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Influence of particle size of biomass coal 
* on the combustion 
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Abstract 
Wood fuel is an application, causes the reduction of wood resource. Smoke emission from 

combustion of wood usually make the dirty pot and residence, therefore, four kinds of biomass 
materials i.e. bagasse, rice straw, rice husk and water hyacinth that used for producing the coal 
replaces the wood coal. The intluence of particle size of coal is investigated for increasing the flue gas 
temperature. In addition, coals after extrusion are tested for burning time, density, compressive 
strength, flue gas temperature and the amount of carbonmonoxide gas. The experimental results was 
shown that the smaller particle size affect the higher density and compressive strength. For 
combustion test of four kinds of coal, it revealed that, nue gas temperature, amount of carbon 
monoxide gas and burning time are different when the ratios of coal to binder to water for extrusion is 
constant, depended on the particle size and the kind of coal. In addition, rice straw and bagasse coal 
provide the nue gas temperature higher than makham wood coal that retail in the general market. 

Keywords: combustion, compressive strength, biomass, particle size 
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~ ~ ~ 

l.h:n!)1J) rh 1 i'l:u:L1fllm'lL~l1mrUllU,lU,,rU, LLt1i~lVt-rU~flm'l'Yl~fl!)\I'lJ!)\lnlu,LLnfl1J V41Jllnlu, 

LLnfl1J~~'lJu,l~!)u,m~!)~'l::Vtll,'j 600-850 1lJ LmLlJm li'l:u::L1flllu,m'lL~,1VtlJ'U.lu,~~~ 'l!),'jfl\llJl , ~ , 
~!) 'lJ'U.l~!)u,m~!)~'l:Vtll,'j 150-600 1lJ LmLlJ~'l'lJ'U.l~!)u,m~ 1v.runll 850 1lJ LmLlJm LLfl:'lJU,l~ 

, 'U " ILl 

!)u,mm~nnll 150 1lJ LmLlJm mlJrll~1J Lrl!)'lJu,l~!)u,mfl'lJ!),'jnlu,LLnfl1J1v.runllVt'im~nnll 600-, ,~ 

850 1lJ LmLlJm fllllJVt'U.lLL UU,'lJ!)\lLL l1\1 nlu,LLnfl1J !:ll'il'il:,x!) UVt'i!) lJlmnu,1tl rh 1 Vt'LlJL VtlJl::~lJwi!)m'l 

L~l'lVtlT L ~!)\I'illnrilu,LLnfl1J~!)wlil\l~~LyJL~ 

~it~~u\lt11" ~"1~u"m~~u\lt11" 'l:::v:::L1~1ii1ii"m'lLW11 'HaJv" , 
(1aJrmLaJ~'l) L1I"Ln1 (i,raJ\l) 

'lJU,l~ > 850 1.30 
nlu,'15lu,ll!)U 

850 > 'lJU,l~ > 600 1.35 

600 > 'lJ'U.l~ > 150 1.50 

'lJU,l~ < 150 2.30* 

'lJ'U.l~ > 850 1.25 
nlu, yJWUll 

850 > 'lJU,l~ > 600 1.30 

600 > 'lJ'U.l~ > 150 1.35 

'lJ'U.l~ < 150 2.13* 
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"lIU.I~ > 850 1.40 
,ilu.LLnllu 

850 > "lIUol~ > 600 2.00· 

600 > 'lIU.I~ > 150 1.50 

'lIU.I~ < 150 1.10 

"lIUol'll > 850 1.30 
rilu.~n'llU'l!11 

850 > "lIU.I'll > 600 1.25 

600 > 'lIUol'll > 150 1.20 

"lIU.I'll < 150 1.10 

rhu.1aJlJ:::"lIllJ 
1.55 -

tJ • d iJ tJ .I",,, ~ .. '1 ~ 1 .r! Ln'i 'i:::ntlu;n'rnn Amorphous 'l!..lL U.Ln'i 'i::ntlUYlLlJL~1 mlJ~ll..lL ~lltltl~ u.Lm U.1J·Wlru~" 

lJlnnlltilu.'l!U'Il ~u. ,)1 u.m"]'Il'i..lnWlllmilu.'l!Iu.Eltl !JLLll::rilu. yJWllllLiJu.rhu. ~~'Il1 yJ1~JI EJ tJ~ii1EJI 
m'iL~11 ~l!Lii'll:ru.tlcil..l"lJU'irn i..lJ u.L~tl"llu.I'lltlu.mflrllu.L~nll..ll'111 ifl1llJ~U.ILL -Uu."lItl.,] LL 'YI..lrllU. " , 
L ~lJ:rU.LLll::'i::EJ::L llllnl'n~11 ~aJ EJllu.lu.nll 

~1~1U~llnl'rn~lltl"]"lItl,,]rllu.~n'llU'l!11~Ull"llu.I'lltlu.m fl'lltl,,]rllU.~ ~ll~ tl'i::EJ::L lll11 u.m'i , 
Lmhar,z,lUmn Li'iEl,"nnfl11lJ'I'ImLLti"U.h~n.,~~ 4 'lJ'h'Jril"U.~n~U"lIl1ahi11aJLL~n~1~n"U.,rn 'I'Iln 

LmEJU L YiEJU~mlJlmL 'YIlnu. LL~~h'J1IlJlll"llEl"rilu.~n~U'l!11~el'll~'IlLU"u'LL 'YI"LL~l~~lln~L~EJ"nu. 
i\lJ U."lIu.I'lltlu.mfl fl\l L~n fl\llJ~lll'111 i'i::: EJ::L llllm'iLm 1~ar'ilU.L UU.LtlltfU.ll\l L ~'il::yju.~th ilJ ~"nu , 
tllml'llJlnnlILLll::~'Il1yJ11il~IEJnll 

lJ::"lIllJ) ~Ull~"lIu.liltlu.mfl~~~~'Il"lItl"rhu.LL~ll::'l!il.'Il lJ'i::EJ::L 1 flll u.m'iLm 1 ~ar'ilU.L UU.L tllu.lu.nl1 , , 
rllu.1aJlJ::"lIllJ EJm iu.rllu.~n'llU'l!11 L rttl"]'illn ~n'llU'l!11 LiJu.l'l!~'l!~lJ tl.,]~tJ'i:::n tlU~It1'li~ tlnl'iL~1 
1~aJtlcil.,]mfutlu.~tlU.'JiI"]~, 
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A A I .d.. . 
DYl6TH'I'!ID"'!I"'~D"mA'!IO"m"YlIJ~DA"'IJ'M"'LL"" . . 

';nn~nn"~ 4 'V'Ilrhti1"l1n'll"ilLiiiJj:hru.1tHl'\.unt1Lan~" yh 1 ~m11J"'"1LL U"'lJiJ"LL"" • • 
ti1"L ~ IJif" L 'V'In::i1Lii m.J"ti1"jj'lJ"1iliJ"1l1t1Lan~"";) ::ri1l ~'liiJ"i1"1::,.,i1" iJ"1l1t1'lJ iJ"~" ti1""I4iJ u~" • • 
LL~::~m1J1il1 Lfiu1n" ~"ti1" ~jj'lJ"1~Lan~11J11r11l~LiJ'\.tLL"" 1~1 "mIJ1m~1J1nni1iJ"1l1t1~" • 
tl1'14'lJ"1~ l,.,qj i",f "1J1~fiiJ,.,rt"""u1UmIJ1m"'~iJm1IJ,.,'\.t1LL U'\.t~')L ~IJ;f'\.t 

A A I 0=1 .. I ~ I I 

DYl6'V'1A'!ID"'!I"'(;ID"mA'!ID"m"YlIJ(;IDA11IJLL'!I"LL1"'!ID"LLYI"m" • 
,;)ln~anl1"'f1REl~ 'WlJl1tll1.1a ,.,n"'ilflL~El-n,"1f1a1.LTllfl1Jth1rh,"L~na-3 ii11 ~fl112JLL-ij~LL 1-3 • • 

'lJiJ,) LLYi"ti1""'~iJfi1m11JLti'"~"~~L~1J;f" LL~::LlJiJfL.n"~m1IJLt11UilL~IJif'\.timJ~ 2 (n)-(,l) ~~ .. . .. 
n1111 ~ ~ iJ" d~1IJ11r1 iJi1J1 [J 1 ti'i 1 LiiiJ'lJ'\.t 1~ iJ'\.t1l1 rna n Il" 'liiJ,)i1,)1::,.,i1..l iJ'\.t1l1 fl'lJ iJ,) tl1'\.t"l4iJ [J1l') • • 
m1IJ,.,'\.t1 LL U'\.tL ~IJ;f'\.t ri1l ~LL Yi,)tl1"~1IJ11r1i'lJLL 1,)n~ 1ti'mnif'\.tLLIl::jj1: [J::n11[JlJ~1 L~IJif" • 

1'\.tmrnri1"~nillJ'II11LLIl::ri1'\.tyJwu111~fi1m1IJLti'"~')~~"'~iJrl11IJLLiJ')LL'l')LL~n~1"";)1n " . 
• .... • ,.... ... f{' I I.... .... 

rI1'\.t'151'\.tiJfJ[J LLIl::rI1'\.tLLnlllJiJU1"'15~L";)'\.t ";)1nn1'l~')Ln~m'im'V'llJ11 iJ'\.t1l1t1r11'\.t'151'\.tiJiJtJLLIl::LLnlllJIJ • 
~nt+rn::tl'1~[Jl1Jnl1il,"111flril"urnfil1J-n11LL~::~1"il1 nl1~IiILnl::nU,.::V!iTJuUnlf1,huLL~::~1 • • 

11"(;I'!ID",h" '!I"1(;1D"1l1A1JD",h" • A111J'M"1LL""'!ID"Uti",h" 

(1IJtmLIJIil'l) (g./ em 3) 

'lJ'\.t1~ > 850 0.546 

ri1"'lJ fJ,)yJWU11 600 < 'lJ"1~ < 850 0.563 

150 < 'lJ'\.t1~ < 600 0.614 

'lJ'\.t1~ < 150 0.723 

'lJ'\.t1~ > 850 0.612 

ri1"'lJfJ..l'll1'\.telfJU 600 < 'lJ'\.t1~ < 850 0.631 

150 < 'lJ'\.t1~ < 600 0.650 

'lJ'\.t1~ < 150 0.872 

'lJ'\.t1~ > 850 0.768 

ri1'14'lJiJ')LLnlllJ 600 < 'lJ"1~ < 850 0.830 

150 < 'lJ"1il < 600 1.031 

'lJ'\.t1il < 150 1.090 
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5 6 7 

9 

1 • 1I~~1J1~;;;~;~;'~~;~~~;Y1 6~-8~0 1IJmell fl--lIllll1lJlnn-il 8501lJmeu --1111111 600-850 11Jfl1eu 
1-+-1111111 150-600 1lJmell -- IIllU1iievn11 1501lJmeui ,-+- IIU111 150-600 1lJ111ell -- lI"l1"iievnil 150 1~mell: L , 
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,nmtl~ 3 (n) Elm~llij~tl~El,'j'1.m~£J"IJ!J,lril~yJWJJ1Til::Li,'jlJf~djEl"IJ~l~'IJ!J,l!l'-L1nmh~L~n 
\I "\I \I" 

Il" 1~ £JElm~llij~tl~El,,'1.m~£J"lJEl"ril~yJWlhl~ii"IJm~L~nni1150 '1.~ lmuJm 1 iElm~llijLu~£J"lJEl" 
" \I " \I 

m1L~1 '1. ~~Li"~Li~ "IJ~1~El~1l1mEl,'jril~yJl,,'Jill~~1l'Yh 1 iElm~llijLi"lJf~El(jl"~ln L rtEl"-;)ln"IJ~l~ 
\I"" " \I \I 

El~1l1Yl~L~nll"'Yhli~~~tili~~Lin1JEllm~11::~il"m1L~lh~L~~;f~ ~Eln-;)lnd'Elm~llij~tl~El,,'1.El , , " 
L~£JiiLL~11u~ L~~;f~El(jl"11~L111wJil" 15-20 ~lfiLL1n"JJEl"m'iL~lh~LL1l::Il~Il"El(jWJi'1') i"LL~ 
~lfi~ 20 LiJ~~~'1.tl L rtEl,'j-;)ln'lil,'jLL'iniim'illl~"lJEl,,'1.yJ~,'j'Yh 1 iElm~llij"IJfl"ril~L ~~lJf~Eltil"11~LTI , " 
~~"-;)lmf~Elm~llij"::Il~Il"EltiwJi'l ') m~mlJ1m"IJEl"L.:ftm~~"~'l~Il" ~l~f1J~1lm'i'Y1~f1El,'jm'j 

, 'II 

tlll~tl~El£JLLnLim'f1JEl~~El~Eln'1.'l!Gl ~1Jil ril~yh,,'Jill~ii"IJ~1~El~1l1m::~il" 150-600 '1.~ lmL~m , 
Lii~m'iL~lh~Eltil,'ja'~1J'irn L~'il::'1.1iiim'itlll~tl~El£JLLnLiElElnlJ1LIl£J ·LLfI::ril~~ii"IJ~1~El~1l1Yll~ni 

'II , ~ 

nil 600 '1.~ lmL~m -;)::Lii~LLna'mf1JEl~~El~Eln'1.'l!GllJf~l~mlJ1m'1.1ilJ1n (UEl£Jnil 20 ppm) 

b"IJm::~ril~~ii"IJ~1~El~1l1YlL~nnil 150 '1.~ lmL~m jh.l11JlmLLna'mfuEl~~El~Eln'1.'l!GlLii~;f~ , 
fiD,",rl~lJln L rtfh'J,;)lnfll1lJ~U1LL UU-nil.Jrl'lUJln l1111Kd::lJ::L lfll1 UnTH~l3Ji1~ L'Vi£Jl1U1U;tU 

1:: £J:: L 1lllnTn~1 '1. ~~-;)~LiJ~Lt)l~,'jL ~1JlJf~ LL~ Elm ~llij~tl~El,'j '1.m~£J-;)::Li,'j~Li~ LL@im1L~1 h~L n~ '1.1i 
" 'U \I " .. 

Li~1J'im 
'II 
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--- Bflllfnjj~tll~ >850 1lJmBtI 
----- ~1II1115ii~tll~ 600'850 'lJ~lalJ 
----.- qllll1nlJ~tI'" 150-600 1lJmulJ 
-- allll1Qjj~lIl~ <,ISO 1lJmutI 
, , -.- , , ('0 ~\I1~ >850 llJ~lo\A 
, , -.- ,- CO W1~ 600-850 1lJm Uti 
, , - £, " CO ~lJl~ 150-600 1lJmuII 
- - ,::1:- ,- CO ~tll~ < 150 'lJ~lOlJ 
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~:fJ:l1nlmmn'11ll' (lJln) 

--- oOll1nil~lJ1R >850 111molJ 
----- ~llIl1Qjj~\A1R 600-850 1lJfl7011 
----.- ~0I11njj~lJ1R 150-600 1lJfl7UlJ 
-- ~1lI,.Uijj~lnR<150'lJmO\1 
-... --- CO ~in~ >850 1lJfll <lll 
- - '.- - - CO ~lJ 1 .. 600-850 11Jmatl 
- - ,£- - - CO~1I1" 150-600 1lJmoll 
, .. ::1:- - - CO~1I1" <150 1lJfl10U 

'l1mtl~ 3 ('ll) 'V'IUil 1lrn'Mlii~tl~1l,,1m~u'll1l"rilWl!1,".r1lU~~'llm~Hl'Mllm-::"'i"J 150-
~ "I ~ 'I 

600 13.1 1m-L3.1ml i1lrn"'fliiLil.~Unl1LI.JlhaT~"~~G1 11l"~"mfl1l rilWl!l,".r1lU~~'ll,"lG11l'\.tfll" 1 ",nJ 
"I \I \I 'I "I .. 

nil 850 13.11m-L3.1m 'll,"lG11l,"mm-::",i"J 600-850 13.11m-L3.1m LL~::'llmG11l,"m"L~nnil 150 , . 
1lJ lm-L3.1m mlJGhiu 1lrn"'flii~tl~1l,,1m~U'idLL '"11 ,zlJL ~lJ;1,"1l~1"11G1L111 ,"'ll1"tl1::mrn 1 0-15 , " 
'"1;1 LL 1n'll 1l-J m1LI-J11 ",aT LL~::-;)::~ 1l U ')~G1~-J 1 ,"'ll1 " rll U ,)'ll1l-Jnl1LI-J11 ",aTL 'll,"L~ u1nuril," y.JWlll1 

rilWl!l,".r1lU~~'llmG11l,"mm-::"'il-J 150-600 13.1lm-LlJm li1lrn"'flii~tl~1l,,1m~u~"~G1 L'V'I11::ril," 
'I 'I 'U \I "I 

'l!l,"El1lU~~'llmG11l1-l.m,,~," ') ~'li1l"il"1l1mi'm"'il"v1-l.m"'ll1l"~-Jril,",z1lULn,"1tl"'~mJlmn,"1tl . , 
(~11l1Jn;tu~rt"fl1l iiml3.1",mLLU,"mn",1m.i'1lULn,"1tl) ~"l'hli1lrn"'flii-;)lnLl-JlhaT~1~~lnil LL~ . " 
ril,"~iimllJ"'mLL u,"mm::l'h 1 i1::u::L1~11 ,"nl1~13.1~G11y.Jul1m,";1," 1::u::L1~11,"nl1LI-J11l'aT-;)," 
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f\ .. '" .. 

C-~fl~1G1L'(l~[l~~LJ~ru(lt\rUL~L'~~::~111 U~11~Ltl Of: tlLtl~re~ 1fl~1(l1C-(l~[l~~LJ~ru(l ~~re'~~l re1 

Og~ L~UU~mLlJ~(l(S~LlJl.I1~U~tlL~tl.£-1Ufl ,(t1.1.1Lf'J1~LUC-(lrr.L~t1L'tjl.~(l~~N~~~fl~1G1C-(l~[l 
ho " .... 

~~LJl.1.ru(l C-(lrr.re,l\ lltl 11 (S~LlJtl(l~Ltlrr.UlALlJl.I1~U~tlL~L~I1MtvlLWUL~ M1 ~~L'Lf1(ltl»C-L~U~11fl~1 

(l1 L'(l ~[l~~LtI.1.ruOjl t qA~f'J(SfC~ C-~1.1.1 Lf'J1~LUC-L~I.1.::~~LUL(lI1»M~re~ltJ ~ tl~re~ 1G~ 1tlL~ L'(l rr.~LlJ~(l 
~L tlrr.~ ~~LUtl :rL'~ 'I'll! C-L~ U~11 fC1 ::~I1(l ~ 1 ~ LlJ~(l ~L tlrr.::~ ~11 C-(l rr.t'~ 11 L'I!-1m LW::~11tl!l 11 Ltll.1.re Ll~ 

L'~U~ (Mfl&'~JI,'L~L'(l gg L~UL~) L~t'L£-tl(l~fl~1(l1L'(l~[l~~v~ruoNL~ULreL~tl(l}reLWtlLL't'~M 

L~(S~tlL~tlG1LlJl.I1~U~tlL~ULH(l~1 lLg.L'LtvltlL~I1»reLg.tl»L'~~L'(l~~lA~LU~f'J,nL'~ (L') £ ~[lttlt 
" 1\ no .. AI b 

I.'~M1H'~ ~M~L'M,(tI.1.~Lf'J1~LUL'(lrr.fl~~1~LJl.1.ru(ljl t ~~re1wlre1 Ogg L~U(1l1.1. t~LlJtl(l~Ltlrr.~fl~l tl~re~ 1 

tlL~C-(lrr.~LlJ~(l~Ltlrr.(lP1fl(l,l\U~1tl~C-~::~fl~1(l1L'(l~[l~~Vl.1.ruOLlJl.I1~U~tlL~11.!-I.1.L~ 
UtlULre 

fC1ruLrewtlt}lY11~~1~ ~~re1wlre1 009-0g~ L'L~I.1.::~~LlJ~(l~Ltlrr.(S~tlL~tl.£-1Ufl ,(t1.1.1Lf'J1~LULtR1t'ljl. 

~(l ~16I1(l ~ 1uLreru LreWtl ttl~~~1MY"jl t L~lL£-C-Ltvl tlL~::~"fl (l~tlLJl.tlL~L~ULll-~1tvl1 ~~~~nJl.tlL~ 
tlG' I1~U11tlL~UL~t'(l~ 1 L'~~~reN ltl "(S~JI,1 U(ltl(lretl(ll1jUMY'1ruLrew ~Ltl g£ UL~t'~I.1.(lre1~11 

.... P' 

tl~re~ 1re,l\ lltl "(StvlLWtl!1' OZ ~~LtlC-~M,(t~ 1 Lf'J1~LUI1(lM ~lA~LUtl~re~1~"L'~~JI,1 u(ltl(lretl(lI1}L~ 

}lY"~\J'~LUC-(lt,l~lA~LUt,lf'JI1~I.1.L¥! t't,lI!>t,lt'~M 1(lJ'L'(lrr.ruLreW~ULH(l~ 1 tl~re~ '~,(t1.1.1Lf'J11,LUtl t 
Lt,ll1::fl::WL~c-~~~re,l\lltl11(Sfl~1G1C-(l~[l~~ltl.1.'tuG [l1tlL!1~Ltl O£ UL~I.'~1.1. (gpgZ L~nl::t,l11 fl~ 

I.1.M) tlqlL'LI1~(lI1(lU::~[l~L'(ltlG1tvl1~~fCWLU~~UlML~I1(lU::~[l~LM(SI1~U11tlL~UL~L'(l);1 (, tl~~nJl. 
, ~ b ' 

tlL~L~UtlLtllLfl tvl11!>~reLt,l~LUtltL~l1ll-F~11 (, Lll-L'Lf1(ltl~re~1L~(Sfl~1(l1L'(l~[l~~LJl.1.'tu(l ~Ltl gZ 

L~l1L'~ML'(l~~lA~LUtl~re~1(lp1 ~.LlJ~(l~Ltlrr.UUI1t,lU"tlL~L~I1MtvlLWUL~ L~UL~~W,(t1.1.1Lf'J1UL~ 

~ltl.1.ruONL~L'~ [ll.tl~1ULre(l~I.1.[ll.tl\J1fm,l\tlL~N:lL'C.lrr.~LlJ~(lL'L~~::~~LUL(lL'L~L'(ljl.(S (, tl~~LlJ~(l 
" no f\ " 

~Ltlrr.(S~I1~U"tlL~::L~M 1 ~}l~C-M,(t1.1.1Lf'J1~LUC-(l rr.fl~m~LJI.1.'ttl(ljl t ~~re1~~1 re1 Oge-009 I.'L~~::~ 

~LlJ~(l~Ltlrr.(S~I1~U11tlL~ L~I1M (~) £ ~fllUL~I1~U11tlL~I.'(lrr.fl~1G1L'(l~[l~~V~'ttlO 

wdd Op tl\J1fC1'ttl LreWtl1JJI,1 U(ltl(lretl(lI1}L~MY"~ \J 1::~~LlJ~(l ~L tlrr.UUfl (l,[.l 

tlLJ).tlL~,(t1.1.1 Lf'J1tLUL~l 1L'ljl.~(l~ ~ re Ll~\!~1 L'Lf1(l L~UL'~L'~Lre U(l(l fl(l ~[l~~[l~~JI,1 U(ltl(l retl(lI1}L~ 

}lY'1'ttlLrew L~UULfltvl1~~reL~~LUN L~ ULretl!l"Ltll.1.reLl~!l ~~re1~~1 re1 009 L~U 

" AI "no 
U~1~Ltlrr.~LLJtl(l!l~rl(l,[.ltlLJl.tlL~UL~L'(l~ 1 ~~re1Wl re1 009 L~U(1ll.1.t I!>Ltlrr.~LlJtl(lL~UL'M~'ttlLreWtl t 

LreU(l(l~JI,1U(ltl(lretl(lI1}L~M1I'1rl(l~fl~~[l::~ ~I!>re'~~l re1 009 L~UU~1~Ltlrr.~LLJ~(l!l~fl(l,[.ltlLJl.tlL~ 

~h~~JI,1 U(ltl(lretl(lI1~L~MU1mlA~~ 'ttl tlUL~U(ltl 'ttltr1re}lrel ~U1L'~rel.1.' Lf'J'~LU L'~~~L~reL'~M'(lJl.1 
~ ... IA ...... 1III'r' ,f" ... ,'''' ... p" "" I,.,... ,f' 

'ttlLreW::~1'rl~1G1C-(l~[l~~VI.1.'ttlO~L~l'L'ljl.I1»Jtl~re~L'~ [l1tl~tlG' OZ ~~Ltl~1H'~ l~1~l~L'Lf1(l 
tl~re~ '::~~JI,1 U(ltl(lretl(lI1}L~M1I"'ttl UtWtl J\uLH~ 1.1.~~~L~~h~tl~t'~~~::~~JI,1 U (ltl(l retl(lI1}L~}l1l" 

" no no" n. 
rl (l ~ [ll!> ~[l~LU~}l t'}l fl~ 1 (l1 (;'(l ~[l~~ LJ ~ 'ttl (l t' ~::Wtl ~JUtI1 re}l t'Lg. tl(l ~ fl L~tl~~LU ~\J 1tl ~re~ 1rl~1 (l1 L' (l ~[l 

~~VI.1.'ttlO~L~l1I.'ljl.tl ttvl1 ~~reL~~LUUL~t'(l~' (, Lll-L'Lf1(lt'~~~::~" U~"~Ltl 9 L'tjl.tl t ULre'ttlLreWtl t 
Lre U (l (l ~JI, 1 U(ltl(l retl(lI1}L~M 11" rl (l ~[l~ ~fl~ LlJ~(l ~ L tlIl.U Ufl (l ~tlLJ).tlL~ re Lg.tl»L't~ L'LlA tl t 

tl~re~ 1L'~L111tlr.!' 

tU\~ll~l! Ju~~ul":t!" ~LNt~ fu~~, ~~lM~L~:Il~~ 1l!-~t.U ZL 
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~Vliihl ,nnm.i"LnVl,..nY;h~'lJmVltlUo1l1m~nnil 150 1lJ 1mLlJm jjm'~llJ~Vl1yJ1~'li'lnil'lJUolVl5Uo , 
'l lJln ill'lfumlJlrnLLii~mfutlUolJtlUotln1'll''''~LnVl:flUoYluil LLUo11ulJ'lJtl"m'LnVlLLii~L v1lJ:flUo 

L lltl"'il,ntlrn l'Inii~tlfi tl" 1m~mitlUo'lil"~l~"v1l1 iL iJUom'L~l1l'1~~111~lJu;nr LL9imlJlrnLL ii ~'il:: 
, " " 

~Vl~" 1 Uo'li1"Uo,fi~ 40 L lltl " 'ill n'li1"L 1~,;:tti'Uolnlf'il::n~, VI iJUoL t1ll'llJVlLL~::jjmlJl rnL:fm Yl~"~ 
Ll'I~tlmjucHJ tlcil,,1.n~llJ mlJlrnLLn~mfuElUolJElUoEln1'll''''~LnVl:flUoElcilu.Lnrn'Y1111~'' (ummll 50 

" " " 
ppm) 

Lrlm.tlElrnl'lnij~tlfiEl"1m~EJ~1~'illntilmf,, 4 'l5ii.Vl ~'lJu.lVlElUomf11l'1nJnll 850 
'I III " ., 

1lJ 1mLlJm lJlLmEJUL fi EJunutilUo1~~'l"'lJlEJVlllJl1El"i1~lVl (tilUo1~lJ::'lJllJ) "".tl~ 4 '!'lUil rhUo 
" 

'l5lU,eJtl EJ LL~::yJl,,'lil11 iElrnl'lnihu~IJ'lJEl"m'L~l1l'1~~"nlltilUo1~lJ::'lJllJ L llEl"'illn'lnUoeJtl mL~::yJl" , " " 
.... all. '"" ........ I I ,....... I.... .... .. d ., 

'lJl1lJm'!'l~""lUomllJ'ElUof1tlUo'lJl"~" LLmnUoLLn~ULL~::rnUo~ni1U'151llJmYl~""lUomllJ.tlUom'il"m 
" 

litlrnl'lniiLu~EJ'lJEl"m'L~l1l'1~~lnlltilUo1~lJ::'lJllJ LL~::LnEl'Yhm1't'1Vl~ElutilUo,f" 4 'l5il.Vl fi'lJUolVl , " 
ElUomf1~Uo'!'lull ~~m.'t'1Vl~tl,,~1~jjLLUo11ulJL~EJ1nu. , 

160 

140 -

iC 120 -

'" '~ 100 
~ 

~ 80 

'" 

o 10 20 30 40 50 60 70 

'iurl4 mmJ1FJIlLnFJIl€JnH'llJiirfIii4€J.J7€JlffEl'JI€J-JrhuJ.J 4 "lfUfI rf'JIU1f1€Jumfllvlrliwh 850 7v[flmJfI'J nIl 
.. 'I " • III 

n'1u Mrf·n.J'lI1FJfl1Vri€J.JfI<llfi (rhu MV::'JI1V) 
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il1.\1llfl L~nfl;J.yh 1 i~1JlJ1im;Jm V1llYH rI~lifljTll L ~1J,r1.\ fflw~·w.Jflnl'~l'l~~illJnTmn L rI~'lJil;Jnl1.\rf;J 
• 

4'lill.~'I"llJll'lJm~il1.\1llfl'lJil;Jnl1.\lj~1'l~'I"lfl~ililrnrlllil~tl~il,JLilL~vLLfl::miJ1rnLLn~ . . " 
fl1flJil1.\1Jil1.\ilnL'l!~LL~n~l;Jn1.\,r1.\ilUnlJ'lill.~'lJil;Jrh1.\ nl1.\'lil1.\e)ilVLLfl::Wl,1'Jll'lah::v::Llfllm')un 

" 
L rI~'il1.\L U1.\L tl1LLtl11.Jntr1.\nlJ'lJ1.\1~il1.\1llfl Gfl1.\nl1.\trn~U'lilllj1::v::Llfllm1L1.Jl L rI~'ilULUUL,hLLtl1 • 
tr1.\ 1~vm\lnlJ'lJm~ilu1l1fl L ~f);J'illnml1JrlmLL \.i1.\'lJ il;Jnlutrn~lJ'li111mrL~v,Jnul'ln 'l 'lJ1.\1~ 

'I 'I " 

fflr11lJ'h1.\LLnfllJih::v::Llfllm1LrnLrllJ'il1.\LUWt11LLtl1tr1.\1~v~mnlJ'lJ1.\1~il1.\1l1flL'liuL~vlnu LL~ , 
Lrlf)f)~1l1fllj'lJm~ 1rIqjLi11.\Tll ') rI~;J'il::'I'h hh::v::L1fllnl'i·L1.JlhlJ'ilULU1.\Lt1l;1.\fl,J .LiiflW'ill1rnl 

L mVlJL Vi vlJilrnrlllil~tl~il;J Lm~V1::rlll;Jnl1.\ih1Jlflrf;J 4 'lill.~nlJnl1.\ LlJ1J::'lJl1J~,JLU1.\nl1.\1lJ~ . " . 
ll;J'lJl vm 1J't1 il;J~fll~ 'I"llJllnl1.\WWJJ11LLfl::nl1.\'lil1.\e) ilV L 'I'h,r 1.\ ~1 ~ilrnrlllil~tl~il" Lm~V~;J nll 

nl1.\LlJ1J::'lJl1J u.ilmlnifel~dlGfl1.\nl1.\~f)iltl'l::~l1.\~mrl~h"l1.\m'lel~~~LL'Yi:nl1.\rf" 4 "Jill.; iiTil 

LL~n~l;Jn1.\,r1.\f)UnlJ'Jjll.~'lJf);Jnl1.\ el~dlGfl1.\rt'limmrniltl'l::~11.\11.\~~Gfl1.\~~.Jnll;Jl1.\1;}V31.\ ') 
" " (rn~~'ll LLfl::~,rV~ 2545 ~~~'I"l;JM LLfl::1lJfl!l 2545) L ~fl;J'illmfl~il;Jel~1~~HfiilU'Jll"~nrl'lil 

~ , " 
'ttlmn 'I'h 1 i~il;J Hiltl'l::~lUl1.\mmrumn 1 Um'lel~1~ ilUl;Jhnm1J"lU1;}VililmLlJlJLLfl::~fl,J 

d ........ '1.1 "..... I 'G A 

Lfl'lil;J il~'l~~1.\LLlJlJmfl" il V'l::rlll;J~l L 1.\ 1.\m'l 
" 

fl~fl;J 't~ L ~il;J'illm fl~il"~1.\LLlJlJifljnl~;J el~~~;JnllLfl~il;Jel~1~~1 'li"l1.\;J1U1;} V 
" 

~~~'I"l,'lM 11f11,'1M LLfl::1lJfl!l el1.\W1J'I"ll . 2545. n1'lw~(iltil"ih:IJ,"r;l1nYh:J,rl'. rmnHlJ1ll.'I"lwli]. 
" u u .... r:....... 

flrn::l1'1 Vlf1l~m 1Jrll1'Y1 Vlfl V1Jrll~l'lfl11J. 

nt~~1l ;}ml.nn~ LLfl::~,rV~ m1J1~m. 2545. n1'l1.J~(iltil"vlnLLnn1J. [mty'lPll.'I"luij. flrn:: 
.,. r: go .... 

l1'1Vlf1l~m 1Jrll11'1VlflV1Jrll~1'lfl11J. 

l1f1iL!l mi,r1Uil,'l LLfl::rll'1'vii'l"l!l 1.\l1J1,Jl'll!ll 

[mrurulll.'I"l1.\ij. flrn::11'1Vlm~~f 1Jrll11'1Vl~V1Jrll~1'lfl11J. 

1;Jr]~ lJruGf LLfl::il'lilm 'ilW.Jl. 2546. n1'lw~(iltil"iilaJ1nvln<K"3J"~ltl:::~a;J. [mtytylll.'I"l1.\ij. 
.. ""'U 'I \I 

A If'... Ii,; 

flrn::l1'1Vlm~m 1J"111'1V1£W1Jrll~1'lfl11J. 

111~ ~1.\'Y1f LLfl::11.\11l rI~nrl1.\f)"lJ. 2545. n1'lW~(iltil"i!:IJ'nvlnn:::nl:IJ:::",,51'. [mty'lP • • • 
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