1.Y{f~ Ifl'fl~'U'tl11l 1l:::ln'fl111 flJ>lil\9lntu.n~hi '1fi':lJ1\91'J~l'U n:IJi1.:J1l01~~eJ ,:nl1:IJ 11 i '1H~Clhni 

II 01ihrft11'J1h :::lfI'YI 1Jl.:J lh :::lfImn:lJl 'J mflm1 :IJ'tY::: eJ 1'flIlCl:::111fl el1]:IJll'lflfi'tCll'J 1Jl.:ll.h :::AfI'Y1~eJ .:J111:1Jl 

fl1um:::1J1U1 ~hl~Cl1M ill':iliCleJ:lJllili ~.:J ,hulmYI11ullol1h:::IfI'Y1 1 'lf1~{f:IJllfHHq}{f:IJ~~lfl\9llijeJiu 

fl~:IJ 1'1f'fll 
1lmJ .iu m:::1J1ufll'J1 i'lfI~(1):::lnflm'lm01~'1fi'liel.:J1)lfl ill'J1J'fltleJU111 '1vmleJ:lJililil11'J fli1 

rlCli ~ \9l ~.:J 1) 1fl ill 'J 11fl 'J 1:::'l1eJ.:J rfv 'J::: fl eJ 1J 'YIl-HfI1J'U el.:J rlClI~ \91 f1.:J\9ll'J 1.:J~ 2. \ '¥I1J 11ii 1 'lfl~ I'J:IJ 111 'U I 
'1h'UV'J:::fleJ1Jfielu'lhm.:J~.:J'tY1:1Jl'Jtli'lfI11'U'VJclfl,* (Flux) 1M ~.:J1)lfllvJ'tY'1'fleJ:::llm:IJiu'Jv~ 2.\ Vi1J11 

v ~ 

ill :IJltu'Uel.:J 1'lfl~ 1'J:IJ'tYl'J i'U 'J:::1J1J 1 'lfl~ l'J:lJel::: oiJ11.1 ~~ Ifl\91 1) :::l'11',r'tY1:1Jl 'JtlliCl eJ:lJi1 '1 fi'~el tuli f1JJ~Hl.:J I 
'U • q 'U 

I 

r1i:uilVi 71.480.06 1.32 0.\8 9.22 3.06 0.26 \3 .21 0.\8 0.05 0.060.92 

http:0.060.92
http:71.480.06
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'IM~iT1jU/l\".iu 
f\l\IIl1wl'R~UllO!~~AAOI'If 

,tlllliJilIINiW1mlI~nn D2553 

"'.1 <f 
1~~u'J~(1·.:J1'I 

1. J ffflllWH't'tleJ.:J'lJhmurl'lI~~( 10 20 IIrl~30 ItJeJfl~'U~) ~lif·H't~eJ(1'lJmhHr.:Jl~l'\JeJ.:J~'U.:Jl'U 

.. 
.,j'UCfleJ'U i'U fl1 'Jl'lflrleJ.:J 

1) 111fll'J Ml'\J'Ulfl'tleJ.:J~'U'J.:J (1'eJ.:JlIlIri.:J~.:J tJ'J~ fleJlJ~1V~'U~hJ'\'htJ'J~~~ ('lf~eJ 1fl) II rl~l,1eJ ~'U 
'I'llf'Ylrll (IHJ'U) lflrl~1'U~:::lIflH1eJ'UeJrlH'UeJrl 181lJ'l1 

~ ~ '" d "'i ~ .. d, ~ t
2) i 'Ufll'Jl1flrleJ.:JllJeJ.:JCfI'U flrllrlCjJl'I ')j' fUfll'Jl1flrleJ.:JlJ'U'Ulfllrlflfl11420 AlJ lfl'JllJ~'J (-40 IlJ'lf) 

lfltl~(1'lJfllJ~.:J~'U~1~1t1lJ i1'mmw 10, 20 IIrl~ 30 ItJeJfl~'U~ i'U,T'UCfleJ'Ufll'J ~(1'lJ~~~(1'lJ(1'l'JUrl~~'U 

\I 1fllr'U1eJ'U ~l'UCfI:::1Im.:JeJ DH'UeJrl 18 IlJ'lf l~eJ'lhtl i'U fl1'Jelfl~'UJtJ 
",J :f ",!v '" q!V "" 

3) flfl'tl'UltJ')j''U.:Jl'U'tI'Ulfl 4x I 1'l$'UCflIlJCfI'J' . fl1rJ1l'1HI.:J Hydraulic press lflrl l'lHlHi'Ufll'JeJfl 2 

Q,I ctZ 191 Q,lt.dt, QJd cr 
1"l'U1l i:'l~ICfI 'J rl lJ 'lJ"U.:J l'U eJ rll.:J'U eJ rlt]'CfI'J rl::: 4 ~1eJ rll.:JI'V'I eJlI11'11 fl1 'JlIflCfl 1 III rIO'tI eJ.:J 'If'U.:J l'U 

4) eJlJlI,r.:J~'U.:Jl'U~flflmf)iJ 11 Ofl.:Jf'Y11'l$ClI~rl(1' 11~'Ul1i:'l1 24 i11lJ.:Jllrl~I~1~'U.:Jl'U~eJWlIf)iJ
Q ~ q ~ 

ct ct ct Q,I J Q , 

950 fl.:Jf'Yll'l$ClI'l$V(1', 900 eJ.:Jf'Yll'l$ClI'l$rl(1' 11,,:::850 eJ.:Jf'Yll'l$CII'l$V(1' eJCfI'Jlfll'J''tI'U'tIeJ.:JflWl1fJlJ 5 eJ.:Jf'Y1Cf1fl 

'U111 1~'Ul1rll 1 'l711lJ.:J l~eJf1fllllfilfl1'Jl1fl~1I1rl~filfl1'J'~fl~lJlh 



I 
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"'''I9J ,.,; 99J.., d .F- .1 "d " ,
5) 'il1fWHlf)1'J'Yl~HH)-1'Yl1~1'Vf1JJ1 L1Hl b'li mU(;lfllJHnW 10 U(;l~ 20 LlJtJ 'H9f'U~ 'U1'il~~11l1:it:l 

vlWl'U TI111t1'IJtJ1fJ~,m~tJ '1'Umi'ltlfi1J~I~ ~ -1Yi1f)1'J'Yl~(;l tJ-1 LYilH~hJ 1~ fJ'il ~Yi1f)1'J~'Ultl;'U -11'UL~'UU 'Yi-1 

'l v"" 9J' " • 1 '" 9J <l d .!I ~I ""'" .J • 1'" 
bl'IlJ'IJ'U1~Lff'U N1'U1!1'U t1fHl1-1lJ'J ~lJlW I L9f'U ~LlJm ~Jmi'l'JtJ-1'J~ (Extrusion) 9f-1llJ'U 11if)1'J'IJ'UllJ'Yl 

'l 9J "".., .J .19 1 '" .., d "'9 ~ "" ... "I 'l
Ifl(;lli'lfJ-1fl1Jf)1'J'IJ'Ulu I'U HtJ~ll(;l~i'l(;lI(;l~'YlI'li b'Uf)1'J'Yl~(;ltJ-1lJfftJ-1'IJ'UWlfltJ 420 blJ bmllJ~'J (-40 

IlJ'li) ll(;l~ 74 IlJ ImllJfl'J (-200 llJ'li) ;-1I~'illflf)1'j1'lf'1i'l~tJ-1 Plenary mill1J~I~'Ul1m I 'l711m llff~-1 

~-1'jtl~ 4.2 L~mm fJ1JI'VifJ1J N(;l'IJtJ -1'IJ'U1~rl(;lL~fl ~ij~tJfflJllii'IJtJ\I~'U \I1'Ul1tr\lIN1 
'" 

9J £ Id Q.I 9,l9J
6) tJ1Jll'\1\111(;l~ lN1'li'U\l1'Ul'li'UI~fJ1fl1J fl1'J'Yl~(;ltJ\I b'Ul1JtJ\lfl'U 

7) U1;'U-11'U1J1\1ri1'U l~m~tJfl~1mh-1;'U\l1'U~'ltft(;ll~fl 74 IlJlmllJfl'J IN1~~Wl1Qil950 
tJ\lfI'119f(;lICb-fJC1' Vfl'jlf)1'j~'U'lJtJ-1tJWl1flil5 tJ\lfI'l~tJ'U1'Vi 11J'U11(;l1 3 i'11m l~tJlmfJ1JI'VifJ1Jtl1Jl1m I 

• 'U 

i'11m 

8) 'Yl~(;ltJ\ll'lf'~mi1f1'lm (1J'U) NfflJtlml€lI~~ 'IJ'Ulfl 74 IlJ 1i'l'jllJ~'J l~tJlmfJ1JI'VifJ1JN(;l~I~ 

tl1J~'U'Yi1f1'lm (IHJ'U) 

9) U1 ri1'U NfflJ 'Yl flfffl:i NfflJ tl1Jli 11~ tJ Ifl1 fJlJldtJ~ 'U ~ 'U ritJ 'U~'U 'j til~'Uu'Yi \I;'U\ll'U~1mi'l~ tJ-1'1fl 
• 'U '" 

A 
~n1'iUIll""'~ 

~nun~~u~iIAAt1l'lf 
~a)\II1ffiJ\mlitl n2553 

.1'" <l
~lJ'Yl 2.2 Ifl'JtJ\l1J~ plenary mill 

I 
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co 
f-lflf1l'a'tlvHlel.:J'tl1. I 

1l1fWll'Jl.:J~ 2.2 IICI~ nJ~ 2.3 IIff~.:Jriltll'J11~ilI1Cl~~~q;m.htleJ.:J~'U.:Jl'U~'hi'1l1fl~1..!~hJ1'h
~ ~ 

l.h~ll~~thil'lfflJUCl~l'lfflJfl'U~1?1 H·nl'U'lh.:J 850-950 eJ.:Jfll!9HU9$Off VnJ11 ~ml1..!~'triflCll~\?Il1~ilff.:J 
'U 

~.:Jflril1 ffl'J~'U'Yf~rJl9ln:l ~eJQ't'U~1..!~UileJeJfl i~O~~Ull1IJi1rl fll'Jlfl~!ileJllfi'l (glassy phase) tl.:J'hi 

I~ O.:J'WeJ~ll~ l~eJlJeJumfl~1..!~eJ ci't fl ~'hr~~ flU ll'Ulfl~ fll'Jl1 ~ill~ UI9lArieJ AYilJeJ Ull1niJ fll'J ANl fll'J'M~ 
q OJ <l 1.1 

ArieJeJUll1niJff.:J~'UI'lf'UflU UCl~I'lCl1l1fltll'JIYiJJl1~1JlUlflC'U~\?I~ 10, 20 IICl~ 30 nJeJ!loR'Ul9l' fllJ';hhrril 
, 'U 'U 

fll'J11~ilIHl~ri1fll'J~~91m.Ylllill\?lflI9lH«'U't'UeJUll1niJ~ 850!ACl~ 900 eJ.:Jff1I9fClI9$Off l~eJ.:J'il1fl ~ u , 'U 

9J di Q.I i Q .... 1 Q.I cI OJ ~ 'i C\ .... I cI cl cI &, 9J 9J .dt.di '" I
'UeJO IlJeJ'J1lJflU 9f1~OJJ!lCl~YiClfl9f1?11eJ'U"l 9f.:JeJ~ lJ~'U u'J~1J1Ul 5.24 lueJ'JI'lilJl?1 '1$.:JfleJ'U'lJ1.:J'UeJfJllJeJ 

~'il1fl!vJfftl~eJ~lImJJh!'J11~ 2.1 1'11'tHO 1 fl h.ltll'J l~eJlJ~~fhJ'lJeJ.:JeJ'Uml'l 
'U 'U , 

Ci d di Q C1' <V ~ ~ J t cl tJ CjlQ,I

1'U'lJUl ~1'lIJJeJll'lleJ Ull1 nlJ 950 eJ .:Jflll9fC'U'liOff I'll f1l'J 11~\?I1'lJel'l'lfU'I1'UA'JJJff 'I'lJ'UeJ fJl-Hl1'U Ifl'lffl 
<I lJ· <u 

dt .,; ~ ~ '" cl ~ I <I cl <I. q 'lJ~ ~ i CI ~.1 '" <Ie! d ~ t <I cl <I. q !II
IlJell'WlJu'J1JlUl I'IClHll'l 30 AUelll9f'UI?11'llll1u'J1JlUl '1$1~OJJIICl~Yirlfl'1$lJt).:j 10.40 lueJ'JI'1$'U\?I111!11 

~l.J 'I 1'UlJ ri1tll'J11~ilff.:J AICl~ri1fll'J~~q;mi1~1 fl11:ff'U .:J1'U11~ffelU~l.J "l ~H'illJJ 1Ul flcll~\?IUeJ 0fll1 
" 'U 
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'" ~W'l1{!)J 

'" (f'l.!l Yf l!C)lj;UC)l1'J j;'J) 
j;'J~'.i

'" 

~nJfl1UJ 

'I1'h!1 

11 

('.if'll'Ji:'I:::) 

m)Jl'Jl1 

11 
('.if'll'Ji:'I:::) 

ell 

m'.i~WIC)l)J

'" 
" 

'lJl 

11 

('.if'll'Ji:'I:::) 

ct 

950 f'l'lfl'l!'1HW1Wf.1' ~lrYhlh~u~ ('Ii'~f)1f'1) 0.84±0.33 0.62±0.03 23.1S±0.34 

'"' '11 tl ." ~ ."filrm )~lJ~ ('Ii'::;f)1fi)+ 10! O':r!91'W1ll cullet 0.80±O. 16 0.62±0.O7 21.09±0.01 

'" '11 tl ." ~ ."fI'U'YIl )~u~ ('Ii'::;eJ1f1)+ 20! 0':r!91'W1'l cullet 1.7S±0.27 0.85±0. 10 J9.40±O.2 8 

"" '11 tl ." ~ ."fI'U'YIl nu~ ('Ii'~f)1f1)+ 30! 0':r!91'W1'l cullet 2.48±0.58 0.82±0. 14 18.23±0.61 

c1 

900 f)'IfI'l!'lHH'IH'lf.1' ~'U'Yi111)~u~ ('I$~f)1f1) 0.84tO.36 0.77±0.10 23.88±0.45 

"" '11 tl ." ~ ."f'I'U'YIl :i~u~ ('Ii'~f)1f1)+ 10 I V':r19l'W'fI cutlet 0.78±0.16 0.88±O.07 21.90±O.32 

"" '11 tl ." ~ ."f'I'U'YIl :i~u~ ('I$~eJ1f1)+ 20 I O':r19ltHl cullet 0.75±0.30 0.99±0.01 20.80±0.59 

"" '11 tl ." ~ ."fI'U'YIl )~u~ ('I$~eJ1f1)+ 30! 0':r19l'W'fI cui let 0.81±0.11 1.0O±0.01 19.2S±0.39 

c1 

850 f)'IfI'l!'1HH'IWf.1' ~'U'Yh11:i::;lJ~ ('I$~f)1f1) -0.04±0.11 0.01±0.03 23.86±0.58 

"" '11 tl ." ~ ."~'U'YI1 :i~u~ ('Ii'~f)1~)+ to I V':r19l'W'fI cullet -0.O3±O.20 O.O6±0.03 22.41±0.39 

'" '11 tl ." ~ ."fI'U'Yll :i~1l~ ('Ii'~eJ1f1)+ 20! V':r19l'W1'l cullet 0.15±O.26 0. 14±0.00 20.69±0.50 

'" '11 tl ." ~ ."fI'U'YIl ':r~u~ ('I$~f)1f1)+ 30 I O':r19l'W1'l cullet 0.19±0.21 0.16:t0.02 19.70+0.66 

I 

I 


I 


I 


I 
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28 30
i 

~l 
0 
'-' 
r 

~ 0;;:I 
~14 

'«~ 
G: 
(!i:QI 
I('C 

r-7 
c:: 
r 

-G: 

0 

I 
I 

i23.88 1 

119.7_____ 
Z3~ -+ 20 ~~15--

....JI ::!)1 18?l~5 

....JI 

0.15 

<>.III ::f-.-1- 10 ~I ::ge
Q.) 

,-..., 

~ 00 
'-' 

-10 

___900 
0 10 20 30 40 

mUlll.! Cullet (wt %) , ~ ""*""850 
mfln~~C)j'1J

'IJ 

-+-950 

lIlfWl1n~~ 2.3 !!C1~Ju~ 2.4 !!fffl~ ~lfll'j 'Hfli1!!C1~~1fll'j ~fI~lJ1h\Jfl ~~'U ~ l'U~'~1I lfl fll'J 

folffm~111H ~'U h~~'U. (I~f)~Ui'hf'llcn)UCl~iClA~~ 'W1.dl~'U~l'U~ 'liiriiClI~~li~lfll'J11f1i1 ilil?iH 

11 lfl~'U ~ l'U~iritfClA~~tI'hmlnrfl 0 I 'lhH~ 01 tl1.J~'U ~1'U~A\.11 £J'iJ 111 fl~'U'ti1U 'J~ 1I~ ('If~fl1f1) ~~Aflflll 1fl 

tJ~mwiC1!~~~i~rr~ iliI'Vlo~'Wfl i'U fll'J Avttll~ffuti'1i'U~'U~1'U uI?iArlfllvtmJ1mwiClI~~ lifollnhilf 

Avt'iJ~ rl'fl'*i 'U~w l'U!~'iJ~'U ri ~ fol CI ilf~1 fll'JfI fI~mh\Jfl ~ ~'U ~ l'UCI fI MI'If'U tl'U f-ICllI 1 flfll'J Afoll~'U~ l'U~ 
" 

~ d " QI Q ~~ ~ 
~Wlff.J'iJ 850, 900 UCI~ 950 f) ·Hl'lI91C1!910ff 'W'U11f11fll'J11f1~111~I'WlJU~'tl'UllJf)~Wlff.J'iJfll'nfollU~UCl~ 

m'iJ lWtfm~~\l.:J~'U!'If'U!~ 01 tl'U~'U'tilU'j~ 1I~ ('If~f)1f1) 1fI O~l fll'Jl'If1i1'tlf).:J ~'U.:J l'U ri1'U il1 i1ill~Aflfl 
i'Ul1ff'YlHA~tntl'Ul1lfl1H~~'U.:J l'U i fI'UU H m~'ril flri 11~f) ~'U.:J l'U 1I~'Hfli1~1'iJfl11'iJ11'U Ull flfl1l 

~ llJ 011 1~f).:J lIlm1'J'Ul1ff'Yll.:J~ '~i''U!!H fl'J~'rilm nfl1l fll'jlffli1~lnfl~'UltI'Uf-IClmlllflmmW'tlf).:J 
ffl'Jflij fl '91~ iu ffl'J flrilJAAflClfll i Cllr~.:Jli'H'U'l~AtJU'vh,fl'lf'iu ~'U.:J l'U ~.:J lifl riiu iClI~~!!C1~liffl~'U 'til. " 
ilflnfl fl1'J'Hfli1~ ~w l1f.Jii\l.:J~'U fll'J'Hfli1~lvt'iJ~'U lI~l'il ir1~lfll'J~fI~lJ11l'tlf).:J ~lHl'U C1flCl.:J !!~ 111 fl 

fll 'J'Yl flCI f) ~'W'U1l~1 fll'J~fl91mh'tlfl.:J~W 1'U i'U UI?iCl ~~w 'H fJiili ~ 1'li!!~ fll?i H fi'U lJ 1m!fl~.:JlUr':i1 fll'j 

fll'J11f1i111~li~lU~flI?i1.:Jti'Ui'U'lf1.:JflWl1f)ii 900 IAlI~ 950 ij.:Jff11'll"C1I~Off I~M1I1flflUmfli~'iJ'fi''U'tlf)'1. " . 

http:1'U~A\.11


I 

10 


~hnilfnnl (lilfl~'U lH~'U) 1~'U~'U~~fl'U'\h:j ii fl'4fl1f1'\J'U1fH~fl « 2 \111 ifl)UN1'j) t!.:I l~eJ.:I1Ilfl!1I'U 
Idfl~'U!l1il rn~"l~111 fli'U1J'U!I" ~ i'U ri 1.:1 NiYlJ fl'U ~'U~li'\J'U lfll~ fllJ1 fl 'i):;; l1fll9ll'I-Hf.:l IN1:1-J 1fl fl11~'U~li 

fl'411 lfl'\J'U lfl1m] l~fl.:l'il1 flfl'4fl1f1li~'U~ r:h l'Ufllnl11Jfim fnt!.:I 

~wl1~il 

(/Mfll 

!'II~II;rm) 

950 

iJ'Iml"llol~£J1:1' 

1.73±O.06 1.30±O.04 25.56±O.50 

... 1< 
~'U hnj'U (!lw~'Uvilf1'lol) + 

10 ltJDfl~'UIllr101~\11 
1.83±O.57 1.86±O.21 21.74±O.34 

~'Uh'l,j'U (l;fiJ~'Uvilf1'lCll» + 

20 !tJofl~'UIllr1Cllft\11 
2.6J±O.14 2.46±O.17 20.60±O.27 

~'U h'l,l'U (l1iD~'Uvilf1'1Cl1) + 

30 ItJDfl~UIllr1olft\11 
5. 13±O.46 2.61±O.15 19.02±0.45 

900 

D'If1'1!'lIi'H~l'Jff 

~'Uh'l,lu (I;fiJ~uvilf1'101) 
f-----;",-------;;,l,
~'U h'luu (luiJ~'Uvilmnl) + 

I 0 ItJiJfl~'UIllr1ClI~\11 

1.44±0.21 
---------t- 

1.83±O.23 

O.81±O.lO 21.63±O.37 
-----t-----t-------I 

1.27±O.21 21.87±O.54 

~uh'l,lu (!;fiJ~uvilf1'lol) + 

20 ltJD{I~UIllr101ft\11 
2.68±O.03 . 1.47±O.17 19.91±O.04 

~'U l-.H,l'U (I;fiJ~'Uvilf1'1Cl1) + 

30 ltJDfl~UIllr101ft\11 
2.93±O.03 1.90±O.15 19.34±O.34 

850 

D'If'I'11'll0l~l'Jff 

~uh'l,lu (l;fiJ~uvilf1'lOl) 
f-----;",-----;;11,
~ub'luu (luiJ~uvilf1'lCl1) + 

I 0 ItJiJfl~UIllr101ft\11 

-

O.88±O.Ol 

1.22±O.01 

-------t--- 

O.59±O.07 24.94±0.15 

O.88±0.07 22.79±0.34 

---t-----t---------1 

~u h'l,l'U (l'd'iJ~Uvilf1'101) + 

20 ItJiJfl~'UIllr1ol~\11 
1.47±O.O I J.07±O.10 21.29±O.34 

~u h'l,l'U (l1iD~uvilf1'lnl) + 

30 ItJDfl~UIllr101ft\11 
1.57±O.02 1. I 5±0.47 20.42±O.52 

I 

I 


I 
I 
I 
I 
I 



11 

30 

--. 
~ 
'-" 
r 

"0;;:::f 
20 

;6 
'U(? 
~ 
~O' 
II""" 10r 
c;= 
r 

~(9: 

0 

I --- -- I --~------l r --. 30 

- I 
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0.42 
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00 5 10 15 20 25 30 35 
t ~ ~ 

f11 fll'Jflfl '1$1J'U 1 ...... " 
~90 

m'lJ1W Cullet (wt %) ' 0 

!lJ~ 2.4 ml~fhfll'j'l1~';':m!;l~fhfll'j~~~lJlhUfl-l~':n.HH"lJ 'j~'I111-l~'U'l'il 
lM.Jn'lllJlm:a!J " d 

~1wr~1JUIll:llAI1JI'mf f11m (1H,]'U) tl!;l~Tl"H!;I~ 
m\lfu:jM1\1ffl\lJlmfin n2553 

~'W h.:JJ'W (!dfl~hJ'vhf11m) lifilf)1'j'l1fl';T~pn11~'U'Vhlh~~~ ('lf~fl1fl) !~tl-l~lntl'4mfl'Utl-l 

~'Ulifiltl~!fltlflU 'j~ nfllJ tl1Jiiltlt~~m ~ lUtl 'VI 'jn';1'j ~'I111-lfl'4mfl'\J'U lflI '11 qj tl tl~tfiflU~ n1 tll'Utl~!dtl 

~'U'l'ilf11m (h ~~'U) lJln11'Vll1,r~'U -l1'W lifil fll'j'l1 fl';T~~ n11~'U-ll'U ~ ln~'U 'l'ilU'j~ ~~ ('If~tl1fl)tlJJ'~~ 

llil ~Tltl !~~ l'U 'UW ~ ~ f)1'jt i41JmlJ lW fitlt~ ~ tltl ~ ~W'11 lJlJf)1mn ~~ 'lf1rJ 111'f)1'j nn'l1fl';1'Utl ~ ~'U-ll'U 
JI JI JI JI 

~ln~'U'l'ilf11m (1H,]'U) ~-ln11;'Unu~ln~'U'l'ilu'j~~~ ('If~tl1fl)!'If'U tl'U filf)1'j~fl~lJljl'Ufl-l;'U~l'U 

~ln~'Ulf-lfffl-lt!'l1ci-llifilllitl~n~l-l tl'U ci-llifil~ln11;'U -11'U~ llil~fitlt~~ 
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19l1':i1-1~ 2.4 ~H'I'fl1111!l191 flvlWUeJ-1't1l.l1f'lrlClIClI9lIlCl:;;mll 1tu~i~'U i'U.-J l'U 'il1fl1l1eJ ~'U J'U111fl'lCllvleJ 

TI'lllJ1im1-11I>J1 

tIm 
<u 

'uhllw~h'!h;j~'U 
..""... ,

(t'UeJA'U'YIlr'llm) 

v 
('.iell'Ja~) 

ill 11 J" J'.imw (t f)WIl'UYI) 

'" '" !!a~'IJ'U1AflalaYl 

(itlImltlYl'.i) 

, 
'" f11f)l'.i'l'iI'lYl1 

v 
('.ieJl'Ja~) 

.. 
..,g 0 

flUI'II'I91tl'U 1 
<u 

v 
('.itll'Ja~) 

TO 100 - 0.37±0. 14 20.96±0.41 

Tl 85 15 /0.420 0.7l±0.39 17.56±0.63 

T2 80 2010.420 0.80±0.18 16.66±0.2 2 

T3 85 15/0.074 1.l0±0.11 15.92±0.33 

T4 80 2010.074 1.45±0.14 14 .78±0.54 

I 

I 

I 


I d ~ 14 d:t ~d cl .d ~ ~ 9J 
f!lCll) 11 ~ 'b"10C'l f'l fl11 111'l1 'UI'J 1'IJeJ -11'U eJ fI'U I'U el-1 \11 fl el'4 fllfl'YIll'tl'U 1f'l1 Cl fl \I:;; II ! eJ f)l TI'1f) f'l f)lJ' 11191 m 11't1 eJ-1 

I>J ~ I9l ntu"l'i'lJl fl wi 1eJ'4 illfl "1t1i~-1 ~u h '1'!u (111 O~'Ul11f!lm) 111'U ~'U~li'tl'U 1f'l Cl:;; I~ 1'Jf'l w:il 2 

tl ~ "'Ict~ W iW' .d ""e> ~ .dII ! flJ' 1lJ191J'1l lfl'il-111 ! eJ fllTI'1I19l m 11 f'l-111'J 'ill flIlf\9j I>J Cll1eJ -1't1'U 1fHI'4fllfl \I-111fll1f1 fl'l:lll 1 eJ-1't1'U 1f'lIlC'l~ 

m 11ltu'tleJ -1 TI'll~HJl'rtll l~lllvteJf'l TI'mmlf «·m-l l't1eJ.:J~'U.:J l'U i f'l 0\1 :;;I1R OlJl11 OlJ'tI'U 1f'l'tleJ.:JrlC'I 1~19l 0.420 
" 

1IC'1~ 0.074 illifll!lll9lJ' mllltu 15 lIC'1:;; 20 l'tIeJfl~'U~if'lI'Jj:..jClflln1flC'leJ.:J~i~IITI'f'l-1f1.:J1911l1.:J~ 2.4 I 
l'llJ11~lfllllff'li1't1eJ.:J~W 1'U~HJrlC'lI~I9l'tl'U1fll~flf)':h 74 ill lfll 1111911 i'U flllf1TI'll li~lfllllff'li1TI'-1 

" 
fl11~W1'U~i~rlC'lI~I9l'tl'U 1fl 420 till 1flJI1l19l1 l~eJ.:J 111fl'tltu :;;~lrleJeJ'4fllflI111~'Uli'tl'Ulfll~fl 'I'lli'lfli I 
~'.J~;b~·nil lHei'19l1 lflll1nmJ fim 0 1 i'U m:;;lJ1'U f1l1'Y11.:Jfl1111 f eJ'Ull 1fl fl11eJ'4 f) l'fl~li'tl'U1f'l htt1iIlC'l~ 

'" w,_ Ii 1 W 11 ... i W ., '" _r;: '" cI '" i W d , I
TI'11J1HlIl'YIJ'flI9111't11 lJ 'U flHTI'lN'tIeJ.:JI'UeJfl'U f'llllflfl11. 'U'tItu~'YIlJl111tu'tleJ.:JflC'lIC'lI9l'YI 'b" flTI'.:JI>JCl 

vleJ~1 fllllffli1't1el.:J ~'U.:J1'U1 'If'U n'U IIvllrlel !'!..h OlJ!110m~lf 1N'tI'U1f'lIiCl ~mllltu~lJ11 mll1tu fl 11 i'lf' IrlClI~19l rJ.:J ri.:J I>Jm!el 0 fl111~eJ-1't1'U 1fl i f'lfJl'tIeJ fl~'U~flll flflttim.h'tlel-1 ~'U -11'U~ '1 ~li~l~lTI'fl (14.78" , 

l'tIelfl~'U~) ~-1I11'Uj:..jC'llll111flrlClI~I9l'tl'U 1fll~ flI'If'UI~ 01nlJ~1fll llffli1~iJ~ l\P 'l'fl (1.45 ,'tiel f,~'U\9l') I 

I 
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9J 9J '1 9J "I 9J • d'l 9J q .lI '" d0 v 
11 1 tHHl f11n1~ iH)'l'UN~'U111 !'\1(Ylm 'Hll1'J 1U !fl11'U'U 1f1'Ue:l'liYnl1 !'lfNiYJJ I'UI'U eJ~'U'W'-H'1 flU 

iY1JD~i'lHr'lIN l (tHl..j~'U \J 1fI! 'J 'l-d'U oile:l ~'U111f111'11) ~ 'I!n~ 11 1 fI fI n NiYJJ'U f) '1 !!'IHi'l ~hJ lJ'Ul! 1'1 ~ ~'U ri 1'1 

~1I'Jm\9)~~n11 f11n1~1'Ie:l'lI-viJJ!~lJ! ~1'J'~~'U'Vl 1f11 CllU'U ~iil'd'f)fieJ'U<U1'l "~!~l'JflJJ1NiYlJ fllJf1"I~~ IS 

\I"~ 20 !11e:l{lqj'U~ !'If'U!~lJ!fll'Jf1"!~~~I~li'U'U1f1 74 IIlJ!fI'j!lJm Ivte:l~ri1f11'JfI~9$JJlll'Ue:l'l~'t.I'l1'U 
" " 

i fll'Jf~" fl1'Jl1 fl" eJ'l !!iYfl'li'l~ 1n'l~ 2.4 fllJ'hri 1f11'J'I1 fl19l1/1" ~ fi1 f11l flfl9$JJll1'Ue:l 'l~'U 'l1'U 11 1fI~'Uh '1 
" 

19HII9$l'JiY~e:l'U1Y1 'U1'U I i'l!m fllJl1 ~'U'l1'U''I1'ri1f111flfl9$lJJ1fieJ'U,]'1'liY'l 11~ff'l!fI~ '1~111f1~1l1'l~ 
" " 

2.511iY~'J TCO ii'l TCIS ~'l!1I'U~'U'l1'U1l1f11mri'l~ln11f11"1 (lJ'U) iifi1f11ll1flI9l11!Cl~fi1f11'Jflfl9$lJiY'l 
" " " 

!!a~11~iifl1ll1f119l11-viJJ~'UlrleJ 1~f1Cl!~~.J'l 15 !!"~ 20 I'IJeJ{lqj'U~ lI~fi1f111flfl9$mhue:l'l~'U'l1'U~1 tT'U 
" 

<l 9J d Q.I d c1 9J C1 0 ~ 9J.:? d I J ~ cl 11 9J
UiYfl'lI'\1\'I1'UfHl!a~'1h lJl111'11')f'U'l1'UJJfll1lJ'I1'U111'U'U'U'U (Densifications ) cti'l11~m'U fl111f1f11l11fl 

'V 'V, " 'V 

19l1!!Cl~ri1f11HlflqfJJll1'Uf).:J~'U'l1'U I'U'UrudhYl'll T3 lW~ T4 111fl~lll'lY12.4 9$'lll'ljl'JlJ~'U'l1'U111fl~'U
" " 

h'l-dlJ (I'de:l~lJt11m" 1) 111'fi 1f11l'l1flI9l1fieJlJ~j1'l~1Irle:lIY1l'JlJ fllJ iY\9ll ~'U~ II" ~f)'ll!rl":hfi1f11lflflqfJJJ1 
" " 

'U e:l'l~'U 'l1'U 11 ~ iY'l W:i119l1e:l d1'l~ Il'ljl'Jm 1fl~ 'U'Vl 1f11" llJ'U II~ ~iiri1UeJ I'Jfll1~'U'Vi 1f11 Cl1~hiliflll fH.YlJ 
" 

~WI';i 
OJ 

U1mW~'W 

U 4" d(I em9lUVl) 

mmWcullet 

(IUe:lilcHU~) 

. OJ 

fll fll ';i '\1~W11 

iJ 
(~ijl'Jtl~) 

"• 4 0 

fllflUYlYl9l1.l'W1 
OJ 

iJ 
(';ie:ll'Jtl~) 

TCO 100( ~'U'11f11Cl1 (lJ'U» - 2.84±0.29 19.96±0.S9 

TCIS 85( ~'U111f11Cl1 (U'U» IS 3.64±0.20 14.01±OJ·S 

TC20 80 (~'U111f11Cl1 (lJll» 20 3.76±0.4S 12.67±0.70 

111fl~llH~ 2.6 ~'l11l'UNClm111flf11'j'UlI9l1e:ld1'l111f1iY\9ll T3 !!1'I~ T4 t11ml1f1Cle:l'l!~JJn"1'U 
" 

flllfJUivJ111fl I 'lh lmiliu 3 i'1!m fllJll ~'t.I'll'U~U~n 3 i'11lJ'l''I1'fi1f11ll1f119h,nw:h 1i'1!lJ'l 
" 

fl flqimll Cl fin 'If) '1 2 11.1 e:l {I~'U~ ~ '1 fi 1fill fIfI qfJJJ1iY1lJ 1 HlCl fI "'1 ifi'f) '1 J2.71 I Uf) {I~'U~ ~'llifi 1 
" " 
ri e:l'U<U1.:j~1 11 1 fiN" fllll1f1 "e:l.:j~ 11 fi''ri 1111' rf11 'J ~ fI eJ 1J fI n li 111.:j I ft f) fl I 'U fl n N~ I'l m fl~'U fI ri 11~f) '111 fI 

'" 
rflh ~ fl eJ 'IJ f11l ff 1JJ1 Hl'l11!m ri.:J l\9lfl ~ lJ~'J 1'fl1fl fI'M nfflJJ1l fllft f) fI I 'lf~ llJfl11lJm JJ 1~ iYlJ i fi'fl ri l1~eJ 
" • u 
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!VlfJ.:rvreJihmJ1'.itll'lfrlrl!~I9I~ 20 !'tlCl1!;'U19l Url:;: lJllJ1'.itl!mi~~nrll I 'l711lJ.:I ~.:I1):;:!ll'Ufll)''tl),:;:,\1lj~ 
'" 9JVIrl.:l.:ll'UlW:;:I9I'Ul]'U i9J 

~ 

~m 

, .., 
I'llfll1'HAYll 

(~ClrJ~:;:) 

fll'aAA 
QI .. 

"" 0 v
91lJ'Ul ('aClrJ(;l:;:) 

O'U tlv! I '171111.:1 o'U iv! 3 '171111.:1 o'U llv! I i'11m u'U llv! 3 '171111.:1 

T3 L10±0. II 1.56±0.16 15 .92:1-0.33 14.75±0.25 

T4 1.45±0.14 2.14±0.05 14.78±0.54 12.71-±:0.23 

Ll) ~'U'\'il'tl)':;:1)::: ('If:;:er)fl)!!rl:;:~'U'\'ilrnm (IJ.:IJ'U) ~NlJlJrlm~\9I lJ~lfll),'H~\9h~.:Ifl':h 

~'U~ililri l'U'tH:U:;:~ fllfll)'~~9hJJ1'UCl.:l~'UJ.:IlJCl.:l!!'Hri.:l ~eJfJ'l rl~rl.:l ~fCllJ'l fiU~l'HflI9l1~!'vilJ~'U 
" 

1.2) mlJlwfirl!~I9I~ rvi1l~'U ri .:INrll'1f~wll'U lJrh fll)' 'Hfll9l1lJ .:I~'U !W:;:fll fll)' ~fl95lJ1.11 
u " .

rl ~rl'1 l'U~'Ul'i'1lJCl'1!l'Hri.:l 

1.3) rlrl! ~19I'U'U lf1l~ f) lJllJl),t1 'I'i 1I'If~ 1 fll ),'H~19l1!.yi 1I~'U !llCl'11) 1 m fl ~ 'tl ~m fJ1 ~M~ Url:;: 

lJllJl)'m.ul' 'tl!!'m f) l'UCl'4 fllfl'HfJ1U'UCl'1!~Cl~'U1~ 

~ ~ ~ t ,
fll)' ~fI'1f1l'U l'UCl'1 'If'U'l1'U'Y\.:J lJCl'1!!'H M 

" 
1.5) !rlCl!.yilJ!1ml'Ufll)'fj'Uiv!'UCl.:l~'U'1l'Ul~1I~'U1)1f) 1 i'11m !1l'U 3 'lh111'1 WU11f)1),'HfI I 
1.4) I 

I 

I 

http:lJllJl)'m.ul
http:H~19l1!.yi
http:fl95lJ1.11
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2.2.2 fll'a'YIVll;H),rYi 1. 2 

1;l'lJ'lffl'Hrr.:.t~l'Ue"J.:.tt~e"J~uh.:.t~\,\ (t~e"J~\'\liwmn) ui;l~~UlilU-:l~<\)~ ('Il'~e"J1V1) 

ulfl fllJ''Y1~ne"J,nl1rlCll~I9lJJ1I~t'~f) n~~f),!fl\9l1'Ue"J~~~~HltU<l'1 f1el'U,jH i~~n~ 1!~e"J01'l th nl9l1JJ 

i1tylY 1~ alrlty ~ flUJ' ~ fllJ' ~€l fllJ' lYl~eJ IUl1€l;J fiu fllfl II9i ~ ;Jii~l9lff1lY m:i JJ~t'ArJ1n11 fllJ' ~~I9lHnl 
, 'j) 'j) . ~ ci 0 i'j) , 'j) "I & .1 '" q '" "'-~ i ' Cl 1f1e"JU'Ul-!1'UM HO~1JJ'lJ1Ul'Y1'U1JJl 'If-!ll'Ufl€l'U'Ul-!lU';Jfl€l 15 fI;J 30 !u€lJ'I'lf'U19l €l1uJJ1J:iJJ1Ul JJrVHJ-!I'Vl€l 'U 

fllnh iuH1u €ll9lffllY mnJ lY lfl'illAiI'UI9i€l-!lt~JJfl1J''U'Uri;Jriot~l9lfllUri -!I~"~€l m:i I~JJI9i'U'Y1'U tiff inr'U. , 
c:1 ci, d Q./Q.9 9J d QI Q.I d .at Q.I df i 'j)i • ~ 'j)

lYlflJJ ffU'Y1'U 1U~JJ ffJJ11\91 1fl" Ifl LI-!I fl'IJfI "!ft\91f1 €l fflJJ1 J'll 0 ~ ~~ '! fl19l1'U€l -!I'If'U ;Jl'UHc\::: 'If 'UuJ'lJ1Ul'Ufl LI 

'c::, 9.J Qli19lCl & ci~l!l9Jd ~Q QQ.I Q 

fl11 fl'Ul u~ff1JJ1J' flo ~\91'UI'J'U fl1:i N0\91 ~ ~'U fllHl'fl1J1'U U;J ~119lJ' OJJI'U €l ~'UNffJJ fl'IJ ffUlY" lL1'1f'U~ €l 1'Yl 

i 'lfl~ LlJJmf'IJ€lI'U19l (l'lf~lu€l 'If) U,,:::ffU'IJ all J' fl'lf (lhuJ'~ffl'U'Y1€l-!I ~;JliI'UVlll~ eJ ~ 1;J fll0~'U €l 0 fl'IJ 
u 

U1JJ1ll!~ ff~ ffJJ I'U ~H fll LI I9lnU'Vl'IJu€l LlI'U" fl~'U t~€ll'h 'l:H'1f011 ijl~!ff;J m 'IJ m fl11) flU H1951~ LlJJ'" , 

fI1f11fl 1'U19l NffJJ i'Ul,1€l ~'U,j'U u:::1'11 ''11'1,1€l N~19l fill! q1 iiWJ1JJil fl~ -!I Un :::1~1 tlff~€lUllY fll1~l fl'jl'~JJ, .., 

I~ €l;J ulfl i'lft~LlJJmfmll'U\91til'U~10flU~fffl~1~ii No€l OHI!H 1~Llii u~lY O€lJJ~1~€l ll!lY fll1~l&j LI-!I 85 I 
q q q q 'U 

€l ;Jml95m~Off ''U'Ull!:::~ [l'lJ'IJ €l1IJ fl'lfii i m €l'U!lI'Ua-!lfluJ' ~ fl €l'lJtflii ~-!lli~~lY 0 €lJJ\Oil~1I'If'U n'U~eJ 577 

eJ -!lfY11'lfCll~Llff i-!lJ'U~-!lliI'U~f11~ilff1J"f;JffeJ;J'lfil ~€l lUI~JJfl11JJllfl~ -!I l,r~'U -!ll'U 11('1 ~INl iff~~UllY f."}11 

\?11M 

.rrUY'le"JU1Ufll-:l'YIVl i;le"J.:.t 

I) 1ilmJ''IJ~A~eJ''~'U'U1~'U€l-!I~'U iH,j'U (l,1eJ~'U'¥i1fY1C11) i-!lI'lf'UfllJ''Y1~C\eJ-!I~rh'UJJ1 
2) 1\9I1I'JJJ~wl1'U 1 ~1'J1~l95A~oJJmf'IJeJA'U\91!1o:::ffu'lJallJ'fli' 1~LI!~JJllJJ1Ul'UeJ'lffU.J-!lffeJ-!I 

€lONo::: I, 2, 3, 4 UO::: 5 Al1€lfl~'U19i' 1~LlU'\9IJ'~H1'Ufl1'j'Yl~nfl-!l Uff~-!lf1-!1\911n-!l~ 2.7 ~ffJJU'\91'jI!~o::: 
'" -:: _1 .1 '" q a J _t Y "I,. 'I 'j) , "" "'.1 _1 '" ~I 'j)

ff\91J'fl'IJ'U1uJ':::lJ1Ul 20 Au€l'jI95'U19l 'U'UJ'ml1L1JJ€l I~LlI'lfIlJJ'VlJJ'Vlu'Uu01ffA\91eJJ'I1J'U'Y1HfloJJ 'U'UWUffU 
.. 'U '" 

~lUfY'UUfl"H 5 t95'U~!lJ\91J' tlflUf)l1ll,r-!l~eJll!lYfliJ I 10 €l-!lfYlt95nl~Llff AiI'Ut101 24 'l711mIlCl:::IN1~ 
'U , 'U 

Q d..h ~ dl ~q ~ 91 
~ll!lYf."}JJ 850,900 1IC1::: 950 e"J-!lfYll950A950ff l'VleJ11~ffeJ'lJffJJ'lJI9lfl1J'tlfl95JJ'U11'U1'IJeJ-!ll9l'U 

3) i'Uril'U'UeJ-!I~'U'¥i 111 J'::: 1)::: ('If::: eJl~) 1)~~'UJ l1ff';WfllJ eifll'lf'U fl'U 1~e"Jl,rliJ'l1~ 1-!1 ftfl1lUl:::rHl11'J 
'U 'U 

~~ lf1L1l'i1fl1J''YilTfl~ffJJ~'Ul'ill1J':::u::: ('If~eJlfl) flmhvi-!lii' 24 i11JJ-!I tlflUlhiUNffJJfi'IJ 195I~OJJ 

fl1f'IJeJl'Ul9llllJ1ll!3 111€lfl~'U19i' lYft-!l1)1f1J'U'Yi:Ufl~'U~~ffJJl!tf1lwfl 24 'l711JJ-!I tl€l'U fll'j~'UJ'l1
'U 



I 

16 

4) 111IdeJ~'\.l'\'h1h:i:1l:i: ('If:i:eJ1~) ~l1lJf)mr1hj~'U~11~~ ~1lJ1f1~eJ'H)fl 'lJ'Ul~ 5.5xllx2.5 

ICU'U~I1JI91'J eJ1JII,r':'~'\.HTU~eJtlmnii 110 eJ':'fI'1lCU'II~rriY 11J'Umn 24 'lh1m 1Il1:i:I~l~1Hl'U~eJtl!l1fliJ 
~ eu ~ cu 

g-m 
, 
~1'UmnJ 

T ~'U1H~'U (n1eJ~'U111fY1m) 

Tbl "'1 ~ 11"" 11d'd d'fl'U H 'U (l'UeJfl'U'YIlfYllll) + It eJ'JICU'U191 borax 

Tb2 A 1 ~ 11 "" , 11 d'd d'
~'U H 'U (!'UeJ~'U'YIlfY1l11) + 21 eJ'JICU'U191 borax 

Tb3 '" 1 ~ 11 "" , 11 d'd d'~'U H 'U (I'UeJ~'U'YIlfYHn) + 31 eJ'JICU'U191 borax 

Tb4 ~'U h.:,~'U (ldeJ~'Ul11fYllll) + 4111eJfl~'U~ b~rax 

TbS 
A 1 ~ 11 "" , 11 d'd d'
~'U H 'U (l'UeJ~'U'YIlfYlm) + 51 eJ'JICU'U191 borax 

Tnl "'1 ~ 11"" 11d'd d'~'U H 'U (l'UeJ~'U'YIlfYlm) + \I eJ'JICU'U\91 Na2C03 

Tn2 " " ~'U1HiJ'U (!i'leJ~'U'YhfYlm) + 211lf)fl~'U~ Na2C03 

Tn3 ~'U 1H~'U (!deJ~'U111fYllll) ~ 3iJe).fl~'U19l' Na2C03 

Tn4 "'1 ~ )1"" 11d'd d'~'U 'J':' 'U (I'UeJfl'U'YIlfYlm) + 41 f)'JI'If'U\91 Na2C0
3 

TnS "'1 ~ )1"", lld'd d'
~'U H 'U (I'UeJ~'U'YIlfYlll1) + 51 eJ'JI'If'U191 Na2C03 

I 
I 

I 

I 

I 
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'" l'Ii:'Ifll':i'YIVl!:'IeJ~'YI 1.2 

'iJlfWIlJ l.:j~ 2.8 U"1'l'~.:j lH'I1~1.dl!rleJ J:-.I"1'I'll i 9$!~lJllfllfueJl'U\91'H~ eJ "1'I'UUeJUH1'lilurdeJ ~'U 

"1'I'llJ1HI (l ~~1f) U~ ~91mh'\JeJ.:j~'U.:j l'U cH 1~!rieJlm lJU!l1lJU flU 191':Hl riH~1u' fi'f'l"1'l'll Wl ~ ~l fllJ ~~cllll 
~ ~ 

Jl(l~(l.:jI~eJlJ"l lrieJmlJ1tu"1'l'u!vill~'U'iJlfl 1 O.:j 5 !l1eJflcJI'Ul?li~lJ~'U.:jl'U~HJi9$I~l'JllfllfueJ!'U\91 '11'~1 

fllJflf'lcllllJ1rieJ'U.u1.:j~1~eJ eJri1'U'lh'l 8.69 0'l14.31 l11eJflcJI'Ul?l uo~~m1'U~lri"1'l'1)ueJmf),*i11'ri1fllJ
~ ~ 

f'lf'l9111Jlelrii'U'lfl'l 10.29 O'l 14.94 l11eJfl91'U1?l ~'l}j~lriel'U.uN~l 'H1f)~'iJ1fl!'Yl"1'l"]~el~Uf)J1l1'UnJ~ 2.5 
'U III 'U 'U 

U~!rlel J 1111911 flUeJ~ (lil'U 111 (l ~~~ fl1~.:j}j'iJ~'H (leJ 111911~ el'U.u1'l"1'l'.:j 111 111'~ lfl uf'lf'l91mll'\J el'l ~'U HU}j~1 
U 4 'U 'U 

"1'1' 'l f)ll~U 'll'U~f'l"1'l'll i '1H~ lJllfllfueJIU\91I~ mYeJ I'J \I~"1'I'lJ.J'l "1'I'eJ'l1911fhh'H'U1~!~'U'Yl ftfl9SeJ cil'll! J 'l 1u fl 1)
" 

~m 
QJ 

q '"f,lW'l1{!tI (eJ~YfW:)ji:'l!9I1'J~) 

850 900 950 

T 14 .95±0.28 14.72±0.28 \4 .07±0.21 

Tbl 14.04±0.04 13.91 ±0.1 0 13.3\±0.38 

Tb2 13.47±0.30 12.78±0.46 12.44±0.32 

Tb3 13.03±0.08 12.07±0.51 Il.43± 1.00 

Tb4* 12.39±0.13 11.47±0.30 11 .09±0.6S 

Tb5 12.19±0.05 10.69±0.23 10.29±0.83 

Tn] 14.31±0.J9 13.99±0.11 11.55±2.19 

Tn2 13.S2±0.08 12.89±0.73 9.54±0.70 

Tn3* 13 . 19±0.31 12.41±0.29 8.69±0.45 

Tn4 13.35±O.30 11.90±0.60 7.62±0.48 

Tn5* \3.89±0.81 J 1.95±0.26 8.16±0.82 

, • 'V I 'V 'jJ 
d Q Q 'Q d Q.I ..:;:., CS' ~ 0 

III eJ 1'Vi II eJ tu 'H fill fllJ If'll 'Vi U1l'lfm l'U'YI ~HYll"1'l'1 J 'Yl 'l"1'l'eJ.:J 'If'U f'l II f1l fll J ~f'l9$1l'U1(l f'l 0 'l \91111 0 1f'lU. "~ 
g) W •• '\11 I 

";.:JU"1'I'el f'l f1 fteJ 'l flU fllJ'YIf'l (l eJ'll1 ~l'UlJl ~eJ IjjeJ ~ tu 'H lJ il fllJ IJ:-.ITcr .:J<U'U 'iJ~!Vilre)\91 n f) U!llf'll1ijm I'J 1 l'i'1 
<jJ:f.c:l I Q ~ C1 9 9.J:t cs I ,l

i'H'lf'U'l1'Ullfl1111'H'U11!'U'U!'Vill'\J'UUO~eJ1 'iJllJ:-.lCl !'H'lf'U HU llfl11llllflJ .:J'\JU 

001 
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.1 "d " .1 "d "i '" " & 0 .",4 tue1',j'tCU'U~) Tn3* U"~ Tn5* (3 UCl~ 5 luemcu'U~ CUlflfl'lJflU1Je1I'U~) ~.,'j'U1~~',j'fI.,'jm111'lJl'l1f1i"1e1.,'j 

1~'lJI~'lJ iflCl!r-n~e1Ul'HniJ~~lo.,'j;ie1 700 !li"l~ 800 e1.,'jft'1ICU"I~fJ("I'~eJflfllllrilfll',j'flfI~'lJ11l~tnfl~lfl I
• <oJ <oJ 


I ., 'JJ 'V • 

.c::t Ao ,.g I QI L:1 ' & 0 I C1 ,C), 

flU 1~111 ~Ul 'H Q'lJ~ 1 M CU.,'j ~l fl fll',j' 'l1f1 Cl e1.,'j'VilJ 1l'l1.,'j(yl'lJ~~',j''lJfll fll',j' ~flCU'lJ'U1\1.,'j fl111r-n'l1~ til '11 Q'lJ \1.,'j 

I~ eJ.,'j ~ 1fl~~ Ul '11 QiJ ~lfl11 ei~ ',j' 1 flu'vi'111 fim fll'\J eJ.,'j (YU rieJ 'lJ IflflUeJ £I fl1 l~ ~tIl'l1 QiJ \1.,'j 1'l1llfri WI 1l'lJ I 
'I1'U lUU 'U '\J eJ .,'j~'U.,'j l'U~eJ tu'l1 niJ ff.,'j liri 1'lJ lfl fl1 1 ri.,'j JII/:ll..rri 1fll',j' flfI~'lJ'\ll'\Je1.,'j ~'U.,'jl'U~l fl1l~'U.,'j l'U~ 

q 'U 'U 'U . . 
eJtIl'l1fliJ\?l1fi.,'j~l'.il.,'jl1 2.9 

• <oJ 

I 
I 

I 

I 


flIUl11l'1i~~lJ~~AAOl~ 
mllfui1f\01WlmA~ 1l 25S3 

lAl"~tnllJflT'-'lJ 

I 

I 
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i~WI'a 
'" 

'" "" ~w'ttgaJ (eJ.:JY'l1t"ll~t9l£J(;T) 

700 800 850 900 950 

Tb4* 14.40+0.18 14 .05±0.25 12.39±0.13 11.47±0.30 11.09±0.65 

Tn3* 14.34±0.18 13.75±0.28 13.19±0.31 12.41±0.29 8.69±0.45 

Tn5* 15.24+0.28 15.05tO.48 \3 .89±0.81 11 .95±0.26 8.16±0 .82 

1.leJ fHllfHHl fIlnl~i"leJ.:J~ ~1'\.nJl ~ '1~1J1 flfll';j'~~1.l1 H~1.l (l11'eJ~1.l 'I'i1fnm) 1Ii"l~~'\.J'\Ii1un;1J:;; 
'I ~ q 9J .Ji "11 '" 'I 9J • "" ~"I " I ~ '" ... '" ('If:;;en~) t1.lfl1';l'Y1~i"leJ.:J 'Ii.:J t'lffll';j'U1.lJu ~flflUeJ~ 1Ii"l~ 1'lflllJVUJl'l\l1.luf11ffl\9HmHl1 fl.:JlJfllnl~i"leJ.:J 

" " .
''If'fl1)'lJ1.lJul~flfl1Hi~tj}1.l.:J11.l1,fii'U1.ll~l!i"l:;;Ju:h.:Jlfl'''lfifl.:J~~ 'U1.ll~ 5.5x II x2.5 IC)i1.l~llJ\9I';j l~ml1 

ri 1fll ';j ~ fl9flJll1'U fl.:J~1.l HU ¥l U 11 ~ i"l fll ';j 'Y1~ i"l eJ.:J ~ Ll ~fffl ~ 1'1'"fl.:J tlU fl1';j'Y1~ i"l eJ.:J~ ~1'\.JlJ 1 ;leJ Irlfl ~ fflJ 
'U 

1 'lil~ fllJ1'11fufl 11.l\91 ~1.l.:J 11.l '\)~ l,fri1fll';j~fl91lJlhi"l ~ i"l.:J~.:J IIfffl.:Ji'l\91 1';1 1.:J~ 2.10 l~fllrlfllm flUI'l1 t'J1JflU 
'U 

~1.l.:J 11.l '\) 1fl~1.l 'l'i1f1'l f11 (1 H ~1.l) ¥lU 11 ii ri 1i lill\91 fll>i H tlU finrwtl '\.J ~ fll ~ i 1 ffllJl ';111'\.111 'Ii I~ fllJ 
rnfufll'\.J\9I , u't~.:J 11.l tlU!'d'eJ~1.l~iifl.:Jr1<\11.:Jlflii ilill\91 fllPil.:J tl1.l111mIfl 

ilm 
'" 

.. 
1 dI 0 

fI1 fl1 'a~~91aJ'U 1... 
y 

('afl£J~~) 

~u'l'hu';j~'\):;; ('If:;;eJl~) ~fflJ hl~fllJ "I 12.47 ±O.82 

~m11U';j:;;'\):;; ('If~fl1f1) 15.71±0.12 

~1.l1H~U (l11'fl~h.nl1f1'li"l1)~fflJ l'1il~fllJ"I 12.41±0.29 

~1.l1 'j .:J~'\.J (l'd'fl~1.l'\11fni"l1) 14.72±0.28 

http:flfll';j'~~1.l1
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rieJ'U'U\:J Cl::;I~hJ'fl1l Cl::; 1~1'U 'lJhm:u rieJ'U'lfH ff'J eJ 1'iI'iI::;!~lJ~'Ull'U
q 

'l 'U fl U f-l~\911lfo'U fl ri 
q 
lJ ~f-l ~\91ua::;~

~~ ~ 

epJin fI'~ l'U '\.IUI::;~ i '1$!~ OlJ fI1 ~U eJ I'U\91 III 'U ffU ~ rll WlllJ 1 'iI::; ffUIl) fl '\.11 11n ~'Jl'U \1 ~1 'WI:jf '1 

fJ\91ff1l1m)lJ'~ 1i1f.l'J'illflfflm)flCl'flrilfll)~'fl9$mh tl~J'J~m1'U~~ IICl::;m::;flN\91fll!~'Jff1'U ~'Jfl1'fl 
11'il::;1'i11lf~'UHUJjfl11lJllfl~ 'J1~lJ~'U 1f'J~ ~/'lh::; fleJ'lJ tl Ufll)ffml1~lJ1'I'U1'U fll) f.I~\91 I.lU 1::; ii'JulY1 1 I 

~ , 

'1.1"eJ tcr'WeJ!!'W ::; I 
l'U fll)1'I'fl Cl f.l'J ril'Ulmu 'iI::;1~ri1fll) 'fl'fl9$ml111J'UI9i1U1'I'U U'J Uel flii 'Jri 1f111lJ I !fli 'J'Uf.l'J~'U 'Jl'W" ~ 

• ':iI 'V 
r-:t l:!!VoQ.l~ Q,lQ,I 9J t d ~ I 0 0 

I'U f.l'J 'il1fllJ'\Jf.l 'il1fl'flI)f.l'JI1Cl1 'fl'J'U'U'H 1fl\91eJ'J flUfllfl11lJ 11'1.1'111) 'J'H) eJfll1lJ II m 'J'\Jel'J 'If'UHU f.l1'il1'l1 flU 

I 
2.3 f)l1'UmI'JN1HllflMel~1I~lliifll'au~'W~1I~llii~1'W'il~~ 

I 
'ill flfHl fll)1'I'flCleJ'Jl'UlreJ'JlIfi1j~ fll )'VlU11 lJ'Ul'J U\91)~fll'fl':h ffllJUm.h i lI'~'Jl'U '~'iI~ 'J''U 

mi lJ~f.I~\91 tiel fll) l~lJ i '1$1~ fJlJfll~Uf.lI'U\91 3 \11 eJ ~I~'U~ I~ eJ Cl 'fl el ru 'l1 nil fl U If.ll IICl::; !'vilJ fll1lJ II fli '1 
~ 'U Q 'U 

'llfnUI11'eJf-lft\91nru ~i'flOfl~lJ~f.I~\91~1'Il'J i m'Jfll)"l i~t11f.lCl flWV1'flCl eJ'J'hhJfi'lJ1l'J1lJ'iI~ 'J~ 1?l1UCl 11 1fl 

l~'U eil!flf)!~f.l'J 'lh::;fleJU~10flrimrf.lft\91 2 flrilJ1~l!ri 
U Q. \I Q. 

1. iH'Jl'Uf.lft\91nru~m::;fl1'J\91fl!l~'JffllJ 

2. I)'J~~ I 

I 

I 
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2. 3.1 .fr'U\?IeJ'Ufll1"'llilim~l'Ul'U11" ~~ l'UI'li;1\?1I'li;1\?1j)wcrhn:::tll~\?IfHWi~tT1'U 

\?l1)1,:j~ 2.11 ,r'U\?lellHllJ"I~1IJlJlln:::lf·nr-l~~rl'rucr1fl'J:::m,:j\9lflUl9i,:j1:l1'U 2 h,:j,:jl'U 

9J .d:t C1 

r-ll:llJfl11JIflHl':)Hl 111 3 J"eJ'IJ 

91 
fllJ"~lfHl'1H 

" " ~ml11q'IJi1'llJ":::mru 0.5-1 1'h 

111fllJ"I~1IJlJn1t)~'Ui'U h':)':)l11~ 1 1I:;;lIl1fllJ"'U1flJnnJf1 3 J"t)'IJ lf1IJJ"t)'lJIIHlll:;;f-HnJ~llfr'IJ 
'Yl nlJ i'U el~ J1 ,Y1U 7:3 lin :;;~~ lJll11~ mft) IJn.:J Il.!1fl~ t),:)1 fl 1111,:) 111t) ~ll~ ~MlJ'U'Ulf1HYll ~111 fl'U rlfli'll,:j.. 
'U'Ulfl 8 if1 Url:;;if11,rlJ'U't.l1flIl'\1,:jn::: 6 nhfl~lJ lfllJlJfl11lJIJ111111-:m:;; 12.5 1'1f'U~llJ~J" u'Vi':)~'UlIl9in::: 

1I'\1,:j 11::: 1ii'1f!~ IJlJfllf'IJt)I'U~'ll)' :::mru 150 fl~lJ f-ll:llJ n'IJl11t)~lllu fllJ"1 f1 f-l1:llJ) t)'IJ~I:lt),:j 1) lflJ'U'l11~'U 
d 9J 9J ,ls .:s.c:1 ~ Q.I' .ci..t d !lJ I cI 
'Yl f-ll:llJ II n 1!'UllfU t),:) J" flt) flflH ~1 ellJ H fl):;;ll H'Yl 'U'U )''lllJ'U'U lf1! 1:l'U f-ll'Ufl'U fJ flnl,:j'llJ':;; lJ1W 12.. .. 
l'1fll~llJ~J" 1fl fJ1):;;~l fl m :;;m,:j i11II ~lJ!~ t),:j1) lfl fllJ''l11 1'll ~,:jIlf1flt) 11) 1):;;lIll,,r~U n'UlI~ fl i~ nt)'U1):;;1.11 

<I 
flWIHlIll~ 

1~t),:j1)lfll 'H,:j1'U~ 2 1~lfl~t),:j1fl~'U~fit)'U'li'Hll1qjlli:l:;;lfl~t),:)'llJ":;; flt)'IJ~1fJi'IJvrf1I:lrl''lJII~ mil 

~,:j.J.'U i'U fllJ"'Yl fl n t),:) f-ll:llJ ~ll n'IJ 1'1f1~ fJlJfll f'IJ t) I'U~ ~,:)'Yl fl i:l t) ,:j'l11~1l~1 f1!Hl'J m r-ll:llJ n'IJ 1'1f1~ IJlJ 

fllf'IJt)lll~II'Ylll IIft11~jjt)'U1fllfllJ'~ ~'U~'U 15 nlnfl~1J1l:::1~'1fI~lJlJ~l1f'IJt)I'U~'llJ':;;ml.U 350 fl~1J 
~ r-:i~ 19J QJ ~ 
'lfm1lll1'UllJ"'ll fllll:lfl,:jfl,:jJ''ll'Yl 2.6.. .. 

http:1):;;1.11
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A 
Lm~n'TIom~o\'\J 

~OlfIlm~Q~\Ju.il:~§61nru'lf 
Ih~fuil6lm~nmU'llflOn fl2553 

2.3.2 ~i;lfll~Al&'ih.!fll~l'U1~ .:I.:I1'U~ilt?l~ilt?lflwcr'\fm~tIl.:lVlfUt~.:Iil'1'U 

111 fl f111 1.11 i'lit~tJlJr111mHlJ~1J1rHYlJn"'Hdf)~'UI~f)~'Ultll'U11 .:j.:j1'U~ J Yl1J':h ''U1~lr:h.:jfll'J 
~ .IP '" '" ~ ~ d ~.,j .1 "''''''' ~ '" ~ '" '"0 <V

'tI'Ulml1tJlJf) tflflfl111J'Jf)'U'tI'Um fl'U f) £I I'U f) .:j'il1fl fll'J'YI1lJ~ flHll'tlf) ·:nYl'J fl1JI'U f) fl'U IHl::::I'UeJ fl'UlJfl111J 

cs ~ d ~ '" ~.I .,? ". .Ii '" .1 '" nt'UfJ1't1'U1"fl'UeJtJ lHl.:j'il1flfll1't1'U'JlJ 'lfWI1'Ufl'j"~m.:j 11Ji'l.:j1lJ fltJ'il~01J~1lJ'J~1J1tll 1-2 1'li'U~11J~'J... .... 
t I '" 'V tI 

l'U'tItll::::'Y1 11.:j.:j 1'Ul1 2 ~'U.:j 1'U 1~q1J~1l1.:jijf) 1'il 'il::::lflfl 'il1flUmi£111" 1fJf) ri1.:j f)lii fll1 m1fl~'U nf)'U fll'J 

<VI'" .f t ~I ~'" <V ~""<V <'I
f-O:YlJ fl1J 'lim fJlJ f1111Jf) I'U ~ 'tI'U~ f)'U fllHHY1J II ,,:::: fl111.1 IlJ'UI'U f) Ifl £I 1 fl 'U 'tI f).:j I'U f) fl'U fl1J 'CY11 111.1 fH 

1 ::::£1:::: 11Cl11'U fll11111'fl~'Ul1 rl'.:j fl1 'H-I 'CY1J 1'lil~ fJlJi'll ~1J f) I'U ~ II ,,:::: lin 1J'lf1~hJ f).:j l.crf) ~ 'U 1'U II~ Cl ::::1111 ri.:j 111 

"H'~Cl fll'J'YIflCl f).:j~ il(nfl111J1I~ fl~l.:j fl'U 

'il1fl~"fl1'Jt!fl'if1Jl.hU'CYfl.:j~.:j~l'Ji.:j~ 2. J2 l'l1J111H.:j1'U 1 nri1fll'Jtlfl'if1J~lfl111H.:j1'U 21fltJ 
1 " ,..,., , 

f11111I(i.:j 111J11 ~ fflJ 1'lil~ tJ1Jfl1 flJ f) I'U ~ II":::: 1 ~ ~fflJn f11 i~lI~ rwi1.:j fl'U 1.1 1 fltT fl l1.:jij f) l'il!'U f).:jlJl 'ill fl 

f)tlll1 fliJfll1l~l ''UI~lil.:j'ilflffflI9i1'Uf).:j ~i1~ntll ~lIcf1 ~nr'U~.:j '~,)111J'U\.ff).:jfYilJilllJltllffl'J''U fll'j" 1~1~ 
q cu q q 

~ tllm.1iJ~.:j fl ri 11 1!~111 fl1H ~'U.:j 1'U l'U~lll11,j.:j ~'U'l 1'Ulm f) 1'il 'il::::Yl1J11f11~ i I(f) 1'il 'il:::: ilin11 fl'U 

I~ f).:I 'ill fll~ 1~1i'1~111J'UI~ 1Vl'U ~nr'U Ui.lJl111~ f).:j fl111.1 ffJ11fflJ f)'tI f).:j f) tlll1 fl iJ fl1 01'U orif) mY.:j ~"~f)
u • ... 

fflJ111i'Uf) .:j~'Un'U11( 

l'U'Utll::::~11 .:jHU 2 ~'U.:j1'U~~'CY1J1'li1~tJlJrl1f11f)t'U~ "H'ri1fll1t1fl'if1J'ti1~1 fl11~'U.:j1'Ul1fl~~f) 
J5.30 II":::: 17.00 II fffl.:j ,,r111'U 111'li1~olJmf11f)I'U~~111lJ 11i''CY1lJ1'Jtl"flf11 fll'j"flfl'if1J'th'Uf).:j~'U.:j 1'U 

'U 

I 


I 


I 


I 
I 
I 
I 
I 
I 

I 

I 
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" q 

'If'U~n.! 

.. 
r 4 0 '11 

i'llfll'J~~"lI~'Ul ('H)fJ~:::) 

BI \5.84±0.28 

NI 15.85±O. 18 

B2 17.00±0.25 

N2 J5.34±O.l8 

'H 1J1lJ!'H I?J 

N = ~UHW'HllJ i'lil~rJlJfll~ml!1"!\91 B = ~W11U 'hifHYlJ l'li!~rJlJfllfml!u\91 
~ ~. . 

1= 'b'W11Ul1lf1 !J':)':)lUYi 1 2 = 'b'WITUl1lf1 !J.:).:)lU112 

2 .3 .3 .fr'UYleJ'Ufll'J'lliillii~l'Ul'Uh~~~ 

l~fl':)111 f1 h.:)~ ~ Iilu f1~lJ~~a\91~~flU.,j'VI'lm1i li tilcl':) fln ~a\91 'l'UUI91Cl:::l'Urifl'U'Ii'Ntr.:) inTu 

'l'Uf1n'VIflClfl':)~.:J'111iYl1J111l1fl~U'HCl1rJ"l 1flU 'M 1~rJ'lufln1fl~~ 8 ~ i'UI1Cll 20 1'U111 H)I'd'fl~'U 
l.h~lJ1W 25 f\laflflJ ~iYlJfiu hl~rJlJfll~Ufll'U\91 600 flflJ 'lriu111T,ll1hfllflifl.:J1fllflrJl1~'liim.rfll'U 
dtd:;ll'" lie, 'I'" ~ 

Ifl 1fl.:J 1 fll u'U\911~iYlJ I'U fl fl'UIHl~ ! 'liIfl rJlJ fll 1 UeJ !'U\91 

Ul~~i'll!~ 1 'l 'U1\911~U'Ufl.:J fl ~lJ ~~ a \91 1fl rJ fll11 H ~u.:J 1'U 11~ 1 H Iilu 1~ iui'U 1 fl fJi'U~ I 

11~ l~fufl11lJ1fl'U iY .:JiYfl!~fl.:J 111 fll~fu'Wcl.:J.:J 11.1 fl11lJ1eJU 111 f1\911lhH fl fJ\911.:J'" . 

111 fl fllJl1flCl fl.:JU l~U.:J 11.1 1'll'VIfl iYflU'H 1~1 flU~ fl~lJ111'Wu11 ~~~ fl~' f1 "\911 hI ~.:J lhHu 

Wcl.:J.:Jl'Ufl11lJ1flU lflfJ\91Hflfliu~ 1 1,r~lfl11~fl~lJJ1~1{]'fl1flrJCl~ 9.08 UCl~ 9.49 'lUi1flci1.:J~~~ 

I~ lJ UCl~ illl~lJ1'lil~ fJlJfl1 fUfl!U\91\911lJiu II Cl~ ~1 f1 11 ~fl9flJ11111~~flrJ"l tr.:J~Ulrl fl 1~ rJ~li N 1 ~'H 11.:J ~ ~ 
lHl ~\911 '1 vl !lilJ~U !-ct fl.:J 111 m ~ fJ ~~~ ~1fl'U fl11lJ 1 flU ~fl fJ"l li H fl fl fl '111 'l'll '1,r~ 1fl1 1 ~fl9f lJJ1~fl fJ'l 
Itl~ rJ'UmJCl.:J III ~.:J11I'U~ CllJ 1111 flfl1llJ 1 fl'U ~ '111 iYti11iYlJ fl\91 Cl eJ flll 1.1 1'Ufl.:J flU 1H ~u.:J llJ ri.:J ml1,r 

, , 
Q t.cs IQld QI d

fJ Wfll'W'Ufl.:J fl ~1I\91 Cl ~ ~ fllJfl11lJ II \91 fl\911.:J flU 'li.:J1Ir:Yfl.:J fl.:J\911 11.:J'VI 2.13 
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N 

B 


N 


B 


N 


B 

N 

B 

9.08±O.76 

9.49±O.39 

16.5J±O.56 

17.27±0.44 I 
17.09±O.30 

17.29±O.22 

17.29±1 .29 

15.88±O.03 I 

I 


" '" '" 'If'U'VI 15 
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'U'YI'YI 3 

fl11ftflll H·Hl'Ufl-,lfll1~illJ !f111fl.jjHtl~~-,l~hum1urdfl~hHh 'l1~'Ufll1'ri lfl.jj
~ ~ 

fllJ rl~\91 ~ 1'il'U~'U~ fllflhi1J rl'mJ tu~~ll\91 fl1911~ 11 U111 fl fll) rl~\91~ Jl I'U~'U~ fl1fl fl (j l~J~lll9111i fllJ 

~'U~U llJ!lUmJeJ~~~ 1!Cl~1\911!rl1~ Jl ~~ h ~ ~l'U~~I'U fIlfl flClH1Jfll)~'U~U~lfJ~flUmH)~H'1~IIUU 
(hydraulic press) I~W)eJ'U ~ f)llluui'U llCl~ii fll) Irl1~ 1l~lfJ1\911ll flffffTl1jU h ~~l'U~Jl'U'U1fl111qJ ~~ 

fl11lJ!fffJ111fJ'UeJ~~1'i11 rl'-1!m:JJfl1J1lllJl mIfl I'U'Utu ~~ f)U~'U~U~1ll'U h ~-11'U~1.1~fI1flI;J'U H1TIflU 

~'U)U~1fJflli~flltJWI'Yi~~'U~I'I1~ fJlJlhflCl1~ 4 ) llCl~iflltJW)eJ'U\911lJ'U'U 1fl~;eJ~fll) ,Y1'UTIfllJlrl1
'U 'U 'U 

J'UI~'U fllJ Im~lfJl\911:W'U ! fl fJl\911Irl11J rl'flEltu~I~'Ul'I1iJeJ'U,feJ -1~ 1J rllI~ 4 ~1'U fl eJ~1fJ~ Jl! fl fJ1JfllllJ~ ~ 
U)~lJltu 3 UJ\91:1 'li'Nrll!~1J\911h~ff1'l1jUlriV1'U tlll1J11rl'~fl1 ~~~~'U1U\1ml1lJlI1lJ-111'UI~lJ~'U~1\911 ij 
fll) 1'11.1 ieJ -111-1 1'~'I1'h-1 ~11\911lJfl11lJ I'I1lJl~ fflJ!~eJ l,flv~ fl) ~111 fJil1~eJ ci1nflil~ IW\911 eJ ci1~ "I) n\911lJ 

l~eJ~111fl1\9111J'U'U1fl 111qJIICl~~ Jl~ mlfll1 fJ~l1W~lJu) ~lJltu 50,000 neJ'U 11.1 flUlmlll91Cl~flf-1 'V111,fflU 

. " 
Irl1~ 11 11.111191 Cl::; 1'::; flUfll111 ~~"I~ju'W rl'~ ~ 11.1 fl1111 ~eJ'U 111 flY1'U ill ff11ffll eJ fl'Ul1~ 1\911 ~ JlU 1-1 neJ'U"I ~jU 

~ Q bj' I o;i Q '" "1 ~1 d", 'jJ "1 'jJ.,., ~ ~ • d
fll1lJ) eJ'U lJl flI fl'U u flI flfl fll1' 1\\91 flI fffJ'I11fJ ! fl 'U'\Jtu~'VIeJ ~U1-1 f1eJ'U !mu'W Cl~ ~1'Ufll1lJ)eJ'U'U eJ fJfll1'V1 

fl1) 11::;1~'Ul11 ,,f~ Jl"lll 1I~-1m ~ 1!Cl~ 11\91 fll1'fl~ 1fJ"I ~1'lf'U fl'U )~111i.:j fll)'\J'U ri'1 fJ ~~~I flflfll111lfffJ'I11 fJ11rl'~ 

fll:l Imil~ltJ'U'\JeJ -1lfffJ11rl'fl'\JeJ~ 1)~~ 1'Url~\91~1l ~~ 'lliff1lJlHllh hl''*u)::; ifJ'l$u"l~lJl fll!fl'UeJf11l1fl H' 

I~ eJ fl1:1 tlll ~ eJ ci 1~ "I) n\911111 ~ eJ ~ 111 fl'VI j'W fJ 1fl) ~ 1.1 1J i eJ fl1 ff Cl fl UeJ fJ II Cl ::; 1111 fl "I U 1 1.1 ~ t1 fl 111 fl till 

l' ~:JJfl1' ::;1'~ 11.1 fllJ''* fl~Jll \\1.1 1'111~11~~ '11.1 fll) Cl fl fll) ',*~'U~eJ fll) 1~1l1fffl~'U~111"1 ~~ 1fJ 'll'vfll~ lill, . 

IfYEl~ 1'i~ '] ~1) 1fl n eJ'U~ 11~lff fJ111fJl1 rl'~ fllJ Irl1 fi~J'U flU11lfJ~~~ltI'U fll)~flEl1il-1fll1lJ!tI'U tl UII~llCl::; rl Cl 

191 eJ ffllml'\JeJ-1 ~ 1111 rl'~ Irl 1IrieJ l~lJmEl~JlI~eJl~'U ,b'Uu)::; fleJU 11.1111eJ~'Uff111 jU'V11~ 1l 

~l'UlllfJ'\JeJ~ Ismail Dermir !!Cl::; Mehmet Orhan ItI'Ufll)~flEl1il~fll)l~llmEl~~I'U 

m ~lJ1ll fll) rl~\91 ~1l lin::; rl n'\J eJ ~ mEl ~Jl~I~1lI91eJfll111'VI'U'VI1WICl::; ffll1Y~It)}~ flCl'\JeJ~ ~1l~"I~ ~~ ~1l~lnfl 
JJ 'jI 'jJ , 

fll111ltlfJ111 fJl!wflflolJ'U '1 ~'U11 CllfJ'lJ''U\91 eJ'U) ~ 1111~ m::;U1'U fll) rl~\91 li'U fll) ImllCl~ fll)'U'U ri ~ i flfJY! 

N1'Ull11fYEl ~ l1ril'U ImYlJ fl 1flun1eJ fllJtllJ~I~'U11 rl'fl fi~J'U fll'Jll flCl eJ~ rlfflllfYEl ~1ll'U111eJ~'U'V11~ 1l~~ 
I~ 1.1 111.11 'Ill ~ 11 ~ -1 11.1 fl1 ) nfl u~ 111 tu 'U eJ ~ 111 tl eJ 1 '*111 fl ~ \91 ff 111 fl) ) II ~ 1l i fl fJ (~ 11111 fl fl1) \91) 111 ff eJ U 
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2 flri:u 11~Hri flri:u A ~'I~l'W\?l~llm'l~eJ'W'U'Ul~ 4.75 JJn~l:IJ\?l'l (l101U) IIn~ flri:u B ~'I~l'W\?l::;llflH. . 	 , 

~eJ'U'U'U1~ 600 i:u 1fl'l!:U\?l'l Ul::;!~t'J~) l\i'I::;'I..hm!1J'WriJtHfiY'lJ!'UrdCl~'U~·;lt'Jff~ri1'U'UCl'llfl"tlB~fClt'Jn::; 
0, 10,20 Uel::; 30 1~lt'JJT\1t.Tfl ~'Ir-lClflu1:ijt'Jl'l1J ')1 !riClI~:u!ft'1JB~ ')j'U~el::;!~t'J~!'Um:lJlWfe)t'JCl::; 30"\.,1 

1~8~'U l1if'l~'UnM~I'U~'U'I1'Ul!Cl::;IN1~ClWl1f)iJ 900 Cl'lft'W1iCll~t'JiY 'Yh!rrMi1Clri1'l~iifl11'lJ1!~'IUH 
u 	 • ~ 

!'t~Clflfl1J1i)'I FlCl'U Cl'l fl1'l1~iJlft'1J ~ ~!!el::; Fl'l ~'U!Fl1 !'U!11Cl ~'U ff111 ju fl1 )1'i1~ ~~Cl iY:u1T~111'1 
fllt'Jm'¥l'UCl'II!'Vl'l~'Ui1eJd1'l 'Mun fll)11~i1'l1"'I!N1 fll'l ~~9S:IJ1.11 II Cl::;fl11'lJ1!~'II!H

" 

1. 	fll'l !\9l1 t'J'lJI!'Vl 'I~'Ul1~iYClUFliY:u!ft'1J ~~ 

l.1U~!ft'lI~~lIeldCl'U~TU\9l~lIm'l~Cl'U'U'Ul~ 0.5 iJCl~!'lJ\9l'l 

1.2 FliY'lJ!ft'lI~~~~1'Ufll)~Cl'Ul!tl1t1U~'Uff1'l1jU'Yi1~~ 1~t'J''If'!ft'1J~~ 10, 20 I!Cl~ 30 % 1~1'J 
" '111'11 t.Tfl 

(11 1 ..:::. C\ 9J ~ d ~ ~ ~ d 'C), 

1.3 'l1'lJ fliY1'UFliY:U'UCl'l~'Ul!el~lft'lI8 ~~ 11'J'U1!1I'U!1 Cll 1 fl'U 1)1 fl'U'W'U 1m!Cl~'U'UJ U!lI'UII'Vl'l~'U 
OJ 	 J.., ~ Q.I d I '"' I 

1.4 1~'U'Ul~ ')j''I'U T\1'U fll!el~'Vl~"tYeJ1Jfl11:U1!'U'II!'j ;j'UCl'lIl'Vl'l~'U flCl'U!N1 

1.5 !Flll1'Vl-:J~'U~ClUmf)JJ 900 Cl'lft'WliCll~I'J"tY!1J'Um'11 I 'ih 1'lJ-:J. ~ 

2. fll'j !\9l1 t'J'lJ U'Vl 'I ~'U'Vl ~ iYClU Fl"tY:u Fl-:J ~'U!Fll 

2.1 1J~\?l~flCl'U~'U1)lflfl1'lFl~\9lJ1U'l::;U1 

2.2 ~Cl'Uv-i1'U\9l~lIflH~Cl'U'U'U1~ 0.5 iJCl~!:U\9l'l 1!Cl::;!FllFl'l~'U~ClW'l1f)iJ 700 Cl'lft'l!'1l"Cl!~I'J"tY !1J'U, ~ 

!Jell 1 i11:u'l 

2.3 Fl"tY'lJ\9l:;: fl eJ'U~'U 1) 1fl fll'lFl ~\9lJ1U'l:;:U 1~ ~1'U flU ~ Cl'UI!Cl~IFlll!tl1Wf1t1U~'UI'l1'U tn i fl t'Ji 'If' 
" " \9l~fl8'U~'U1)lflfl1'lFl~\9l'l11U'l:;:Ul 10,20 l!el:;: 30 % 1~I'J'I1T\1t.Tfl 

QJ 	 Q" ~ Q.J d 1 .Q , 

2.5 1~'U'Ulfl ')j''I'U T\1'Ufl UCl~11fll;YeJ1Jfl11:U1l'U-:Jm 'I'UCl'lIl'Vl'lfl'U flCl'UlFl1 

2.6 !Fl1!!l1'1~'U~eJW11f1iJ 900 eJ'Ift'l!'1l"Cl!~t'Jm1J'UI1Cll I i11m. ~ 

http:9S:IJ1.11
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m1Jlrultnlil~~I~1J (~llfJl'l~) 

Jtl~ 3.1 mTVhlfffl.:J~lfll'J'Hfli'J fll'J~fI'lilJtl1!!m:fI'J1lJ!I~.:JIIH'UtI.:J 
!lli.:J~U~1t1aH~ijlf1lJij~l~h.lt).:jfi'lh!:fltl1J Irttll~1~U.:J1U~ 900 t1.:Jfl1~lrllurrmrU 

f\llU1~~Miu'li 
d111fuilAA1~rrmlllllllin D2553 l~m'lH1IY'" 

~ 1 fl J1.1 ~ 3.1 II IY fI.:J {).:J ~ Cl flU 'VI fI IY f) 1J IY lJ 'JJ'~ fi H '1 'U f) .:J 1I'ri.:J ~U i'J eJ dH ~ li H'flJ ij ~ I1J U 

eJ.:Jfi'tl'J!: fleJ1J'Hci.:J flU 1m , ~II ri fll'J'H fli'J'Hci.:Jlf'll fl u~fl'limjl IICl!:fI'J1lJU~.:JUH Vm11Irtf)l~lJ 
tfhlUtlfl'lJij~~lflfeJOCl!: J0 11JufeJOn!: 20 lin!: 30 \ollml1fl1J ri'.:J~mirl'fll'J'Hfli'JnflCl.:J l~eJ.:J1l1fl!fllJ 

ij ~,jfl '1~11IiJU1IYfJ~ '~'Hfli1'Hci.:J 11\11 (non shrinkage material) l'i'li'"'If'JOClfll~eJ.:Jfll'J'Hfli'J'UeJ.:Jllli.:J 

~U'Hci.:Jlf'll \M U1Y11lfllJij~~~liJU1IY~~ i~'Hfli1'H ci.:Jlm'Hl f)'Hfli'J '1 ~UeJ fJ ufilfl'lJij ~ijfl'J1lJl'qui1~.:J 

'til i 11'fI'JllJ II ~.:J II 'J .:J 'U eJ .:J m1.:J ~U i'J eJ dH n fI Cl.:J II Cl ~ flU tl fI 'Ii lJ J1lJ1 fl ~U I rt eJ 1.l1lJ 1 f.U I fllJ ~ ~ i U 

~ J ~ ~ tjJ A d cI X A QI I) A 9J£:1 ~ 
f) .:Jfl1.l'J!: flf)1J\1.:J'UU fI.:JUUfll'J i'lflfllJ f) ~lllu f) .:Jfl1.l'J!: flf) 1J iUlueJ flUtll'H'J 1J'VI1f) ~fI'Jl1'lfI'VlO.:J 'j eJ fJCl~ 10 

I~f) i~1,rfl'JllJlI~.:JU1.:J nfl Cl.:JlJ1 fl ~.:J 1\1 i'l flll 'VIflCleJ.:Jl1U IYfI.:J 1,rdh.dlfl'JllJlI~.:Jm .:J'UeJ ~1Il'l~~'Uilf) rh~ 
~ 1~f'lIYlJlfl'lJ ~ ~lifh1.l'J ~1J1f.U 3,700 tJrJU~~f)\OlU 1~~'J Ufiul'l.:J ~'Ui'JeJ dl~~lilfl'lJ ~~ll~U f)\lrllh~ flf)1J 
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Cj! ql d clt;f ~, d 

HHJfl~ I 0 lJfl1fl11lJ!I'IJ~IIHlh ~lJltu 3,000 lhl'l..lfllPH)I9l11 N'U1ltH)fl1fll1lJlI'IJ~UH(lfl(l ·nh~lJltu 

r'fl!'m~ 20 

350025 

3000 ..~ 
;z-----------------. ...---

2500 ~ 
-'"'" ''§ 

2000 ~ 

~ 
1500 .~

f; 
!::., 

1000 .~.---- .- . -- - -- -_ . . _.-.- ----.- . . . ' - ._-- -- ..... _- ... _----.". -.- .. r> 
r' 

- --- - 1)))t\i\,,"'IIJl " 500 
- - .•- - - fllrni\fO 

-A- A'l11Ju.u'mH 

0-1-----+-----+ -------+:=========-+ 0 

o 10 20 30 

h---------;---------------:;-------------i 

A 'jU~ 3.2 ml-WUlY~.:jrllf)l1ltflI9i1 f)11fl~9$lJ1hm~fl11lJU~.:jm.:j'IJeN
~ ~ 

u'Yi.:j ~'Ui1eJ dl.:j~ ii~.:j ~'UI~l!U'U 'fl .:jriUl~ f)eJlJ!rieJ !~1~.:j l'U~ 9001AIv1mVIlI".iu 
~nunwl'~qAlJUll!:~I\J\iu'l1 


ih~ifllltmlJl'IlnSln n2553 


"u ... ' ""~ Ji., <$ ',<$'fl.:jfl l~f)'fllJ fl'flfl1f)11flfl'll'lJ'U1lJlf)'IJ'U f111ltflI9l1(lfl(l.:j 1!fl~fl11lJlI'IJ.:jm.:jC'lflC'l.:j 'fl1'J1.:j If)19l1lJf111ltfl
" 

I9i1'IJel.:j!!,vi .:j~'U ~ ij ~.:j ~'U!Iln!U'U 'fl.:j riUl ~ f)'fl lJij rh~1w.h!rvi.:j~'U~ i ~ ij ~.:j ~'U1m!U'U 'fl.:j riu 1 ~ f)'fl lJ!~ IN 

I~ m!'fl!1 1'U'lJtu~~fl11lJ!!~.:jm .:j'IJ'fl.:j !rvi.:j~'U~ij~.:j~'U!m!U'U'fl.:jriUl ~ f)'fllJijrll~l w<hu'Vi.:j~'U~ i~ij~.:j 

~'U !Jlll! u'U 'fl.:j riUl ~ f)'fl lJ lJl f) ~'fl fl fl MlJ 1 f) f) 111'yil19i1 ~ 'fl 3,000 U'fl 'U ~1Pi 'fl19l11 HU1 -ami'lJlI 'Vi.:j ~'U 
19i1'fldH~ 'liii~.:j~'UI~lIUlm.:jrilh~f)'fllJ llt~f)l~!1.:j I ,500 Uf)'U~lPif)l9l111.:jU1lt1'fl~1f)'hrlf)'fltl!ltf)iJ. " 

f) 11 mltr.:j~'U rillt i'lJ u'Yi.:j ~'U19i1'fl dl.:j~ij ~.:j~'UI~ 11U'Uf) .:jriU 1 ~ f)ellJ fi.nr'U~.:j~'UI~l ~.:j ,~ IltlJ l~ rim i'lJ 

IUWHrlUl ~ f) ellJ 1'U ~'Ulh~~ 

http:1AIv1mVIlI".iu
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fl1) !~JJ !rl"loI~' ~'\1~ eJ ~.:)~V AN 11~U eJ.:) rllh'~ fleJ 'lJ I'U ~U'l'11~ ~1(i1 I ..r(1'JJlr~19i 1,:) '1 i flt'J'J lJJ'UeJ .J1Il1':) 

~'U\9i1eJ ci1':) f1'eJ OM f1'J1I1ri.:) ~'U\911eJ ci 1':)~ \hJli If(EJ ~~'\11 eJ~':) ~1Jl~ 1!~'U eJ.:J rllb ~ fleJ 'lJ ',Ji 11'il~ IlJ'Uf111JJ 

11~.:)m.:J~ (If) (l.:)'\1~ eJ f1l'J f)f)q1JJ\11~l'viJJ~'U if) om 'W 1~ eJ ci1.:J g.:J\9l1eJ ci1.:J~lj ~.:J~'U!m!~'U eJ.:J rl'th~ fl eJ 'lJ~ 1 
" 

d • tl d C\ C\ 9J ~ 91 cl 91 ciI ~ 
fl11JJII'U.:JIi'J.:J(lf)(l.:J eJON 'JfWllJJ f1l'JlflJJIfl'EJeJlI'JeJOCl~ 1 0 (1'.:J~(lI'\1fll1JJII'\J.:Jm.:Jaf)(l.:J'UeJOYl-qf)!JJeJ 

'11 0 'lJ fl'lJ f1l'J I~JJIfl'EJ ~ !feJ O(l~ 20 1!(1~ 30 fl1mhf1'lJ i.:JtTu f1l'J ~(1'JJIfl'EJ~'111u!11eJ~'U rl1'\1~'lJ'l11~ ~hi 
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'U'YI'YI 4 


fll 'jilf)l:IUH'I'1Jf)-3fll'miJlJ'tnhr~ ( lime mud) 1urdf)~hHh'Hj1J'rllm'jflij.. 

mmmri-3~u.fllfl1~ 


~~&UlfffJ OfJffh~~,hrli1j'lfUfllf~\I~llfl1) ''*fJci1\1I1'vdmllfJ''U fln OfJ ffrneJ lfl 1nJTU{j fJ'U 

I~ fJ \I lllflltJtJ1fffJ~ll J' lfl1 llilll'l\l ff1lJlHl ~~\91 lhfh-llf ft 1fJ~U~'UfJ \I1h ~1'VIft1 fl fJ! l! l'll~ elOH ~\llfu~~li 
~umil fJ1if1'Hf1n~u~mfll~lImi\l~~\91~~~,f1rli1j if1'lIo ehlnfJ'If~ 01fl ,r\l'H1fJUflm11iJ'nln'lf ~\I 

f) U ~ ~\9I~ ~luvfu~fi'\I flri 110\lllJU fllJ' 'Hld0~U 0 cil\ll~ fJ11tJu 119ltJ ~um1flifl'H fUfl U ~il\91 Iri0 

l~lllHU 11WI~'UfJ\I fl 1J'1'*vlfl'lfJ 1 fl) IIj~umiltllfllJ''Ufl~un~011llJl~~\91~ iii 1fltl' lill fl 1)11\1I1~U flU H' 
~ " .J 

'VI f 'W til m fi'\I flri l1fJ ci Hm lJl~ffJJ 0 III ri \I ~Cl i11'1 flfl fll J''U 1flllfl ClU'VIf~ 0 1 m IIj~u mUfJ1lU0U 1fl\91 

fi',;jtTu fl n'H l':ifffJ'VIfJ! !'VIU ~'l!tJ'UI~el\l~fl1Hi1d1u fllJ' l~elJ' fJ\lf1J'Ui1j'H 1 fllJ''U 1flllflClU'l1f~ 01 fl) IIj~u 

mil fJ1 

o ~ "', I '1 ~ "' dt ", I 11 '" III ~ "' , ~, Id

UllJl ! 'lfu':i ~ ! fJ'lfUlJl flU fl IJJ 0 \91 nll ffel IHI \I fluJ' ~ fl0U'VI1\1IflJJIU0 \1\91 U'U eJ \I IClJJJJfll'lU11el\l flu J'~ fleJU 

ri 1UI'H WItJ UU fl ClICti fJJJfJ 1 r lHH'U\91 ~ \I III fl'lielJJ ft fl 1)1,rO'H ft 10\1 1U1,rfJl'l U 1111 fl Cli Cti OJJ fl1 r U fJ IU \91 
u u 

ff lJJ 1Hl 1'*1 tJ U ff 1) I~ JJ 11191 \I' U 111eJ ~U if 1'H f U I fl~ eJ \I 11U ~U!~ 1i f1' fi'\ltTu fl U 1,rfJ lU fl f \I il~ \1111 U 

fl nflflflli),;jfl11JJ1tJU hI ifllu fl1) HimJifJltJuffU I~JJIII9i\llurd'el~t.j'vi1~~lll mI'H ri \I~u'Uel\lmfJ'~ 

'lmJ:JJf) (lime mud) ItJU~Cll'lfteJoif1'~!flfJ~UlU IH\l1U~~\911~0m~fJnl ~\leJcilum~u1u 
'" 

fl n Ill~fJU 'l1Y~w~ fl'l 'hrltJUI~eJif1lffufllnl'1fn~fJ111 11 \1\1 lWgel m ~f)111'¥11fll1 ~ffJJ tl1Y~w~fl'l flU 

ff1) Cl ~ ft 1fJ 1'liI~OJJ i ~f)1 el fl i '1$'fl!~eJlltI flI tru '0111'ifmfUi%1u fll1'¥11 m ~ fJ 111 eHl flll1 fl~ flilu ~\lI~elJJ 

o cif1'10 riulwdfJ 111' 1~'H1l\1 m~U1U flull hl~fJJJ !!JflJ'eJ fl i'1$flll~lll~ou iUltJu 1'1$1~OJJfl1rUelIU\91 
'" 

m1\l III fltTU h \I \I1UlgfJ fl) ~f) 111ll~I~JJllfl'HCtifJJJelel fl 1'1$fl 'H~el~ 11 Ofl~ flciH'H~ \l11fl1fl \ICl Jf (quick 

lime) lit0 I U~ fJU 19H~ tlJJ fl1 r U ellU \91111'miu Iliu 1'1$I~ fJJJ \hJfJ 1 el fl i '1$fllit 0111 fl Cl"'U JJ11 '*~ flfl f \I 

, ciQ f1'C1 ~ 

. U m~u1U flUU ll~If)'f)lIfl ClI'1$0JJfJ11UelIU\9l'UU 


\I 1U111fJ~1~ fJ 1'lifJ,;j flU fl U 1 '*lIfl ft I CtifJJJfl1f U0 'U\911wfl~ 0 \I~U~Ulm 'Wu111Uel~\91!1 fl ClICtitlJJ 

m{UfJIU\911l1fl1U~fJf)'HelfJflf)I'J5'ltJUfflll~JJIII9i\liUlfl~el\l~U~UI~11'lfU lui1\1 Late Woodland period
" 

(fl,rL 400-900) iu American Bottom 'Uel\l I1linios ':i~lf11\1i1\1 Emergent Mississippian period 

Q _cf w Q,I 

(fl,ft, 750-1000) 1. lft ~ Iron Age 'VI Tel Hader UU'lfl0H\lfl1U\91~lUelelfl'Uel\l'VI~lft Galilee flll'l1flfffJU 
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lIiY~H l1frH'W,':h i 1eJ d1 ~~lJ11U ~'Ulih.j eJ .:JflU '):;; mnJll fl:;;!N1~ 600 eJ .:Jft'1!'1$fl !'limy iJf11'f11111~lUll1U~eJ 

'fI11lJ1'f1~fJfI!95 .:Jf)fl (mechanical stress) lJ1f)f)'jlI911eJci1.:J~lri grog lU'lJu!:;;~~f).:jlul'iifJl1~.:J lIiYfI.:Jl,r 

!1chdli1.:J~ui 'lfl~ll~'U~lJ IIflfl!'li fJlJI11U eJ.:J flU '):;; f) eJ'U!~~ fJU!~U 111 rJeJ fl 'I'll i,rfl fleJU! 11 fl:IJ f) n tUum eJ f
, , 'U 

~ .:Jifl UeJf1111f)rlfl.:JlJ.:Jlu l 'iifJ~1'lfl~\l~'U~U !iu ~U'il1f)fl1,)!~eJlJ 11U~eJU!!fl:;;liul!mil~ !1~eJi,r'l'll 

mrl~!~U refluxing agent lu~u !~eJflfl~u!l1~jJfl1')9i'Ull1eJf~.:J 

!~eJftf)ll 1ii.:J iYfll1:;; ~ 111 jJ 1:;; (,(ll rim f 'U f) 1') f!l (,(ll i fllf JJ'fI lurdeJ ~U ri mf'U1'l1~ '!l 1fI fJ I'If'ill f) 

-ell !fleJ 'If:;; eJ 1f1 'ii.:J111f1u'fIm~ 'lin m 1'If 

1. fl1')~n'iliYeJ'UiYll'U1i'lJeJ.:Jl~\l~'U 

1.1 ~n'iliYeJ'U(,(ll'l1'~'tIeJ.:J lnlfJJ'fI iflun eJ.:Jflu'):;;m)'U11l.:Juifl1rJlflieJ.:J XRD 'lJeJ.:J 

Philips PW3710 diffractometer (CuKU radiation) eJ.:JflU'):;;f)eJ'UlfllJfl1rJlflieJ.:J XRF 'lJeJ.:J 

Q.I 9.1 ~ 
Oxford ED2000 IIfl:;;f)1'lf1'l:;;'il1fJ\>l1'lJeJ.:JeJ'4fllflfl1fJlmeJ.:J Particle size analyzer 'tIeJ.:J 

Malvern Mastersizer S 

1.2 ~n'ili.H)'U(,(ll'l1'~'lJeJ.:J~U'I'll~~'illf) ~1IfleJ'If:;;eJ1f1 'ii.:J111'flU'fI,)fl'~'linm1'1f ifliln 

"'.1 ' 'jJ"; "'old 'jJ ..;
eJ .:J'fIu '):;; f)eJ 'U111.:JlI'lfl1rJ!flH).:J XRD eJ .:J'fIu '):;; f)eJ 'U1'fIllfl1rJl 'fIH).:J XRF 

2. fl1,)U f'U i.1'fll'Vl'lJeJ.:J hlfl1f1neJu i'lff!liYll1urtleJ~U'\'l1~~ 
2.11'lf'ifllflTf"l 500 f)fll f!li.1'llfl1J111 500 iJfl~~~,) IIfl:;;fl1U'tIeJ.:Jf!l(,(llfl1rJ!flieJ.:Jf)1U 

;il Q

luU!1fl1 30 U111 

2.2 uf'U'lJeJ.:J f!l('(llfl1fJi.1'1,) fl:;;fl1rJ f1'lfl i~1fI')fl i.l eJ~ fl'fl1111I.ij'mru 1% 1flrJmlJ1~l'l 'ilU 

('(1,) fl:;; i.ll rJl~U flfl1.:J 

tl '" '" d , .1'" 'l 'jJ ~I 'jJ • lJi.1 i 'jJ 'jJ
2.3 f)H).:J flllllflllN1UflUu'J'UiYnl'Vll11!uUflnHIli.l1 1Ii.l:;;U1I1JeJ'U l1U1H 

3. fl1') I~1rJll!!'Yi.:J~Ul1f1(,(eJ'U f!li.1'1l i nlfl1f1 

3.1 f!liYll'1i.llfl1f1~~lUfl1J'I'lli,rI~Uf)i.lHlti.hreJrJn:;; [0 l~lfJ.Jm..rf) 

ri111f'U1'l1~Jl 
Q..I I 9J ~ 

3.21111f)('(lUf!liYlJf"llfJUl 

3.3 Ulf1~U IIn :;;~flI!l1.:J~U 

http:l~lfJ.Jm
http:flllllflllN1UflUu'J'UiYnl'Vll11!uUflnHIli.l1
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~ 'K Q.I Q.I , " c:: 
3.5 'li'1'U111'Ufll~'tI'UWl!!'Vl'1~'U !!f1::;'Vl~i.HlUfl11lJ!!'tI'1!!H 

3.6 !r-ll!l'l'i'1;1'U~ 700 800 900 1,000 IICl::; J, I00 fl'1flll'lHlICUmy IlIW1Cll I ';1111'1 

4. fll';i \1911 fJlJur~'U~'U'1l'Ul1~i.Yfl'l.mC1'lJ lmrJJ~ 

4.1 r-lC1'lJhl1'JJ~~Nl'Ufl1';il'i'1,,rll1'UflCll'1llft1$f)fJCl::; I 0 l~fJJ1'H'lrfl 

rll'Hi'm11~~ 
Q.I , <JJ!: 

4.2 'H1If1tY1'UrHYll~1fJ'Ul 

4.3 'U1~~'U !!f1::;~l.I~iJ!lIW'N'Ul~fJfll';ifl~ ~'1~'U'1l'Uii'll'U1~ 4x4x4Icti'U~11I19I';i 

~ ~ Q.I Q.I I C\ d 
4.5 'li'1'U111'Uf11~'tI'U1~!I"1'1~'U IICl::;'Vl~i.YflUfl11:1J!I'tI'1m'1 

4.6 mlll'l'i'1~'U~ 700 IICl::; 900 fl'1flll'1HHCUfJC1' !lI'UnCll I ';1111'1 

I. fll';iI9l';i1lli.YflUC1'lJilll'tlfl'1 'lCll1'JJflIlCl::;~'U'il~ ~ 

1.1 f1U\?l';i 11li.YflUfl'1rliJ';i::; flflU'Vl1'llflil'tlfl'1 iCll1'JJ~ 

" mmW1il\9J ($flfJCl::; l~fJt1l'l-f'Uf1) 

Nap MgO AIP3 Si02 PP5 S03 CI ~O CaC03 Fep3 

0.64 0.68 0.03 0.27 0.38 0.16 2.67 0.07 95.03 0.05 

C1" . ". I .,j ~I i" "I iii'll'I!rHH'1WlIflUUfll'U\?l (CaC03) C1'1'Ufl'1fllJ';i::;flflUfl'U'lllJ'Uflflf) 'll"~'tIfl'1 !Cl11::; !~!!f1 Nap. MgO, 

AIP3' Si0 2 • Kp IICl::; FeP3 i'1l9ll';il'1114.i 



I 
34 


3000 c 

2500 
~ 
'U5 2000c 
<L>..... c 1500 

~ 1000 
~ 

<L> 5000:: 

0 

J A 
lAl'~fmIIIlj'~U 

~CUJl1l'ri'Rq~uua~~iUil1l,j 

Ihmu~RitlwtmJl"rujn n2553 

c eccec 
C p[ ~ P pI t ..'i. cc ~ .P 1 P treated IIrre m..d

I .I A .Ie Lirro rrud 

0 20 40 60 80 


Degrees two theta 


- ., 
I 

.. , tJ'" ~ W 

l,J~ 4.1 XRD pattern 'U'fH i,nrlT~~5.:J i~~TU fllnH'mYflll1ff1fJm~ 

(lime mud) UCl~l'INllHn'j nHYflll1 1fJm~!Hl1 (treated lime mud) 

(C = Calcite 1!Cl~ P = Portlandite) I, ,] 

NClfll'j~nll'HI1Jel.:JrftJ'j ~fHllJl'Il.:J !!1'UeH i mrlT~ff1t'Jlfl~ el.:J XRD IICY~.:J i-HI'H'Ui).:J XRD 

pattern ~.:JltJ~ 4 . 1111'WCY'Uel.:J1mrlT~lJ Calcite !!Cl~ Portlandite ~.:JCYel~flael.:JnlJNC'tfll'j1Ifl'jl~..r 

el.:J rftJn flellJ'Vl NlfllJ'\Jel.:J LlmrlT~ff1fJ!fl~ el.:J XRF YilJ11lJl!flCl19$tllJfll{lJell'U~el ci 'U el fl1l1 fl~ti.:J'Y'IlJ11. ~ 

el.:JrftJ 'j ~flellJ'Vl NII1'\Jel.:J i C'tl1'lT~~ rJ.:J i~ ~1'U flU tJ:ilJ CYflll1f11t1 m ~I!Cl~~ ~1'U fl u1I :ilJCYflll1~1 Ofl'j~ 

II K1 1lii-HNC't'Uel.:Jel .:Jrf1l'j~ flellJ~lI~fl~N tl'U 

I 
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100 

~ 
0 80 
Q) 

.0 

.  60:::R0 

"-' 


40~ 
+=I cu 
~ 20
E 
0 
~ 

0 

0.01 0.1 10 100 

Particle size diameter 

1------------------------ -------~__i 

lA),IfmUfll".l!U 

~l1lflll"llRqIi~~MOI'Ii 


d"l\diJi!IIilllIfmII\~n D2553 

......._--------------_._-_._- ~-.- -- -----. 


dt c\ cI \i1 o'QI 9.J Jt CLI Q.I Q.I .... Id 
I1HI1Ifll1~'H f111 m~ \11 O'Utlil tl'Ufllfl lUJlJflfl1t'J!flltl il1f1 fl 11 m ~ 1) lO~1'Utl ileJ'Uf)1flflill

~ 
u'YI 4.2. , 

l'I1J11'mrlTflii'U'U1f1tl'4f)1fltlg''U'li"1i1iilll~ 1 iiil 20 ilJifllllJ~ll1(j~~l d ~0 1Jl ~ lJlW 8 'lJlmllJ~l 
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1400 
Q 

1200 

~ 1000 
'r.;; 
c 800
Q)..... c 600 K 

~ 
:0:; 400co 
Q) 0Lj,

K 

200 


0 


0::: 

0 10 20 30 40 

Deqree two theta 

ltJ~ 4.3 XRD pattern '\lel~~hnil~!'illfl tillflel'ti'~el1fl ~~111'fl 

UfIlfi11i:i'ill'.il'ti' (G = Goethite, I = Illite, K=Kaolinite Im~ Q= ~fl1lUtll".iu 


~1UJ1)wl'iIqAlJUIl:~Mru'l1 


il1~'llflUnD2553 Quartz) 


PHI fll ~ 11 fl ~ 1::"If el ~ rltJ ~ ~ fl ellJ l'l H 111 '\l el ~ '\l el \l ~h.j'yil ~ ~ 'ill fl ti llfl el 'If~ el1 fl ,r\111 l'fl 

'UflH'l''11i'J nn1'If 'YllJ11~'Ufl\lflril1ihd Quartz. Kaolinite. Illite ml~ Goethite 1~'Uel\lrltJ'J::m)lJ fl\l 

IIllfl\l ''U'JtJ~ 4.3 
'U 

.
J', ."''''' 
 I 

i1el~1\l fl1UJ'If'U 'UlIl'l\lfl'U'Jfl 

'" "i V 
fl1'J11fl~1111elll11 \l 

d .,j v 
fl1lllll'\l\lII HlllelH'IH 

v 
('JelI'l(l~) 

v 
('Jell'm~) 

.. 
(tJel'U~~el~ In\lib) 

O%LM 22.55 6.82 655 

10%LM 20.77 6.48 487 

111J1f1!WpJ 0% LM = Il'vi\l~'U~iliNllllimrlTfl 

10% LM = 1I'vi\l~'U~NllllimrlTfi 

I 

http:fl1lUtll".iu
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11:nl1j~'UeI-:J 1!l1-:J~'U19llei Ol-:J fi eI'U!~ nf-:J~ ~ CY1.I 11 nll':Uflll o~ il1 1f1~cy1.I1(lll':UfllJrh' flft'Aft fJ-:J nU~eI 
lJ~lm11.l4'U''Um1-:J~h.nh~:IJlru f eI rJn~ 20-22 Un ~lJ~lfl Ul1flI9l1Arielll11nJ'J ~:IJlru f eI fJn~ 6 ri1'U~1 

fl111.1U'~-:J II'J -:J lriel U11-:J'UeI-:J19llei Ol-:J Ul1-:J ~'U~lJ 'I (I ll'11'flATI'U eI -:J rl'iJ 'J ~ flel'UlJ ~ 1~lw:h~ 1fll1:1J1!~-:J II'J -l'Uel-:J 

1ll1-:J~'U~ 'll1ii i nll'11'fll~ m!eI fJ 'If-:Jill~'U~(I:IJ11Jl fl flU !~1.1 in ll'11'flliJ'U ri1'U~CY1.I ''Ufdel~mll~~'l11'11fl 1'J 

3. fll'J\9I'J11JCYeJ'UCY1.I'U1l'UeI -l!!l1-:J~'U11 tr-:Jl~l 

3.1 fll'Jl1flI9l111tr-:JI~1 

r 12 
:t 10... 
? ....... 
~tZ ~~ 8 
::s: II 
F' ::I 66~r.I
6 It"' 4::s:
It" 2r 
c:: 

o· 
700 800 900 1000 1100 1200 


~-~~-----

P,0Ul11'fl~qA\JUI\..'Il~ll'ri

l __ a.l!fu~inWmlllmiin D2553 

. . .. 
G.I I QJ QJ 'C), QJ , .c:!' t:t Q QI' Cl 

\I 1fl fi-l Cl fll 'J1fl fl1 f11'Jl1 fl\9l111 Cl -:Jlm'U~ -:J1Il'l.:jfl'U\?Il~ 0Hl'l fi-l1'U fl1'Hml'l~ WIf Q1.I \?I-:J II \?I 700 \l-:J 

1,200 eJ-:Jfl11'lHlI;OCY ~-:Jm1vl~'iJ~ 4.4 fl'U ':h Irielhr~WlfQiif11'J!m~~l~el~~WlfQii 700 800 IICl~ 900 

eJ -:Jfl11'1$ClI;OCY 1Il1-:J~'U19l1e1 0N~ii i Clll'11'fll~'U el-:Jrl'iJ 'J ~ flel'Uii fl1 'Jlfflillf tr-:JIfi-l1~i flft'lftO-:J n'UUl1 -:J~'U 
QJ I .cd\! Idi ~QJ d 0' d ~ d ~ 0 i 9J:K C), d c9 QJ 'j) ,Jt

\911 eJ fJ 1-:J l'l11.11.1 (I 1.1 1.Ifl Ill'U el -:J fl'iJ n mllJ I'U eJ -:J \I 1fl~ ru IfQ1.I f11'J Afi-l1l'l\91 1l'l 1 IfA'U el fl'U 1.1 ~'U fl\9l1'U eI 0 1I\9I!1J eI 

, ,*~Wlf fJiif11'JI~l~ u-:J~'Ui-:JIlYi 1,000 O-:J 1,200 fHfl11'1$ClICUOCY ~1f11'Jlfflil'Uel-:J1I11-:J~'Ui1e1ri1-:J~ ill 
ii II Clll':UflATI'UeI-:Jrl'iJ'J~ fl eJ'UU -:J rr:hlll1-:J~'Uile1 OH~lJ i(lll':UflliJ'U eI -:Jrlth~ flel 'U .J-:Jill~ eI -:J\J1 fl~~rulffJii 

C), Q,I 0' jJ c), "QQJ , ~ Q ~ tl9J,J a.d ~ Q,I J
fl ~ fl Clll'U eI fl'U! flfl fll 'J ~'U fl\9l1 fl:lJl fl'U'U \9111.1 ~WIf Q1.I'l'1 U-:J'U 'U '111 m fl fI fl 1'J If fI\9Il:1J1 fl'U'U 11\91 Ul'l-:J fI'U 

i lei 0l-:J~ii i (111'11'flliJ'UeI ~ rl'iJ 'J~ flfl 'Uii f11'Jlf fll9lTUeI fltl':hrd eI -:J 111 fl i Clll':UflliJ'U l'CYfJ~ 'hllffli111 trmn 
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(non shrinkage materials) <villH'fll'j'Hfl~";nnr~If..n~lfl':h eJ rJH ~b fl~11J1I1flftlfll'jl1fl~111".:J!f..n 

lI'(1'fl~ l,rI'HU i1 fll'j ~'(1'1J '1 i:1l1'11'fllllUeJ.:J flU 'j~ fleJ1J (h.j!i1eJ~'U'l'i1~ ~1liri'1~i:1 m~YllJ'PieJ fll'jl1fl~1'UeJ .:urvi.:J 

~UI9i1eJrJH1Jlfll1'fllfllJm'Wl~eJ ril~ t.:J!rieJeJtlfl1 nil fln !m~lfli1 I ,000 eJ~ffl!'Jl'mtUtl1:Y , " I 
'" l:3.2 fll'jflfl'Jl'1J1.l1

'" 

....... 

~~ 

-~ - 
teE 20 
~ 

)raI 15.,.. 
'-' 


)or

;;::x 10 
1I~ 
iI 
6;1 5 
6 

r"'" 0
c: 

700 800 900 1000 1100 1200 

_. _. -- '- ---. - --------------------.-1 

~tnlUIll".lu 


~i1Ul1w1Al]Iilllw.ll~~rnu'l1 


iInt\lr.liI"",nmA'IIMl n2553 

.dt ~ & ~ ~ 0 I .e9 ~ I 91 d iI J. 
11Jf)I~l~tll'l1fJ1J 700 fH 1,000 eJ'Iff11'1HH'Jl'tI'(1' fleJ1Jfllfll1~fl'Jl'1JUT~'1fl1l'J'eJlJC\~ 15 ICIflUeJfJ 1Ii:1~I1JeJ 

.q ~ ~ <d' Cl ~ ~, ~ 
~tlll1fJ1Jfl1'jl~l'~ ~'\J'Uf).:J I, I 00 IW~ 1,200 eJ.:Jffll'Jl'i:1I'Jl'O'(1' fllfl11~fl'Jl'1JU1"fl"'1\?11fl1Uf)fJi:1~ I°1Ii:1~ 

f eJ 0" ~ 5 ri1Urllfl11flfl9$ml1'\JeJ~I'Yi.:J ~uI9i1f) [h~~li 1,,11'11'fl111 'U f)~flU1~ fleJlJlirlllfl"lftO~ t1lJrl1 fll'jflfl 
" u 

9$1JlhueJ ~1Il1~~U~1eJ ciH~ llili '1 i:111'11'fllll'U eJ.:JflU 1~ fl eJlJ~eJ lift 1 U1 ~1J ltll feJ tli:1~ 15 '111 f)~1 flil 

liim!eJo IrieJeJtll'l1nilfll'jl~leJcil'U'lfl~ 700 O.:J \000 f).:Jffll'Jl'i:1ltUO'(1' amflJmtUfll'jl~l~f)tll'l1niJ'(1''1
'I cu 'U q cu 'U 

fli1 1,000 Mffl!'Jl' "ltUO(l 'WlJl1rll fll'j ~\?I9$ml1'\JeJ ~1I'Yi'l~U~1eJrJH~li ii:1l1'11'fllllU f)~flUn neJlJlirlT~l ~ 

http:tnlUIll".lu
http:fll'jflfl'Jl'1J1.l1
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Wh~l fl n ~fl9hJll1'U eJ 'I1!l1'1~'Ui1eJO 1'1~ \hHJ l(nflTflllJ'U eJ 'Ifll1 1::: fleJIJ!neJIHl1 li1 ~'I ~Hl f111'\'1fll'leJ'Id 

IjJ Q.I I Q.I Q.I d ~ ~ 0. I £:3 

ffeJflfll'leJ'I flIJfllf1l111fl~111 MI~l'\'1n'I'U'UllJeJ~Wl1 iJlJ f1l11~1~J 'I f111 1 ,000 eJ'Ifl'11'l5l'l19H'Jff 

cj. ., 

3.3 fl1llJl!'U'IIIl'l~eJf1llll~fll1fl (Flexural strength) 

10000 

8000 

6000 

4000 

2000 

o 
700 800 900 1000 1100 1200 

etruVl.Qiin1,)bI:-J1 (ihlPl1b~enihJm) 

'IM.Irrnum::iu 
I\flUll~I1Uil.~Miu" 
~11Iniln n2553 

i fJ} d IA I Q.I I d 14 J 4 
II'U 1 'UlJ fl11lJU'U 'IU1'I'UeJ'IU'Vl 'Ifl'UeJ fnm Cl 'I l~l~IJ11 fl1llJ II'U'I III 'I'U eJ 'IU '\'1'1 fl'U U' 'I 'U'U IlJ eJ 

flWl1 nlJ flnmlff 'I~'U ~n11~ 4.6 i MeJ 01'1 g'lUl1 'I~'Ui1flriN~ l:JjiJ 1 CllJ'lTflllJ'U eJ'Ifl11n: fleJIJ iJ~ 1q" cu\J 

fl1llJU~'1UHU' 'I~'Ufl ON lil'U 1~'I7f1lrleJ~Wl1 tJjJfl11ml'~ 'I wh 1,000 fl'lfl'll'l5Cl1~fJff Ul'l:::iJrllU''Ifr:h 

1Il'i'l~'Ui1eJ riN~ Il1iJ ICllJ'lTflllJ'U eJ'I ft11 1::: fleJIJlrleJ l'11~WlI fJlJ fl1mn~'I I!~ 900 eJ 'Ifl'11'l5ClI9lfl ff ~'U 111 

i'l~llJ'U~Clm1l1 fl i CllJ'lTfl~'1ri1'U 1111lhlJ'Ullflm9lfl}Jfn1IJeJl'U~lflfl f111ffCllfli11 ~~eJWlI nlJ 825 eJ'Ift'l
" . '" 

I 'l5Cll9lflff 111~ fl'U 111 ItJ'UllflCll9lfllJ eJ fl tl 1 'l5flll Cl::: fl11IJeJ'U 1fleJ eJ tl i 'l5~ 'l'i11,r fl11lJ u~'1m 'I'Ufl'l 1I'Yi'l~'U 

i1eJOHClflCl'l flONI1n~llJlrl81'11eJWlInlJfl111f-11~ 700 IICl::: 800 fl'lfl'11'l5ClI9lflff ~'1ltJ'UflWlInlJ~~l 
q " ~ " 

fl11flWlI nlJ flUffCl1 fJi1'UeJ'I IIflCll9lfllJrn1IJ eJl'U~ ~IJ 'hIl11 'I~'Ui1eJ 01'1~iJ 1CllJ'lTflltJ'U eJ 'Ifl111::: tleJIJiJ. ... 

~lfl1llJlI~'I1I1'I ff 'I fl1111l1'1~'Ui1eJ d1'1~ i:JjiJ 1 l'llJ'lTflIU'UeJ'Ir1111::: tlflIJ ... 
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3.4 fl1111lf'Ul/111'U IfllI'J111 (Bulk density) 

1>l1J' l':)~ 4.3 II iJfI':) fl1l11lf'U llll1'U 1flt),j l11'lJ€J.:)\9i'"HJ dl.;JIl'11,:) ~'Ulf·n~ i:l1iJ ~lcnrlfflllCl ~iJ '} cnrlffll~'U 

€J.;Jrl1.h~fl€JlJ 

700 

800 

900 

1000 

1100 

1200 

1.87 

1.88 

1.89 

1.92 

2. 19 

2.33 

1.84 

1.81 

1.84 

1.89 

1.88 

1.90 

flCl1Jl flfllJ'1f1~lfl1l11lf'U11l11'U1fllInlli':)l>ll'n.:)~ 4.3 'VilJ ":h~'U ':)l'U\9ileJ dN~iJ '} mrlffll~'U 

€J.;J rl11 '.i ~ fl€JlJiJ~lfnllllf'U llll1'U1fllIJ' 111~1fl':il~'U.;Jl'U~1€JdH~ l:11iJ ,,,lllffll~'U€J,:)rl11'.i~ fl€Jlll~ mY€I II 

i.;J~1I iJfI.;J i'li'ri:i'U 1lfllJ' fliJll '}Cllllffll~'U€J.;Jrl11'.i~fl€JlJ i'Ulif€J ~'UVh0~ 1:11 ri.;J flCl m ~'\'1lJ~€J~ lfl1l11 

If'U llll1'U 1fllIJ'111 

oj , 

3.5 fl1l11Il'lJ':)U'.i .;JI>l€J fll'.iflfl (Compression) 

\9i1€J01.;J 
d 

fl1l11Il'lJ':)IIH (MFa) 

€JWlffliJ (€J.;Jffll9$Cl!95t'JiJ)
• 'U 

110 700 900 

i1€J ril':)~ 1:11iJ lallilfl 1.48 13 .87 14.03 

\9i1e1dl.:)~iJ1Clllilfl 1.47 13.21 16.45 

fll1'\'1 fliJ€J lJfl1l11 1I~.;J~eI fllJ' flfl'lJ€J .:)~'U.;j l'Ui1el d N~~'U'J'.. 11!~'Uti€J'U~!lf~ lIll i.;Jl>ll n.:)~ 4.4 

Y'lll11 ~'U.;J l'U~1€J dHi.:) fl€J'UlflllW ~'I1rl"':)!flliJ~ lfl11111l~.;Jm ':)~€J fl1'.i flfl i flcf!~ lI':) fl'U lla~~lfl1111 
d Jd J& I 9JQJ4 QJ 

1I'lJ.;j II 1.;J iJ .;J'lJ'U!1l €I €JW '11 flll fll 1!fl 1 iJ .;J'lJ'U 9$.:) ~a fll 1 '\'1 fI Cl €J.;J fI.;J fl ClldiJ€J fI fl Cl el':) flll ~" fll 1'\'1 fI iJ€JlJ fl1111 
q"J q fU 'U 

d t c\ .c:\ ci d, Q.I 

1I'lJ.;JU'.i -1'lJ €J.;J 11'\'1.:) fI'UJ'fI'\'1'\1f1iJ€Jllfll1111l'lJ':)U'.i ':)I>l€J fll'.i III>l fllffl 
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3.6 f)1'j'YIfHHI'U fll :Hl]ell'lQI'l'lJrJ .:lIl'll.:j ~'Ui';HI Dl.:J 

11 1 mHl fln 1I'lf~'U.:J l'UIIl'i.:J~'UilrJcin~]J"1mJ:Uf1llJ'U rJ,.jrhh ~ fl rJ'U!l1'l~INl~ rJTlll'i fl~ 900 eJ.:Jfl'l , " 

'IAl.ltrnum-.i~ Q. ct aJ'~ ~ 
flOOl1lllll~U~M(lI,j eJW'HfUJ 900 MfiI'll'lHlI'lHJff 'HMII'Jrul 1 IfleJ'U. " 
~1~n2553 

i ~ ""'~I ".1 i.!;'" ·"'.1 <J} "" "''''fIl'j 'If HnJlJfllu'UeJ.:jflu'j~fleJ'U 'U1'UeJfl'U'YIleJ~u'j!::l.JlTll'jeJl'l1'l~ 1OlJff.:JN1'l~e:JfflJ'U~'lJe:J.:J 

~'U.:jl'Uile:J Ol.:jm flU fl 1flfJm'Yll!::e:J Ol.:J g.:j~e:JTlll'i fllJ f)1'j IN1~~1w;h 1,000 eJ .:Jfl'll'lHlI~l'lff 'tl.:jl fl~ i~1l1 fl , " 
rh~ i ~fIl'j'YIflffe:J 'U fflJ'Ull~l.:j"l ]J~l i mi'lft fJ.:j fl'U i ~I! fi fIl'j l'ifll'i cr.:JINl f)1'j ~fl9$l.Jtl1 fl11lJlI~.:j II'J '1~eJ 

fIl'JII~fllrfl'\Je:J.:j 1Il1.:j~'U~ fl fll1lJ'H'U1IIU'U 1flfJ'j llJ IHl~fl111J1I~'11\'j .:j~eJ fll'j flfl'\JeJ'I ~'U.:j l'UJ 11~111~ I'llJ 

ffnT'U fll'j i 'lf1 m1:urulJ'U eJ '1t>l11 'j~ fle:J 'U i'Ulde:J ~1.J'ril~ ~!1~1'U'YI1.:J 1fteJ fll'irt.:j rll'H ~'U fln elf! mmTll fll'j~'U 
,~ lIel~ IlJ'U fllnll1fffll11fte:J ''If'1l1fle:J~ffll'i fl 'J'J1Jl.I1 Hili'lflfl11'J:i~1fJ'lfU. . 
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ci 

'U'YI'YI 5 


III j"rroJ'W lfll j~'W jtJvl1t1fll nn;t)~l~'W

QJ 

Ifl~ el ,:j~tJ~tJ!~l~tJ JJl'U '1tJ~'U~ fllfl '119i' :ITf)lJ f) U ~r;\911 f)1'Jf)1'J111~'UnrU I'll 11~ el~tJllfl']1u 

,reJ ,:j~lJltJ If)lHt'QeJ~tJlJfll1lJ!11'U I'll!! ft ~ lJfll1lJ ff~1! fflJ eJ tll,:j fl r,:j 11 ~ lJ f) U !~lJ ~tJ~ lJfll1lJ ft ~!~ 1'Jf) 

U'eJ t'J11 ~ eJm 1I'JUlhl 1 !~eJ 'lhl'J '1,r~tJ 'JlIl fl~ 11'J ft fI fll 'J11 fll9ll 11ft ~ 'h]U\91 f)! ~'0111I'J!rleJU,r,:jl9ll 1 ~lI'J! fleJ 'lJ 
'U 

~ 11 ~ • 

l1il11 lJfI 11 ~ l~tJ f)1 'J<\itJ 'J 11 fllt'J f)1 j 'I1tJ fl';Wi1eJ 11~ el H'UtlWllJ'U 'J1lJD,:j f)1'J 1 '*Ifl~ eJ,:ji fl1 W1Y111i''lJ fll'J 
'U • 

~r;\91 ~~ riel ff~N 1fll'J!11eJ~mltJ~l1~ lJill lJlruJ1eJ Q~lI j ~lJlru 20-25 III el fl~tJ~ III?l I'll f)l?lel f)U ~R\91 

~lH 1tJ 'lJ N 'b'U fI~ lJ 1 'VI'J Ull 0'1 tJ 1flll ri 1111 fltJ fleJ f) Ilf m ~1J f) eJ eJ lJ fftJ '1 ft'1 ulf';11 \I dii J,:j,:j l'U 

el \91 ff111 f) n lJ! 'Ii 'J llJ f)~1'}}'111eJ ~U~ fflJ .J,:j ~fflJ!eJ,:j Uft ~~ ihl'l111111'J ,ili~ 11 'J1I UI?l NlI 'J ~ f) eJ'U f) U ~ ~ \91 
• 'V 'V 

C). d <j) ~ 
fI'U!11U I'Jl'Y1el,:jll'U 

• 'U 
111 f)lJ f) 1'Jf1f11:11 f)1 'J !\911I'JlJJl~tJ \I 1f)1\91 tl~ 'lJ~'Um ri1~1'11'TI'llJ Ull~tJ 'J 11 1flfllt'J f) U 11 ri eJl! 'IJ'lJ 

ll~'lhl'Jl,r! tlfl f) U'l1WltJ 1~ ~\91rl'ru ~'1mJ"l ~ \I~I~U fll'J 'lJ1'J 11'J\91 Cl1f1 '1'11'fl'IJlfl~ eJ,:j~tJ ~tJ!N1~'U U1tJ!11 ri1~ 
"I?ll~ eJ,:j 111 fllJ fll'Jf1f)El1 f)U 1\911 mJll1~tJ \) 1f)~l.l UfI.:nreJ,:j~ fllfl '119i'rJ,:jlJeJUU'eJ t'J !!ft~ ll1fteJ I'JlJlI'J~ff'1Tim'VI 

'" 

5.1 'Ilel'lJI'IlYl'llel-:J-:Jl'I-J 

'}I • ').I. 

1. !\911I'JlJ'\.h~tJ!tlel '1 '}}'1tJ f1l'J'YIfI ffeJ'lJ f)1'J11 ri elU'IJ'lJ1J 1f)!m ci,:j~tJ'l'i,:j 3 U11ri,:j '1tJ'li'el,:j'fj fllfl '119i' 
.. 

2. Vl1 f11'J11ri el!!lJ'lJUft~'YIfI ffeJ'lJffm'Wl~l,:j"l 'l'i,:j rieJtJ!Ift~11",:jI~l 

3. IltJ~111!!Cl ~ ff1 TJ\91!'YI flU fl '1tJ f) 1'J (\911 t'J lJJl~U 11ft ~ !1l1VllJvl1I'U1I ft 1ff!\91el f el 01,:j~ 11'J1,rfl'lJ 
'U 

.. . .. 
i flVl1 f)U 'YIflCl eJ '11\911 t'JlJ'I11 ~tJ \) 1mm ri,:j!fl~ el,:j 1JtJ~tJ!~l '1tJ 1l,n11f1tJ mff11inml'b'1l1'U lU 4 

19l1eJ 01,:j ItJ,reJ ijt1iiu~ f)1 'J l~eJf1f)ll1!ieltJ ''lJ~H"l ri eJtJ~ 11 ~~flff'U '1 \)111 i lIri 11'J'YI elfl '1'11'~1I'J ~ fHl 'IJ f)1j .. .. 
~ eJ tll1 1fll'J'I1'U\91 eJtJ f11'J 'YIfI ft eJ,:j lJ fl,:jU 

OW IQ.c::t. 10 <j)~ d. 

I. 1f)'IJ\91leJI'JNfltJfI'lJ1l1f)U11ft,:jtJ1lJlel'IJ!mil'YI 105 eJ,:jff119Hl/9Wff 

2. lJfI~'UcieJt'J~uU,r,:jflll'Jlfl~,:j'1,rlJ'lJtJ1f1l~flf)';i11-2 19rU~!lJ\91'J 


3, !\911I'JlJJ1~'U lf1l'J'l,*~tJ!!,r,:j 1,000 f)i'lJ til 600 :uft. (38 % water) 
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4. f-nnJJ1 r1UmHI~ cnlll'1il~lIlJ9HI!fWl 5 fli'lJ !!ft11'\'l~'U~I\Pll OlJ i 1M '1'UJ1 ~':l'vf.:) tHlTIW1(1 1 

24 '171 lin (H~f)cU'llJ~'U) l~f)'1,r!'df)~'U!nf)lI11'UfHYlJ1~~111 

5. lh.l fl1'U ri1'U'WO'lJ~1111fl~f).:)11'U '1,r1,r1r1'UltI'Ul'df)l~1I1 1~H'J '1'1fnj'l11h~lJ 1Ul 15-30 'Ull1 

6 . 'lHUfll1lJlrUfllm~ fll'J 1'H (I\9l1~10fll), I~mn)' (I~(\101'lil~ lIlJ~~Ifl~!!(\~J1 

7. fl)f)':)f·h'U~~"fl),:jlUf)f 100 IlJ'If (l50l1m) "ft1'\.i1J1~'U~1~lJll1'U~flflf.:) 
8. 1~rl1fl1llJ'H{1~ 1~ lIWJ1lJ'H{1~~l'HlJl~ 'O'lJr.Y1'H i'u fll'J'H rieJ!!UU'il~eJ ~~'lh~lJlUl 500 cP 

111 flfl1llJ'H{1~'O'.:) 'l,rI~lJ1'1i1~ lIlJ~~1 fl~ !!(\~J1 
'" 

9. Irl f) i~fl11lJ'H{1 ~~ I'HlJl:;; 'O'lJ II ft1 i,r1~rl1fl11lJ'H'U 11!'U'U 1~Ofl11lJ'H'U1!!l.!t.J'lHnJ1~'U 'il:;; 

eJci'\ihh~lJlUl 1.6-U fli'lJl9ieJiJ(\~~~)'
'U 

II. i.:)'ff.:)B\h~lJlUl 1-2 'l'hilJ':) IIft1!!fl~eJeJfl'il1fl!!UU i~fllllJ'H'Ul'lh~lJlUl3 iJ(\TIllJ~J 
12 . ~fl!!I9i':)~W1'U i,rH lIU~eJO ~.:)'ff.:) in,r",r.:) 'l'U,reJ':)'\'l~(\eJ':) 1 l'U 

13. eJu~'U':)l'Ui,r!!,r.:)'O'u'VI ~ 105 eJ':)ff11'li(\I~£li1' 
~.c:::i .d d ClOJ A .Q r.::1 

14. 1~1'1f'U,:j1'U 'n 950 eJ.:)ffWl$(\I'1ill'O' 11J'Uncn 30 'Un1 eJ~J1flU'\J'UeJUl'HfllJ 5 eJ.:)fI'll'1i(lI'1ill'O' . '" 
lPieJ'U111 , 

, ; 5. lM~'U':)1'U~UI~1~~TI\?Il~fJ!'YlflUflfllJ'HrieJJ1~'U 

5.2.2 N(;'Ifll';l'YIfl(;'lf).:.I 

I. fl1), ft flll 1'W t) ~ fl)' )' lJ fll1lJ 'H {1 ~~ l,j ~ fJ 'U 11,j (\.:) Ii1 eJ':) 'ill fl fl1), I ~ lJ i1'1 'J 'If1 fJ fl)' ~ 'il111 (\ f) fJ \9l1 

(def1occulant)l~ eJ (\ ~fll1lJ'H{1~ 'ill fl flUftflll l'WU 11 ,j1lJlUJ i1'U 1'1i1~ fJlJ~TIAfl\?l ~~~::j fll)' r.Y1'H i'u fl u 

,ji'Urllfl1llJ'H{1 ~ 'l,rl'HlJl~'O'lJ f) ci~,j)' ~ lJlUJ 0 .95 -1.85 l,jeJ f Icti'U~ i ~ri1fl11lJ'H{1~'lh ~lJlUJ 400-500 
'U 

cP fl':)IIi1'~.:)i'U~l),l':)~ 5.1 

2. IrieJl.i1J1~'U~1~1 fJlJ if1lJl'H rieJ~'U),jIlU1J flCll,:j i~fJ''lfI1Cl 1i'U fllJ'Hri eJ 30 'Ul11 (~'U':) l'U), U 
'" '" 

a ..£ ~C1 ~.t::\ tq '1" lit"t (V

\9jfl\?ll'H'l;! IICl:;;'H'lJ 'U'Ul~'lh~lJlUJ 2-4 'Ul) IHll'il':)I'VI'U1~'UeJeJmJlfllIUU 'WU11flU mCl\?lTV-m 'If 'il:;; !~ 
~ 9) .Q .Q OJ dt 9J tid cI 

fl11lJ'H'U1'\Jf) .:J'If'U':) 1'U! !'H':)U'J :;;lJ1UJ 3 mHl!lJ~), fll'J'Hfl~1IlJeJ!!'H':)U'J~lJlUl 8-10 IUf)'J 1'Ii'U~ 

3.1rleJ'\Illfl1'llf·d~ 950 f)'Iffll'liClI9ffJmtl'U11(11 30 'U111 'l~~'U':)l'Uil!!~.:)~~il~eJ'U rlf)'U,rH 

II~'II!J':) 'hiiJ fll'l 11\91 fl~11 fl1),'H~\9l1'H"':)lm~1 
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~tnlUIll".;\'u 
~llU\llOR~~~iUl(ll'll 

.tmfu'l6lO11lflffiJi'!1fll1n n2553 
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f11UI rnnl 
.. 

'lll IflVl 

3
(glcm) (wt%) (wt%) (cP) 

1.65 32 1.25 475 

1.65 32 1.70 450 

1.56 39 1.85 405 

1.65 32 0.95 495 

').I 'iI 'iI iJ' I 

11 ij1i~ flU ~.:J II~ fl1 'HH"lJ111~'U II Cl::: flU 11 ri eJ IIUU111~'U 111 flU:U ~lJlfUCl:::111~'UYiI~1l1lJ' vr hHllJ 
v v 

'J 111 Cl:::I~ l1~'ll'U~eJ'Uf1.:J~eJ i 1111 

.. 
5.3 .1 t'YIfl-Wi'lfll'J'Hcle:I'Wl~'W 

1. 111'lJ, ~'U~Ni1 191 1 vrl911lJ fl'j:: U 1'U flU 1~1l1m.h~'U~ fl ri 11lJ1Un1.uH ~'U II Cl::: II:U v:i lJ'IIl11., 'U 

11Cl11:n~eJf lJ1 Hl'U fll'Jl1 rieJIIUU~'U nJ~'U.:Jl'UI'lI'J llJ fl hH!:uv:imf11'U 11Cll1:Yll91eJ fI911lJ~eJ.:J flU (eJ 1 \llJ 
" " 

~ '" '" "I 2'1 d ",.d '1 'iI ~ '" A ~ 'iI' JI
flln11UlJ.:J'Yl ClfllJl1'J eJ IIlJ .:JI~ fl'YI11911 I'¥I eJ 11 Ufl:::I'U eJ ~'U eJ eJ fl1l1 flIlUU'¥IlJ'¥I ! ~.:J 1l1't1'U) 

~ 4 I e:. ff 91 :f,~191 C1~ ~ tAo r/IQ,I 

2. 1'YI'Ul~'UCl.:J''UlllJ'¥IlJ'¥I IICl1191.:J'YI.:J 111'J::lJ1W 30-15 'Ul'Y1 'tI'UeJ~flUft11lJ')j"'U'tIeJ.:JlIlJ'¥IlJ'¥I 

.IICl ::1:Yfll'¥l'tleJ.:J']l~'lHeJ.:J U~lI::: cr.:Jlfll91 
l1vr1l1 flfl11lJl1'U l't1eJ.:JlileJ~'U~'¥IeJ fl~1U1I1W11lfl~'H l1eJ~'J,~'U 

3. I'YI']1~'U ,h'UIfl'U eJ eJ fl ('l'U fl'j U1~191'eJ.:J fll'J 'H ri eJ 'l,"11l'U~'U .:Jl'U flCl1.:J) 11ft1fl 'hrf.:J l)'I1J'U11 Cl1 

1-2 i11mua'1~n"fll'J II fl::1I:uv:ilJ'Vl 

4 . mi.:J'illflllfl:::eJeJfl\llflll'lJ'lJllft1 ~.:J~.:J11hrlllr.:J'1'U~~lJ 1 1'U 

5 . 111'11~.:J1I~~ l1~eJeJUlIlr.:J 'H~eJ~.:Jin'U~~lJ'l,rIl,".:J1:Yil'YI I91flll~.:J~'UHU'l,"11oU1eJl1l1ft1~~ 
1111.ull~ 11~11911lJ11 fl~ 



----- ----

1---------- - ---

~I1lIU~\fu 

~0Ul11'll"~~=~I~AAiu'lf 
ii"mfu~1hl\I1mII~nfi D2553 

~nmJllltiu 
~OUlllrl'~mlil:II~AAiu'i 

ihlIfu~1hlI11mI1~nfi n 2553 _ _ :.1 
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'illfl fll)'llfHH) 'Hdel~~'Ufi~ flril1'VHH.Y1t1i~':h l,1el~'U.J~ 4 vilel cil~ fflJJ1'Jflll1lJ11\9l1 !'JJJ;'U~ l'U 

~~'Ultl~l!'Jfll),'HrienJl~'U i~i'"if.l'U,j'l~~ 1flI'J\1l'Wl~~'Uvi1el ON'illflelllflel 'l'hffl(l1 ~~'ill flfll )' j;n '1i\9l!!Cl~ 

fff.l'U!~~t1fi'\Jllfll),~ ~l'\JCltllfllJ'U elllflel!iiel~ 1l..m1fl'Uflm~ 1inJJ)' 1']) ii~'1J)' ~flel'\J fll)'hfr111JJff'Ulil 

II" ~11fl" f.l ~'l'i1 fll)' ~~\9l ~'U.:j l'U Ill'U el ci 1.:j~ 

I 



. 

<Oi 

'l.J 'YI'YI 6 

ntlff1\~~rllr1ty' lH'lJI'I~'U~mfl 'l'i'lJl~l'\.nu iJ h 'Nl'Ur-l~I'IO~'J1lJn'UlJlnflll 80 h ~ ~1'U 1lH1'I11r-l1 

'J 1lJlJl nfl1l 200 11'11 iJ'lJtl U 1'111'1 fIl'J 'il~ri ~ft'U fllm mJfl'J lJ~'U~~~ 111'1 'il,:nd'~nh::;'il11Jm'll'UTI 'ilU (i~ 
"'lfl(J!I~lHllfl'l'i' O'ii~r-l~l'Il ~tJri1U hHUfitlO'ii~)" ('IJ'Ul~tI )"::;lJlru 18X6X6 19iU~llJl'I)" lhmlflo'ii 

~ 	 u <1d <U "" 
" tI)"::;lJlru 0,8 illflni'lJl'1tlfltl'U) 1!fl::;O'ii!!tI~)" ('IJ'Ul~tI)"::;lJlru 25X13X6 19i'U~llJm t1nnlflo~ ., " 

tJN'I"l l'll' 'U n'il m)" lJtu "1 tl1Yl mf~~1'U;1lJ1fl , 'U'lJ ru::;~)" 1m'll l(J'lJtl~O~fl~~ ('Ii'mqjfl fllHYlJfllfltU 

'IJru::;!~lJl'i''U lm~fll)"!!~1'j(f~'il1fl!11l'1fll)"rulhYi1lJ'l1uilrltltlfl1(JU 2553 IIfl::;I'i''UU 2554 )"lfl101l'
• u 	 ~ 

6.1 	;;t)lJtlYi'U~n!'lJt)-3!111ci-3f-l~Vl!ltl::;h-3-31l!fllt)~N 

'il1flfll)" fl~rln1'il'IJtl-3 i m -3 fll)""1 'I"lUl1 11'I1ImO'ii~l'llufltl1fl'l"llH!fl::;fhfltl'lf::;tll~ iJ ri'fl'l:Jru::;.. " 

~U'iil'U~fl~l(Jfl~~n'U ~tli111'111ml~UIIUUffntll'l (Scotch kiln) iJ'Vl1~1~'UfllJ~tl'U~'U lliiJl1ri'-3fl1.. 
ml-3 rltll'11tJO'ii11 fl1(J~u rf1u tI )"::;1'I11'I111J'U'lftl-3IU~'IJ'Ul~' 11 uil~tlfl11lJff::;~1n1'U fll)"'11 'UV1(JO'ii i-3t1

d4 'U U 	 -1.9 

(i~'IJU 1~'IJtl-311'11 i~mI'l11r-l1~l'llufltl1fl'l"lu iJ'lftl~ 1 ~11 rl'n~)"::;~u~wVl tJ-3~U 1~(J1 !l~11'I1IN1~ci'1Ifltl'lf::;., 

tl1~'il::;iJ'lftl-31~~u~ 2 '(l'-3'il1fl~Utl)"::;lJlru 2 llJl'I)" i1tJ-3rl'u111NnU'lftl-31~11rl'fl~uri1~ !lfl::; 

'U tl n'ill mY'U 'IJ'U l~flltJ'U IIfl::;fI11lJ ~'IJtl-3ll'1llmO~~ ci' 1Ifltl'lf::;tl1~'il::;iJ'IJ U l~1my nl1~l'llU fltl1 fl~'U 

http:l'i'lJl~l'\.nu
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(n) (~) 

v . 

IiJ 1 'I11l1t1'11 'ifn~ tl 'HY1 '1.,1 ,nu iH1 tl m l' '11111 '1.,1 1l'11'Hl~1'i''1.,1 VJ '1.,1 n U VJ ft ~Bj ntlff~Hi '1.,1 11'.:J~ 1'1.,1 

i1tl ~1~ 1I"~I~mHU .f)l'WVJft \91.nru~~1v) 1 ~tlfhih().:J ":i1N'th~ntl'l..tnu ff1:iJl'Hll'111V)~1t1 1,jCJ7'lJeli'tl'U. ~ 

1~:iJ~tl.:J h .:J.:J1'UUtltl 
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'J::;fl'l.J'lr'Ufl11lJU.:j'tlC)~0~IV'U 4 fl~lJ 11n;flf)lJfi'11'1~~'1'Ufl~lJ R ~.:jll~iJfl11lJl1'U1'tlM0~11'J::;lJ1111 35 

1~'U~!lJ\9l'J UlJlIlfl0~i'UlJ'U't:!~~'rill1Ul~IV'U11c1'lflli1f1'J 11 n.:jlJ1~fl~lJ T ~.:j11~iJfl11lJl1'U l'tlf).:j~ 11 

lJ'J~lJ1111 70 1~'U~UJ\9l'J i'Ufl~lJ M ~.:jll~iJfl11lJi1'U1'tlf).:j~~11'J~lJlW 70 1~'U~llJ\9l'J 1J'UO'lfl~lJ B ~.:j 

'il~iJfl11lJl1'U1'tlC).:j0 ~l1'J~lJ1ru 35 1~'U&lllJm 'JllJfllJ0 ~~',*neI!U'U~1'U1\9l1 uC\~',*ril~wi1fJii~l~1M 

111'1111 fl! f1'U 1~~ 11111 fJiJl U'U11'U 1'Y1H I'U fl n nm'U ~~ru 11 fJiJ I Q ~ I'I'tHl.:j ul9i Cl ~i'U01II!n~fl1'U 1111IU'U 

VI c1.:j.:j 1'U~~f).:j ''*rl111 i'lJl!l9i Cl~ flrim14C)'J 1lJIV'Ul'jc1'l.:j 1'U J1lJ''U~11'1~ ff~, . 
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1l1flf11~Hlnnf1l (~-1u~~-1l3lu~11:il-1~ 6.3Un~I>111N~ 6.4) 1~~1J"'Hr-1-11'UJ'U~1~~el.:)I'1Y1'U 
flU IN1~ ~''Unl9l n~1'li'U1,n~~ -1eJf1l11 fllJ~ nnl'Ufl (11~eJ~l~ IM1J 1 flfl1Jl1flneJ.:) 1'U mUlrl) .J'.:jrl W1J11 

~ ~, 

flll !N1~ ~1>1111fl'.i~1J1'U f111 ~':)I~hJ~ 11.:).:) 1l.l1'lf'eJ ~l91'el':) 1'lf'l'lcf-1-11'Ulh~1l1f1l 40,300 MJ 19leJ~ ~"'Yfl 

1l1'Ul'U'U 50,000 n1nfl111 'lJf1l~~m~1J1'Uf11HN1~yf\PJJ'U1~'U1l~i'lf'wcf':)':)1'U'lh~lJlf1l 41,700 MJ 19leJ I 
~~"'Yfl'il'1'U1'U 47,120 010 fl111 ~':)ll~U.:) f)'":lll11J1JI~lJ'lh~lJlru 9 l'lleJ1IcR'Ul9l l~eJ':)1l1fl~ru11iJlJf111IN1 

~.:) f)'":hll1J1JI~ll'lln; lllw 80-150 el.:JfY11'li0l9$!'J~ ~n'lcf-1-11'U~-1 fl ri l1~ell'lcf':)':)l'U4'l.l~l~'il'll~l.ll91'eJ-1 hi I 
u 

1,J1 Ll'll1'U1~1J1JIYleJlli~!'J'U ~~~1J (11~eJ~'Umi1!'J1) 1,rflOlI'Jl~'U~1l,!fl I 
I 

eJ ru 11 fllJ IN 1(eJ-1fY1'liOl9$!'J~), ~ 
1'1 cf.:J-11'U~l91'eJ':)1'If(kJlkg) 

600 569 

700 706 

800 843 

900 966 

1,000 1,096 

Source: Lebbing, 1999 

1>1111,:) ~ 6.3 II~~.:Jfhli1~lJlru f111'lJel':)l'l cf':)-11'U~1'1Y1l.lfl11If-l1~ ~11.cr -111>11 (li111'11fl~1l"'Yflli1~lJ1ru 50 

1?l'U) ~1!'Jnf111INl\Ol111'llfl~ 

\9l1U11t!-1 

fl~ll~~ 

, "" 
'lf1':) eltll11 flll , " 

fllmn (eJ.:JfY1 

1'li0l9$!'J~) 

'" l'liOl'lifJ~) 

~ru11UlJli 

1'lff11'U1'U 

(eJ-1fY1 

C11'li0l'li!'J~) 

Specific 

transfonnation 

energy (KJ/kg) 

" llm'l1fl 

~~,!fl 

(kg) 

'" '" Wn':)-11'U'Vl 

191'el-11'1Y1'UflU 

1f-I1 (MJ) 

R < 617 NA 600 569 9,600 5,462 

T < 617 NA 600 569 12,000 6,828 

M 750-870 784 800 843 12,000 10, 116 

870-1,100 962 1,000 1,096 16,400 17,974 

50,000 40,381 

( 


I 
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flnl~l (eJ'lfl'l 

19HH9f!'J'iY) 

~llI'HlJiI 

ma!'J 

~llI'HfJil1il 

H'flTUlll1 

Specific 

transformation 

energy (KJ/kg) 

" 
111'I1Ufl 

~tO'iYfl 
d<J q 

(kg) 

YHi'l'lllfvj 

19leJ 'I '1'lfi'U 

fll~ 1Nl (MJ) 

R < 617 - 762 680 650 637 9,120 5,809 

T < 617 - 763 736 700 706 11,040 7,794 

M 800-1013 905 900 966 11,040 10,665 

956-1110 1,044 1,000 1,096 15,920 17,448 

47,120 41 ,717 

'1'U 'll~ul9ieJlJ l~ eJ fl nl.h~liI'U'Vl rl''l'l1'U~'~"Um~Ul'U fl n l~l~'l'HlJfI IfI!'JeJ lff!'J~ (11) 1 fl fll~ 
'),I ~, " 

'VIf1C'leJ'l i·rUl'Ufll~l~l~~1Y~ 1 1\PI1 (~1'U1'U~~lh~lJllll 60,000 neJ'U 'I11'HUfl~~,!mh~lJllll 50,000 

nl" fl1lJ) 1fI!'J11 fl~1)~ '1,;.w'Ulh ~lJllll 12,500 ill i:l fl1lJ '1'U'U1lI~ fln 1~1 IfI!'J'1~!'nfrufl~vrWl'U1~'U~';l!'J 

fll) 1'1 !'J'l~ ~hti11~ 'l~'U'Vl feJlJ flU fll) '1~'lfel 'l1~lJ eJ 1fllfl'ffl'H1U'lfl!'Jl~lllnYll~ '1 ~.w'U lw mlJllll '1 fl "'I~ l'!'l 
fl'Ufiel11)~lJllll 12,400 illi:lfl1lJ I?lelflnl~l~~ 1 1\PI1 (~l'Ul'U~~11)~llllll 56,700 nel'U Jl'HUflij~,!fl 

11) ~lJllll 47,000 fil i:l fl 1lJ) eJ ri 1'1 'h f11911lJl1l f1 '1 ~1'VIflil flfll) l~l~vrWf'U 1~'U I fI OC'lfl)~ !'J~I1Cll fll~1~1~ 

hi~llih.jeJel fl (\PIllJm\9J~"~ ~I~fli1l101l'"1'j,'l~'U) 1111)~~fl'l '~Vl'UlVi!'J'l11nllllll 10,300 fil Cl fl1lJ 

" , " 
!l11U'U 9i'l~1'U1'U.w'U~'lflril1ll~'l,r~l't'lrl''l'l1'Ufl11lJffllni'l'HlJfll.h~1ll1ll 144,000, 142,000 l!i:l~ 

0" C> ' ''' i !V .d '" J 'l J Ii] !V118,000 MJ 19I1lJi:llflU (flfl1)lflfll'Vl"'l'l1l.!1l1fl lJ 13,500 kJ/kg 11'J~flUfl11lJ'ln.j lII'Ufl!lJ 15 

111 elfl9$'U~ l!Cldi fll) I~l 'mY'iYlJUJ w) ~'llrlellm OUIl1!'JU flUmlJllll'Vl rl''l 'll'U,r'U~l~~eJ '1'1 'lfil.! fll) I~ 1 
" 

ij ~1)~'VlU11 't'l rl'H l'U ~,~1) 1 fl.w'U ~'ll1lJ fill ~\! fl'1 'lfl11'1 l.! m ~ U ll.! fl U I~ lij ~ lVi!'J 'I 11) ~ llllll 28-35 

II i:l~.w 'U ri1l.!11 ~ 'I 'iY~ 'iYlJ fl Q'1l.! ij ~ IICl ~ !\PI1I~1 IICl ~ \ltyl1Y0'11) ~1111'l fl U IV'll I9i1 i:l'l "hl.! 'H~ 'I! fi fI fl n 

'iYilllff !'J!!i:l~ 'iY~'iYlJ~~U'l!!Cl~ I fl) '1'iYf1'l1\PI1 1fI!'J'Vlrl"H l'U ril'UlJ 1 fl1111)~ Ifjflfll~ 'iYUJI ffl'! 1111 flU 'I ellff!'J!!Cl ~ 
~ u ~ u 
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'iI,. i' 

'fll'jl'l116.5 l'Ici'l'l1'\..n;'1'MlJfrfrM'illflV1lJ'YlH1'Ufllmnll1J1J~N '1 i'Uf)llftfl1HU 

.d 
('flllJ f-lCl fll'j 1'1 vHl fI '11'1 

i~'il~'1) 

..\ 
(!lJfI ovH1Cllfll'j 1m 

,h'Uln'Uflflfl) 

12,550 12,350 10,300 

15 \5 15 

10,668 10,498 8,755 

" 
Ylci'l'll'Ul1'1'MlJfl (MJ) 

13,500 144,011 141,716 118,193 

" '\.hm.rfl~~rqf) (kg) 50,000 47 ,120 47,120 

" I9ifll1l'Mil'f)~~'1fl (MJlkg bricks) 
2.88 3.01 2.5\ 

, '" 'JJ lit 'JJ "".1 .1
'MlJlrllm}: t11'V'lCl'l'l1'Ut111lJ'ifl'U'\JfI-l IlJrlNlJt11u'j~lJ1W u'j~lJlW 12,500-15,000 kJ/kg (Buchanan 

, " , 
Renewables, 201 0) i'Ulilh~f1f)ii' ~1'V'lci'l'l1'Uf111lJffl'Uli 13,500 kJ/kg 

m:::'IJ "J'\.Af1l ':i/h'l 'I1'\.A i)~ ':i 1 i:T "J '\.A 'Vi i1'1 '11 '\.A ~ 1fl ~ '\.A ~1 cti / 

Jnrirflij~'i!flihA (MJ/kg) 

" '" '" m~'lJ1'U f1l'j If-llll'IJ'lJfl'llfllJ 2.88 

ct '" Jf 
m ~'lJ1'U f1l'j If-ll1'1'V'1Wl'Ul'\J'U 3.01/2.51 

'JJ ill ct'\JfllJCl! HJ'IJ!1'1rl'IJ (Lebbing, 1999) 

fI 01iOl. 4.63 

'JJ cl 
'jfltJ!f1fl (No.2) 5.45 

'lfrlfJlJ (No. 11) 8.17 

~'lJml'lflill1 (No. 13) 7.12 

~'lJi;1'jl'lf1ill1 (No. 14) 4.90 

I 



65 


'In11 rJ!'I1\9j: 'li'f) 1;1 i'l f1 U Irl1 ~ ~l1lt)) 1rJ-l 1'U 'lHl -:) Lebbing 'h)'lJl 11 1 flrl111 11 h -:) -:) l'U l'U'~'U~vi 1-:)"] !fW 

fl'j~1Jl'U f11~lvn~'l~ 'Il~I~'U tl1~ Irl1 hw1~I\9Ili1f)~ 11 ~(1'r1-:)~'U 'hWflUrif)B~~'lJI~'Ui-:)'l Ui'l~f)~lJ'}l1J 
fflrJUfli'l'U iliihnl.:J f)ll1~Un ~ f) 1'ilJhl~ f) 'lliiJf-nr.:J'l71l1) 11~ 1lJfi'-:W 

'U eJ f1111 f1~Onl'U1Hj~~ 1rilm~ cl-:)-:) 1'U~1~1'U m ~ U1'U fl U Irl11fnnJ~19lmhwuf1~ ~'! f1~ tM 
0. ~Q.I ~ ,::.1Q,1 ~ 9J Q.I ' Q , 

lJ f) -:) 111~ IrllllU U I ~ lJ IIUU'YI'Yl1lJl 'U 1'lJ'U II i'l ~IIUU1'I'YlWl 'Ul'lJ'U'Yl ~ eJ lJ f1U i'lfll1 i'l1 fl1~ lrll (1'TW fl'U f) el fl 11~ f) rJ 
" 

~ 2.88, 3.01 1Ii'l~ 2.S1 MJ/kg bricks 19l1lJc\'1~U (~-:)II(1'\?l~'l11'U\9IU1~~ 6.5) ~.:JlrleJlillrJUI'flrJUf11~ 

1~Ylcl,n ll.1 l'U f11~lN 1~~1~rJni~'~ lJ'lJeJ-:) 1~ -:)-:) 1'U19l1f)ciH t)U'Ylcl-:).:J1'U~ 1~'t'U m~U1l.1fl U IN1~}l~1~ 

1\9l1INl'l71f)~ n (~':uJ(1'~.:J l'U\9Iu 1.:J~ 6.6) l1~'YlU ",il fl'j~U1'U f1U Ivn~1~'YH1.:J.:Jl'U lfi'lhh~iY'VI1ifll'Y'l(1'.:J
" 

f111lJl fl Jrl mill rJU l'fl rJU U) ~ ~1'l1j fll'Y'l f1 U 't ~Vl cl.:J.:J 1'U1\?l rJfl1~ IN1~1rJ11'lf)il f)~'rl'IlJI'Ul~'U r1UnlN1l1uu 

i.:Jl~lJ 'il~lli'U11 f11) lvn~ ~fi'1rJn~'rl'1lJI'U1~'U (\?l1lJ rli'l 111)1'1 ~ i'lf).:J~ '1fi''Il1.:J) ~el.:J 1~Vlcl.:J.:Jl'UlJl f1 f1111~lJ 
c:: ~ ,I .1 "c:: "".., "i Ji Q Q J J' 'IQ

1Clf1'Uf)rJ (u~~lJltu 4-5 l uel~I'Il''U\9I) /I\9IJjf,Jtufll'Y'lf)~ !~rJnlJtr.:J'lJ'U ~tulUJlJl'YllJ'lJ'U 'IHlf1111fl'U !'U1'I1.:J 

1'IfJllU n~.:Jf1rilll1~I~'Y'lft-:).:Jl'UUf)rJf111TI~.:JI~lJU~~lJltU 13 IUel11cti'Ul9l IICl~mlJlnlMlI.1i'llfllHrl1 

i'l.:J '1fi'~.:J 5 '171 1m ~.:J'il~'lhrJ~u~~ f1eJU f1U '1fi'"f.:J l'U f11'Hl\?l~'U'l'J'Uftll~ell'Y'l~.:J 'lf1£J!~lJfJtUfll'Yl~~~ 1~ 

1,r(1' .:J~'U l~lJfilcl.:J fllHl~\9Il9leJlIlj ":wni'll Yl rellJr1U'lf1rJi'l\?lf11~U(l\?lurielomlJltu n1'1l'I~eJ'Um~ 11 f1 1eJ 
" 

lriel I ill rJU rVl rJU All \~ ~ tl1 ft.:J f11J rl ~\9Ivi eJ 'H ~~ ~ el U f11Hi H 11.1 'H~ eJ 'iln!1'U ~ ~'! f1~ '1 fi'I9l elll?ll 

l~u -:hTIlrllI1UU~.:JI~lJ 'ildJ fllft.:J f11~ rl~l?llJl f1f1':hu~~lJltU 3,300 nel'Ul9lf) ~elU ~\?lI~ll1;l(lfi lU),~lJltu 

3,300-5,000 Ul1'l ~.:JeJll1'il~lJlfl f111~1-l111-lfill~f)I'Y'l~.:J~U), ~'HO\?li'l.:J lM 1Ii'l~~!'I1jJeJ'U111ifll), l~lJ'il~ , " 

~lJfl1lJ 1fl f1';ill'U!~.:Jtl1 'h 1I19l1'U fl'j ~ln'U f11niHl'U 111.:J 1~ .:J.:J11-l'll~iJf1Ur1~~ ~~ ili,!fl~l~eJfl '1'lfn~ fl 

flf.:J rl1'H1'Uf11)fiTWltu!lUU'H011J "11\?l01'11'~~1lf)lnf)'Ui'l~ 1 Ul1'1 ~'Unfl1illi'lfl1'm\~ 1 un1 nflU 

IN1~vrllJl'U 1~'U l1di1;l i'lft 11'Vl OUI1'1 1r11J 11i~.:J l~lJ IrieJ 11iIN1IIUU~~ l~lJ~f).:Jli~ ~~~el.:J Irll~lUnlJlW 
1 ,500-2,000 nel'U~l.! ltl f) ci1.:J ldiI9l1lJl1TW1'U ~~~~f).:Jlrll 1'HliU'lliIlU'\.H)'U~'Ur1UflU Irll1uuviCl~119l1 

1Ii'l ~ 11if11J la f) f1'lJ f) ~ fl'U.:J 1'U), ~'H"h:j 'lJ'U ~ ~f) f) f1111 flII9l1 (~.:J1ruff.:J 1f1 \91 11 1f1 *~~uft~"flll tu~ mol.! f) fl 

d'J'U'H ftf11111'11'mall ~ lil'U~.:J fl ci lleJ l'il'lli(1'~,,;'ell.! r1U~W fll'Yl~ ~111.:J"] Ui'l~ 111fl'li'el1;li'l ~W'H iJil fl1'J IN1~ 
1fi'11~lli'Ul1 l'U f11'J Irl1HUU~~ l~lJ ~ ~fi'1'W U'U ffl'UlJl flU 111~5.:J ~hJ (1'f119l11'Yl), l~ eltu 'H nil Irll rJ.:J~l fl11 61 7 

".1 q q 'U 

Q dl 91 t d 9.J I .J\I 9/d do10 Q;' 

f) .:J'fI'11 'Il'fI!91 0(1') 1111tl.:J rll.h ~ f1f) 1.1 f1 U If) ~ Iml f11'J If1U'lJel lJ ftmm'U hlJl'Y'll'l .:J19l1!i'l'lJ U)' ~lJ1W fl U 'ill fl 
" " 

fl11lJ1'I),.:J ~1 ~.:J'Vi'11,rfllnJ ),~lil'Unh 01J\'Vl 01.Jfl1111~lJfi1 l'U1~~l'fl'~l1 ~ fl'i) 1,r\l fl~f)n111fi'ftf)'U'Ii'1.:J I'll fl 
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1 fI J 'l f11 J "l IMI'li'l hJf.'Yf11oJl m t 1J Ttl f11 J IN 1~ ~~h 'l 'l 1U I9lTel ci1'l~ .u1Ulh fl'tjU ,rnt 1~ 

U fI J fl'1 Ti J J lJ J 1'1f 'W 1J 11Uru 'M 11Y1 rlru !U fl J t 1J 1 U fl 1 J 11'11 ~ eJ ii fl 1 J RU! IJ ~ eJ 'l I~ el I'W a'l ~ eJ U 'li'1'l ff'l 
u u ~ 

l~eJ 'l 111 fl'li'tl 'ill fl~'Utl'lIl1J1JI~ 1~H' J1lJ{\' 'lfllllJlI~ fll9i 1.:J'U e:J 'lfJtIl m'W 1'1 ~\9l ntil "l1f1 11'J !W~ 11~ eJ 'l '01 flfllJ 

m t1l1I'Jfl11lJfe:JU ili'l'f1{\''l fl 1Hl~ cHl1JII nuru1111~ I'JfllJ IYilJ'J5eJ'l!~lJtl1fl1f1'IIClt 1I~i11'J'l ~ ~htliff1lJ U tI 
u ~ 

, r\ fj) ~.csO J d no -=.;. ~ Q 

'lf11'J1'WlJfllJ mt '011'Jfl11m tlU '1W\9l1 '111~ 1'J'l'UU 1~l'JlJ eJilll1 fllJ!'WlJ'lJUlhtlJ 1 III 80-150 e:J'lfl'll'lHW1HJff. ~ 

(~U fl1J1911111nJ 'l'lJ tl'l ~ ~'1W~ l!Nl) ri'l NCl '1 rf'fJ III m'W Na\9l nlll cvl~ hn ~ l'JJ1lJ ~'l~U U tl fl '0 1flerJ'l ii 

ftfl I'Jm'W'1u fllJ Cl ~mlJ1illV1ulICltn I'Jtl1Cll fl U !N1~ '1 ~Cl'l i ~ 

'lJ 

6.6 'lJtlm'h!tlll'h!~ 

I. iu flln1~Cltl'lflf'l~l11'l lf1J 'l fllTl'11fluf.'Ym111~1'J'1~~J1~i~'Olfl1H'l]W~l.nHffl~nilirf'ih 

'1rf'fl nflflflllm 1'.11J111 fJ1J NCl1J Ntl ci N '1w :}f,llfilJ1lll '1'11 LI ~fJ 1fl !'J5U fl nf.'Yflfl l!m fJ1Jll1fJ1Jfll1lJlI~'l IIJ 'l 

IIClt fln~fl95lJtil'lJeJ'l~ ~~191111'M't1'l19i1'l '1 ~ Ll ~'Olfl fllm,nlll9iCl tfl f 'l I~ e:J'l 'Olfl!i1eJ~u~i'lfiu fllJ Ifnul9i 
'}J ~ 'jJ. 'jJ 

Cl tflr'leJ1'O lllimJJeJu nu1iu nmjeJ~U!! Clt'lfU~'Ul1i~ tlilll1 fliJ!u flU H-l1!!191 Cl tflr'l ('1uUI9iClt~ 1'lJeJ'l!\?I1). . ~ 

!!Cl tmlJ1lllY1u~'1~!eJ'l niifl11lJU\?I fll9iN fl'U ~l.lf)1J fllJ l~lJVlUUClt fllHllw'UeJ'lflU '1 riVlu 19l1!!'MU 'l~i'l 
~ 

11)_.1 '" '" J1 "" 'J} ~ ,
'UeJ'lm rnllCl tl1f1''VIN fllJ'W~'lJeJ'l CllJ fll1lJ'lfU'lJeJ 'ltl ~'UWtleJ 11'lJ1!Nl \?I neJ fl'OU ff m'W eJ 1 fllfl'fllH'Iflfl 1 .U 

"flfl Illtl~ fJlnU~'1u eJU1f1~ fllJ ii fl1Jflflfl 1'01 fl~'U 'l lUl1 ~ ffeJ1J~ll~I'l l~UI~Ul1lf1'fl l~eJ '1 rf'ff1lJ1JtI 

flJ1JfJlJ fflJU~19i1'l'1 'lJeJ'l~U'llU '1rf'iifll1lJfI~lfJflti 'l flU '1rf'Ll~lJ 1fl~ (]'fl I~ e:J Clflfll1lJ NU N1U~ 'Otlnfl~U 

tl1fl m::;1J1Ufl 11 Na\9l '0'1 'l 

2. ri 1~ Ll ~lJl'O1flfllJfYflfl 1~h 'l 'llUl9l1eJ 01'l1'Yl fJ'lUlf 'll~ fJ1 ~.:J eJ 1'Oii f111lJU~ flI9i1'l'1 '01 fl h 'l'l 1U 

tU'1 ~'1'lf'1\9l1111J1JI~I'.I 'H)U ~l.lfi1J fl1J fll1JfJlJ m t1J1U fllJ N~\9l11Clt1TIfllJl'll'llU'lJeJ'l I1I9iCl::; 1 J 'l 'l 1'U 
• v v 

3. rUeJ'l 'Olfl,jeJ ~ltl~~lUI1Cl1 \?In l'l fllnl1'l 1u'UeJ'li;Jm1l0IlClt 1 J 'l 'llul>ileJON !!Clturumth 
~ u 

'VillJ lmuiu~'U ~'VIfl Cl eJ;j 'I'll '1M'N11lfJff llJ U tI'VI ~ ffeJ1JIJ J t ff'l'l ~ m'W fl U INl'UeJ ;jl~ 1~ IJ r 1JIJ:) 'l~'U 1~ 
u ~ • 

'jJ 'jJ I , 'jJ 

1'Yl fJ;j fir'l!~ tl1!'v1 nl'U 95;j lilY';i1fil111 ~'01 fl'VIflCleJ;j 'O'1;j II Cl::; '0 1fl fl 1)IJJ ::; lJ 1W fl U '0 ~11.:j ~11!!Ul'1'1 H 

II nut)J'M l~vr\PlJl.l1~'U 'O::;ffllJ ntl Cl flm millY1u~ '1 ~ClmCl~ 'J51t11Yi lJfJill fll'W~ J11~'O1;j !U eJUlfl~fllJii 
, 'jJ • , 

fll:) lYilJ'ilm lUflr;j '1u flnflflfl1!!Cl~'lJfJ1fJN Cl fllJ'I'I~ffeJ1J i IJ rJ.:j 1 J.:j'l 1U ~uI'VilJ!~lJl9ieJ LhJ 

I 
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0) Jll h1WnUO'lf.l ~\9'IU~~iJfJrufl1'Vf~ 'I O~~~~1 !l,,~iJ m ~ll1ll f)1':i vi1'11ll~~tl~!l~1 

'\I) ':i 1f11U'il il.ii~'\I1tJ\9'I1lJflru fll'VH!~ 'il ~'\I1 tJ\9'I1lJ'\I1l1~ vi1 '1M'u 'il~IlOj '111(l~ffOi1 011 nlJu 'il~ ffO 
"'S 'I 6.:) qold" 

i11l.i1J10'\lltJi~ ll'llf111Vilnll ~'11l.iiJlh~ itJ'lfu'il~lvilJ~lll'llll1jeJJll\9'ltlllf)1':i f.l~\9'I'IM'1J10~ll 

fl) iJ ocilJ (l 0fi'111 ':i ~~1~:U0'il~4eJu'il nlJ i H'I1ll '1~h '1'11ll11~ 'l1'ilW1~ 
q .. .. 

"" "'"",,~, .!i" ~ ill]' 'I"'C>

'I) t:j9itlff1ll11ll'llllll f)1'lIM09itleJ~'il1m1m ~ tJ !lJffll 'il OllfJ rufl1Wtl~lJ1 Oll f1 

5 .'IlllJlJlJ tl '1'\1 0 'I ~ 'I 11 1~~tllJ tl \9'1 ff111 m 'l lJ niJ 0 n 'I i'vd'w tJ1 f1'J 'Ii 'l ':i lJ'lf1~ ~ lll1lllJ1 0 U(l~niJ 
q q 

1.01 l'il nll ~t1 'l ~ 0 tlll 0 n I~ tJ1 nll 0 1 'J II1111 'J ~~ 0 1Hl fw tJ10'l'li 'J 'J lJ'lf1~ ff~1'lfl11lJ\9'I 'J ~11 ,yo ~ 'I 

fl11lJ "hf1'ill '\I eJ 'I f)1':i 'I i'Yl fw tJ1f1'J'Ii'l 'l lJ'lf1~'1M'fi'lJfi1 11 (l~ f.l(l m~YllJ'\Itl '1tl\9'l ff111 m ':i lJ'\IeJ '1\9'1ll ~O'J ~ lJll 
u q q 
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I 

I 


I 

I 


I 

I 


I 

I 

I 

I 

I 

I 




. 

cj 

'U'YI'YI 7 

flljvr~'Ul!flt;tl'U~!tll'iitlNthYi~'UH~flftU!cy}~huHl 

!fl ~eJlJl95'J llJ fl~eJ l(Hl~JJciflElru::;&UW)11Jl-3"l ~-3!nf1\llfl fll'Jl1 CleJlJ19htleJ.:j iJulh::; fleJlJ !'If'U. 
9l~fl1 !Hl::; iJ1'J 11 'j::; fleJlJeJ eJ flll95f1''UeJ~ i em::; l! llJ eJ rilJ'U ~1N~\?I rl'ru C)']'!95'j llJ fl 1~ frJ\?Itl11 'j::; iJ.:j fl'mlfl'Ue1.:j" . 
fll'j !fl~eJlJ~1N~\?I rl'ru crl!95'j llJ fl 1~I! fi 

- 'ijeJ-3 fl'Ufl U9ilJ~l'U'UeJ.:j'UeJ -31l'1 CI 111~ eJ nl95 

- fl11lJ iJ1 IN llJ1 \Cl ::;l11fl11l! iJ::; eJ 1~~ 10 

- 'ijeJ.:J fl'U fl U<U~';1'UlJ'Ulf'U ~1!95'.illJ fl 

- 11'j::;io 'lfU~l'U~'U'l !'If'U '11~bll'Hh lIiJ.:J !flJJ 

'Iru ~'U eJ.:J Ifl~ eJ lJ 11::; 1I1.1.:J ~l ~I ~'U11 Cl1011il'lf'U 1111 .:J\?I1l! cifl'lol ru ::;'UeJ.:J ~11fl ~eJ lJ \?I1lJ 'lfil ~'U eJ.:J 

1'1 ~\?I rl'ru crl~lfl~ eJ lJ \?I1lJ eJ 
• 
ru 'H flll flTH fl ~ eJlJ i ~ 0l'U-31'U 1110~ 11::;JJ!fl~ eJ lJiJeJ -3'1fil~~eJ Ifl ~eJli~n~lrl'l 

'U 

d ~ , ,.:sci 9J cl a' 
11h.,\eJ -3fl11n fleJ1JIICI::; lJlJ'U IfIllll'U eJ.:J fl 11 'j::; fleJ lJ 

fll'jlfl~eJlJN~\?lrl'rucr1I95'J1llfliJ1lJUtlm::;111Ll~ 41'% l~lIri fll'j~lJlfl~eJlJ flUI'VI'.ilf1 mn11 

. 
IICl::; flU'Vi'U 

I . fll'j ~lJlfl ~eJlJ'H5 eJ'lilJ1fl ~eJ lJ ~eJ fl1 'j'l11 N~\?I rl'ru q1~lJ CI.:J L1 111 lJ f11'1f'U::;~lJ 'j 'j ~,111fl ~eJlJ' l' 
nflu~I~'U1'% fln~~ 11J11Cl::; iJ::;~1 fl m&~lhh'U1'U Na\?lrl'ruQ1lJ1fl JJ~l 1..u~10~11~eJ-3\llfl lhj\9i'eJ.:J'~ 
eJ.11 fl '.itt!~ ri.:J. 0 1 fl'liWMeJ'U I1I91,j'eJ!ffO'UeJ.:J n fll'.i~~eJ 11::;\9i'eJ.:J 1\?I10lJ,111 fl~eJlJ11~ lJ 1ru:JJl fl II CI::; hill'll! 1::; 

ri1'Hi'lJN~\?lrl'ruC)']'~~'U'U 1~1m)) 

2. fll'H'VI 'j 1~ ~ eJ 1'% fl n~!'H lJl::; rim i'lJ flll!f1 ~ellJ 1'1 ~ \?I rl'ru crl~jJ'U'U 1~ I 'Hi)) 1~ 0 'iJ ::; 11-.l 

N~\?Irl'ru91lJlH!"j'U~JJ'lfeJ.:J1H i,rJ1Ifl~ellJ 1'H Cl rh'U lMiJ::;~1fl 1~O~JJ f11'1f'U::;'JeJ.:J i'mJllfl~ellJn~eJ'I11 

fl cilJ:JJlI i1mi 

i ~Ifl~ellJ~JJfl11lJ 11 I'IlJl ICI ::;'H'l·11 iJJ11iJl!el 

4. mn-i'U 1~'Unm'J~Il'IlJ1::;rimi'lJ fll'j N~\?I'j::;fllJ~.:J~\?IiJ1'H m 'jlJ 11'Ui)-3'j::;fl1J~\?IiJ1'Hm 'jJJ 
'J} '" q';' <!! _I ~ • 'J}

1'Vi n::;\?1 el-3lJ f11 'j Cl-3'V1'U ~'Ulfl Hl-3lJ eJ II CI::; eJ1J m ru flf)'U 'U l.:JlJ 1tl. . 

11 f) fl 01.:J luelllfl eJ:i eJ'U Viml VIHl::; el1!fl eJ 'If::; el1~ 1l.:J'H f~'U fl HI'11i'j'jlJ'j 1'If 'VilJ ':hm::;lJ1'U fll'.i i .:J1~lJ1~ 
'U 

~'U~1'U1!C1::;11'U'U11 NiJlJ II fl CllJ I~'U 1\?1 tI ~lJl1 citl II Cl::; l'U m::;1J 1'U tll'.i IN 111::; 1'lf1 JJrm !~'U l~eJl'Vi ~.:J'H cifl" , 
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, 	 p 

&U1~fl~UI'Vh),\,lflll'Vl'Ulh.j'U111'l ,nlll fHlU lICl~fffl1:J 1flTJ ClfleJW'H fliJ'UeJ.:tI'fl~eJU,hOl i fll'lfl11 l~hl1:n1 Clfl 
q 'U 	 q 'U 

7.1.1 	l\?1tl~U• 

• 
r-, 

fl'Ufl1'U 

• 	 l'Utla'U i'lf I'll tl'Ul?l 

,., '1'" i ,.,,.,• Illl 	1Jl'll ':Hllfl 1.:tlleJfll'l1'liYl1J1eJl'lflCll 

• 	 U'fICl i'lfui'fI1CllJl i'Ul?l 

• ~;JfleJeJfI i'lffl 

• 	 i'1l"l~ 1'l1JlvJClfliYlh! 

• i'Vl'mrul'l1J ifleJeJ fI !'1l"fl 

co <f

• !lU11 1'l1J'fIl1UeJ!'U~ 

• vJfl'Ul?l 

A

• 	 fl'U 'U 11 


CO i <f
• lI'f1ClI'lft'J1JeJeJfI 'lffl 

• I'H Cl '" fI eJ eJ fI i '1l" fl<f 

.;..... 11 .!
7.1 .2 ImeJ~llijU~~eJ f)'JW• 

• ~~lIm'l'U'U1fl 8011J'lf 
,., 

A'"• mt'J'fI1'1l"!UCl 
'" ,., ,.,

• 'H1JeJUfI'Vi1eJ1JClf1UfI 
'" 

• !'fI1 
."j 

eJ;J fI1'U J:-.liY1JiY11 

• 	 ifl~;J 

• 	 m::;UeJfI~1'1 

CO <f

• Uf)!fIeJ1 

• 
."j '"!'fIJeJ;JUfI'fI111J!J1iY'I... 

" • vJeJ;J'I1l 

I 

I 
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. ~ 

1) n7'JflT1E17(),J.nJ~'lJeNthmileJ1J 7rlf)~1)'H'j;fn'IJeN T:nnu JWt'tUHi'1, 
q Ji w 11J~'"'' w d. ~ '" l'UnH).:j~mn~1'flHflU !~11'fl)1~ll''I11eJ.:j'flll)~ fleJ 1I~1!'J!'fl'H).:j XRF'lJeJ.:j1J1!l'HleJ1I 

111 nl).:j.:j l'Ul1J nnJ 1!'J'U eJ.:j 1'fl'j.:] fl1)nlJ 3 h.:j.:j 1'IJ 11)~ fleJ1I~1!'Jh .:j ,n'U l'UelllflWJ eJ'lJl111'O 0 I i).:j.:j l'U 
" 

CI w "1 w 

flnl~)!'JlJlfl1 llJ!'Jl.:j 


-llllrl'lilY!'JHlJ1ri~lI!'Jn~.:jI~eJlllJ li'U 1ft'1l1lY tleJ'Ul1'U nel'U 
l 

llll1i':hi{.:jfl'Hfl'U (~Irl'l 5 

nlnfl1JJ~eJtl1 50 ~~)) 
V 'll ')I <jI '1J 

- nl111(:h;j~Irl'l'Yi.:j lIft11~JJl.h'O.:jll11ftl.:jlmJ 'J1lJ 3 fj1.:j 


- meJ'1 (1I1]1I1110fl) ~1rl'l~l'U~~lIfl).:j'UlJlfl 80 IlJ'If 


" " . 
- flJ'Ull1~1rl'1hrm ~ 111!'J~leJ 0 1'1 fftimrlJ eJ 11ft111 U.:j~1el 01'1 i ll1flfi1'fl11lJO 1'1 1i11'V'1l~IHI~ ~el!'J 
~ Q.1 9J69J tid d

n~'UeJnnll''U flllll' '1'U10l (!tJ eJ)I'll'U~ solid) 

fIl)!19110lJlI'fl'O i'1f,r'i'llC'llJll'U~ 

-1l1Al1ii'llC'llJ1 
l 
1mllrillJ'fl)tlinJmnlJWll 1/3 'Uel'1mlJl~1rl'1!'J 

'" 

"" 0" ~ 
3) nmrl 'J(JJJU 1m i;'j eJ 1) 

-1191\l~mfnnJ~~I~l1deJ'U~1'U~~lIm'1'U'U1fl 80 !lJ'If 

- nm'Ufl \1191) 1'fl~eJlJfi.:jl!ff~'1 i'U191111'1~ 7.1 I!ft1fl1'U1tu'\1ltlmufl'Uel.:j 1~q~1I~1~fi.:jllfffl.:j 

l'Ul91n1'1~ 7.2 

-1l1ri1'Ul1fflJ'Uel.:jIi'l~eJlJlril'Ull'lYellJfll!ft11~lJtll iflt11~ffflri1'U tl1 :ff1) l'Uffflri1'U 50:50 

" ifl!'Jllmufl 

- I1ffJJffl91)I'fl~eJlJffeJ.:jn- ~1!'J!'fl~el.:j1lfl'fl11lJl~1ff.:jI1J'Ul1m'UllJ 5 'U1i1I1'O~fl1'Ul1fflJtl'Ul1JlJ 
" '" 

11'0130 '1.1111 

- 191 n 11 ff eJ lJ'fl11 mh'l 11 11'Vl1 ~'U eJ.:jJ11'fl ~el1l 11(1 ~ tJ 111 1,rel ril lJ i1.:j 1.3-1.5 fl 1 lJ~ el (I fllJlft'n 
" '" 
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CaO MgO ZoO srO BaO 

PIl.S 0.3572 0.1485 0.0795 0.2435 0. 1679 0.0021 0 .00030.000020.0009 

Pll.STi
4 

0.3572 0.1485 0.0794 0.2436 0.1680 0.002 I 0.0003 0.00002 0.0009 

0.1622 0.1485 0.4454 n/a 0.2169 nfa 0.0270 nfa n/a 

0.1589 0. 1490 0.4471 nfa 0.2177 nfa 0.0272 nfa nfa 

PII.S 0.0846 0.0827 0.0004 0.5274 0.00478 0.0007 0.0130 

Pll.STi
4 0 .0813 0 .07942 0 .00036 0.5068 0.05279 0.00067 0.0125 

X9 0.0354 0.4389 n/a 1.2359 n/a n/a n/a 

0.0318 0.3902 0.0854 1.1410 0.0482 nfa n/a 

: ~: ~ ~f"1,.::jjl'1j1 ~I u',,/
4) 'U'Uf9IeJ'I.JnTJWI'J{jllUllflClfJ1}'VI WlllOl W(J1vWUfJvflu'J:;:nfJ1} 

-1\?1f1~hnf.:ji1lJ~~i.'HUde),U~TU\?l~um.:j'tl'Uw, 8011J'lf. 
o ~.:::.19J ~ Q.I d 


- fl1i1'U~[;l\?lJlfI'H)'IJl1\?1eJ.:jf11'jfl'f11J1 ~.:j\?llJWl'1 7.1 

'U 

-l1HY ';J'Uf-l[;llJ'tIeJ.:j!flael'U (\?I1JH~ 7 .2 uo~ \?Inl.:j~ 7 .3) 'ri''U''Ilj'eI'U~U~11~m}'1 i~1I1'lf' 
"" " rl'~ri ';l'U111 : ri1'Uf-l[;lm1.:ji1lJ~ I'Url'~ri11j 50: 50 i~lIlhmrf1 

, ~ 9J.d:a d ~I q 


- 'U~ [;l1'Uf-l[;llJlflCl eJ'U~1mflJeJ.:j'U~fl11lJln[;l.:j hJ'U!1o l'U l'U 5 'U 1'\'1 

u 

- \?In'iJ [;leJ 'Ufl11lJtl 1.:j ~11'Vl1~'tIeJ.:jJ11f1 aeJ'Uu Cl ~1.J 1'U!,rel dl'U i1.:j \.3-1.5 f11lJl9i eJ 0 f1'\Jlfl'n 
'U 'U 

I 

I 


I 
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Pll.S PIl.STi4 PH.SB. 

Ad I .£::). }, Q 

- 1\9I)'t'llJllffU'YIflffeJlHllfH'lHlfl'UU'U 'U'Ulfl4 x 4 1'lI'U\9IllJ\9I), 

- l1l!l~'U~'U.:!1'UlJl'Vilfl1llJff~eJ lfl i fI fJI!}}f1~1fJl'leJ.:!,htJfJfl'HlJlfl 

- 111!!~'U ~'U.:J l'U~'Vilfl1llJff~ eJ 1f111ci'1'l1UIflfteJU i f1fJ11l fl 1)' ~lJImhfl fteJU 
,. g,I. 

-111!l~'U11'lflJlflfteJU~'1C1lJ,.,'U!!,r.:!1l1t1,r'Ull1eJUl1eJW'HfliJ 110 eJ.:!fI'll'llClI9$fJff 1~'U!1C1l 24. , ~ 

Calcined Colemanite 

~ III ~ 
1m !lJt'll.:! 


Sodium feldspar 


ZnO 


TiO, 


Borax 


5 I .66 

9.08 

17.45 

11 .35 

10.46 

100 

49.67 

8.73 

16.78 

10.91 

10.06 

3.85 

100 

51.14 

8.99 

16.93 

10.15 

11.01 

100 

Nepheline Syenite 


Calcined Colemanite 


Whiting 


ZnO 


Kaolinite 


Flint 


49.02 

3.79 

8.87 

12.17 

3.69 

7.15 

15.32 

100 

45.26 

3.42 

8.00 

11.23 

3.41 

2.73 

15.94 

7.5 

2.5 

100 



74 


" 
6) Tl1'itff1J'J.hJnl'Jlm~(ii~ 'U'fNlfl aem T~(m1'itff1JflJm(l~l~[jfl'UeNli1fJ~U 

- l1l~'U J'U 'If~ enfl~ .:i!tl'U ~'U1~tl ~u~i~rl1l1 r uJ'Ut11 tn eJ nIl fJ HlJ lNfflJJlua1~ el'U~h'U. 
~~l!f)';j.:i 100 !lJ'If 

-111Jl~'U~~eJ'U~1'U~~!!f)';j .:imf1iU!f)H)~!~eJ!~1 fJlJ!tfeJ~'Uall1ruJ'U 
'" li "" ~~ i li '" ~I li "" d lri' "I"" d "" d - !~)l'JlJ!'U\'Jfl'UlJ'U 4 UUU f11'J1'UeJfl'Ul!UU!lJf)!lJ'UI'UeJfI'U'1 !lJNfflJ¥in'U~ (Fo) ~1eJfJln1 2-4 

'" 1 ..I"" d i li '" .,. i 91• .1 '" d i ~ ~ 91!~HllJ f1fJNfflJ¥in'U~n.:i 'UI'UeJfI'U !f1fJ 'If¥in'U~ 'UlJ)lJHU)eJfJn~ 5(F ), IO(F 1o) !!n~ 15(F )5 I5

~llJiflflU 

fJ.J r1tf'i~nfJ 1J'Y11.Jl fI n'UfJ.Jl fI afJ 1Jll (I~1'f91Q ~1J 

'rllf)1)!fiu\9l1eJrJWr~tl~U (~'Ufll'U ~!t11U'U't111 ~!t11'JJfJH'¥llJl) un~lh~~eJ1Hl1fl h.:i.:il'U. ~ 

191 cv .d 
Fluorescence spectroscopy (XRF) f1I\Hlfl.:i~l)l.:i'Yl 7.4 

I 

I 

I 


http:n'UfJ.Jl
http:1J'Y11.Jl
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\911'J1.:j~ 7.4 Cl.:jrl1.h~m)1J (mole ratio) 'UCl.:j1\91q~1JtW~t'i'l~Cl1J1l1fl l'JH1UI?lHl 

iJm CaO NazO MgO ZnO srO BaO CuO Mn)04.. K.0 

q 

AUA1U 0.0088 0.0245 0.0098 0.0364 0.0000 0.0000 0.0000 0.0000 0.0000 

Atll'l.JWIl11.. 0.2531 0.0000 0.0002 0.0289 0.0000 0.0000 0.0000 0.0000 0.0001 

" ," ttll lUll.:! 

"t l' ~ !f1(;lCl1J 'j.:!.:!lU'VI 

0.2581 

0.1434 

0.0556 

0.0095 

0.0000 

0.0023 

0.0438 

0.0273 

0.0001 

0.0000 

0.0001 

0.0001 

0.0000 

0.0001 

0.0001 

0.0000 

0.0015 

0.0001 

"t l' ~ !f1(;lCl1J 'j.:!.:!lU'VI 

2 

"t l' ~ tfl(;lf)1J 'j':!':! lU'VI 

3 

0.]209 

0.1460 

0.0080 

0.0099 

0.0030 

0.0037 

0.0142 

0.0266 

0.0000 

0.0001 

0.0002 

0.0001 

0.0001 

0.0001 

0.0000 

0.0000 

0.0001 

0.0002 

\911n.:J~ 7.5 Cl.:jrl1.h~flCl1J (mole ratio) 'UCl.:j1\91q~1JU1'l~!'i'l~Cl1J1l1fl h.:j.:j1UI?lW'l (I?le)) 

g'VI'j BZO) Alp) FeZO) SiOz TiOz ZrOz P20S 

q 

AU~lU n/a 0.1028 0.0268 0.6623 0.0067 0.0000 n/a 

ttll'l.JU'tIl1 
QJ 

" ," Itll lJtl1.:j 

"t l' ~ tmlCl1J 'j.:j.:jlU'VI 1 

n/a 

n/a 

n/a 

0.0000 

0.0000 

0.0341 

0.0011 

0.0004 

0.0082 

0.1371 

0.0212 

0.3387 

0.0000 

0.0000 

0.0020 

0.0001 

0.0000 

0.0001 

n/a 

n/a 

n/a 

!fI~f)1Jh.:j.:llU~ 2 

"t t ~ IfI(;lf)1J 'H.:!lU'VI3 

n/a 

n/a 

0.0362 

0.0397 

0.0097 

0.0098 

0.3600 

0.3230 

0.0022 

0.0025 

0.0001 

0.0001 

n/a 

n/a 

1.h~ flCl1Jf1'101l'i'l1'l!tlfl'nJf) Cl fl '1 9f'fl IIJJ flU!tlf OJJ Cl f) fl h'fl uCld 'Wtl'YI CY!~OJJ Cl f) flll 9f'flllh.,lYi ~fl ul?lillmUl 

11\91 fl~H fi'U!~ fl,rCl 0 ~.:j 111 fl rl1'lf1.:J flri 11~U':)CY1JJ 1'Jml1i Dr11U lU «fl fflU'YIflll'YI'U!fhlJU'U llf1.:j\911 'J 1.:j~
'" 

7.5 
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" 'j)lf1fl1'.i'YI~HHl'Hm\9heJ~l~lfl~eJ1J'j)lf1 h~~11nl~ 3 h~ 'hHl'lllf,nhHh 'Vi1J ':i11fl~eJ1J'j)::~f1\9h 

~tJWl1JJlJ 1200 eJ~f1W1H11;£){1' ~-:jlU~ 7.1 

I ]ooo"C I 

lInn"." 21 
-

I::' , " , 

~";"? . .~ ~ -.:: 

. . 

~ -" 
. .......~ , 
. ~ _... 

.~. ~. ~ ," ;-: 

1Al,)tnlUIll'.lu '" 1100 U~:: 1200 eJ~f1Wlfm9W{1'~~qAlJWl:uAAAIu'lf 
1ii~iI1\1flffiJll!fliJtI n2553 

• v v v • 

djmtjlfl1'.iffmnf11'.iN{1'lJ!f1~eJ1J'.i::11':i1nh~lJ~llJl!~::lh~!t1'11~£)1-:j'Vil'.il-Yi'ff~ri1lJ 1:3 , 1: 1 

l!~:: 3:1 1~(JJlmrf1l!i1'1!f1~eJ1J1JlH1NlJ~lJll~::INl~eJWl1.fllJ 1050,1100, 1150 ll~:: 1180 eJ-:jf11. .. 
v • v • 

!9f~1;£){1' 'j):: 1~':i1 'ff~ri1lJ ~lJ~llJ~eJ~lt1'l 1:3 !f1~eJ1JlJl-:jri1lJ 'j):!: 11lJ~fll1~tJlJI'l1~~ n1JliN lJ;lJ ~ llJ-Yi 

tJWl1.fllJ 1150 tJ-:jf11!9f~l;£){1' 1l~::'j)::{1'f11'l1{1'~11{1'lJeJ~~:5lJ~1'U~hi~lJ!lllJlrlJ~tJWl1.fllJ 1180 tJHn 
q 'lI II q <u 

19fm;£){1' 1lJmiU~1~lJ{1'1'.i1JtJmf1'lf11~tJ 1'Y1!'YI1U£)lJl~eJtJf119f~~~ lu1lJ'ff~ri1lJ~eJ (J~:: 3 l~(JJlmrf1 
9J ~..:9..:9 <V.c::i Q.I d III lI] ~~ ~ .<:S

11l1-:j'W~lJllf1~tJ1J lf1~eJ1J'j)::~f1\9l1l!~::lJ~f1l1W::!lllJlJlJ111 t~'YI~Wl1JJlJ 1150 eJ~f11!9f~19f£){1' l!~:: 

1~eJ 1 n!f1ti tJ1J1J ~~ ~mi1~ ~~ ~~~ 1~'Vilf11'.i fff1111! YilJl~lJ 1 lJ f11'.i 1~ lJ {1'1'.i 'lf1 (J~ ~~~ ~f11'l1U '.i:!: !.fl'YI 

!~~~{1'Ul~ lf11~lJl'lJ~ l!~:!:~'H'1tJeJf119f~i lJ'ff~ri1lJl9il-:j"l ~~mh111'L!i1'1 '1 lJ\9l1'.il-:j~ 7.5 

I 

I 

http:1Al,)tnlUIll'.lu


71 

'" !rHH)'U P 11.5 

'illflm 'H~l~eJW'\1nlJ~H'l mr:il !fli1eJ'Ui:l\?l'j Pll.5 ~1t'U fl1'U 30 'Uli'i (nJ~ 7.2) 'il~I~lJi:lfli1 
<11 U :u 'U <1 

~eJW'\1 nlJ 1050 eJ'IfI'l\9HlI95fJi:l hlfJlhrflllW ~m~eJ'U!fl i1eJ 'Ufi'1'U!!(1 dHh~'11'U'UV1'ilfl~ iliii Ifli1eJ 'U '1'\1 (1. .~ 

hhfl~eJ'U !I~~l'\1ilt1'il~~eJ!'J'l'l11 fJ illlw ~ii!1flll W~fl11lJJJ'U 1111~lJ~'U IrteJ~ UI'\1 fJlJl~ll~lJ U.:J~'U !m~ 
IrteJ~.:JeJW'\1nlJ 1150 eJ.:JfI'lI9Hl!95I'Ji:llfli1eJ'U~ifi''il~iifl11lJJJ'U Im~lflaeJ'Ui'\1(1~flllhlf.:J!I~'U u~o.:Jfl.:Jii 

• OJ 

Q ~ t ~ d ~ d Q.I' 9J ~ d 
pitting hole U'U ~1'lf'U.:J l'U eJ ~'U H 1 'U'1JW ~'YIIf1 fU)'U U\?I 'j Ifl 1'J1 fl'UU\9I'Ufl ~ i:llJ fl1 I'Jlfl 'j eJ'I'Uflfl11lJl 'j T~p 

11J'U1'Jl'11 5 'U1Yi !~eJ!f'll~eJW'\1nlJ 1050 eJ.:JfI'll'lf(1I~I'Ji:l !fIi1eJ'U~LMiimllJJJ'U111:1J1flfr;hfl1'j~i:llJfi'11'J. " 

1'% fl n it'U fl1'U ('j
~ 
11~ 7.3) l~eJ.:J 'ill fl fl n 'U fl ~ i:llJYi'l h1'U'U lfl eJ'U f11f1i:ln~.:J~'UlamH if'1~ (I 111'fl n. . 

IOflllijffi I'Jl'UeJ .:JlflaeJ 'U~ lfJf)':ili:ln~.:J~'U~ii'U'U lfleJ '4 f11fl 1'I1qj U~!fl~eJ'U~ i~1J~ ii defect 'U'Uib~'U.:Jl'U 
t. v • 

I ~ do Q ~ Q CI q 91Q ~ Q 'jJ !3 9J jI <£S 

:IJ1 fl fl11 !I(1 ~!:IJ eJ I~ 1'YI eJ W'11 nlJ i:l.:J 'U'U 'il ~I fl fl fl1 n l'U\911 &\?I ~11f1 (1 eJ 'U eJ flfl1fJ 'ill fI N(I f)1 'j11 fllll'U l.:J\?I'U!:IJeJ. ..." ." . 
l1llflaeJ'U'l1fffllll'Vlt]~mnJfllHrfli1Yi~W'\1fJlJ~1'l'l i.:J!I~ 750-1200 eJ'IfI'll'l$(lI95fJi:l (~l1Yi 7.4) 

l'I'U1llfl aeJ 1J!~ lJii fl n 111~ fJ'Uull M~ eJW '11 nil 950 eJ.:JfI'll'l$(lI95 fJi:l II(I~~eJum nlJ 1050 eJ .:JfI'll'l$ 'H~fJi:l 
q '\J Q 'U 

~1!f1 ~ eJ 'U 'il ~I~ :lJ!nfl f)1 'j'l1 (1 eJlJi1 iivJ eJ.:J eJ 1f)1f1'!nfl~'UlJ1 fl If! aeJ'U!ilJiifl1llJJJ'U In fl~'U!rl'el!~l~ 'elW '11 nlJ. ... 

II 00 eJ.:JfI'l!'l$m95fJi:l!m~f!11lJJJ'U'il~!~lJlJ1fl~'U ,rleJ~W'I1fJil~H''U flnlml~lJU.:JI1J'U 1150 U(l~ 1200 

eJ '1f1'l! 'l$m95fJ i:l ma'el 1J!nfl fIl'j I'll (Ii1'\,11i 11'~11f! ~ 'el'Uii!1flll UI ~11J'U!I fl111 fJ'Ulm~JJ'U111 

PII.5 

PI1.5Ti
4 

1050 eJ.:JfI'l I 100 eJ.:JfI'l 1150 eJ'lfl'l 
Q 

1180 eJ.:Jft'll'lf(l!'lftJi:l
Q 

l'lfm95fJi:l !'lfm'lftJi:l 1'If(lI95fJi:l 

_I'" "" y _" d '" JU'YI 7.2Ifl(1eJ'U PI1.5 1I(1~ PI1.5Ti4 ~fflJ~1tJfl1'ju'Ufl1'U l~l'YI~W'I1fJlJ 1050, 1100, 

1AI,mlurmi u 

I\Mlwl~qliulUl::j.j~l\l'l1 1150 Im~ 1180 eJ.:Jffll'l$(lI'l$fJff
I 

Q 

I mllhiil'ffi\\nllm'lln11n U 2553 
L 
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... 
IfHHJ1J PI 1.5 Ti4 

~ ci ....~ oCt .... 1c1 C1 ~..tt 'j).:d QQI 

IflCHJ1Jn~J" PIl.5Ti 'Vlu'Ufll'U 30 'Ul'Vl (aui1 7.2) 'il~llClfl[JW~Il111el'UlflClel1J~l'U'Vl~WlUJll4 

1050 eJ'Ifl'lI'lfCl!~I'J('I' l~I'J~'U'Il'U'ild:iyjel'lellf1lffeJri ~eJW11fliJ 1100 el'lfl'lI'lfClI~IJ('I'~elt'J'l ihrfl[JW~llI'U.. . " 
~.c.1.d III d ~ ~ '-9.Q, cs ~ ~\f) 'j) £:1 . " 

Q,./ 

IflClel1J'Vlllfl111111'Ul'VI1l'tJ'U 11CI~lJJeJlI'IelW'IHlll 1150 el'lffll'lfClI'lffJ('I' IflCleJ1Jll !fHl~llfl11111J'UIICl~ 

Ift~el1Ji11Cl~~lhrl~'1!!~'U lJ~~fl'tJel'llfl~eJ1Jln~~'U1~~1Ifl~eJ1J lI~rT'Ift'llJ pitting hole 1J'U~1~'U'Il'Uelri.. 
TIl.:] Ifl~fl1J('I'~H~t'J1ti'UlrieJ1J~~('I'll~11'JIfl~ eJ'I 'U~fl11JJl~1('1''1 11I'UI1Cll 5 'Uli1lfl~eJ1J~ if1'lJfl11111T'U.. .. 
JJl flfr:il fllJ"1JWl1'U1riellm t'J1JI't11J1J~el W11 nlJ fllJ mll~1'J1ti'U IIl9ilft~eJ1J~ '~'il~lJ defect 1J'U;b~wl1'U. " 

PI1.S 

PIl.STi4 

1050 f)~fll''l1'H~rnJ ) 100 eJ.:Jfll!'b"H~rHl 1150 eJ'Iffl 1180 eJ'Iffl 

I'IfCl!~ fHY 

1'1lVIllfDOl".iU 

flIUII1vdoi~:u~,{ 
mI!fuij1lil1Wl11lJl1trdlt1 n2553 

'" I'lfClI'lfI'J('I' 

.1"'""1 . P dt d .d
lu'Vl 7.3 IflCleJ1J PIl.5 IICl~ PI1.5TI4 ~('I'll~nDtfl'nN1J~fl11JJlJ"T~~ INlll 

'" '" flW11Qll 1050, 11 00, 1150 IICl~ 1180 eNffll'lfClI'lft'J('I' 

I 
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~u , ~ 

'Ifll/Il\\'l'>lIl~uuilUlililOOl'lf 1P11~'1 fl1fl1'f11 gradient 
illlluij~i11IIflrnJ~l1l11ln D2553 

... 
Ij'I(lflU X9 

"unJ~ 7.5 maflU""Wl X9 11"~m1~flrulHl1J 1050 fl~ff11'11"(lI'HI'HY Iflaflu~if1'rr~hi(1'tl~hii
'U ou II 'U q 

" ,, I Q lei"::::-' Q ~ Q,.I C\ I 

l1fl (coring) lJ1flQ'f1Htl(lNIIN'U'lfU~"U II\WY1~rulHJlJ 1150 fl~ffll'11"(lI'1l"I'J(1' IrWflU'ltlIP11Itlfltll'Hm 

lj'laflU hhr1I1Ph..!~'UHullm:iifl11lJlT'Urvh.J~'U 1I(l::arlflINlo~ eJrulHl1J 1180 fl~ffll'11"m~l'J(1'fl11lJlT'U. " 
... d J 

'U eJ~1fl (l flU \J :::1'V'IlJ U~'U'U 

... 
Ifl(lflU X03b3 

IflaflU\1'\PI'j XO)b) If''~IN1~~rul1fJ1J 1050 fl~ffll'11"(lI;I'J(1' maflu~'f1'\J:::ii"tllIW:::~n..!'1 
!~fl~\Jltlrr~'~(1'tli1Irlfll~lJflrul1fl1Jtll'jINl',r(1'~~'U l'IU11~flWl1fliJ 1100 fl~ffll'1l"(lI'HI'J(1' 'j'ltieJu~\l~

q '\II 'U cu q 'U 

~ d QI ~ Q J .l! d Q d. ~ GI Q Q 

\J:::I'j lJ lJfl11lJlJ'U'U fl ~ Ij'I (l flUI tl fl'U'U II (l::: i1JfliN 1iH flru 11 fllJ 1180 fl~ff11'11" (l1'1l"I'J!YIfl (l flU (1' tl'f11fl 1tl fl tlU. " . 
, ... .~;f 0 , ~'" ;f ~ ~ ... 

11 (l1P11I1Nufl'lS''U~ TU111 If N1'lS'lH 1'U1'j I'JUIW :::lJfl11lJlJ'U111 
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X9 

) 050 fJ.:Jfll 1100 fJ.:Jfll 
<s <s 

1150 fJ.:jfl1l'lHWliflll ) ) 80 fJ.:jflW1HU'lifJll
<s 

!'licH'lifJll A'IHHCH fJ Il 

A .1'" "'I 1II.it d .d 
lUll 7.5 AfnH)U\l~'j X9 t!~:: X03b3 U~NlllJ~1fl1f1HHU~fI111Jln\l.:J INlll 

~U/111:ilu a <s 


1jtlUI1!O~q~UU&t~~MOl'li ~Wlftl1J 1050, 1100, 1150 lAel:: 1180 fJ.:Jfll!'liCll'lifJll 

ltml1Ji1M1\ltmIIl'illliln ~ 2553 

JI 

"" <s III "I " "" nl'iYlr/ ft ().JlfI" ()'U'Illfl 1UJ[J N 'UUf)1'lfU:trl Uilrl.J . ., 
"'I 0 "'I <sj.ll/illl "'I III 'JI o~1

A1JfJ'U1AflC'!fJU'\JAtll UJfll.:j \l~'jP 1 \.5 lAC'!:: P 11.5Ti4 lJl'liUlflflfJUU'U1l1flllel1'Ulll Af-n 

.Q':::' ct ~ Qlct IQI eto QI ~ 9J 
llf:!Wm;)JJ 1180 fJ.:JfllA'liC'!!'lifJll AflelfJlJ\l~'j P 11.5 U::~fl~1~U~fJ.:jfl.:J1J~TH'UI'lf'U lfJlfllfllJ'Ulfl(lfJlJUH 

d 9J e:i ~ .a \I) Q#~' t 1:9 ..::,..J ~.c::t oCt 

!C'! fl'UfJ fJ 1'U'\Jru::llAflC'l fJU\l~'j PI) .5Ti4 Iflel fJlJ !lTelm~ fl11U~U:::1JNel flll'\Jl1A fl~'\J'U (111'Y1 7.6) 
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PIl.5 

Pll.5Ti4 

lll'YI 7.6 tJ'UI'lj1JltlH81J'\Jltll 1101'1 \T~'l' Pll.5 IIH:: Pll.5Ti4 1f11'YI 
... . 

• 1'" 2 ... '" 2 1 " '" 
Q '" 

f!WlUJlI 1180 8.:Jffll'lfHI'lf0ll' 

JI 

mnH'UU1.Jm'jlnl~~r/'lJeNlfl ftfJ'U rr/{)nnuf'UFI J1lJ(j~j~{)fI'lJfJ.JliJfJ~U 

1l1flfll'l''YIflCl8.:J'Vllrh Ifl~8U(l'~'l' X9 mi~lp.jl~ 1 150 8~flWISClI~0ll' (fi~U(l'fl.:J1:U'l'll~ 7.7) '0:: 
~ ~ 

~ c:S ~ ~ .Q, J ~ d CV C1J.c:t Q.I ~ ~ .dt 
"l'fl~1f1 IIH::11I8INl'YI~WlHJlJ\T~'U'Ulfll'ltl Ufl '0:: "l'fl~1fl'U'U lIfl11lJlJ'U 111'Utl~lflCl tlUlJ1fl'U'U IICl::llJtl 

-!!I" ""...,... "'iY'" "" ., "" ~ ?I '''' i '''' C1 ~1fl~Cl flll W:: fll:ilfll::~fl'Utl~lflCltl U 'VlU11 IflCltl U'YI 'PIlJ fln Ifll::~fl flUfl1'l1'UHt.Ull'UtltJHfl lJlJfll'j 

peeling '\JtHlfl~tl1J 1I~'O::ff~I fl~ '1(':h''U~'U~l'U~)jfllHI(l'lJ vl~'U~Cl ~ '1l''UI'd'tl~'U1(1fJmlJ1W 15 

.1 ,,~ " '" "'... "'iY '" '" Ylutl'jI'lf'U~ IfIl'YI 1180 8~flWISClI'lffJ(l' IflCl81J't1 'PI'O::lJHflllW::'PI1'U 

http:mi~lp.jl
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1150°C 

1180°C 

... ..'iIl1IlnllwmlliJ ... 
1lIlUl1wl'R~U~'II 'rI~tulfQtl 1150 Uft~ 1180 'eHffWlfftl'lfrltY 

~itlWmlIlri1 11 2553 

11ci''HJ1fHN1~'U 'HU~'lt'lJlfI~el'lJUI9l'J PIU, PI UBI IIft~ PIUTi4 ~-.1ijltf111ffn:llrhJ 
el-.1rl1.h~flel'lJ (11l~ 7 . 811l~ 7.9 Uft~lll~ 7.10 19l1tlcilfl'lJ) ~~w110il 1150 IIfl~ 1180 el-.1ffll'lfflltHtltY 

'VJ fl'0'1?l'J IfI~el'lJ~flfl'lJ~b~'U-.11'U1~'Uel dH~1liij fll'J11 q~dell'! (peeling) 'tIel-.1If1~el'lJ lI~ti-.1ft-.1ijfl1'j'j 1'Ui1 

'~N11f1~el'lJelQ,rHlg flU'elfJ IfI~el'lJ~-.1lm~~W 11 Oil 1180 el-.1ff11'lfmtHtltY 11~ijfl11tll1''U1ntll fl W:i1 

IfI~el'lJ~IN1~Ul110il 1150 el-.1ff11'lfftltHtltY IIfl~lrlellmtl'lJl'Yitl'lJlfI~el'lJ'lJ'U~'U-.11'U~I~tl'ri~'U; 'W'lJ11Irlel 

... '" .. ~, Ji Q ~" oS .. '" "1 ~Q '" ~, "'"..Il?ltl'rifl'Ul?lft-.1 All 'U1'Uelfllltllfl'tl'Ul'I 10 IIfl~ 15 11lel'JI'lf'Ul?llfiftel'lJl'I fllJflfl1:H>U~fl1'U 'U'tIUI~l'Ilflflel'lJ 

'lJ'U~'U -.1 1'U ~li1li I~tl'ri ~'U;II ft~l~tl'ri ~'U ~ 5 11.1 el f I~ll~11~ijfl11tll1''U111tll flfl11 .J'-.1dldel-.1tll111 fl'ri 

Q .." ... ~~Iq Ji Q ~~I' ~ Ji Q" .it. Ji Q ~ 0 , ~ '" I "~I
fl'U I?ll'lll?l tlCH ! lJ A'U! 'U el fl 'U 11 ~ ! lJ 11 I'U el fl 'U tl flTH 'Ifel tll?l el'tl el-.1 I'U el fl 'U 'U el tiM 'rI1 lTIfI fl el 'lJ 'tY 1'U 'rIIlJ'U 

soluble \]fltJflM 11.1,'U!del'tlel-.1~'U-.11'U 'Vi1'..rlfl~el'lJ~1~~1'U1lil1''U111 

I 

I 
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1180°c 

.1"; <!I ..; <!I ,l "" ~ ..;
llJ'YI 7.8ItUH)'lJ\T1I'l' Pl1.5 'YIlfltH)'lJ1J'UI'Uel~'U1J'UFo' Fs, FlO 1I11:: Fls1N1'YI 

~-nmu "" q 
I\lUflllll'R~U~MIU~ ~W'HfJlJ 1150 1I11:: 1180 el.:JflWlflllllHJ11' 
~nmH!IIlI1nn 2553 

I 150°C 

1180°c 

... Id 4 d 4 A Q " ci 
llJ'YI 7.9 IfllIel1J\TlI'l' Pl1.5B l 'YIlfllItl1J1J'UI'Utl~'Uif'UFo' Fs, FlO 1I11:: Fls1N1'YI 

Un.ln-nmu "" q 
1\lUfl1lllilqA~ ~W'HfJlJ 1150 1I11:: 1180 el.:JflWlfllIIIHJ11' 
~;rmnmll!llll1n n2553 
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I 150°C 

1 I 80°C 

.d 4 . .d 4 A Q A~llhl 7.10 AfU'lfl1J\T~'l' Pl1.5TI4 'YIAflafl1J1JlU'Uflfl'l.hfUFo' Fs. FLO ua:: F IS un . 
.. Q ..'IIllIln'l'lum".tI\J 

l\flIIl1W\'.q~lJUIltIIftMl\l'II 'YI~W110lJ 1150 ua:: 1180 fl~ffW]nW]H'.Iff 
~ll\lfll'lllinnD2553 

7.4 tTlt1Jl.1(;lm1't1~~H)~ 

At'lileJ1J \1W:i P 11.5 ~lhrl'l ilYflHA1/'\.Jri1'\.JNfflJO.:Jrflfla:: 171fWJ111Ufl NfflJ Iflflfllnt'\.J fl1'\.J 

30 '\.Jli1It1'U\T~'l'~,,rFh"U1At'lileJ1J~rJ1J ijfl11lJ~'\.J111I1C'1::ij~111ilU'eJfJfl'";i1\T~'l'~'\.J~ IfleJAPnAflileJ1J 
" ~ d. d . A t::::I 

U1J1JflHAflrJ1'Y1f:!Wl1fJlJ 1150 1200 eJ.:Ji'111'ttC'lI'lWffA 

l1«.:Jfll'l't1i'1JA'd''e)~'\.JAt'lil'e)1J~ 'ffijfll'l'Afll::~fI'tJ'e).:JAflil'e)1J ti1J f,b~.:J 1'\.J~~ hm fll'l' peeling 'tJ'e).:J 

IflileJ1J lI~fl.:JfI.:JijflU'l'1'\.J~11~Fhlflil'e)1J'e)grl'H ~1Hl'\.J~ijfll'l'l~lJ~il'\.J~1'\.JilllJlW 10 IIC'I:: 15 

... 1 ~ d rI.a Q,I Q Q,I 9J 'WI I QI 1 .d QI .:9 I~.a 
III eJ 'j 1'lI"'\.J \011 flC'I eJ 1J11 M IN 1'il:: lJ C'I fl1:l W::fll'\.J ! lJlJ'\.J 111 '\.J'tJW::'Y1 C'I fl1:l W::'tJ 'e) ~I fI C'I eJ 1J'YI1 fI C'I eJ 1JeJ rJ1J '\.J 

'" 
~'\.J.:jl'\.J~ i~l~lJ~il'\.J~IIC'1::]j fll'l' l~lJl~il'\.J~ 5 11leJfl~'\.J~ 'il::fl.:jfl.:j]jfl11lJ~'\.J111'tJeJ.:jlflileJ1JeJ g 

I 

I 




. 

<0\ 

'lJ 'YI'YI 8 
., 

Q.J t!i r;v ~ 0 

fll 'H'ml tI1iJl 'jImH) 'lJ\1l1 tIfll 'j9I'lJ tI1'lJ till tl flU H 

flnl~C1'n!fI~eJ'lJflt-lclimhYl1.:Jfll)'ri'1~iJtnJlu.:J1lHCU),lJJmY 'il~ltlUllWnflC1'l)'c)i~lflU ~.:JltlU 
Q./ d Cl. a'.::1 C\ Q Q ll] li1 cI a' ~J d rt. I C\ 

Cl'n Cl'.:J !fI), 1~11'Yl eJ fllJJ eJ),\1JJ CUflfl eJU !~eJ eJ fl CU~ II fI~ fl1), 'lJeJU IlJU eJ.:J flu)' ~ fleJ 'IJ JJ Cl'mU~11 fl1fl11 fI1 tJ 

~ ~I ~I l: ~I .,;, ci ~I ci" 1 ., " '" "'., ~I ~ & l:
'\!WulH'iln IlJUUl IlJU'UeJ.:Jfl.:j!l'U.:J !lfI~llJU'UeJ.:JII'U.:J lJ)'~ !tJ'b'U'UeJ.:JCUn !flU I1JUCl'nI9l1Ufln~~CUJJU1 

'" 
ImlRI9l11ru ~~lHN1~ 'bJi~'~.:J 1U~eJru11 flJJC1'.:J U eJ fl'il1fl~ O.:J 1'lf1UIU.:J 1WflileJ11 ~lm~lifeJ.:J~I ~rieJ 

, 'U '" 

" IU.:J1U'J1ltJU 'lfi'Yl'WJUlfll),I~Cl'I9l), Cl'n IflileJ'lJNCl'JJ)~11';h.:J 'lcufleJ flICUU (siloxane) fl'IJ lf1119lCU1U 
" 

(chitosan) tl11l1'~11'Ml~lfI~eJ'IJ Cl'lmHll9i'luflu~~climj1I!n~IJJdl~l~eJ),1 I11m~amf'IJ
, 'U 

• 'jJ • I 

IfljeJ .:JUU~lHN1i1t1JJ1~' ~.:J1Ui1eJru11 fllJCl'.:J 
, 'U 'U 

J1tJ1.:J'YlU1~ fl1~ 'il1fl19i'U 111 nfl.:Jti'ltJ),eJ.:Jf'IJJ1tJ1.:J 1 ~tJ'\'h I'll 'il~ I~ti'ltJ~'l'11'il1 fl~UIN1!fl~eJ'IJ 

~.:J 1~ tJ'fi n JJ'b'l~J1tJ l.:J:WU 'il~ Ifl1~~~fl1'b'U~ 111 fl fll1~ lJJ11JJ~ n~~IIl1'.:J ~U)'1fff11 'b'llCl'lU n eJ fleJ eJ fl 

'UltJ!tlU~tJ1.:J 1~tJ11ciflfllnrm'll )'~~ lrHh J1tJ1.:Jli'll)'~~ n'IJ f1.:Jt!U flU IflileJ'lJti'ltJf'IJJ1tJl.:Jfi'ltJCl'Uli 

" 1 "'l "I .;. • I ~ -J '" ~I "1",1 • I ~ "I '" "'.,
lJ),~'ilfl'IJ11),eJlJ),~'il'IJlfl1'YleJ'b'ltJ 11'YlUNlfl1'b'U~llJUlJ),~'illlJUfln1.:J l'b'U fln 'b'Cl'UlJ),~lfl'VlCUn IflU" , 

ItllHIU1'Vl1.:JIU fln11ltJ~Cl'lm),tIHwil'UuqJ111f1.:J fl~l1 lfi' 

f1.:Jt!u IU fln'J1ltJ~ ifi'lileJ fl I~Cl'nc)iRIflU 1l1'Yllfl 1'1$1nl'1$U~lJJfl'IJ lf1119l'1$lWtlUCl'U NCl'JJIU 

. "0Q ~ 

Nl'ileJ fl tJ1.:JIUeJ.:JJJ1'illflUltJ1.:J 

1n["'''tITIJ (Chitosall) 

",I "''' i .QI flll9l'1$lU(Poly-2-amino-2-deoxy-D-glucose) luW)'4'YlU'fi'UeJ.:J fll9lU (Poly-N-acetyl-D-

Glucosamine) ~.:JltlU'YleJRIJJeJh~'lJmfl IU'fi),),JJ'b'l~ltlW)Uf1'IJCl'eJ.:J), eJ.:J'ill fl!'1$n~1nCl' l~l'.I 'il~'Yl'IJm fl 

Iw'llileJflll~.:J'UeJ.:Jd'19l11l1'Yllfln.:J 'llnm1Jfl 'll '1n'1 (ifl~uhiCl'-IJJntlCl~Cl1tJthiiuil 'l'11Cl~fI1[J
, 'U 

o t.::\~ .c:.1. o,.a:::), d ~ ~ d:t d 

'il1flfln'Vl1'll[]ml'.ll Deacetylation JJCl'JJ'lJl9lfll1JJltJU Polycationic I'YlJJ'UlHUeJ.:J'il1flJJ Amine group (

http:il1flfln'Vl1'll[]ml'.ll
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NH2) IUl~ Hydroxyl group (-OH) hJ'tYll'llJ1flfr:i1 Acetyl group (-CO-CH) 'l'11,,r'tY11JUm'\~elltl'l1:u 

'tYl'J el~ ell tim fl~h'!'\111 O'l1Cl1!'J'lfU flll\9i 'l.l('\~Cl1!'J'U 'tYl'i ('\~ elltl~l'l 

t_,~"_._.,.__"__,,.,,_._,._"_....._,.__~~_» 

o 

~
II 

__,,__,,__._''',.,''''______ 

i
! 

I
!

J 

~\,jfrnUlmliu 

~ounwi'i!qAuIlR:H~t>.JIiu'ri 
itlll!i.J'IiUI1W11'llMlrlfin fl255J 

'f11~'ll'lUI~U'tYU~'l11lJl',*lh~Il'l'lf,reJdHfl'jH'U1H 'lU'l1('\ltl1'1flU eJll1 l'lfU 11.1 

fl~'tY1'l1m'j1J~'I'\I1eJ 1111.1 Binder 'lf1!'Jfl1'j~flffrYeJ1J I~U'tYl'ii1iiil('\~ 11.1 fll'iifl~'U h'l1~'l1t!fl\9iWl 11.1 

mnhum.hlfftJ 'l1~eJ 1,*lilu'tYUI~1JII\9i'l 'lufl~'tY1'l1fl'j'j1JeJ1'l1UII('\~tlll~U~U 'f11~ClnUl~U'tYltJV.eJ 

~~I~fllm''''~~'tYfl11~11Iumfi li~l pKa !'yiltilJ 6,5 IrteJeJg'lU'tYl'i"'~(,\ltllilh~~I~U'U1flll(,\~ fll'j~ 

, f11~'ll'lUl~U'YieJ ~11JeJ f~'Ilifl11lJ'l1U llIUU'UeJ nh ~~'U1fl t! 'I l11'l,r,llu~u!'J1Jli1U~~'tYl'l1 m 'j1J'l1Cl1 tI 

fflU ~ll fl~1,*'tYl'j1il'Yi1fl '31f1'jfleJ(,\(,\eJtJ~ (Hydrocolloids) IlJl('\~('\tP ~~hulm1i~~ 1l.llJll'j~~'l1~eJli 

1l'j~~11Iu('\'U (Polyanionic) ff1tJ'tY1J'Ullfl11lJI1IU Hydrophobic t!'I'UeJ'I'fll~'ll'lU !I"'~fl1'j~ 'f11~ 

'll'lU'tY1UUtll~1!'JlJ~u~1l\9iH'l 'ff~ltJ l'lfU 'lUlllvhllJ I-NU11'l 'ff~ll'l 11('\~li'tYlJ1T~alrity'UflU 
.., Q Ql A .d~9Jq 

~lU'\I11Ufll'jI~'jtyl~'U ~'UeJ'I~(,\U'\I1Hllfifi (Luyen & Rossbach, 1992; Shahidi, Arachchi, & Jeon, 999) 

'l'11',r lJ'I1U 1~tn)lU 1UlJlfl~liflU'l11 'f11~'ll'lUlJ1,i1U'U'j'j miW"l'l'\l11-1eJ1'l1l'i I~el ('\ flfll'j flfI~1JJ11I(,\~. ~ 

i1eJ'Itiu fl1'jI~~tyl~'U 1~'Uel'l~~U'\I11o ~~~'l'h,,rel1'l1l'jlU111Y!'J (Begin& Van Calsteren, 1996; Coma, 

~~~ ~ fid, ~t 
Deschamps, & Martial-Gros, 2003; Ham-Pichavant et aI. , 2005.) 'VI'IUfl11'lIfll~'lI1u:WmJlJ'tYlJ'Ul"tlflU 

.., .d!'4 'I .dt ~I C/ , 1 ..,Q

'lUfllU'\I1llJU Gas-barrier !fll'lIi!'Yil~ Oxygen-barrier IUeJ'I1J1~lfllJfl11lJluU~"'flt!'I 1.1 f1H'tY'jl'lIl"'~ 

fll'jlnflWU1i~'31f1'jI~U~II~'IIIH'j~'l1':i1'1'tYll'llciv.eJ~l1JeJl (Gallstedt, 2001 ; Kittur, Kumar, & 

Tharanathan, 1998) ~-1l11,,rm~!'J1JMlliUfffll'lfl1'Yi'UeJ'I lf111"t'lllU'U flU'l111J1 , '*lrI1.1 'tYUlfI~eJ'U'U 
~ 

fll'jl"t flll\9i'l'l1 ci'l I~l ~~~nru "l'lfli eJ 'I ~U~UI~ll~el ('\ fI fl1'j flfI~lJlh 1fI fJ fll'iW\PllUlI'\l1f1U fI fl1'j 1ilJlfI~eJ'U 
~ . 

~1lJti'Ufll'j'l,* 'tY1'j Coupling agent ~1'l11Jl~'tYlJ l~eJ'lf11'l,,r'fll~'lI1U'tYllJ1HlIfI~el'U~1~~~nruCV\1ff 

eldl'leldi111(,\~f1'1i1 iff 
~ 

I 

http:f11~ClnUl~U'tYltJV.eJ
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~iJrflU (Silicone) 

9Hl1fl'U &UVH)~llJuf'llU~1il~;~l'H)'U (Si) '" '" ') <>11 ')l1'Juuu'Hll ~'UVHHl Clf !TIIClf'U (Organopoly 

do 
~ 

QI I d 
, 

cS d ':::'':::'1 d .... 1 i rI 
siloxane) lJ(,'Hll'U~l1mf1l1mtJ \9l~ll\9lI'ilTI 'Uu~mTI1 'lI€1~U'll~f1~mTI1UTI~'Utl~U'll~ ClfTI ~fl'UlJu'J~ ~tJ'If'U 

~~1l~1'U~ l'U~l'U f11'Jl!l'Il'HJ (ffTItJm 'JlJ) ~l'Ufitl ~r1~ !1lW;r1!~tllJm ~ 'il f1 nu m~'il f1111tJm~'il f1 nU1~~ 
~'U"ll'lf'~\9l'J€ltJ~tl'llil~u~'Ul1'UllmU\9l l1'UritJ'U 111tJl!lj'II~'Yll~~\9l~111f1'J'JlJ !'If'U f1lH-1~\9l 
~ Q.I I d tI l.fJ QI .A' Q.I 91 9~ 0 d 

'UllJ'Ul1TIilTI'U !!1f1Clf !lTI~ !'lI ~l'Jf1'UmllJ'If'Urlll1'JDf11'J'YltJ~l !'If !'U~\9lml1m'JlJ'Yl1m~\9I11J !llmn'J 

!fI~ilU~1 1~~ 'Vi1~'U1'U ~f!'illJ 11lw;f'U ;~1fl'Ulj'li'il~ ~ljmllJ'Yl'Ul11'U~tJf11'JIU~tJ'UllUTI~~Wl1fJiJ 

l~lJlf1lITI~ tl~1il~ 111'Uf11nhu~m tJ1lfllj 

.NH2 

(d~2)2 
Nt'i 

i CH3 

i
1 The chemical 
l 
j structure of the slloxane 
\ 
t .. . _ .., .,,_ . ...... .........., ........,......_'''_ •. " ..." ........._~, 


'Illlvll1\!Jt1\'.iU 

~CllII1~!JM.~~ 
~lltfuil'1mWIl1lJ I'IIfl~n D2553 

!~tJ lfl~ tJ D\9l flll~\l'iHl fWl~~'U!N1 1\91 tJf11'J 'Yl11fl~ tJ UllTI~~ lJ!fI~ ilU~1 tJl'I il ~!lJfl f~~lJ Ifl1\9l 

Clf1'U- l'I il ~ lClf1TI IClf'U hHJfrfnlliJ1) ~fJ~ I~ tn'li'il ~ ~ €I m1lJ I'li'lJ'li''U 'lI il \ll'l tJ ~ IlJ €I f 1\91 tJ '1 'If'!'I'l fl Ufl1 'Utl1'J 

\9l f1!l~\l11rl'\l fll'J !m~1mn;i!fI~tJ1J~1(Jn ~lJlfl ~ ilU 1~il f11'JU 1DU1 \l fJWfl1l'1~~ ~'Lf)W cnl11'lj ~lJlliii 'U 

9J 4 I : 

f11'J 19l1'U'Yll 'U f11 'J"lflJ ~1'U'lI tJ\l 'U 1 

L 

http:Illlvll1\!Jt1\'.iU
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.q .1 <I 
uTitRUUu~flumW 

q 

- 11f11~'1l'1'U'il1tl1UfteJflf1'~ ~'tI'UWIJnnrfl ItUCIf)" 650,000 Vl1"\91'U 1::;fl'Uf)lHllllVl'l1li-eJ::;{)$11f1., '" 
9J 9J QQI.ct oQl 

1eJfm::; 80 IflHlf)l1f11 'il1flU11ftl eJl'Ui'I' 'illflVl 

- 1'Vl~llJl1" tli'l IVl11'il'U 1'1l'i"I'1l''U(Poly(methylhydrogens iloxane)) 'il1fl'U~lJ'YI Dow Coming 

- al1"::;"lfJmVleJ::;{)$~ fl 1i'lIVl'J~meJ~ f) i'l'11"::;"lfJfl H i'1l'I~l'llJ1 i'lVl1eJ fl i'1l''f1I1Cl::;i'I'l1\911l11''::;'' 11'l 

~'U'l ~I'lf1'U f) l1'Y1Vlfl eJ~I1J'Ual1lmVl'YI 1\1 f)l1rf1 

.q "" f11'JIVl'WmJTitRuflV 

i'l'111f1 ft eJ'U~ I 'lf1 'U f)1'J'YI~" eJ'Ift eJ au1ft ft eJ 'U ~i'I'm ::;'11 ';11'1 1 fll~ '1l'1'U II"::; 1'Vl ~llJll"131~ 'J 1'il'U 

i'1l' i "1'1l''U , CS-PHS l~fJI'lf'i'I'l'J"::;" 11'l 1f1 i~'1l'l'U1.ulJ'\j''U 0.5 % Im::;i'I'l1 ,,::; "lfJ1'Vl~1lJ11f1 h I ~11'il'U 
'l" 9.1 9.1 .d '" , ~I 0 '"i '1l'1"1'1l''UI'tIlJ'tI'U 10% 'YIeJ~'Jli'l'1'U~i'I'lJ CS : PHS lu'U I:9, I:5 , 1m::; I:l \9l1lJ"1~'U 

liJ'U~ eJ'U fl 11'Y1~" eJ~~ llJ c\'1fl'U''UII~'U N~ fll'J'YIvH'leJ '1fl'l'li'l'1 ri 1,:) 

.. 
~1'iLfiI~'il1.J CS-PHS 

/>w""" ...wn.'"W""·•.'w'....'....",.,.'.'''''h~MW'.U''_''''''·.'·'...''V...' ...A'''''Nn"' ·'''yV.....,·... ''·...'w...'''.,...,''''''''......,.wu'''.....,·.''.WW...-... .M~''.'_'A''''.,_..".,>~ 

f }
! .. <Q IV GO i 
I n'lUVI'ilCU'UUWI'il.:l U1U 20 U1V1 1 

L · ... . 
.".'r___."'M_"..'.~~_"""'.._""""'"'M~~""_~.~W.M,.."....... ,,..,..w•.' ...--.........WNo ..... ; .......J 

(I" ".. .,..... ... _ .. _-,., 

, •.,.,...·..." ·•.·.<W•." ". ·•••.W..... ' •••.WON'~"•.'~•..,W..,_ .....w ••·." ...·.l ...·......w.,........ ' . ..' ..ONM....." ....M'••••, . ...... '·.M•••' .....,.·."·,,.· 

!'..'·'." .M' •.•'W••..w ....w • •_ 'w.w•.w ••,·••,w.'w..., ....... ·.w. ..w.,.,·"·. ...."....·....w ..." .w,,._•..,·_._"·"MON.·........w... ..........."'w....... .. . 

? 

~."..' .N...'w,'~.,.......'V•.W.y;'...'.'M''-''h....~V,.",.._,.WU....." .y,v,.''''"''"'......, ....N..,..."""'...,~...,...w,........~v...~.,'.......M~"'...''''''''''M'W,.W"'''.v..;w.''..............' '.M.............v 
l 

r.w-.-~......O<••'W-.WN_W_'.~'-......w._ N.W~."'••""._•.. ...!..w"._. ....._ •..v_w.~."....._ ._ ............ .·_.·_ • • v..__.·.·. v <..,. 

! j
I 'il1.JLL~.:I ( 40 'il.:lflf1L'lf~L.!l~) 4'!f~. 
~ 

~tmUfll'.:II'u 

~lAWIIWnrri 
~~D2S53 

'----------------------- -  - ._

I 
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'J} Cv.::1 Q,J Q.I Q,J I ~ 
f11lJl1ilf111JJ fflH·HY)~'Hl1.;JEJ lfllfl'lHl ~'U 1 (air-water contact angle) 

2. rll fll:J91:U Nl'Ut1 l~ .;J1911JJlI1191:J ~1'U P-l~\9IJ1WqhJJ'Jrulfl~ EJ.;JJ'U~'\..H~n~ llP-l'If. 46/2549
-.1 q 

'J} v " 

fllJcliJJN1'U'UEJ.;J'l111fllJ1%1f111mYm:rff:J~wjNEJlfllf1'IICl~'l11 (air-water contact angle) 11I1Cll I 'lfl1JJ.;J 

~19J .dQ.I

f1P-lClfl.;Jl91lJl.;J'Y] 8.1 

Q 'Q../QI I d~;f Q,JI 

1911:Jl.;J'Y] 8.1 IIfffl.;JfllllJJffJJP-l1:Y air-water contact angle IICl~ fllfl1:J~f1'liJJ'Ul'UEJ.;J'Jf'U.;Jl'U1911EJlJl-:J 

(degree) 

w 
, ell 0 

i'llm1~(?I9I~'U1(%) 

control >20 22 

2 1:1 80 15.4 

3 1:3 97 13.3 

4 1:5 liS 10.7 

5 1:9 )48 8.5 

' ':: ~C\QJ I Q,d~diQ Q 
fll1JJ i JJ'JfEJU'Ul'UEJ.;Jl'l'UW)1911EJlJN (air-water contact angle) JJfllIl'lJJ'U'UlJJEJJJfl1J1'VIJJfl11JJ 

l'llmY'U'UEJ-:J'l'IEJ ~ i'li1ClI'li'U lY~ EJ PHS ~-:J1:YEJflfl"EJ.;J tlU fln lf1rll fl lJflfl91JJt1 1 ~.;J'l'IU11lirllClflCl.;J~fl11JJ
'U 
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. 

ct 
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fll 'J..r~U m~VI ftWcYl~UU,n111ijfl~u In)'lll~tJfI1 'J!fl Stl'U~1 tlUfltJ9f~'fllVl9flU
.. 
'" 

'U 'J 'J \I1hlrU l'i tl 'll 'J~!'I'm 
Q 

lJfHlllf lJ1 0'hii:u lJ f1 ~ 1IlJlY':)1J1 mlfll9leJ ~'U II 'J':) 11,:) III I'U fll'J ~eJlI~ eJ d~fI11lJ lY10':) llJ 1lf1::; 1\9l II 1.h ~ lY':)rl
'U 'U 'U 'lI '1 

I'U fll'J111 'hJ,lI'U'lJeJ':)~ 'J::; ft fl ~.:)rl'lii'lJ'U 1~ Ig flii n~'Il4eJ'lJ 101'i eJ ~'U iJ,jlo'U 10-30 lJ n1 1l'U TYl H I 'U fl l'J 

1~1Jl;!ft~1f1'1 0 fll'J l~lJlYlJ1Jl1~lf1'll f1'10fll'J IflaeJ'lJ 111'ii fl~'Ul1 eJlJ'lJeJ,nl1lJ'Ul1eJ lJ 'J ~!l1 0 eJ1Y1 fl~'U~::; 'I fI ~ 

l1eJlJ fl~'U~eJ fliJ'lJ lJd, ItI'U~'U f1'10fll'J IfiaeJuf1'lo ilJ1fI 'J Ilfl1.l9Sf1l'Hl ~ IlJeJf'lf101'U fll'J nflI n'lJ fl~'Ul1eJ lJ 
'" 

111'fI.:) eJ d~Nlfll'lf'U::;lf.:) fllO 'l'UIlf1::; fll O'U eJ fl Nl'U 'Jl'l 'J'U'lJeJ':) fll'lf'U::;'11'f1''U 1'U fl ';l11.l fl~ 'il::; 'lf101~lJlJf1~1 
'U U 'I 'U 

. 
011'U 1'U fl11 

fl.:) J'U I 'U':) 1'U 11l0~ ff11lo'l11!l1 flU fI fll'J 1~1 OlJ IlJ i fI 'J AI fl1.l9Sn1J 'J'J 'ilJ llJ'Ul1 eJlJ'j::; Il1 OlJ 1 
'" '" Q 

etet 'jJ 

9.1 teJmfU'YItfll'J1'IJeJ~ 

9,1 ,1 'Pl1~91l'W 'YieJ~tlleJ~1~d'lu'1I1mttml'lli;1 

tl 1 ~I ~ '1 ""<f'fl ~9S1'U (chitosan, Poiy-2-amino-2-deoxy-D-glucose) lu'UeJ'4l'l'U1i'lJeJ.:J fI~'U (Poly-N

acetyl-D-Glucosamine) ~.:J 11I'Ul'leJ ~11JeJ f 1i'J'JlJ 'lf1~ l'lUlJlfl1l1W)'UflUlYel U€l.:J 'ill flI9Sf1 ~ in lY i~Ol'lU 

III 'U eJ.:J rl1.l'J::; fl eJ 'lJ11 clfl I w1.l a eJ flll~':) 'lJeJ':) ff~ {~1l'l1 fl O.:J. 1.l f1llfii fl 1.l... "I el "I I~ eJ.:J 'ill fll fI~'U i lJ lYllJ l'J II 

el::;f110'f1i'U~11ilel::;moi1 i1.lUl'ilY1lJl'Jll el::;f11oif1'TINI'U m~lIri111eJ~1':)l!fl I'U'lJtu::;~ ifll~9S1'U~.:J 

11I'U lYl'J eJ'4vi''U'lll1clfl'lJeJ.:J ifl~'U 'lf1'illfl fll'J'l'il1.liimo1 Deacetylation hlfllHi11l~11~€l~~l1(l Acetyl 

group (-CO-CH3) 'il1fl ifl~'U if1'llI'Ul1~eldn'UlI'Yl'U 'l'il111'iilYmmfl11lJI1I'U Polycationic l'\ilJ~'U 
l~eJ.:J'il1fl Amine group (-NH2) 1I(l~ Hydroxyl group (-OH) l'i1,,rlf11~9S1'UlYl1Jl'J0f1::;mo'l~''U 

lY1'J(l::;(l10m~~eJ'U'lJ€l.:Jfl'j~B'U111rJl1mo'lfu~ (€l1l1 fl'j~eJ::;c]$~fl, c]$~1flll(l~ ieJl~'Jflelel1fl) I1l9lilJ 

(l::; ell 0 I 'U lY1'J (l ~ ell O~l':) 
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, • 
( 

1 i 
'. 

~lTllum:.ru 


~0U11wlil~~Miu~1 


illllfui1'lll1Wlml1'l11ilio 112553 

ifliV'l~1'U!~lHn'J~'I1uJ1icfftJ'J~iO'lf,reJdl-:Jfl1'1\I'lJ11\1 hJ1H1101-:Jfl1'J eJl-¥! !'If'U l'U 

~\WC1'llfm'JlJ~nleJ &u Binder 'lf10fll'J~~~hjeJlJ !~'Uffl'j~1~mV'lI'Ufll'Jfimrui,m~lf1rflI9iH"l i'Ufll'J 

li111'fllh!ffO lfleJlcff!~'Uffl'J!~lJ!!I9i-:J l'UeJ~Hnlfm'JlJeJllfl'J!m~Oll~'U~'U ifl iV'l~1'U1~'U'C1'10'WeJ~3. 
<l i I o'.,j 'i .d:ll d.1 ~I .d I ,. ~I '" mfl 11'J ClV'lllJeJeJQ 'Uff1'JCl~CllfJ'\'1fffl11~!u'Umfl'il~lJu'J~~lu'UU1fl UCl~fl1'J'\'1 fl !V'l~l'U!u'U'WeJCl 

!lJeJ f~ -:Jlj fl1ll.Jlf'U1UU'U'lJeJ -:JtJ'J~~U1 fl\l-:Jl1l 1,rd~J'U~iiOlJl'lf1'U~ IPlffllffll 'JlJlfCl 10vi'1'U ~1I fl~i~ffl'J 

~TVnfl ley ifl'JfleHHleJOfl (Hydrocolloids) ilJm ~Cl U-:J~10'C1'lJllilfl1llJ!~'U Hydrophobic U-:J'lJeJ-:J Ifl iV'l 

d .J .1' 11 'J}, '~I 0' 2 1 d d ~ 0 '" 1 'J}
~1'U UCl~ff11J1'Jt1lV'l'JOlJ'IJ'UluV'l1-:J"l fH1fJ 1'lf'U l"ICllJ 1fl'U t:I Ufl UCl~lJfflJUV'lfflflty 'Ufll'JV'l1'Ul11'Ufll'J 

!'illru!~U iV'l'\JPH'il~'Ul11rfl~ '11 1,r1j-:J1'U1,ro1il'U1'UlJ1fl~1jfll'J'I111fl iV'l~1'U1J11'lf1'Um 'J'ilnwcnl11-:J" . . 

I 

http:lTllum:.ru
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9.1 .2 ~l~'UYI~'i'l~'t'ieJ~ (Citronella oil) 

<jJ 'I 'J/ W d ~I ~ d d ~ QI

\9l'U\9l::; fl'J (Cymbopogon nardus) !!0::;\9l'U P. citrosulll 11'JeJ mozzie buster lu'U'Yi'lfVlll'Ulll'U 

11eJm::;IlHJ geraniol ((0::; citronellol (t/'Uri -:n..l'lh::;fleJ1Ih.!"lJlAo ::; fl111111 ii~rYlf'h..lfl1'Jlril!lJCl.:J l~t'JlJ 

~ 0 '1 riUll O.:J 'I fi' 30-40 IUeJ {1~'UI9l'1JeJ .:Jt)llfflU 'I ri Q.:J 'mH DEET ~ .:JllJmYl'J !fllJ~lilt/mn'JeJeJ flt)lli'l ri 

~ QJ \)1 'jJ d ~ QI W i 'J) dQ.I

'Ulll'U\9l::; fl'J11eJll (Citronella oil) !1l'U'Ulll'U11eJm::;l11t'Jfffl~1I1fl\9l1..l\9l::; fl'J11eJll II 

'1.1 'J::; ffl11i fll'YJ 11..1 fll'J i ri Illl O.:J 'I fi'~ ~ a\9l nw qftJ eJ.:J ti1..l Q.:J~ iiJ1l1'1..I\9l::; 11 fl ~11 eJ II tt/1..I ri11..1 'll'J::; OeJ 1111.1 

11eJ.:J\9l 0 l~ lJ11 01 fl11 01 flU'J::; Iflll eJ 1l111..1Ju flj 1J~i1fll1lll'li'll'li'1..IJ1l1''U\9l::; 'Ifl ~11 eJ II ~P"l U'J ::;lJlW 5-10 

IUeJ {1~1..I19l ffllJ1H:l tleJ.:J ti1..lfl.:J 1fi''Ul1..l 4-6 'l'h Ill.:J ri11..l 'l1..11·u ffU 0::; Cll t'J~fflJleJll11..leJ o l'Ii'll 'li'1..I '1.1 'J::;1J1 W, ~ 

5- \0 IUeJ11~1..I19l fflll l'Ji) tJeJ.:J ti'U Q.:j 'Ml..I11..1u)" ::;lJ1W 6-8 il1m lAo::; ri.:J1Jlllli1ri~1~eJ flO1.:Jft1..l1l0::;'Yil fl 

IIllo.:JiJ1..I~1.:j"l 'l~ 

L!!.::! QI' Q 

2. 'l[1I1fl 0 eJ1I'l$'U.:Jl'UmeJ tiN fll'l$1..I::;~l..II~1 

3. ll~ffeJ 11'1.1)" ::;iY'11i fll'Yi fl1 )"fl.:jeJ D'1JeJ.:J fl ~'U -1'U fffl 11::;U fl&i eJ W11 f1il11'eJ.:J 
~ ~, 

, ~ 

m:JW/rlllJ III Imllft'llCJJi;J 1ft I(P)CJJlUl~CJ ll'IJ 7NA·:w 1'Vl'iwCJilwCJ mwrPl 1Jnflu07,yu(P)~ 1ft hreJJJ 
~ . 

l~flfl1)"~ffllfflHl::;n1flifll\9lCJnl..ll'li'll'li''U 0.5 l'lleJ11~1..I19ll!0::;Jll1'1..ICtil\9l'J11..IClril'1..Iel\9l'Jlri11..1 9 

: I IICl::;fl11..1Nffll l~fl'';lfl~eJ.:JI11'fl~'UelCl\9l~11'1iiJflfl11ll~'{P (ultrasonic processor) ~'!hflm::;1I1fl 

'1J1..Il~ ill 1fl'J IIflU'liCl '11'lJ'1J1..Il~1 ~ m::; i 11 11llfl)" eJ1..I11 i'1 djm'lll fl.:J vl1'1JeJ.:J tIll 1fI 'J II fllhCl ~1 t'J fll'J I ~eJll 
OJ ~ 

, :v • 

'1J1Hfl1lff1'J ill 'J'YieJ ~l'I eJ fflvl\9l i ~ fl 11..1 flU 1\9lj flll ill i fI'Jllfi '1.1 'Ii Cl11U.:JfI ~.:JliilllJl\9l 'J'1JeJ.:J ~ffll1i11..l11..1 3 
~ 

"" l<jJlJl':V Q.t d 0Q 0. t::1

0\9l)" fflllni) 'If ~fl1lm::;llH~'U1~1'1J1..Il~lClfl (flxflxff) 6 x 6 x 6 1'li1..l\9llll\9l'J 1111..111..1 25-30 m::;m.:J II 

,r'U\9leJ1..If11'Jll~"eJ.:J\9l1lJ)U~ 9.2 
~ 
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"CJ
VV 

'" ... 11' .z ~ mJlUnl>lf1"'U nliUJluUu 

\J 1I.~Iieu'hnitam'l~
VV 1b~ 1-21ou OOtnh'1tlK~l\.I 

I 

--------, 

IA 
!~1I1l1Im-.Ju 


~~aMI'If 


~wmu'llll1lnn2553 


I 

a..oo::::.. .& ~ q 


J) ,nJllli1f)l'J~~"lflJm'IJtJ~m'l!'W~~'\.mn 


l'lJf)1'J1\ltJ !~'Vi1f11'J!fl~tlll~'W HU~'WtNli911tl~1~ "'1 0 2 tmci~fitl I 
- "'10~ltfltli'i1fnm 

- 'i110~ltfltl'l!~tJ1~ I 
1~ tJijfl1'lf'W~~'WtN1~ i 'If'til'Wi911m.hmlll'JlJ~tl fl1'lf'W~~'WtN1N {l'lJ~'W ml'W~i 'If'tdtl~'Wi911tJ ci1~ 

"'lmmci~ e11tfltlvill'mn til'U!dtl~'Wl1~o !!{j~'Vi1f)l'JN{l'lJ~'WIi1~otl'Wlf11h~lh ~~I~'il101flHm'J!~lJ 
lJ{j1'i11i1~Otl'Wm~tl.yf~"'10m~1l1'Wm'JNil\i1'\.hl.hnh lJ1~l'Wt11'Jvi'Wm1'~ (spray dry) !l'itl 1 ,n~!~~~'W 
~{j~!fjtJ~ "'10J'WU1!U!N11'W!1i11!N1L"lf'JllJO u~11'lf'LiI'Wri1'WN{l'lJl'W~'WLl1utJ1rlll1i'1J'Vi1 

http:nJllli1f)l'J~~"lflJm'IJtJ~m'l!'W~~'\.mn
http:1I1l1Im-.Ju
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Wl1ll~ull~ fr:11~l-l!m-i1 i tllll'l~ i fl''VI'1 fl 11\91J 1'il,HJ1J ffllllill'l1'1 fl10fll'V'H1i'eJ'II?1'U'tIeJ'I,rU'I1Ui1eJ ciN~ 
fi1UfllJI~1~eJW'Hflii 900 eJ'Iff11'lHlI9fOff tl~f-ICl~'1\911':iN~ 9.1 . '" 

el1!fleJ'b'~eJ1fl 17.65 

ei1lfleJ'l11ff1rl1 16.34 

illw ~~hmn (e)Ufl eJ '¥i lI'mn) f..j~tI~h.! 'Ull'k! 32.10 

'ill fl fllJl'lfll'leJ'Iff1ll 1',HlI\9I~ Oll tIll I f'lJ II f'ltl C)!'Cl'tleJ.:J i fI 1\91 C)!'lU 11Cl~'C)!' I f'I ClI~ fl\9l5U~1Jn 'illhilu'" . 
~i\9l'HUClri 1 fl1~'il1flmreJ'I'ilCll'lnff"r~t11"'1'\J010 100-500 1'l11 vflJ':h ill 1m l!f'Itl'lfCl~ '~ihJU1flm~O. '" 

A ltl~ 9.3 IIfffl'l'lllf1sl!f'ltl')!Cl'lHYm~\9I~fleJUII'\J1UCleJO I!Cl~ f11~1l1fl 
f\tlUl:~~,r flfteJ'I~Cll'lnff"rllfffl'lltl11'l'll IfI'l'IIfltl,)!Cllf'll\9lC)!'lU 

~~fl'lllJl!fll!ln D2553 
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'" 0 Q

3) fll'mHl fl 1] W) fll'lfU ~ ~'UI rl1 

l'U fl1,)'VI~(I fl'l~h)I\9i1'Oll IllJ 1fI)I!fll.lC)$(I i fI i\9l'l$l'U~li flWWWl'U T11'\9l,)~!111J1~ffllll1l!(.h~ 1fl 
~ ~ 

mmWCU1~jl'l,!j;lcl1f1.:1I'Yiilfl (!l.lfl~!cjj'l,!ii) 


1'l,!tlJl1'rrU nl'Jlfll ffiil ~iiflW'Yiilih1fl.:l (27 fl.:l ff 1 

q .. 

15.6 
.
~Wl1'U~'Ulm el1Iflfl'Yilfl'1C11 n.a . 

.
~'Un'U~'Ulrl1 el1\m)'l$::fl1~ n.a. 

fll'l$'U ~~'Ulrl1 rl ffll~'U \9l ~ fl fl 'U 'U 1 i 'Ulfl ft el'U III i fI ') II fll.l'l!(I I fll \9l C)$l'U ff11J1 ':ifl tlfll ~mhJJ''U 

\9l~ IfI~'Hflll \M''U1.l1ll1W'U1'U fl1111(1~l.lriflO fl~'Um)llfleJ flll1 ifleJ fh'l~eJ I~ eJ'I 1flU 1Uii.:l 15 1U''U 

ff flll'l~'1-vf'lln'U1])) 0 1fl1fll1J~~~W'H fJiJl.l,)~lllW 25-27 fl .:Ifl'll'1HH~fJff Irifll11 OU tlUfl1'l$'U~~u!rl1 
~1eJ ri1.:1~I\9lj Oll~ 1fl~U el1IfleJ'\11fl'1(1 1 !I(I~ el1Iflfl'l$~eJ 1~ ~'1 hHif11,) rlffll~'U\9l~ fleJUU 11U ~ 'I ili 

mlll)Otlfll~Ufl~ULMU1u!flUfl';h 51'U 

ill ifl)l!fll.lC)$(I~ifl~'1li~'U1~~1fl':h 0.5 Illfl,)eJ'U Irlfl111lJllflftflU~1fll'l$'U~~'Ulm ilill1',riY
~ 

~1~fl'l~U'I1'U~1flri1'111.l~fJ'Uil.l ~nl.l~ 9.4 
~ 
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Un.!fI1'ium::ll'u 
1\fIIl~wa:~'If 
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" Hl.:j!lfel~'l.nju'Yh lH fllfl1'b'11fffjfYlffl?l{ flW~l'YltJ lfYH1'I?I{ ~Wln.:j m Wll'Hl11101crOIl"~ ffflllJ'U1110 

i"11~lIn~lfffj ~Wl".:jmWmnl1101cro 
'" i GI 9J d\!l!11 ,Q Q..lQ-11m)) W m~ ffflWlln:;;flUl:;; flU I'Inl?l!!n:;;" fl1JW:;;fflJ1JI?I'lHl':/1! 0111 ~1I1flff1W-Iffll'Uel.:j!fl'1I 

!I rl11 191 ! fln!ln:;; t1'Y1111 1"\1 Oll i~ el el fl 1191~ fllfl1'b'11fl1 m 'j lJ ~.:j II 1~ ftellJ fl Ul:;; lfY1 m :!llfY1ffl?l { 

fI Q Q.I QQJ cI.:.-. d a' Q Q.I 

~lq1".:j m WlJ11 1111 OlntJIICl:;; fllfl1'b'11 fffjfYlffl?l) flW:;; 1'Yl 01fl'lffl?l'J ~W1Cl.:j fl :!Wll11 11'Yl 01Cl tJ 

- (l'tnlJU 1110 icm:;;!ln:;;lfffj ~W1n.:/ m WlJ11 11'Yl01crO . 2551. 1fl:!':/ fll'J om:;;ilJrjUl fl1'Vd\9!tl~lJ 
r::..""QJ rI 0 QJ Q QJ ,::i cS Q..lQQ.::s QJ Q QJ CIt. QJ 

II n:;; 1'1 n\9! flUl "I1ff111 'JlJ ~I?I ff111 m 'Jll!91'J 111 fl 1) lJlJ'Yl 3 fl nfYfl1l1 fflllJ\9!~W'HU o111?1tl ~lJ. ffflllJ'U 1lW 

in11:;;un:;;lfffj ~Wln.:j mrulJ'Hl111tJ1crO 
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- A.D. Elinwa : Civil Engineering and Environmental Systems, Vol. 23 (2006), p. 263-270. 

- Bas Lebbing, Energy Use in Small-Scale Brick Makings Industries in Northeast Thailand, 

MS. Thesis, Faculty of Technology Management, Eindhoven University of Technology, Netherlands, 

- Daniel Rhodes, Kilns: Design, Construction, and Operation, Chilton Book Company, 1" 

Edition, 1968 

-F. Matteucci, M. Dondi and G. Guarini, lffect of soda-lime glass on sintering and 

technological properties of porcelain stoneware tile, 1. ceramics international. Vol.28, No.8 (2002) , 

pp.873-880. 

- Fraser, Harry. Glazes for the Craft Potter. Westerville: Ohio, 1998. 

- Gallstedt, M., Tornqvist, J., & Hednqvist, M.S. (200 I). Packaging related properties of 
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Polymer Physics 39( I 0), p 985-992. 

- Goerke, 0., Feike, E., Heine, T., Trampert, A., and Schubert, H ., (2004) Ceremic coatings 

processed by spraying ofsiloxane precursors Journal of the European Ceramic Society , 24 : p 2141

2147 . 

- Ham-Pichavant, F., Sebe, G., Pardon, P., & Coma, V. (2005). Fat resistance properties of 

chitosan-base paper packaging for food application. Carbohydrate Polymers, 61, P 259-265. 
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- S. Shoval : Optical Materials, Vol. 24 (2003) , P.I 17-122. 

- W. Acchar, F.A. Vieira and D. Hotza : Materials Science and Engineering, Vol. A419 

(2006) , p. 303-309. 

- Yu. K. Shchipalov, A. K. Osokin, A. M. Gusarov and S. E. Tumanova, The effect of cullet 

grinding in impact-repulsion mills on the properties of glass powders , ivanovo State Chemical 

Engineering Academy, !vanovo, Russia, Vo1.55, No.II-12 (\998) , pp 15-19. 
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