
- rriJ :'! v_
4.1 Hl101flll'lt1;\1tl~tu;OtlU1'l1~I"'H"tl~'lPlQ"'U

~ _.,J.,.I<'I _ v .:s~.!', • ~ .. ,_.l v • I" .!'.l •
'1P1!llllUV1 I'll LU~1U'1.. t1UUIIL10 LlJftlllCl'l LlIIfttl~~1'l10V1P1"'ltl1 IlJfttlOtltlOLl\'l'1 IlJtlU1lJ1

7jLl'lt1;"'tl~t1Ur;OtlUV11~IPliThliLlri PI'11lJ~U tur6iu i"lJ"u Lt\'U'ltltl11111f 1l'f1 Llft::Pl1flu'IEIlfllrlll
~.!' _ r v .l
UII~ ft01 f'1IPIr1::1IILIftIII~ fII'I PI1f1~Vl 4.1

.l ,.l r.1 _. ~ .. ,!!!.l v .1" .!'
!!11nlJll 4 1 Pl1I'I1fttl~PllJr::OtlUV11~ IPllJ"tI~ \lJftIIIrn 1111 ft tl03~1"D0 VlPlIII Itl1 IlJfttlOtltl0 LI\'1'1

tl~t1Uf::OtlU

f'l'l1lJ~U
•

tur6iu (% tflltI\h1llUOLl~)
•

i'lllJ"u (% tlIItlIl1I11UOLIM'~)
•

Lt\'U'lti (% tflltlIl1I11UOILM'~)

•
1l'f1 (% tlIItlIl1I11UOLlM'~)

•
f'l1ftU'IEIlfllfPl (% tlIItlIl1I11UOLlM'~)

, OJ .. :I
1'I1L'I1ftti ± Il:ItI~IUUlJ1P1f31U

•
1tltI ft::tllltlll1111UO

8.566 ± 0.102

42.250 ± 0.250

19.323 ± 0.434

0.970 ± 0.155

5.496 ± 0.010

31.961 ± 0.442

"10Pl1t1~~ 4.1 "::lliu'L/f~1\lJftlllcr'1ll11fttl~~'l;nU~1U7j4't1dih.rrlJ1nUt\'u'ltl~1 ~tl
.... ~ ~-. ~ .... II .. • P.! ... ....:, .....1.. Al' , ..
lJlJrlJ 1lU 0.97% UIItlU1\o1UOIL1II~ IlJtlIlJ ftlU IVltlUOUCl'l1111 fttl~V1lJ"1t1P!1lJYltl~PI ft1IIIr1U'11" ::lJ

mlJ1lUlt\'u'lti 4.91% tflltlJ1I11UOLlM'~ (ftlJ'lI1t1 Ur::f11'llll Llft::PllU::, 2525) J-~dlrltl~"10'lU

~1u7j4't1m~cr'1 1IIIfttl~lh;lO ~O::IV11::IUfttlOtltlO LI~'1 ItlU'lPl!l~U ~~vh'lM'ilmlJ1lUlt\'u'ltl~1
!"I. ••• 1'"-''' .l ~. I - ~ v ,~.. .l.'l' ~_! • I" .l -Llft::llJUHft lIIlJ\'IIII\'I'1U"tl~ LlJfPlU LIft:: L'IIlJU\1~0'l1Cl'l LIIIfttl~Vl..~ UJO::IV11::llJfttlOtltlO'll~lJ

•
U1lJ1lUtumu Llft::i"lJ"UIVhriu 38.37% LIft:: 14.74% tflltlIl1I11uOLlM'~l'l1lJfhlii"u (ftlJ'D1t1

ur::t11'1Pl Llft::PllU::, 2525)
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• •
4.2.1 HfI017?11'!1'1=iUl1J1DA07Pinl1HIJI!I'lW1HIlW

...Io~ ~:z t'... .. ~ ~
llJtlU1U1~:;U1'l U1A'~'11!1 1l1l:;U1A'~I'll!J'l\-l'l1U~1'l11'l71:;\-IUl1J1run7I!1Yll1\-1~1!I

(Total acidity) LI!ItJ017'lP111l1fll1nUft1fll:;1l1tJi'llWitJ~'I!:ll!lftlni'll'" (NaOH) f'I'l1~14i~4iU 0.1 N
•

"hu'lruiupJnflll;1l11n (l11f'1~U'ln n 2) Vh01fYlllllltll1 3 on1 '1:;V1~flO1fYlllllltll111ftl!ll1I1i'l11l11f1l1

.I
Yl4.2

. J J
f'l11'lllltJ ± LUtJ.,)LU~11l1f31U

•
l.f:~1runrlll~l1\-1~1!1 (%)

•
"b~:;U1'l
• :J

"bA'lJ'Il!I
".•

"hA'~L~!J'l\-l'l1U

7.506 ± 0.048

5.216 ± 0.048

2.140 ± 0.065

.I • t '"'"~ ::'.1 - i ..1 ::0-'11n1l1171l1Yl 4.2 'rlU'l1U1~:;U1'l'l:;~lJr~1runrIllYll1\-1~1II1~tlf'llll u~ ...nrlll"llll1rn~l1

.I r 11 :J '"'.r: t 11 '"' '"'.~ ~ .I
Yll'llllU1\'l~'1I11~lJr~1rurtll111l1~1 1l1l:;U1\'l~I'lltJ'l\-l'l1~lJ7~1ru1l11Yll'l1ll

..... .. .. :: lU'
4.2.2 Hl101l"lllm:;WlIUI!ILLIl;;WIJ1DAnrPitlUYlbj'lw.nHIl

4 II r r ~ t'... _ .. _
llJtlU1U1~:;U1'l U1A'~'1111 1l1l:;U1A'~I'lltJ'l\-l'l1U~1'lLf'lr1:;WJIW1 1l1l:;l.f:~1run71!1
• •

tiUYlnnU,h~Il'h:i' li'ltJ':ijj HPLC (l11f'1~U'ln n 3) Vh01fYlllllltll1 2 on1 V1~fln1fYlllllltll111ftl!ll1l1i'l1
.I

ll1171l1Yl 4.3
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•
1l1~:U1'l
~ ::
1l1t\'~'1111

6.861 .t 0.680

4.539 .t 0.446

2.427.t 0.221

0.524 .t 0.039

0.273 .t 0.024

1.070.t 0.120

,
'.

01 • H" ~ ... ~ ::>. 01 t ~ :: ..
'11nIll1M-lVl 4.3 '1:L\olUIIII'l1U1~:U1'l~uf~1OJnl'lll'1llJlm~-lVl~1II U11'l~"III~

U~1OJftl-ltN~1 Llft:J1t\'~L~tJ'l"''l1u01l"~1OJ~1~~1II ft1\olf1JnfIllLltlft~1ftnl'lu'hJ1t\'~
..... ~ 01 ~ ... ~ ~~:: ... r.: ~..1
L'IItJ'l"''l1~lJf~1OJ~-lVlqlllln~:U'''l~lJf~10J1tl-lft-l~1 LU\:U11'l~"IIIl.flJ~10J1J11Y1q",

ra" r I '.J .. I ..

4.3 !JftD1 01:l1tllJlnd'luuJPJtln'mL'IllJJ:ftlJlynJfLPJ1tJlJ),\lJti'll\lI'ltN

'11nD1f~nl;1tilJlf1d'luJ1Pitlfi'l~L\ol~1:ft~il'ltJLltl1tiIJlMd'luJ1Pitltf'lLLlu5 f:IliU

;;tl 5:1,6:1,7:1,8:1 Llft: 9:1 Y1l-1ftLlft"'-lIli-lzt1~ 4.1

100

f 76.6438 77.0880 77.'47.

75 67.706c 7'.'62b _.. ---- .. ---- ..
t .. --.- - -- • %solids recovery

57.319. 57.611. 57.691.

] 50.796c 53.302b • • • - -- - % proteinrec<Mlry•
i

50 •
."

25

5:1 6:1 7:1 8:1 9:1

WATER: BEANS RATIO

a.b,c IIi'lLft'll~jjlli'ltlnl:lfri1nu1li1-lnuuuLt\'unf1r1WitJ'lnuLllJln1li1-lnutlEl1-liiUtJIhl'i'flI (P;50.05)
oJ , .J ...

plVl 4.1 IRl.J1OJ Solids Uft: protein recovery (%) 1~ci'lL\oliitl-lVltlflMthuthllitlti'l1li1-l1
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'1'lop.l~ 4.1 VlU1'ltiPl1'lthuJ'll'itlti''lmflum1LPlftJ~WJri''IL\''fltl-ljjtiVimftl'itl,h

U~'lN'IItl-lU4i-l LLft::U~'lNLtl16iu~ftnlllUli''1'lori''lL'''fltl-ll-J'l~WJ~'lL'''fltH (% Solids and

protein recovery from bean to milk) tl!l'l-lil1l'llth~CUVl'l-lftn;j (n'l1:'iLl'ln::""I'l'll-Jutl1tl1'lU

LLftlMiUPl'l1'l-l~ -l.1 n'lI'lI-lU'lO -l) tII11U~'lN'IItl-lLL4i-l LLft::unI'lNLtl16iu~ftnlllUli''1'lori''l

l"'fltl-l~'l~WJri''lI'''fltN'I::L~l-J~uulfliolfJ'lL~l-J~U ('1'lotiPl t'l~'luJ'llllflri''l 5:1 "luii-ltiPlt'lft'lU
~ I :., ..I 0llI ... ~ I :., ..: ...

U'lPlflO'l 7:1) UII::'1::I'l-lVl~flflPlt'lft'lUU'llllflO'lLVl~'1'lO 7:1 "lUO-l 9:1

"i'lIiU~-llftflOtilllf'l ft'luJ'll'itl~'lLl'hr1U 7:1 iUn'l11"iTll~WJri''lI",lifl-ll~fliflU-l'lU

:'ifll,TUl'itlitl Uft::U~ri''lI'''flfl-l~'1::ilU~'lN'llfl-lU4i-l8.258% Uft::jjl..f1~'lN'(tl16iU 4.665%
•

(tII11U'l",1l'mullO)

•
4.4 Hfln'ltBOl:nn'ltHflPll!!h'4\lfi!lIIfJ~!!!t::lJftt\1JLOurj'lPlnPl::OtlU

•
4.4.1 Hftn'lfa0l$1r.Jft'lltl-l~M1lJro\ID11PlOI!!::OtlULLlI::tI'hJ1tuU1HlI'!lj'!!!t::lJfl«Hllltl

e)Ml1l'llltl-l ujbJ!LLii~
'.

•
4.4.1.1 Hfl2Jtl-l01i!iU'lIJ;;lmd'lJ/ff'll!!ol!l::Dtlll

iU01futlt~N"'lJjj'h~01fPlOIII::OtlU(Coagulation temperature) lUU 3

-.. • tl r .11\..... r
f::lIIU I'ltl 60, 75 Uft:: 90 C Uft::U rU~'lNU'l~::U1'lLlJU 3 f::lllU I'lfl 3, 4 Uft:: 5% LlIIfJU1

",u01lfl-lWJri''lL",fttl-l iolftilllf'l Lf'liU01fO'lUWJri''l L",fltl-l1l tu::LPi~gj'lPlOlll::OflULlihr1U 150 fflU

I'iflu1Vi UlI::HJ1"'1l'OOllll~fl~Up.I~tlULPh~u4i.mi1nu 3 iitflO;:~ illfIJII011V1l'1flfl';llil-ln

L'lfl1iUn'lflllOlll::OflUUftlll-llJi-lll11t'l-l~ 4.4

ri1Lll~llJ1",umI'i1~l'iflJ1"'Uml-Jfll'lri''lL'''flfl-l (gig, dry basis)

U~1tu'llfl-luii-l (%) Ufl::I..f1~1tu,(tl16iU (%, dry basis) iULI'i1J!uii-l Uftl'l-llJi-lPl'l11-l~ 4.5

1..1. 2-
1'I1LllfltJl'l'l1~U'II-l (Hardness, glmm ) 1'I'l1~L"'UV'l (Cohesiveness)

- il •.~ • - .ILLlI::ftOI:IN:: f10!l'lltl-lL1Il1'11U'II-l Uftlll-l1ll-l1ll1t1-lVi 4.6

- • tlttl ,.I. ..n'lf'l LI'lt'l::"'1'l'l1~U 1'lU1'l1LllflVI'I'l1~U'II-l Ufl::I'l'l1l-J L"'UV'l'lltl~

..., .~ • _ .I
lI'l1'11U'II~ LLftl'l~1II~1ll1t1~V1 4.7

1'11111~VI'l 'l1l-JL",i1v'l1ltl~ LI'i1~Uii-l

flNWJrrlUn'lfPlOlll::OtlU Uftl'l~lJi~1II1n-l~4.8
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1Il1T1~~ 4.4 l'i1L'Il(itlL'lfl1LUmTlIlnlll::ntlU (coagulation time) 1I~~1~Ll~~~'lJi'''I1nmTLlI.1T

tjNM1JnLumTlIlnlll::ntlULUU 60. 75 Llfl:: 90 ·C Llfl::Lll.1nnlJ'NJ'lJ::U''l~L{
~ ,

LUuIIi'l,lnlJ1::ntlULUU 3. 4 Llfl:: 5 Ll.1tlfLojjUUlllJ1t1\l1MUnlltl~UlJli'lLMfltl~

tjNM1Jn1un1TlIlnlJ1::ntlU

(·e)

60

75

90

3

4

5

3

4

5

3

4

5

I :Ii J
1'11L'Ilfttl ± L1JtI~LUUlJ'I1lT3'U

L'lfl1LUmtUlnlll::ntlU (rjU1vl)

33.325' ± 0.078

17.275° ±0.092

13.770" ± 0.834

18.235" ± 0.657

14.135" ± 0.078

12.080' ± 0.028

11.245' ± 0.389
,

8.580 :t. 0.141
-.

7.970' ± 0.382

. ~

a. b. c.... lli''lLflllViillli''ltin~Tr'i1ri'uIli1~ri'ULULlU'llli'~LPitl'lri'u LlUlnIli1~ri'Utlth~jjutlthii'C\l

(p ~ 0.05)
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~ .J :' .......... ,:' .. It ~ ., • a~ •

mnm 4,5 P\1Llltl!JU1\1UnLP11'Ql'ItlU1\1UnUJtll'ImL\1t1tl~ (gig, dry basls) ufl,J1nalltl~Ull~

(%) UtI::l.1f~1naitl1P\U (%, dry basis) luulh~u~~~'LJi~1nn11utlNlna\1lJiilu

n11l'1nlll::ntlULUU 60, 75 Uti:: 90·C Utl::utln.r:~1na\1,~::u1'1~1i'Luu~'1l'1n

lII::ntlULUU 3. 4 Uti:: 5 LtltlfLoDUIJI1l'I!JJ1\1Un'lltl~\UJci''1L\1fltl~

fjM'IJii UW1na
I ::J ::J

"'1Llltl!J ± LL1!J~LU\UJ11J1131U

v

J1\1UnuX1t!lIitl tJl~1nalltl~U~~iu UW1nattl16iuiuLih~iUn11l'1n •
U1~::U1'1

v •
(% tlll!J

. .. ....
Lilh~ (%, dry basis)l'I::ntlU U1\1UnUJftlllm

v ..
(·C) u1\1\l'n) L\1fttl~ (%)

(gig, dry basis)

60 3 0.403 • ±0,002 27.581 g ± 0.006 57.798· ± 0.483

4 0.415 b ± 0.001 29.731 r ± 0.447 59.451· ± 0.424

5 0.431" ± 0.008 31.343" ±0.089 61.904 ob ± 0.272

75 3 0.429" ± 0,001 30,987" ± 0.278 60.976 b ± 0.042-.
4 0.432°.± 0.006 31,802 eo .± 0.084 61.597

0b.±
0.651

5 0.436" ± 0.004 32.412
b ± 0.400 62.029

0 ± 0.489

90 3 0.435" ± 0.004 32.335 be ± 0.145 62.045
0 ± 0.083

4 0.434
0 ± 0.005 32.479 ob ± 0.095 62.206

0 ± 0.409

5 0.438
0 ± 0.001 33.003" ± 0.269 62.493

0 ± 0.382

i ..l ..I. ~ rJ!
~1mJtln1l'V1I11t1tl~ Ul'I111~Y1 4.4 Uti:: 4.5 L~tlU1~1'1L"'11::\1'IJtll;ltll'l1IJU~U

n1l'V1I11t1tl~ Symmetric factorial experiment lIU1f11 3x3 'l'IU~1tiY1tiVitl+'1IJ1::\1~1~fjna\1lJm\.l
v v v

n11l'1nl'l::ntl\.l utl::tJlIJ1naU1~::\.I1'1jj~ftllitlL'1t111lJn11l'1nl'l ::ntl\.l U1\1UnLllh~lIitlu1\1unUJftlll

ti''1L\1fttl~ tJl~1nalltl~uf~ utl::tJl~1nattl16ilJllJu'h~U~~tlth~jju!Jthl'ilY (p :0 0.05) (n11

~ .r t1-1 v ..I ~_ ,..I ~.
'1U'l11::1II"''11IJU Tu1'1lJUIIIll~l'I~m11~Y1 ~.2 un:: ~.3 n11'1~lJ'1n ~) W1!JViU'11LlJtlfjna\11J1J L\.I

~..r .~:' ..:..r .:: ...
n11l'1nl'l::ntllJLW~'lllJ un::u 11J1nalJ11J::lJ1'1L'l'IlJlIlJI'1I'lli lJn11l'1nil!::ntl\.l~::fll'lfl~ Ul'IlJ1\1lJn

..... ,: .... ,:,.. • ......... ..:..r
Ull1l:!PltllJ1\1lJnIIJtll'I m L\1fltl~ tJllJ1nalltl~U"~ UII::m1J1naiU111!lJilJLPl1\!U'll~~::LrllJ'lllJ
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!!!1t1~~ 4,6 Pi111liltl1'l'l1lJUojj~ (Hardness. g/mm
2
) 1'I'l1lJIVlUtl'l (Cohesiveness) UI\::

ftnl:lN::tI11n!llltl~I;r1~Uojj~~'L/i'~1nn11UU1fjeuVlIJjj'lUn11P1Ml::ntl\'\d~\'\ 60.

75 UI\:: 90·C Uft::utlnJllJ1eu~1lJ::U1'l~if\ljulJi''lPlnPl::ntl\'\IO\'\3,4 UI\:: 5
" ,

LUtlfLIi\'\lIfultl1l1V1Un'lltl~WJa'l IVI fttl~

fjeuVlIJO U1lJ1eu
:oJ Idtl~L1JWJ1P1131U ftm:teu::tl11n!l'lltl~I;r1~Pi111lftlJ ±

•
1'I'l1lJUojj~

..
iUn11 •U1lJ::\,\1'l 1'I'l1lJIV1Utl'l

PIn (% il'llJ (g/mm2
)

"PI::nfl\,\ 1l1V1un)

tC)

60 3 45,109' ±0,700 0.271 ± 0.007 IdflPifl\'\1i1~cilJ iiJ1lJ1n

47.335" ± 0.010 0.282 ± 0.004
or I ;, • ..,~

4 I\,\fll'ltl\,\ 'NUlI~ lJU1Ylflt'llJl'I'l1

5 50.444 c ± 1.799 0.281 ± 0,001
.: . i U.\'

LUfll'lflU 1~UlI~ lJU1Yltlt'llJl'I'l1

, 75 3 50,868 be ±0.235 0.287 ± 0,001 IdflPitluih~uojj~ ilJ1Yltlt'lIJI'I'l1.
4 52.622'· ± 0.889 0.286 ± 0.000

J' I. ...r~
IUtlU\,\\,\ UlI~1J1n lJ\,\1 tllJ

5 53.083" ± 0.141 0.295±0.005
~ ,. "",=,,,

l\'\tlU\,\U U'II~lJ1n 1J\,\1UtllJ

90 3 53.007' ± 0.670 0.293 ± 0.003
J . tI _:, If

IUtlUUU U'II~lJ1n IJU1\,\tllJ

4 53,923" ± 0.900 0.296 ± 0.017
..r •• _\'~

IUtlUUU U'II~lJ1n 1J\'\1 tltl

5 54.050" ± 0.793 0,299 ± 0.006 Idtluu\,\ uojj~lJ1n ilJ1l!tltl

a. b, c, ... 1Ji''llmJVlillJi''ltinl:t1ri1nuph~n\'\i\'\u\'\'l,ff~I;itl'ln\'\uPlnph~nutlth~iiu!Jft1;rtY

(p s 0.05)
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..I _ • .1_ I ,..I • ( I 2)mn.l\Il 4,7 ml"lLl'If1::""1'I'l1lJLhJT1Jf'lU1'I1Lllfttll'l'l1lJLL'II~ Hardness, 9 mm LLft::

1'I'l1lJLm1t1'l (Cohesiveness) 'IIfNLf;h~u.1i~~'ltlr'l1nmfLLtll'flN""fJinumf

l'Inl'l::nflULilu 60, 75 LLft:90 ·C U.ft::LLtinfilJ1N~1lJ::U1'l~'l;rLilulii''ll'lnl'1::ntlU
~ .

LUu 3, 4 LLft:: 5 LtltlMu~tIlh""un'lltl~UlJci'lL""fttl~

SOY df MS F

• • • •
1'I'l1lJLL'Il~ 1'I'l1lJL""UtI'l 1'I'l1lJLL'Il~ 1'I'l1lJL""UtI'l

~N""fJn'lun1tl'lnl'l::ntlU(A) · ...
22,282" 10.461"2 59.337 4.969 x 10

~ · ..
tI1lJ1ruU1lJ::U1'l(B) 2 12.388 1.001 x10 17.178" 2.106

· 2.339 x 10'
s

3.711" 0.492AB 4 2.676

Error 9 0.721 4.750 x 10'
s

,
"

"l1nn1t7Ll'If1::"'~tll;!ftPl1lJw.JUn1mlllfttl~ Symmetric factorial experiment
~

'IIU111l 3x3 l'ltJ~1~Vliwft+'llJf::""~1~~N""fJinl.ln1tl'lnl'l::ntlU LLft:rnlJ1ruu1lJ:U1'liilolftPitl,h

1'I'l1lJLL1i~lItl-lulf1~LL1i-ltlti1~iiutlti1f'iCYVl1~ftii;j (p :S. 0,05) LLIliU.iiilolllPitlPi11'1'l1lJ L""atl'llltl~

.J!.~ • v ..I ~ , •• - - -1 ' ::. ..I.
L1111':1LL~ (LLftlll~l'I~l'I1f1~VI4.7) IlIltlVUJ'l1l-Hl'ltl~tlVllll'lftlltl~~ru""fJlJ l.ln1fl'lnl'l::ntll.lLVl1l.ll.lVllJ

101 ft lii'~Ju"~""l1fN1L'l1l'l1::tiVIil'lft'lltl~~ru""fJinUn1fl'ln l'I: n tll.l~iiPitlPi11'1'l1lJL""i1t1'llltl-lLuh~
• ~1' v..l

LL'II~ UI1lo1ftmmllllltl~lIl-ll'l111~VI4.8

~ru'I"fJn'lun1tl'lnl'l:ntlU

(oC)

60

I OJ OJ
1'I1L1lfttl ± LtJ~LtJUlJ1l'1t31U

0.278 • ± 0.007

75 0.289· ± 0,005

90 0.296· ± 0.008
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.J • "" -, .I , ..'11n1ll11'HVI 4.8 'YlU~1Ll.ltlfjtu'MJI.I u01"llInlll::ntlU~~llUI'I11'1~1I.1L\l\UJ~lltl~

.k .tt. ":.l.l!
UlI1 ':IUll~'1::L'Yll.lllUVI~lI

"" _ .J, ~k -,
LI.Itl'Yl'l11tu1IJflmmillfltl~'11nIll111~VI 4.5 'YlU~10111"DfjtuWJI.IIU0111l1n

• ••
llI::ntluLVhrrU 90·C ufl::1~tI1I.11tuIl11.1::u1~Lvhrru3% ~1I111\lunlltl~Ul.lo~L\liitl~ti11~

Jf1~u;i~~i:ltl1I.11tu~1\lUn Jf11!,)tl~1\lUn Ll.lftillet~ L\liitl~ tI1l.11tulltl~ u~~ Ufl::UnJ1tuttlmu

~~~qillUfl::UJUlIln')1~'11nJf1I!uii~~Yi''11n0111~fjtu\l1Jjj1um1Il1nlll::ntlULVhrrU90 ·C Ufl::
.. '" I ..

1MI.I1tuIl11.1::u1~Lvhrru4 Ufl:: 5% ~1I111\lUnlltl~UI.IO~L\lii~LUUpj"~llInlll::ntlU ~~UU~~
• •

Lfttln1ffjtu\lIJJJ1u011f11nlll::ntlULI'hrru 90·C ufl::1ftl1I.11tuIl11.1::u1~Lvhrru3% tIl\lI111\lun. .. .
lltl~UI.I6~L\lfltl~ lun1millfltl~'liu,)tlit1

".Il: t .Ie = ... ~4.4.1.2 Hflllthlm1jJ1WlnlJ"IillLLl\4Il1'llllnfll::ntlU

1un11utl1fjtu\lIJJJ1u011Il1nlll::ntlULUU 3 1::~U ~tl 60. 75 Ufl:: 90·C

Ufl::UtlMI.I1tu~1A'I.I~illLUU3 1::~U ~tl 3. 4 Ufl:: 5% tIl\lI~1\lUnlltl~Ul.let~L\lfttl~ 1ftilll11Lh

i .lc.. - ~ , ..t: ,.. 1.1/ t ~ "" oX, U01m~UUI.I<I~L\lfltl~lltu::LllIl.lmlllnlll::ntlULVl1rrU 150 1tlUllItlU1V1 Ufl:: :'IIU1\lUnnillL'Yltl'llU
-, .
pJl\tlUL;hl!u~~LVhrru 3 fitflOl"1.I Yi'lJflmmillfltl~~~i1

~ ~.J
L~fl1IU011Il1nlll::ntlUUl'lill~ill~IlI111~VI 4.9

"'1L1lilll~1\lUm~11!,)tl~1\lUml.lftillfi~L\liitl~ (gig, dry basis)

• ... • " ... ~. I .. , "". ~ .J
1J"1.I1tu'lltNU'II~ (%) Ufl::lJfl.J1tullJflllU (%, dry basis) LULIlI1~U'II~ Ul'lill~ill~1Il111~VI 4.10

I.J. 2"
1'11Itlfltll'l~1I.JU'II~ (Hardness, g/mm ) f'l~11.11\lUm (Cohesiveness)

~.J k " • ~ .J
Ufl::flOl:ttu::1J11n!Jlltl~LVI1\4U'II~ Ul'lill~ill~f111f1~VI 4.11

_ r .,_, ,.J. ..
O1fiLI'l11::\If'l ~11.1 UIJ'IJ f~U1'I1L1lfl tI f'l~11.1Ull~ Ufl ::f'l~11.1L\lU!I~'lJtl~

" ,it • ... .J
UI11':1Ull~ Ul'lill~ill~llI1f1~Vl4.12

,.I .. .J!".
f'l1Ltlflllf'l~11.1 L1oIUtI~'lJtl~ Lvl1\4 U'lI~

~. ~.J
fjtu\l1JI.IIUmmnlll::ntlU UI'l~ill~1Il111~VI4.13
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.J ,.J ~, ' ime) ".~ • .J~.!' .1l1l1I1:m 4,9 f'I1L'llfltlL'lfl1 ~Un11111nlll:::ntlU (coagulation time 'lItl~L1ll1~LI'II~V11l'1'11nn11L1u1

fjfU\UJJJ'lUn11111nlll::ntlULUU 60, 75 Llfl::: 90 DC Llfl:::Llt.Jn.l11J1fUJ1«1J~1l1~'l{
v ,

LLluPi''llllnlll:::ntlULUU 3, 4 Llfl:: 5 Lt.JtlfL;Ull11Il1tl\l1\ol"rn'lltl~UIJ«'lL\olfltl~

fjfU\olQjj'lun11111nlll::ntlU

(DC)

60

75

3

4

5

3

4

5

. J :I
f'I1L'llfltl ± LU~LUUIJ1111131U

L'lfl1'lUn11111nlll:::ntlU 0U1V1)

50.415' ±0.573

20.870· ± 0.226

14.815' ± 0.247

32.720' ± 0.834

17.205" ± 0.813

12.495' ±0.361

90 3

4

5

,
"

17.545" ± 0.573

11.060· ±0.226

6.990" ±0.028

a, b, c,... lIi"lfl'll~jjlli.,tim:t1rhri'ulIi~ri'u'luUU'l,r~I;lV'lri'U Ulllnlli1~ri'Utlth~jjUVlh"qj

(P'::: 0.05)
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..I" ., I •

!!J1l'1.,J~ 4,10 Pi1Lllft!J\.h~unLllh~Pitl\hmInnJfl~ti'lL~fltN (gig, dry basis) t.I1),J1Nlltl-lLlll-l

(%) Llft::t.I1),J1Nitl:iiiu (%, dry basis) 'lU~1~LI~-l~UIi'''I1nn1:LltI:~N~1Jotu

mmnlJl::ntlULUU 60, 75 LIft:: 90 ·C Llft::LltlM),J1NJ1«),J~~~'l~LuuPi'llJln
• ,

lIl::ntlULUU 3, 4 LIft:: 5 LtltlfL'iiUlJl1lJl!J\.h~unlltl-l~ti'lL~iitl-l

• t1t),J1N
I ::I :II

~N\.41J),J I'll Lllft!J ± LlJ!J-l LlJ~111l:31U

'lum:lJln
• :I

J1~un~1~lIitl Ur),J1Nlltl-lLl~-l'lu UMNitl:iiu'lu1.l1«),J"IPI
• • ,

L1lh~ ~1~lJ1::ntlu (% iPl!J1.l1 1.l1\.4,rm),Jfl~ti'l

tC) mIn)
...

(%) (%, dry basis)L\.4fttl-l

(gig, dry basis)

60 3 0.394" ± 0.001 26.076' ± 0,143 56.213' ± 0.224

4 0.422° ± 0,011 29.637" ± 0,795 59.637" ± 0.297

5 0.429" ± 0.008 31.484" ± 0.601 61.038" ± 0.223

75 3 0.427" ± 0.004 29.588" ± 0.535 59.588" ± 0.895 ,
'.

4 0.434· ± 0.003 31.779" ± 0,047 61.691 • ± 0.061

5 0.437" ± 0.001 32.366 ""± 0.457 62.675" ± 0.011

90 3 0.434· ±0.002 31.403° ±0.319 60.711 e ± 0,482

4 0.446" ± 0.001 32.682I. ± 0.036 62,708" ± 0.276

5 0.446' ± 0,001 33,017' ± 0.775 62.757" ± 0.380

, ..I .... <11
"I1mJftmmPlfttl-l UIIl1:1-lYl 4.9 LIft:: 4.10 L),JtlU1),J1'lLl'l:1::~'IJtll;lftIll1),JLI~U

mmPlfttl-l Symmetric factorial experiment llU1P1 3x3 V1lJ~1tiYltiV1fth),J:::\.4~1-l~N~1Jotu

'" :l ""mmnlJ1::ntlU Llft::t.I1),J1N1.l1«),J"I~jj~ft,)tl L'lft1'lum:lIln III ::ntlu 1.l1\.4Un~1~Pitl1.l1~un Wft~

6'lL~fltl-l tIi'),J1Nlltl-lLl~-l Llft::U~1Nitl:iiiu'lUI;r1~LI~-ltlti1-ljjU!Jlh';tll (p s 0.05) (m:
- < .1_1 ~ ..I ~_ ,.. _,
'lLl'l:1::\.41'1'l1)JUlJnJ:'lUUM-lI'I-lPl1:1-lYl -l.4 LIft:: -l.5 1l11'1~U'ln -l) lIII!JV1lJ'l1Wtl~N\.4IJ),J U

~ ~ .. ~ ~ 1":r ~ ~ .: ...
rnmnPl::ntlULV1)JllU LI II::lJ:),J1NU1n)J"I1'I LV1)J'l/UL'lft1'lu n1:111nPl::ntlU"I::111'1II-l UPlU1",un
..t! ..\', I r .'Y. • ~ ... • ..." .... ~.r
uol1 'IlPltlU1\.4...nWftl'ln'll"'fttl-l t1t),J1Nlltl-l LI'H Uft::t1t),J1Nitl :IIIUi U1m':!LI'I/-l"l::Ll'l),J'l/U
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mn,J~ 4.11 Pi1L'll~t1P1~1~LL~~ (Hardness, g/mm') P1~1~L\oli1m (Cohesiveness) LLft:

fl'nl:tN::1J11n!]'Ilt14 Ll1h~LL~~~'lt1i~1n n11LLtl1f1N\ol/Jniun11J1lnJ1l:ntlULUU 60.

75 LLft: 90·C LLft:LLtlnr~1N~1t\'~~J1l~i~LuulIi'~J1lnJ1l:ntlULUU3,4 LLft: 5
~ ,

LtltlfLliiuP1LJ1lt1111\ollI'n'lltl~WJ ci'~ L\olfltl~

J1ln (% LJ1ltl
~

J1l:ntlU 111\ollI'n)

(·C)

(g/mm~

60

75

90

3

4

5

3

4

5

3

4

5

30.396 f ± 1.441

38.437" ± 1.126

41.236· ± 0.585

37.783", ± 0.698

44.328 c ± 0.447

46.867 b ± 0.161

43.428 c ± 0.673

47.641"b ± 0.553

48.819" ± 0.188

0.277 ± 0.001

0.279 ± 0.006

0.285 ± 0.003

0.280 ± 0,010

0.289± 0.004

0.290± 0.001

0.287 ± 0.011

0.294 ±0.005

0.297 ± 0.013

::S..: .:'
LUtlWJ ~U1~1n

~ I ... r ...
LUtlLLUU LL'Il~ ~U1Utltl

..r I ..... r ...
LUtlLLUU LL'Il~ ~U1Utltl

LdtlPitlu;h~LL;j~ iiJ1Vltlft~m1

LdtlLLUU LL;j~~1n jj~1iitltl
.j I" ..r",

LUtlLLUU LL'Il~~1n ~U1Utltl
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!!J171'1~ 4,12 mr1jllm::111'1'l'nJullnl:'lul'i'111li!lI'l'l'1~U~'1 (Hardness, g/mm
2

) Uft::

.. "" • ..l~",.I-,
1'I'l'1~I"'U!l'l (Cohesiveness) lItl'1l111'1":'1UlI'IV1I111~'1nn'1:uu:fjlUWJ~ um:

IJ1nl11::ntlulLlu 60, 75 Uft:: 90 °c Uft::llllnJhJ'1lUJ'1«~(IIl~i.ILlu~'ll11nl11::ntlU. ,
IW 3, 4 Uft:: 5 11ltlfLliUI11~!l1l'11oNnlltl'lWJli'll,.,tltl'l

SOV df MS F

• .. • ..
1'I'l'1~1111'1 1'I'l1~1 "'UV'l 1'I'l'1~1l1l'l 1'I'l'1~I"'UV'l

fjlUWJiJ1um:l11nl11::ntlU (A) · ...
2 151.961 2.284 x 10 259.206· 4.425·. :: · ..

tl1~'1lUIl1«~~111 (B) 2 115.389 1.300 x 10 196.825· 2.520

· ..
AB 4 4.100 6.556 x 10 6.994· 0.127

0,586
.s

Error 9 5.161 x 10

"

"l;nmr1jll'lr'1::l14itll;jft!!J1~~umml'lfttl'l Symmetric factorial experiment

lIU111l 3x3 "U~'1~V1~ftf'l~r::"'~'1'1fjlU"'QOiun1:lJ1nl11::ntlU llft::tl1~'1lUJ'1«~~l'IO~ft~tll'i'1

1'I'l1~ II;;'1l1tl'lll'h~U~'1tlV1'1ijl1'!lIh~ryV11'11'1iijj (p :: 0.05) uIIlUJO~ft~tlI'i11'1'l'1~ l"'UV'llltl'l

Ll'h~ll;j'l (Ul'lIll'l"''11111'''N~ 4.12) LIIl!l"U?10LW!l~tiV1iiwftlltl~fjlU"'QiJ1um:P1nPl::ntlUIYh,ru~
• •

O~ftl'lh.~~!J'lnum:H1.l1~::U'1'lltlU"''ll11nPl::ntlU i'll1'u~-l~~1rlU111lW1::tiV1ii"ftlltl'lfjlU"'Qi:j

iummnlJ1::ntlu~ijllitll'i'1I'1'l1~I"'U!l'llltl-lI"''1~Il;;'1 UIi~ftn1mPll'ltl'li~P11:1'1~ 4.13

fjlU\.lQi:jiun1:P1nPl::ntlu

(oC)

, :J :J
1'I'111lft!l ± LU!l'lLUU~1Il1r31U

60 0.281 b ± 0.005

75 0.286" ± 0,007

90 0.293' ± 0,009
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..I I .. _,\, ~ I ...

'11nl11111-lVl 4.13 YlU'l1l~tltllU\l1Jl-hUm1Il1nlll::ntlU~-l'JIUPl1P1'l1~l\lUtJ'l

" .... .: ~
'JItl-llIll1\j Ll'll-l'l::lYl~'JIU

.01_ .I'~.11 _~

U.JtlYl'l11lU1Wflmml1lfltl-l'l1nI11111-lVl 4.10 YlU'l1m1 11ItllU\l1J~IUm11l1n

llI::nflUlVhnu 90 ·C Llfl::'lolfm~1lU~1«~~l1IlVhnu4% tI1ItJ~1\1Un'JItl-l~cr'll\lfttl-l~1'l~

tm~Ll~~jjm~1lU~1\1unLPl1~Jlifl~1\1Unl~ftl1lcr'll\lfttl-l l.11~1lU'JItl-lLl;l-l Llfl::m~1lUttl1~U

~~tlI1lLlfl::'WllIlInJli1-l'l1mi/h~Ll;l-l~'1tIi'l1nm1'lolftllU\l1J~'lum1Il1nlll::ntlUlVhnu 90·C Llfl::'lolf

U~1lU~1«~~l1IlVhnu 5% tI1IfJ~1,..unlltl-l~cr'lL\lfttl-lllluPi''llllnfl::ntlU Iii'-l,iu~-llfttln'loll

tllU\l1J~'lum1Il1nlll::ntlULVhnu 90·C Llfl::'lolfu~1lU~1t\'l-J~l1IlVhnu4% tI1ItJ~1\lun'lltl-l~fi'l

l\lfttl-l'lumml1lfltl-l,TuJIitl'lti

•
4.4.1.3 Hfl1!tl-lm1HU1!WLiitJ'l\!'l11uilyPi''llllnl!J::ntly

\11mml1lfltl-ltllltJLltl1fllU\l1J~'lum1Il1nlll::nflUlllu 3 1::Iii'U ~tl 60, 75 Llfl::. . ,
90·C Llfl::LltlnJi'~1lUu1t\'l-JliitJ'l\l'l1UlllU3 1::Pi'U ~tl 8, 10 Llfl:: 12% tI1ItJU1\1Unlltl-l~ti'l

l\lfttl-l 'lolltiIll11llo'l'lum1n'lU~cr'll\lfttl-llllU::l~~Pi''llllnlll::ntlUlvhriu 150 1tlUl'itlU1Vi Llfl::'lolf

~ ._or. .I ~ 11< .J<.tt. ,~ -~ ~~.!' ~ .:s
U11'1wnnl1llYltl'JIU~ l1tlUl~11 ':!Llll-llVl1nU 3 n Ifln1~ W1Wflmml1lfltl-lI1l-lU

'l
~.1

l'lfl1 Um1Il1nlll::ntlULlftl1l-lI1l-l1ll111-lVl 4.14

Pi1ltlitJ~1\lUmPl1~JlitlJ1\lUnLlJftl1lcr'll\lfttl-l (gig, dry basis)

m~1lUlltl-lLl;l-l (%) ~lfl::l.11lJ1lUtt.l1~l.l (%, dry basis) 'lu~P11~u;l-l Uftl1l-llii'-lfl111-l~ 4.15

• ~. 2'"
P11ltlfltJPI'l1lJUll-l (Hardness, g/mm ) P1'l1lJl\lUtJ'l (Cohesiveness)

"".1 "". ~ .ILlfl::"m:tlU::u11nl)'IItl-llIll1\jLlll-l Llftl1l-lI1l-l1ll111-lVl 4.16

- r .1_ t ,.I. ..
m1'llf'l'"::\If'I 'l1lJ Uu.u1'lUPl1lllfluf'I'l1lJu1I-l ufl ::f'I'l1lJ 1\lUtJ'l'JItl-l

. .1' '" • ... .I
wI1\jU'II-l Llfll1l-lI1l-l111111-lVl 4.17

1.1 ... "". ~_ __
f'l1lllfltJf'I'l1~~\lUtJ'l1ltl-l~1111\jU'II-l lIJtlYl'l11lU1lllYl1::tlVllMtl'JItl-l

-'l ~.1
tllU\l1J1J Um1ll1nlll::ntlU Llftl1l-lI1l-l1ll111-lVl 4.18
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I1I1t1~~ 4,14 Pl1L'll;t11'lfn'l~01tlllnlll::ntl~ (coagulation time) 'Iltl~lllh~LI;i~~'LIi''l1nn1tLlUt
•

fllU\oI1Jij'l~01mntl1::ntl~ltl~ 60, 75 Llfl:: 90·C Llft::LlUMSJ1CU1.b

«lJl;JtI'l\ol'l1~~'lfltlwK'llllnlll::ntl~ltl~ 8, 10 Lift:: 12 lUtlM~1II1IlltlJ1\o11l'nlltl~

• • OJ :J
fllU\ol1Jij'l~n1tlllnlll::ntl~ u;.1.I1lUIl1«lJI;JtI'l\ol'l1~ 1'I11'llfttl ± llJ~11J~lJ1t11t31~

•
(·C) (% LIlltlIl1\o11l'n) L'lft1'l~01mnlll::ntl~ C'i~1Vi)

60 8 62.215" ± 0.233

10 23,335" ± 0,191

12 15.685
1±0.389

75 8 40.070· ± 0.000

10 17.540" ± 0.127

12 12.020° ± 0.099

90 8 18.415" ±0,205 , ..
10 11.585° ± 0.191

12 8.500
h ± 0,537

a, b, c,... Pi'llft1iYlOPi'ltrnl:ttri1rilJI'i1~ri~'l~LI~'lIJ1'~I~t1'lri~ LllIInI'i1~n~tlf.h~i:l1l't11hlfCV

(p ~ 0.05)
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ml'1;~ 4,15 1'i1L'll;t1~'1\-nInLl'h~l'itl~1V1Um~ftl'lcf1LVliitl~ (gIg, dry basis) Urn1(l.jlltl~U~~

(%) Ufl::l.rr~1(l.j\Ut~U (%, dry basis) iuuJh~u~~~'lIl"l1nn1ruUtfj(l.jwJijiu

n1tll1nll1::ntlULUU 60. 75 Ufl:: 90 °c Llfl::LlUM~1(l.j~1«~Liitl1V111um1'Luu

lIi'lll1nlll::ntlULUU 8.10 Llfl:: 12 LUtlfLoiUll11l'1t1~1V1Un'lltl~~cf1LVliitH

..
IIIn L'IItl1V111U

•
ll1::ntlU (% \l'Itl1l1

(0G) mIn)

60 8

10

12

75 8

10

12

90 8

10

12

J1V1umP'h~ultl
• •

1l1V1un L~ftl'll1'1

(gig. dry basis)

0.395· ± 0,002

0.416 d ± 0.004

0.430 C ± 0.000

0.427C ± 0.001

0.432 be ± 0,003

0.436 .b ± 0.001

0.433 be ±0.001

0.439' ± 0.000

0.441 • ± 0.001

u;.~1(l.j'lltl~u~~iu

lllh~

(%)

24.724· ± 0.029

27.861 d ± 0.788

29.274 C ± 0.336

28.023 d ± 0.099

30.239 b ±0.228

31.083· ± 0,165

29.531 be ±0.107

31.048' ± 0.254

31.750' ± 0.249

U1lJ1(l.j\umuiu

1~1~

(%. dry basis)

56.215 f ± 0.461

57.592· ±0.301

59.938cd ±0.054

58.325· ± 0.391

60.745 be ± 0.474

61,189" ± 0.016

59.508 d ± 0.669

61.316"± 0.091

61.860· ± 0.158

i ..l .01. - rJl
"l1n~fln1ml'lfttl~ Ull11r1~Vl 4.14 Llfl:: 4.15 LlJtlU1~11LPlt1::V11Jtll;lft1l11~

~Un1ml'lfltl~ Symmetric factorial experiment lIU1l'1 3x3 Yl1J~1tiVlmft':1~r::VI'j1~fj(l.jVl1Jij

• ••
iumtlllnlll::ntlU Llft::l.1f~1(l.j1l1«~Liitl'lVl11Wj~fll'itlL1fl1iumtll1nll1::ntlU1l1V1unu1f1~l'itl1l1

mInLlJftl'lcf'lLVliitl~l.1f~1ru'lltl~LI~~ Uft::l.1f~1(l.j\Ut;juiuLllh~U~~tlth~ilUtlthl'i'l'\l(p ~ 0.05)

(
- r • 1_ I ~ ..I ~ ,.01 _

mMIPlf1::V1P111~U1JruMUUl'll'l~IMIl11r1~Vl ~.6 Lift:: ~.7 111P1~U1n ~) Ll'ItlYl1J11LlJtlfj(l.jVl1J~

i .:~ ~~ ... .:~ ,
U01tl1lnll1::ntlUIYl~lIU Uft::l.1f~1(l.jU1n).J·I'IJtl1V111UIYl).JlIUI1fl1iumrll1nll1::ntlU"l::ftl'lft~ Lilli

J1mInu1f1illitll!1"'Unl).Jftl'lcf'll",ii~ l.1f).J1(l.j'lltl~U~~ Uft::Uffi1(l.j\1.1muiUI~1~U~~"l::I~).Jiu
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.I ,.I. I 2) .. (Ch' )mom 4.16 Pl1LllfltIPl'l'UJLL'JI-l (Hardness, 9 mm f'I'l1~L\-llJtI'l 0 esrvensss LLft::

tinl:llU::tInn!j'JItl-l Ll1i1~LL~-l~Uli'~1nn1fLLtJNlN\-l1Jil1lJn1fl1lnl11::ntllJLillJ60,

75 LLft:: 90 °c LLft::w..Inrm1NJ1«~L~t1'l\-l'l1lJvI·H(Lilwff'll1lnl11::ntllJLillJ8,10. ,
LLft:: 12 Ll.ltlfL;\JP1'lPltlu1\-lUn'JItl-l~ti''lL\-liltl-l

f'I'l1~LL;j-l
..

PI'l1~ I\-l\ltJ'l

•
l'l::ntl\l (% tPltlU1

(0C) mI'n)

I11n

60

..
I'IIt1'l\-l'l1\l

8

10

12

(g/mm
2

)

26.881 • ± 0.989 0.270 ± 0.009

35.698" ± 1.372 0.272 ± 0.001

37.813c ± 0.817 0.275 ± 0.003

:: ~ .. ;:
l\ltl~~1n ~lJ1~1n

.: I Jt. •• :'
LlJtlf'ltllJ'lI1-lLL'JI-l ~lJ1V1tlf'l~f'I'lf

• •
liltlPitllJ~1-lLL~-l jjU1V1tlf'l~PI'lf

75

90

10

12

8

10

12

-, 33.935" ± 0.771 0.277± 0.001

41.160· ± 0.645 0.278± 0.007

45.249' ± 0.033 0.283± 0.001

38.907c ± 1.098 0.279± 0.001

45.001' ± 0.723 0.284± 0.002

45.630' ± 0.622 0.286± 0.001

J.: .d'
LlJtl~ ~lJ1~1n

~ , .... ~ at(
IlJtlLLlJlJ LL'JI-l ~lJ1~tltl

.: 'J1 "" ~ .vLlJtlLLlJlJ LL'lI-l~1n JJlJ1~tltJ

LdtlPitllJ~1-lLL~-l jj~1V1tlf'l~f'I'lr

LdtlLL\llJ LL;j-l~1n ilJ1iitltJ

.: •• -~1I
IlJtlLL\,IlJ LL'JI-l~1n ~lJ1lJtltJ

a. b, C.... 1ff'llft~jjlff'ltinl:tfrhn1JPi1-lnlJ1lJLLlJ'l,r-lliiitJ'lnlJ LLl'lnPi1-lnlJtlti1-ljjUtJfh~qj

(p ::; 0.05)
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.I -'.\ .1 ,.I • ( I 2)
!!J1I1~Y! 4 17 mf'lLl'lf1::1II1'1'l1~UlJf1J1'l~1'I1Lllfttll'l'l1~U'II~ Hardness, 9 mm UIl::

1'I'l1lJLlIIUll'l (Cohesiveness) 'IItl-lLi/h~u~~~'L/f"l1nn1fuLl1fllUlIIlJ£j'~m1
• oj .I.,

IJlnlJl::ntl~Lil~60. 75 Uft:: 90 °c ull::uLln.li'~1lU1l1~~L'IItl'l1ll'l1~V1L.jfLil~. ,
~'llllOl'1::ntl~lil~ 8, 10 Uft:: 12 ILltifloDUllI111l1l1l1111ll'n'lltl~WJli'llllliitl~

SOy df MS F

• oj • oj

1'I'l1~U'II~ 1'I'l1~LlII~lI'l 1'l'l1~U'II~ 1'I'l1~LlII~tl'l

fllUlIIlJm~m1l'1nlll::ntl~(A) · ...
200.158-2 148.021 1.822 x 10 10.751-

• · 4.867 X 10"Ul1J1lU1l1~~L~tl'l1ll'l1~ (B) 2 152.875 206.722- 2.872

· 3.583 x 10"AB 4 3.792 5.128- 0.211

Error 9 0.739 1.694 x 10"'

"l1nm1:jLl'l11::iiitll;l1l1ll1lJU"'~n1mlllfttl~ Symmetric factorial experiment
•

'II~11l1 3x3 VlU~1tiVltiVifl h~f::1II~1~fllUlIIlJ jj'~m1l'1nlll::ntl~ UIl::ill~1lU,.h~lJ L~tl'l1ll'l1Wi"'ft

llltlPi1f'l'l1~U~~'IIt1~LPi1~U~~t1th~~ll'tllh~CUVl1~lliiGi (p ~ 0.05) Lllli'WOlolftllltlI'i11'1'l1lJLlIIOll'l

'IItl-lL;h~u~~ (Uftlll~~~l'11n~~ 17) WillVlU~10Lrltl~tiVltiVlft'lltl~fllUlIIlJm~n11l'1nl'1::ntl~IYh,r~~
... ":I ..

~lolftLlI~Witl'l"'Un111oli'1l1lJ::~1'lUfl::1l1~lJ"llllLil~~'ll'1nl'1::ntl~ ~~ll'~~~i1"l11lU1LllVl1::tiVltiVift

-~ .I ... , , ... .J! .~ • H' _.I
'IIt1~fjlU1lllJlJl~n11l'1nl'1::ntl~V1~l'1t11'111'1'l1lJL~1I'l'lltl~LPl1'II U'II~ lIIIlolfln1mlllfltl~1lI~l'1111~V1 4.18

fjlUlIIlJjji~n11l'1nl'1::ntl~

(oC)

60 0.273 • :!: 0.005

75 0.279' :!: 0.004

90 0.283' + 0.003
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.I , .01 -i .r , ..
'11nIll1:1~Y1 4,18 l'lU'l1L~fl~OJ\ol1J~ U01:lIInlll::ntlU~~'lIUI'l11'l'l1~L\olU!J'l

. .1' "« ..:.f
'lIt1~UlI114 U,'lI~"'::LVl~'lIU

Lrltl~'11:OJ1C./flO1mlllfltl~"nnlll1r1~~ 4.15 l'lU~1n1rif~OJ\ol1Jjjiu01fl1ln
~ ~,

lII::ntluLyhnu 90°c u,fl::i~lli~1OJ1l1t\'~L~t1'l\ol'l1uLl'hnu10% tlIltl1l1\olunlltl~~n'lL\olfttl~Y'h

i~UlhT4U,~~~jjlli~10JJ1\olUnulhT4PitlJ1\olUnUJftlll6'lL\olfttl~ U~1OJlItl~ u,~~ U,fl::t.li~1OJ

ttlmu ~~t'llllLLfl::'WLLlllnPi1~"'1nLllhT4u,;~~'\;f"1n01rif~0J\ollJiliu01fl1lnlll::ntlULVhnu90°C
~ ~ I ~

u,fl::i~lli~1OJ\11t\'~ L~t1'l\ol'l1ULyhnu 12% tlIltlll1\olUn'lltl~~n'H\olfttl~ LtlUlli''llllnlll::ntlU ~~UU
~

;~Lfttlni~~OJ\ol1Jiliu01rlllnP1::ntlULVhnu 90 °c LLfl::iflli~1OJ1l1t\'~L;fJ'l\ol'l1uLvhnlJ10%
", "

tlIlfJ1l1\olunlltl~~n'l L\olfttl~ iU01mlllfltl~i'uPitl'W

. " ~... . ..... -. "
4.4.2 Hfl'll~tllllt1LMiun1rO?\,\UlJD'l L\olI!t1~'11ru::LlIllJ\,\1Hfl'bjP1t::O llt\'lJ

~ .I
I!!'ll!!nl!!::ntl\,\\IlIl1lJ1::IIlJ

~

4.4.2.1 Hfl'JItl~01rl.tl1lJ;;U1'lWHPi'll!!nlll::ntl\,\
~

'11n01ri~~OJ\ol1JmU01tl!!nlll::ntlULVhnu 90°c iW~1OJ1l1~::U1'lLvhnu
~, .

3% tlIltlll1\ol1l'n'lltl~~n'l L\olfttl~ ui\''lu,tlrtil!!t1L7'liU01tmu~n'l L\olfttl~'IIOJ::LPiIJJi'llllnlll::ntlU

."1 ~.. ... 'l:Jlt ~ .oI.r_ 1LlJU 5 t::IllU I'ltl 100. 150, 200, 250 U,1l:: 300 ttlUllltlU1Y1 (rpm) U,1l:: 'IIU1\olUnnIIlLVltl'IJUt'"
~

r'ltlUL~1T4u,;~LVhnlJ 3 i'itllnflJ '\;fC./IlO1mllllltl~~~i1

I.lt ... "",,:' .... ~ ... ,
1'l1L'IlllfJU1\olUnLlII1t;1l!!tlU1\olUnLlJlllllD'lL\olfltl~ (gig, dry basis)

lliIJ1OJlItI~U,;~ (%) Uft::U~1OJttlr~u (%, dry basis) iUL~1T4U,;~ u,l\IIl~~~1!!1M~~ 4.19

l..l. 2 "'"
1'l1L'IllltlI'l'l11JU,'II~ (Hardness. g/mm ) 1'l'l1IJL\olUtI'l (Cohesiveness)

~ _I .It". ~ .I
U,1l::l!OtlflJ;;lJMn!l'ltl~L~1114LL'IJ~ U,1I1'l~1Il~f/l1t1~Y14.20

'.



63

..I 1.1 r .. "" "", r • I .. ..r.:;.
!!I1t1~1'l 4 19 1'I1L1lfltlU1\.lUmIJl1\3lJ1tl\mnlnUJflllltr'lL\.lfltH (gIg, dry baSIS) u1~1CUlltl~Ull~

(%) Ufl::I.11~1CUtL11P1U (0/0, dry basis) 'luuli1~u;j~vM'I1nn11uL11t11J111LMu

n11mU~«'1L\.lfttl~lICU::LPi~PT'IlJInlJl::ntlULUU 100, 150, 200. 250 Ufl:: 300
~

1tlU,)tlU1Vl Lllltl'l;Su1~::U1'1LuuPT'IlJInlJl::ntlu

30.693" ± 0.750 59.321· ± 0.265

32.516' ± 0.354 61.162' ± 0.692

32.219" ±0.470 61.157' ±0.649

31.750'· ± 1.043 60.965 • ± 0.624

29.791 e ± 0.601 60.927' ± 0.505

(gIg, dry basis)

100 0.414"" ± 0.010

150 0.445' ± 0.006

200 0.442'· ± 0.004

250 0.429" ± 0.013

300 0.400 d ± 0.OQ1

t1IJ1I'1Lr'l'lUn11mU 1'i1L1litl± dj~LU~11J1131U

(1tlUuJtlU1Vl) J1\.lllnLl/h~,jtl 1.I1~1CU'lltl~U;j~'lu U~1cutL1mu'luuli1~
~ ,
U1\.lllm~ftllln'lI\olfttl~ L1/h~ (%. dry basis)

(0/0)

..I ,., .... ~ ....... ..l
'11nI/l111~1'l 4.19 l'IU')1tllJlf111') lun11mUU~O'Il\olfltl~'llCU::LIJI~lJI')lJInlJl::ntlUl'l

..I 11_ ,.... • ~ " "I ~ ~ .. • """
u.JfltlUw~~fl1'l1'lMU1\oI\lm9l1~l/ItlU1u1lm~1I1110'11\olfttl~ 1.I1~1CU'lltl~ UlI~ Ufl::1.I1~1CUtL11I/1U

'luu'h~U;~L1I/InuJ1~tlt.h~jjutlthl'i'CY1'l1~flCi;j (p .:'0 0.05) (n1filI'l11::\off'l,)1~UL1ruMUUt'lI'l~~~
oJ

11l11'1~1'l ~.6 1111'1~u')n ~)
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11!1I1~~ 4,20 l'i1L'Il~t11'l~1IJLl1i~ (Hardness. g/mm2
) 1'l~1IJL\1afJ~ (Cohesiveness) Llt'l::

.. ..,J .... ~ ...
ftn~::tIMn!l'lltHLIIl1~Ll'll~VlUli'''l1nn1tLllJttllllt1Lt~'lun1tmUUlJn~L\1t'ltl~

'IIN::L;;lJlIi'~lIlnlll::ntlULUU 100.150.200.250 Llt'l:: 300 ttlUP1'1lU1Yi ~t1'lf
~

1l11J::U1'1LuulIi'~lIlnlll::ntlu

mtmu

(ttlUPltlU1Yi) 1'l~11J1I1i-l (g/mm 2
) ,,"

100

150

200

250

300

53,862 ± 1,546

55.952 ± 2,001

56.949 ± 0,328

54,092 ± 1.189

53,812 ± 1,514

0.280 ± 0.009

0.286 ± 0.005

0.295 ±0.001

0.282 ± 0.007

0.281 ± 0.015

i:il'Wtu~il'1lJ,n djtlL~1~

I'itltl;;lIlnu

~~L1tJU;j latluJi1~;;lIlnu;j
_... ....r..!:' ..........
~,mttlUlIl LUtlLPl114l1llllnUlIl
_.. ...:, J! ,\':I _ ..
~~LttlUlIl IUtlll/I1 'QlIllIlnUlIl

_.. ...: J! .,,- _ ..
~~LttlUlIIIUtlL~11'QlIllllnUl\

"l1nlll1t1~~ 4.20 Yl1J~1tiI1111L:~ium1mUUlJcr~L\1iitl~'IIN::I;;lJlIi'~l11nlll::ntlU
.1.• ,..1 'I.IIL!- • i"I. ..... ... • , I .........

VlwfltlU W 1Iol1J1olt'lVl1 UI'l11'l'111JII'II~ Llfl::I'l~11J L\1UtI~'IItl~ 11111'14u'J)~ UI11nIll1~tltl1~IJUtltl1I'lCYVl1~

tin;; (p > 0.05) (01fiLI'l11::il'l~1IJLllJnJt~ULltllll~ii'-II11't1~~ ~.9 ml'llolu~n -I) Llt'l::"l,n~fIn't
~ ''l"''v. 'l I..... r ...

Vll1lfl~'l'Ull1"'~Vl 4.19 YlU~1mt 'IItlI11ML1~ Um1mUUlJtr~LUt'ltl-l'Dru::LI11IJU'lJ::u'~LVhn1J

150 ttlUP1tlU,Yi "l::Vi,l,m'uJi,~Ll1i~~jjJ1mrm~1~P1tlJ'\1\.lnL1Jftl1lrl'~Luiitl~ tliIJ1N'Dtl~Ll1i~
_e: 'i'..I-.J ... "' ..... fiI. ... -1 '.... '='

Llfl;;JJtlJ1NwtI11U~~Vlt'l1ll lII~UU"l~Lfttln IftlI111'L1~ umm~UUlJti'~L\1fttl~'DN::LIIlIJU11J::U1~
~

whriu 150 ttlUP1tlU1Yi'lummlllfttHiuP1tlllJ



65

v w

4.4.2.2 Hfl'llil::101tlwh!30Wupj'UII0PJ;;Otl).l

'11001tl;rflCU'.-I1Jnl~01tPJOPJ;;Oil~IVhnu 90 ·C l;ru;.1J1CUJ1A'IJ~llIlvhnu

4 % tl'Itnhml'i1'J1i1::l~lJtf'll1-lftil::l llA''lllUttlPJt1lhl~01tO'l~UIJtf'll,..ftil::l'JICU;;IUilJlIi'lPJOPJ;;Oil~
.'1" . ... '.11 ~.'< ... ~ 1
IlJ~ 5 t;;lIiU /'Iii 100. 150. 200. 250 llfl;; 300 tilUPJiI~1V1 (rpm) 11ft;; 1"II~11-l~OOlllIViil'JI~~ ...

v

nil~ltlh~ll;i::llvhriu 3 iiLftOflJ 'LJi~ft01tV1ll1ftil::llli::li!

1'i1L'Ilil!JJ11-ll!owh~l'iilJ1,..1!0LIJiillltf'll1-lftil::l (gig. dry basis)

UfIJ1CU'llil::llloii::l (%) llft;;UrJJ1CULUt~~ (%. dry basis) l~lflh~1l;i::lllt\llI::llli::lPJ1t1::l~4.21

1'i11'llil!J/'I'l11J1l;i::l (Hardness. g/mm
2

) 1'I'l11J11-li!!J'l (Cohesiveness)
~ • I .1' ,r _ ~ "J

llt\;;ftOl:tCU;;lJt10!l'JIil::ll,n ':Ill'll::l llftlll::ll'l::lPJ1t1::lVl 4.22

lII1T1::li:! 4.21 I'hl'llil!JJ11-lI!OLtlht!l'iilJ11-l1!0LIJiillltf'll1-lftil::l (gig. dry basis) UfIJ1CU'JIil::l1l;i::l

(%) llft;;UfIJ1CULL!t;l~ (%. dry basis) lUltlht!1l;i::l~'11001tllL!ttlPJt1Ihlu

O1tO'lUUIJtf'll1-lftil::l'JICU;;~lJlIi'lPJOPJ;;OilUlilu 100. 150. 200. 250 11ft;;
v w

300 tilUl'iilU1Vl tl'Itll;r\hA'IJZllllIUupj'lPlOPJ;;Oil~

tllllt1Lhl~01tO'l~
,:J OJ

1'111'llfttl ± IUtl::lIUUIJ1PJt~1~

. ..
J11-ll!oLtlht!l'iil UfIJ1MJiI::l1l;i::l1~ utIJ1CULut;l~1~wh~(tiIUlllil~1V1)

v .'w -0-" lllh~ (%. dry basis)~1'" OllJt\llI 'l11-lllil::l

(gig. dry basis) (%)

100 0.423" ± 0.004 31.322" ± 0.251 57.888" ± 0.516

150 0.441" ± 0.004 32.483" ± 0.304 60.202" ± 0.751

200 0.435" ± 0.002 31.894"· ± 0.212 60.156" ± 0.707

250 0.425" ± 0.006 31.223 " ± 0.377 60.192" ± 0.202

300 0.412
0 ± 0.008 30.440

0 ±0.699 60.111" ±0.738

~ ' .. -, x......... ..
'110Ill1t1~V1 4.21 ViU'l1i1Plt1It'l I~01tO'l~~IJII'lI1-lftil::l'JICU;;lIIlIJIIl'lIllOIll;;Oil~V1

1t1;tnl'WiiUlIti11,xJ1"'1l'0l~1~l'iilJ11-l1!0lIJftllltf'll1-lftil~ mIJ1CU'JIil~ll;i::l llft;;Uf1J1CULL!t;l~
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'l'WLllh~U;-l W1ln,h-ltlth-l£lIIUth~tl,IVl1-ltliiPi (p S. 0.05) (mfi LI'If1::1i1'l'l1~UtlnJ1'1'WUtll'I-ll/l-l

.l
l'11M-lVl -l.10 t111'1~'W'In -l)

m,.,~~ 4 22 ri1L'!1il!JI'I'I1~U;-l (Hardness. g/mm2
) 1'I'I1~L\oIi1!J'I (Cohesiveness) Uti::

io!:tCU::tI110!l'lltl-lLtlh~u-li-l~U'''l10m1utl1tlI/l11Lh'l'Wo11n'1'W~6'1L\oIfttl-l

'II{u::LPi~Ili'lI/lOI/l::Otl'WLll'W 100. 150. 200. 250 Uti:: 300 1tllJllitl'W1Vl 'tl'I!J'loft'

~l'~."l~
'W1n~"ll'lLu'WI/l'lI/lOI/l::Otl'W

tll'111Lh'l'W P11L'!1;!J ± Ld!J-lLlJ~11/l131'W iOl1{U::t1110!l'lltl-lLtlf1~

m1n'1'W

, ..
1'I'I1~U-li-l (g/mm~M 1'1'11~L\oI\1!!'1

M
(1tllJl/ltl'W1Vl)

100 47.357 ± 0.579 0.289 ± 0.008 £llVli'W~il'l~10 LdtlLtlf1~ritl!J

- ~

l'1l'10'W

47.586 ± 0.352 0.290 ± 0.004
.. .. • u· .r "1</_

150 ~'1~lVli'WLflO tl!J L'WtlLl'111:1l/ll'l .

~~
• -,

O'Wl'I'II'W

200 47.583 ± 0.957 0.290 ± 0.002 -.. ...r LtIf ... IT ..
~'1L1!JlJl'I L'Wtl 11:1l/ll'l 'Wl'I

250 47.535 ± 0.266 0.289 ± 0.004
_.. ...r til 1fpi ~ ..
~'1LmlJl'I LUtlL 1 IIll'lO'Wl'I

300 47.392 ± 0.323 0.289 ± 0.003
_... ...r Ii .,.. ......
~'1LmlJl'I L'WtlL 11:1l/ll'lO'W"

.l ,~ • .l. ,.l ~.I~. ,- • ~.If ' •
"l101ll111-lVl 4.22 VilJ'I1tlI/l11LT'IVlLuft!JU IU 1W~~tlVl11\11'111'1'11~U'II-lUft::I'I'I1~

Lm1tJ'I'IItl-lLtlf1~u~UlIloIli1-ltl!i1-l£lIIUth~tl,IVl1-ltliiPi (p > 0.05) (m11jLI'I11::1i1'l'l1~utlnJMU

utl"-llfi'-l1ll1M-l~-l.11 t111'1~'W'In -l) UtI::"l1n~tlmml'lfttl-l'l'Wl'11M-l~ 4.21 VilJ~1m1'loft'tlIll11Lh

'l'Wmm'l'W~«'1L\oIfttl-l'll{u::LPi~J1~::'W1'1LvhrilJ 150 1tllJllitl'W1Vl "l::~;' 'lMUli'Ltlf1~U;-l~iiJ1
......... :' .~ .... .. ~ .....

\ol'WOLI/I11:1l/1tl'W1\o1\l'O Wftl'lCl'IL\oIfttl-l 1.fi'~1{u'IItl-l U'II-l Uft::1.fi'~1{ultl1l'1'Wt\-lVlfll'lL'JI'WL"!J'Inumr

'lfJ1~::'W1'1w'WIli'llllnlll ::Otl'W lfi'-lJ'W~-l Lfttln'loft'tllllMLh'l'Wm10'1'W~«'1L\oIfttl-l'll{U::L6i~J11~~"
w

LvhrilJ 150 1tllJl/ltl'W1Vl'l'Wmml'lfttl-l-D'Wl/ltlitl
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•
4.4.2.3 Hl!'l!il~01ilil.bt\'!JLitl?Wl1UIOl.lpj?I'IOIll;;OilU

•
"I1001f'l;(tjN1MJi1iI.101flllOlll;;OilI.lLvi1nlJ 90 ·C 'l;(Ul1J1Nl.bt\'lJl~fJ'lWl11.1

Lvi1nlJ 10% WlfJJ1"'UO'llfl~WJcr'lI"'flil~ LLfl'l LLtlftllllf1 Li-l'lI.101m'lI.lWJcr'll",flfl~'IIN::~lJpj'l
•

1Il01ll::0fl1.l11l1.l 5 f;;pjlJ ;'Iil 100, 150. 200, 250 LLll:: 300 ffllJIJ1fll.l1Vl (rpm) LLll::'l;(U1,.,UOOIll

1~J'l.IpJl\ill.l~1~LL;l~LVhti'u 3 iiLIlO1lJ UlIIol1lO1l'V1I1l11il~pj~d
. .J:' It' .... ' ..

1'l111.l11fJI.I1,.,umih~lIlflI.l1"'1.I0 LlJ llllln'l L"'llfl~ (gIg, dry basis)

Ul1J1N'IIfl~LL;l~ (%) LLll;;t.Ii'lJ1NLtlf~1.I (%, dry basis) 'lI.lL~1~LL;l~ LLt\IIl~pj~1Il1M~~ 4.23

,..1.( ~ .. ( . )
1'l1L1.IllfJl'l'l1lJLL'II~ Hardness, glmm) 1'l'l1lJL,.,l.IfJ'l Cohesiveness

• tI .!! .~ • • ..I
LLll::llOb'N:: f10!l'llfl~L,n 'QLL'II~ LLlllll~I'l~1Il1f1~VI 4.24

..I I..I~ ... ,~ ... .:.... •
fIl1t~l'I 4.23 1'l1L1.IllfJI.I1"'1.I0uA'1~lIlilI.l1"'l.ImlJllIllO'lL"'llil~ (gIg. dry basis) t.li'lJ1N'IIfl~LL'l!~

(%) LLll::t.Ii'lJ1NLtltPlI.I (%, dry basis) 'luulh~LL;l~~UlI"11001tLLtlttllllt1Lr'l'l1.l

O1m'lI.lWJcr'lL,.,ftil~'IIN::L~lJi1T'llllOlll::OflI.lLlIl.I 100,150.200,250 LLll:: 300

tillJ lJ1ill.l1V1 WlfJ'l;(J1t\'lJL~fJ'l"''l1I.1LlIui1T'llllOlIl::nill.l, ..

(%, dry basis)L~1~

(%)

, OJ :I
1'l1L1.IllfJ ± LlJ~LlJWJ111l"311.1

t.li'lJ1N'l!il~ LL;l~'ll.l UflJ1NLtlt~I.I'lI.l~1~

(gIg, dry basis)

J1"'Um~1~lJ1fl. ,
u1,.,umlJflllln'lL",flfl~

tllllt1Li-l'lI.101tO'lI.l - ..........--.,..--,---------:~--=-----,.----
(tfllJPlflI.l1V1)

100

150

200

250

300

0.428 • ± 0.002

0.440 0 ± 0.004

0.432 o.± 0.002

0.413 • ± 0.007

0.409· ± 0.010

30.909'· ± 0.111

31.665' ± 0.326

31.325' ± 1.123

29.838· ± 0.573

29.700· ± 0.830

58.599· ± 0.158

60.915
0 ± 0.768

60.602' ± 0.337

60.593' ± 0.189

60.574' ± 0.361
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~1n1l111'l-l~ 4.23 Vll.l~1tlll111Lfi1~n11n'lUWJ67L~fttl~'N::liR)J~7I'1n

1l1::ntl~Ltlfltl~'Wii~fl~11l1J1"l\rmIli1~,jtlJ1mrn~flll16'H\.,fttl~ U1)J1N't1~LI;i~ Llfl::tlf1J1N

Ltll'Ui~1~ulh~LI;j~LlI'In,j1-1tltJ1-1ii\l'tlft1rlf\jVl1-1ftiiiR (p ~ 0.05) (01Tlill'l11::1l1'l71)J Lltl1tl1'l~

LlI'lI1l-lIif-l1'l111-1~ -1.12 tl11'1~~'ln-l)

I'I1l"N~ 4,24 ri1L'Ilfltll'l'l1)JLI;i-l (Hardness, g/mm2
) 1'I'l1IJL,..,iltl7 (Cohesiveness) Lift::

_I .Ji~_-Iu· .I~ -, ~ ..
ftm:tN;;",T1n!l'IJtl-lLvI1\1L1'-IVlIVI~1n011L1",Ttlll1T1l1'lU011n7~WJO'lL""fltl-l

'N::l~)J~71l1nll1::ntl~Ltlu100.150,200.250 Lift:: 300 1tl1.ll'itlU1Yl ~tl'Hf
~

~1~lJl~tl7""'l1ULtlu~71l1nll1::ntlU

tlll111lfi'lU
' J trltl~Ll.IWJ11l1T31U ftnlffi.l::tl11n!l'tl-llJlh~1'I1l'llfttl ±

O1Tm~

(1tll.ll'itlU1Yl) 1'1711JLI;j-l (g/mm2
)'" 1'I'l1)JL,..,iltl'l III

100 40.278 ± 0.210 0.265.± 0.004 iil,'l'ltu~~7)J1n ldtllrlh~ritltl
•

'.
iRll1nu

150 43.093 ± 0.273 0.281 ± 0.001 lhL1tJl.I;j ldtllIli1~~l1In~

43.037 ± 0.946 0.281 ± 0.010
_ ..... ..r,,~ .....

200 ~7L1tl1.lll1 lUtll1ll1\11l1ll1nUll1

250 41.282 ± 2.432 0.275 ± 0.002
...... ~uJi' ...........
~'ll1tll.lll1 l~tl 1\1111ll1nUll1

300 41.178± 1.429 0.277 ± 0.011 ~'lLltJl.I;j ldtlJh~ll1nu;j

-I ,~- -1. 1-1 1. I~, ,"" • 'l,t' . -
~1n1l1111-1Vl 4.24 Vll.l'l1tllll11lT7VlL",fltlU u ~1J~ftVl1 ,1II1'111'171IJLI'-ILlft::M1)J

L\.oIi1tl7'tl-l L1li1~LlI'In,j1-1tlti1-10\l'tlft1rlf\jVl1-1ftiiiR (p > 0.05) (ml'lill'l11::111'171)JLlU1tlT7u

~ -I ) 'l -I ''l.lf~-Llftl!l-ll1l-l1ll111-1Vl -1.13 tl11'1~U7n -I llfl::~1n~flO1mll1fttl~ U1'1111-1Vl 4.23 Vll.l'l1011 'IItllll11l1'l

'l .1<.. - ~ vi x. ,,,". 1..... .J! ~-I,," r .'(.
Umm'l~WJ"7l,..,fttl-l'IJN::llII)J1l17111nll1::ntlUl 1,,1.1 150 1tllJlIltlU1Y1~::Y11 ,.., III1lVI1\1Y1IJU1,..,,.n

lJlrl1a-IIItJJ1,..,\InUJflllld''lL,..,fttl-l t!'i)J1N,tl-l LI;i~ Llfl::U1)J1NtUT~U'luuA'1~LI;i-l~-I~t'lll1 IlI-1,iu

~~lfttln1~till1T1 Li71~n1TmUWJd'7 L,..,fttl-l'N::L~)JJ1tt)J L~tl7\-l71uLvl1nl.l 150 Ttll.ll'itlU1Yl'lU
~

n1ml1lfttl~fullitl1tl
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t ~ .oI.r .. Ii< k" • .1 .01 ,1t.i_•._,." l' ••"1••
4.4.3 Hft'lltlNJ\1UOOl!lLYltl'llU"",ntltUrnijIL2litllH/J1::ft/JWtlJJllLlWlJH!!l7;Ofl\WWI;

pl'llJlOlJl;OtlU

~

4.4.3.1 Hfl'lltl~017'ij'Y1/J;1.fI'lLth.lpl'lPlOPJ;Oflll
~

"l10017'litjlU\ol/JmU017PlOlll::OtlUlvi1nu90°c'litfrl.J1lU1l1l.J::U1'lLvi1nU

3% U1lfJJ1mIOlltl~\,ll.Jcf'lI\olfttl~ LLft::'l~ti11171LT'l'lU017D'lU\,ll.JcT'lL\olftt1"lIlU::Liil.JJ1l.J;U1'l~
.. ,.... l' .1 t ._Of. .oI.r .Ii< .k.\,·."1 ~ ..

1\oll.J1::ftl.JPltl 150 rtlUII1tlU1Vl LLll'lLLlJ7U1111uOOl/lLVltlllUlUlltlUIlII1 'IILLlI~ LuU 5 7::I/lU Pltl 2,

2.5,3,3.5 LLft:: 4 mftofl.J ~~ft01ml/lfttl~LLftl/l~Ili'~d

1'i1L'I1;fJJ1\olUO~1l!,)tlJ1\olIl'Dll.Jft",cf'lL\olfttl~ (gIg, dry basis)

tI1l.J1lUlItl~LLii~ (%) LLft::tI1l.J1lUttlr~u (%, dry basis) 'luLllhl!LLii~ LLftl/l~l'i~1I11r1~~ 4.25

,.I. 2) .... (coheslveness)Pl11'l1ftfJPI'l1l.JLL1I~ (Hardness, g/mm PI'l1l.JL\olUfJ'l Ooheslveness

LLft;ftD1:tlU::t1710!J1Itl~ u1hl!LLii~ LLftl/l~l'i~1I1171~~ 4.26

~ I..J ~ ... ..l' ", r • :, <II •
II11nm 4 25 Pl1L'I1ftfJU1\olUDI"1':1I11t1U1\olUOWftl/lrl'lL\olfttl~ (gIg, dry basis) tI1l.J1lU1ItI~LL1I~

(%) LLft::tl1l.J1lUttlrliiu ('Yo. dry basis)'luulh~LLii"~~'11001rLLtlrJ1\olUDDI/l

Ll4t1~Uttll1t1UI~1l!LtlU 2. 2.5,3, 3.5 LLft:: 4 iitftofl.J (kg) U1lfJ'l~~1l.J::U1'lltiU

l'i'llll0Il1::0tlU

(kg) J1\olUO L1/i'll!P1t1 tI1l.J1lU1Itl" LLii"'lU~1l! U7l.J1lUttl7~U'lU~1l!
~ ,

1l1\olUDll.Jftl/lli'lI\olfttl" ('Yo) (%. dry basis)"

(gIg, dry basis)

2.0 0.444":!: 0.006

2.5 0.444" :!: 0.002

3.0 0.458' :!: 0.005

30.409< :!: 0.445 62.750 :!: 0.572

31.206" :!: 0.173 63.044 :!: 0.906

33.315' :!:0.371 63.184 :!: 1.437

3.5 0.460' :!:0.003 33.686' :!:0.362 63.978:!: 0.567

4.0 0.460' :!:0.006 33.664' :!: 0.525 64.072:!: 1.623

a. b, c I'i'lLft'llili:lI'i'ltiOl:t7rhri"ulIi1~nuluLLU'l;'lLaifJ'lnULLlI1olli1~ri"Utlti1~iill'fJlhriCl/ (p s 0.05)

ns 'Wi:lUfJ~1riCl/Vl1~ftaii (p > 0.05)
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..I .. oJ ... ..
'l1n'l1nm 4.25 VitJ~1U1\1U'nntllYl1filufi.h1\\'u1\0I\1"n1IIh~Pitllh\1U'n

LlJft",i'll\1fttl~ llfi::UTlJ1CU'lltl~Il~~1ultlh~Il~~ ll'lnl'i1~tl!h~jj,rVthriCUYl1~ftiiii (p s 0.05)

LLPi'bjilUfit11i~unl1cuttl1~uiulI'h~Il;i~Il'lnPi1~nUtlti1~il,rv~1riCU (p > 0.05) (m1lill'l11::1.-f

I'l'l1lJlltlltl1'lUllft",~I'i~'l111~~ ~.14 ml'lUU'ln ~)

(l))t1~~ 4,26 l'i1lll;VI'l'l1lJll~~ (Hardness, g/mm2
) I'l'l1lJl\1i1m (Cohesiveness) llfi::

~ _ I " " • ..lu· tI ~ ~ "" ~ .. 11< ~ .\'
fin1:l'CU;,uMn!l'lltHl""~1l'll~V1I1'l'l"nm111 1U1\1UnntlllVitl'llUtuiltlUl,J1'\l

"lUU 2, 2.5, 3, 3.5 llfi:: 4 iiLfinl"lJ (kg) ltIlvioKU1lJ::u1'llUUIl1'l'ln'l::ntlU

• OJ OJ
ti'm:tcu::t111n!l'lltl~l~1~. -U1\1Unntll Pi1lllfiV ± ltJV~ltJUlJ'I'l13"U

(kg) • I'l'l'llJl\1i1V'lI'l'l'llJ ll'll~

(g/mm2
)

2.0 50.277
b ± 0.303 0.252 c ± 0.009 illfltu~iJ'llJ'In ldtlltlh~PitlviiillnU

.: .:
lUtlUlJ

2.5 51.384 b ± 0.821 0.268 b ± 0.004 ·'if" ~tlf~·_"':U'll'ltlU 1~lWtJ LUtll 1 I/ltllnWl'llu
.: •
lUtlll'll~

53.648" ± 1.446 0.281" ± 0.003
..... .: ~~. _.. .: .

3.0 U'llTVtJ'" lUtll 1 "",nu", LUtlll'll~lJ'In

3.5 53.675" .± 0.425 0.282" .± 0.004 ... ...: uIi Wi IT .. ~ •U'lLTVtJ'" lUtl 'I lIIilI U'" lUtlll'll~lJ'In

4.0 53.729" ± 1.467 0.283" ± 0.003
._ "",.l ~"_ .... ,j •
U'llTVtJ'" lUtll 'I~lIItIlOU'" lUtlll'll~lJ1n

.,j -' ~.'" .,j'l~" • 'l-~,. ..
'l1nIll1M~Yl 4.26 Vi1J'11U1\1",nn",V1 ~lJUfiVl1 1'll'l11'l'l1lJll'll~ llfi::I'l'l1lJl\1UV'l

'II~ltlh~ll;i~ llfln,h-ltlti1-lilU'vthriCUYl1-lftoii (p :s. 0.05) (m,:'i U'I11::1.-fl'l'l1lJlltlltl1'lUllftill-l

_..l ) 1:.,j, "" 'l.1< ~ .Y.1'l-l1/l111-lVi -l.14 ml'lUU'ln ~ llfi::'l1nUfi01m"'fitl-l UI/I1T1~Yl 4.25 l"ttJ'l1llJtl ~U11ol",nn", 3

iiLftnl"lJ'l::l'i1i~~1\1lIn uli1~Pitl~11olU'n llJft",i'll\1fttl-l llfi::U1lJ1N'IItl-lll;J-liuuli1~ lli-l\l-l~

~'" llfi::'bjLL"nPi1-l'l1nm1iil~11olU'nn", 4 llfi:: 5 iiLfinl"lJ cii'-lJU~-lVitJ~1~1\1lInnllll~tliuztl
~ ""ll.,j ""'l.!t~ ... - ...~ -
IltlUUJl1~1l1J-lVll\1lJ1::ftlJ llJtl ~U1lJ::U1'lluUI/l'l"nl/l::ntlUl'ltl 3 n IfinTlJ
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~ ::
4.4.3.2 Hl!lItl:lmtliW,,\'lJ""" wYP!'1PI01!l::Qfty

"I10if~N\lIJ~iumtl!lol!l::OtlULVhnlJ 90·C ift.lllJ1NJ1~lJ~LIILVhnlJ
r... ~.. JI.... i :.. A ...:' .i' ~ ..J

4% itI!!JU1\lUO'lltl:lUlJfl'lL\ll!tl:l LLl!::i,.tll'l11Ll"l umtmuUlJt1'lml!tl:lllN::LI!IlJU1alJ"II!lVl

.. ,.. l' • I :... "" S . II< k ~ • ."'1 ~ ..
L\llJ1::ftlJl'ltl 150 ttllJl!ltlU1V1 LLl'l'lLLuN1\l..OOI!lLVltl'llU!UlltlUL,,1':lLL'II:lLuU 5 t::LIIlJ Pltl 2.

2.5, 3. 3.5 LLft:: 4 filftoflJ 'Ul1Jl!mtVIl!lfttl:lLLftl!l:llli':ld

Pl1L'Il;!JJ1\l1I0L1f1~P\tlJ1\l1I0LlJftI!l6'lL\lfttl:l (gig. dry basis)

• ~ • • I'!! ~. 1 .. • i ~ ~ . ~ .I
utlJ1N'lItl:lLL'II:l (%) LLft::utlJ1NLUtI!lU (%. dry baSIS) ULI!I1':lLLlI:l LLftIMI!I:lI!l111:lVl 4.27

Pl1L'Il;!J1'I'l1lJLL1:l (Hardness. g/mm2
) 1'I'l1lJL\lU!J'l (Cohesiveness)

LLl!::ftOI:tN::tlt1O!JlItl:lLli11!LL;j:l LLftLII:llli':l1!I1t1:l~ 4.28

.J I.J r.. ..... r .;,.. •
1!I1l'1:,JV) 4.27 1'I1L'Ilft!JU1\lUOLlIY1':lllltlU1\l1I0LlJftI!l0'lL\lfttl:l (gig. dry basis) tlilJ1NlItl:lLL'II:l

(%) LLft::tlilJ1Nltll'6iu (%. dry basis)iuLli1I!LL1:l~'UI"I1nn1tLLtltJ1\llIOOI!I

L~tl~uztlntluLlIY1~Lilu 2, 2.5,3. 3.5 LLft:: 4 i'itftOnJ (kg) tI!I!JifJ1~lJ~I!ILilu

fIi''lI'lOI1l::0tlU

"

(kg)

2.0

2.5

3.0

3.5

4.0

, J1\llIoLli1~l1itl
~ .

111\llIOLlJftl!l tl'lL\lfttl:l

(gig, dry basis)

0.433" z 0.002

0.430· .:t0.001

0.442
0

.:t0.004

0.441°.:t 0.001

0.442°.:t 0.008

WlJ1NlItl:lLL;i:liuLli11!

(%)

29.623 • .:t 0.191

30.127 c .:t 0.077

31.911 • .:t0.281

32.362 o• .:t0.146

32.776°.:t 0.461

UtlJ1Nltlt~uiuLli11!

(%, dry oasls)"

60.260 .:t0.708

60.994 .:t 0.785

60.905 .:t 0.699

60.929 .:t 1.087

61.435 .:t0.933

a.o.c•... Ili'lLft'll~i1f1T'ltiol:ttrhnlJI1i1:lnuiuLLU'lPT:l~!J'lnULLl1IoI1i1:lriUtlti1:ljjlI!Jth~t'\J (p~0.05)

ns 'b.ii1lI!Jthl~·t'\JVl1:lftn;; (p > 0.05)
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~ I ~ ... .oJ ..... ,,~ ... "'" t ...
..101111nlYl 4.27 VllJ'l1U1\NOOIllYllofrIJUftY111"'U1",uml111l:JI11!lU1"'UO

\lJflI116'lL",ii!l~ Uft::1lT1J1lU'II!l~U~~luwi1~LL~~ UI110,h~!l!h~jjutI~1';f\lYl~ftiiPi (p :5. 0.05)

LlJl"bljjUftti11\\,un.l1lUttl:iiuluLih~u~~UI110,h~nUtl!l1~jjUtl~"l';f\l(p > 0.05) (01,.:'iLPI:1::1l

1'I'l"llJutl:tl:'lUUftlll~';~I11"ln~~ ~.16 11"lI'lUU'lO ~)

!I!1rni3 4.28 I'hLfl~t1I'1'l"lIJU~~(Hardness. g/mm
2

) 1'I'l"lIJL"'Utl'l (Cohesiveness) Uft::

K. _ I " " • 0I~ ~ tI ~ ~ 01 ~ .. 11< " .tt
"m:llU~lJ:"l0!l'lltl~ LI11"ll:J U'II~Yl \lII ..1001:U N"l"'UOOIllLVltl'llU,...l1tlULI11"l ':I

Lilu 2. 2.5. 3. 3.5 LLft:: 4 iitftofIJ (kg) tfIltll~J1~1J~IIlLihm'll11ol11::0tlU

(kg)

2.0

• OJ
1'I1Lflfttl ±

1'I'l"l1J u'Ii~ (g/mm~

40.867' ± 0.527

OJ
LlJtI~LUWJ1111:3"lU

...
1'I'l1IJL"'Utl'l

0.279' ± 0.004

2.5

3.0

3.5

4.0

42.407
C ± 1.748

44.333 b ± 1.216

46.507' ± 0.543

47.867' ± 0.694

.... ':.'
nULUtlWJ

be -, 11 ""'" .r "II'.....,J
0.282 ± 0.005, ~'ll'ltlU'II1~LTtllJ LUtlLl11"ll:Jl11f/lOUfIl'llU

0.285 be ± 0.004 • ~'lLWuiiI LdtlLiIf"l~lIlnuiiI

lib -... ....li'.It .t- x. ...0.289 ± 0.004 ~'lLTtlUIll LUtlL~I"l':lI11I1l"UfIl. _ ..... ~",\': .....
0.295 ± 0.006 ~'lLT!JlJlIl LUtlLl11"l':l11111l0Ufll

01 • ~ __or. ~.It'" • '.1<•• ...
""lOl111n~Yl 4.28 VlU'l"lU"llllwnOIllYlI'DIJ~ftV1111ll1'l"l1'l'l1IJU'N Uft::I'I'l"lIJL"'UtI'l

'IItl~Lilf1l!U~~uI110,h~tl!h~jjUtl~1,;tYYl1~ftiiPi (p :5. 0.05) (011:jLPIn::"1'I'l1IJutI:tIMUUftf/l~

~..1 ) ~...I. 01,.1< r ~
~111"l:"l~Yl ~.17 11"l1'l~U'ln ~ Uft::""lO~ftO"lmf/lfttl~ \UI11"l:"l~Yl 4.27 VlU'l"lLlJtll'DU1"'UOOIll

3 iitftOfIJ.. ::ti1i~J1"'UOLiIf"l,!IIitlJ"l"'UOLIJ flf/l6'l L",iitl~ Uft::UTIJ1lU'IItl~u~~iuLilf1,!u'Ii~~~~
" .

qlll Uft::'WUI11oIli1~"1001Tl~Il"l\!UOOIll 4 Uft:: 5 ntftoflJ L'IluLiiltI'lnunUO"lTi~Il"lIJ::U"l'lLUU

';'l1110111::0tlU ~U~~VlU~"lJ"l"'UooIllLyjtl;uztlXtluLiIf"l~U~~~L\!1J1::ftlJujtliofrJ1~1J~IIlLlI~'l

l11ol11::otlu;itl 3 ntftoflJ
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4.4.3.3 Hft'lIiN01tli\bN.lLijtl'lXl'l1\.jW\.jPi'lIllOIl!:;otlU

~ ""
O1t'lfflCUWJOiu01tIllOIll::OtlUI\lhriu 90·C 'l~lftlJ1CUI11«lJl'Jltl'l"''l1U

"" t I"
whrilJ 10% UrIW1mIO'Jltl~UlJti'lI"'fltl~ lltl::'l~ti'II!t1I;''l'lU01tO'lUUlJti'll".fttl~'JlCU:;~lJI11

~ "" , ~ • "" P .1 ~ ~ .. .I _II< .J!" ••"I ~
I'IlJl'Jl!J'l"''l1UI\l110lJ 150 tt1lJlllflU1'V1 llfl'lllutu1"'UOOllllfjfl'JlU,...lIflUI~111;l1l'Jl~luU 5 t:;IIIU

•
;itl 2, 2.5. 3, 3.5 lltl:; 4 iittlOflJ ''''Wtl01mllltltl~lltllll~Pi~i1

pj11~~tlJ1"'UO~1~PitlJ1"'UOllJftlllci''lI'''fltl~ (gig, dry basis)

• ... • • ... ~. I "" . i "". ~ .I
utlJ1CU'Jltl~1l'Jl~ (%) lltl:;utlJ1CULutlllU (%, dry basis) l.UIll1l:l"'Jl~ llt\III~III~1II1t1~\I1 4.29

,.I. 2) ""(' )1'111~tltll'l'l1lJll'Jl~ (Hardness, g/mm 1'I'l1lJll-lUtl'l· Cohesiveness

v • I . .J! .r • ~ .I
lltl:;ftOI:tCU:;ut10!J'Jltl~ wl1 ';Jll'Jl~ llt\IMII!~1I!1t1~\I1 4.30

oJ ,...I ~., "", ~ .:'.. •
PJ'lt1~1'! 4.29 1'I11~tltlU1"'UO~1l:lll!flU1",UOllJtlllltl'll,..tltI~ (gig, dry basis) mlJ1CU'Jlfl~1l'Jl~

(%) lltl:;mlJ1cutLltUlu (%, dry basis) 'luLflh~1l~~~""'1001tlltJ,.J1"'UOOIII

l~fl~Ul1.l~flul4h,!IOU 2, 2.5, 3, 3.5 1111:: 4 ntllOflJ (kg) UrItl'lfJ1«lJ.

l~tl'l"''l1UIOUPi'lIl!OIl!:;OflU

(kg)

I :J :J
1'111~lIti ± Wtl~IUUlJ1111"31U

J1mIO~1~Pitl mlJ1CU'Jltl~1l~~'lUI~h~. ,
111,..UnLlJftlllti'll",fltl~ (%)

(gig, dry basis)

lftlJ1cuttJmu'lu~1~

(%, dry basis)"

2.0

2.5

3.0

3.5

4.0

0.452 c ± 0.005

0.455 tic: ±0.005

0.463'· ± 0.004

0.465' ± 0.001

0.466' ± 0.001

28.945 c ± 0.694

29.744 • ± 0.251

31.180' ± 0.391

31.704' ± 0.241

31.933' ± 0.180

61.433 ± 0.456

61.719 ±0.395

61.869 ± 0.688

61.941 ± 0.507

62.133 ± 0.617

a.b,c 11i'lltl'JlVlilPi'ltl'Ol:ttri1rilJPi1~riu'lUllU'lpf~I;jtl'lriU llII!OPi1~riUfl!h~ilUtlth';{jj (p s 0.05)

ns 'b.iillItlth';{jj'V11~t\n~ (p > 0.05)
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.I ," .. .I... • i",r ......... If ...
"l1nf/111'NVl 4.29 VlU'l1U11.\UnnI'lVli;rlJ~tlVl1 \.lU11.\UnLII1114l/1tlu11.\Un

LlJfll'lcr'll1.\fttl~ UtI::tIflJ1 (l.l'lltl~U~~iuu/h~u~~IIPlnl,h~fl!h~jjutJth~iUVl1~tlii;; (p ::: 0.05) u.Pi

'bJij~tlyh i~tIflJ1(l.l~1.l1PlUiuu/h,!IIPlnPi1~riutlth~jjutJth~CU(p > 0.05) (mMLI'I11::l-f1'l'l1lJ

u.1.lT1.l1'lUUtll'l~if~1/I111~~ ~.18 tl11'1~U'ln ~)

1I11I1~~ 4,30 1'i1Lll;tJl'I'l1lJuii~ (Hardness, g/mm2
) 1'I'l1lJL1.\iitJ'l (Cohesiveness) Uti::

flm:l'tld11n!J'Iltl~Li/l1~~"l1nn11u1.lni11.\Unm;rnI'lL~tl~upJ1\tluu/h~LW
•

2, 2.5, 3, 3.5 Uti:: 4 i'i~tlnl"lJ (kg) ~tJi;r1l1t\'lJL~tJ'l1.\'l1ullIuif'll/lnl/l::ntlU

(kg)

2.0

2.5

3.0

3.5

4.0

36.013· .:t 0.241

38.765 c .:t 0.078

40.844 • .:t 0.669

43.118· .:t 0.357

43.158· ± 0.329

..
1'I'l1lJL1.\UtJ'l

0.280· .:t 0.001

0.284" ± 0.002

0.286· .:t 0.002

0.288· .:t 0,003

0.289· .:t 0.003

... .l ~
nULUtlUlJ

- , 11" JI ..Ii ~- x. ..JI
~'ll'ltlU'II1~LftJU LUtlIll1114I11I'1"UI'I'lJU

JI •
LUtlU'Il~

_.. .. JI ..Ii.\,: ~.. JI •
~'lLffJUI'I LUtlllln':ll/ll'lnUI'IIUflU'll~

_.. .. JI .J:' .\'- x. .. JI •
~'lLffJUI'IIUtlL~n':lI/lIll"UI'I LUtlU'Il~

-.. .. JI .l! .\'_ ~.. JI •
~'llftJUI'IIUtll~11':1l/1l'1nUI'I LUtlU'IJ~

...I • f .. .Ii Jf" • i",. ..
"l1nIl11r1~Vl 4.30 VlU'l1U11.\UnnI'lVl 'IIlJ~tlVl1 1.\1'I11'1'l1lJU'Il~ UtI::I'I'l1lJL1.\UtJ'l

'Il~I;h,!u,j~UlI1nPi1~tlth~jjUfJth~CUVl1~tlii;; (p ::: 0.05) (m1'ill'lr1~1'I'l1lJu1.lr1.lf'lUUtll'l~

~.J ) 1.J, .. iJl~ ~
~f/1111~Vl ~.19 tl11'1~U'ln ~ UtI::"l1nUftmml'lfttl~ 1J1I1111~Vl 4.29 YiU'l1LlJfl 'IIU11.\Unnl'l

.. .. I ,

3 i'i~tlni"lJ"l::vhi~"lA"'111.\un Li/l1~l'itl1l11.\UnLlJfll'lci'l L\lftfl~ Uft::tIflJ1fU'IltNu~~iULi/l1,!uii~t\~Vi
~_l' 1..1': f _ .. ... ~ .. • r ... .r

ql'l Uft::~UlI1nI/l1~"l1nm1 'IIU11.\Unnlll 4 Uft:; 5 n~fln1lJ I1I~UU"l~YlU'l1U1,..unnIllIYltl'lllJpJ

.Ii ,.It ~ • .J .. i.lt ~ 11 .. ... •• .>< .. _~ ~
IltlUwl114 U'Il~VlI1.\lJ1::tllJ IlJtl 'IIU1l'llJL'IltJ'l\l'l1UllJwvl'lfllnl/l:;ntlUl'ltl 3 n ItlnrlJ
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nr:lJ ~ .tli1~ til ,,·.l-t~4.4.4 FJft1liblO1 l'1L t-l~(WJ1rU),l\l,\fl lJ!.Jl'l1ltl-l I1\1LUb!Y1HtlPU"t1!!lt::Qtl

Wwi1!!lO!!l::Otl),l

"I1001tY1l!1tltl-lLU~tl 4.4.1 ii-l 4.4.3 VlU~1r'itlULtIl1~~jjftDl:tIU::LL<jj-lLLtl::L\oIUtl1

1J10 ~'WL,jftDl:tIU::tlO~1Itl-lLl1h~LLil-l LLtl::"I10!.Jft01tY1l!1ftfl-lLU4itl 4.4.1.1, 4.4.1.2 LLft::

4.4.1. 3 VlU~11'l11J1mtl1!ll'l111J LLil-lLLtl::Pl111JL\oIUtl111tl-l ulf1~I!It1tll!ltl11J1IUPi111l01/l::0tlU\oI1tl

:'l'I. ' ~., .l -~. I oj

ftl!lf,lIUWJIJ \U01tlJlOI1l::0tlUtl-l tltl1-l \tOlJl11JVlU1101tlJlOlJl::OtlUYlf,lIU\oIIJIJ\\-l \1JfI/lU"I::

lJIOlJl::OflU'lMO~1 Pi-lJU~-lyh01ttl futltlI'Jtutl1Ylilf1ULdtl ftlJllfl1ltl-l LtIl1~LL;i-ltl!ltIL;(f,lIU\oIIJij'lU

O1flJlOlJl::OflULyhriu 90°C L;rtiI/lMLT1LU01fD1UUlJtf1L\oIftfl-l1l1U::L~IJPi1lJ1011l::0tlUL\lhriu150

fflU~U1VlLLtl::L;rJ1"lIoOI!ILv;tl~up.ll1tlUulf1~LLil-lLYhriu 3 iittlDl"1J

•
4.4.4.1 HIl1ltl-101t'liY1lJ::l.l1?LOl.!Pi'?f!I0f!!::OtlU

4 ~ ~ ~

LlJtlLLtltUflJ11U1l11J::U11LUU 5 r::Piu Pltl1, 1.5,2,2.5 LLft:: 3% tl!ltl1l1\o1IIO
, .

lItl-lUIJIi1L\01ft tl-l 1iIf!.JII01tYIl!1 ftfl-lLLI'lI!l-lPi-lU

1'i1L'niltlJ1\o1IIOlllh~,jtlJ1\o1IIDLIJ~f!!cr1L\oIfttl-l (gig, dry basis)
•

• ~ ... ' "t.... ., ..J
tl11J11U1Itl-lLLlI-l (%) LLtl::tl1IJ11U\tlflJlU (%, dry basis) 1ULlJl1l:lLL'IJ-l LLI'lI!l-lI!l-l1!l1M-lYl 4.31

,.I. 2....
Pl1L'ntltlPl11IJLL'IJ-l (Hardness, g/mm ) Pl111JL\oIUtl1 (Cohesiveness)

~ il ... II • ., ..J
LLtl::llOI:tIU:: MO!)'IJtl-lllll1l:lLL'IJ-l LLI'lI!l-lI!l-l1/l1f1-lYl 4.32

Pl::LLUUYll!Il'ltlUYl1-ltlr::1'l1Y1ftlJ~I'l'IJtl-l LtI11~LLil-l LLI'lI!l-lPi-llJl1r1-l~4.33
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I'I1m~ 4 31 l'i111liltl~1"'l!nLlIf1~1IIt1~1"nI'nllJiilllci''lI",iitl-l (gig, dry basis) UnJ1nl'lltl-lIL~-l

('Yo) ILft::U1l.l1nlitl1Giu ('Yo, dry basis) 'uulh~IL~-l~~"I1nn11ILtlMl.l1nl

~1l.l::U1'l~'oDlilulIi'lll1nlll::ntlUlilu 1,1.5.2.2.5 ILft::3 Itltlfl;UII1111ltlJ1",ll'n'lltl-l
,
~ ..

Ul.lrrn'"fttl-l

v

ll1l.l::U1'l

('Yo, w/w)

J1"'l!nuli1~lIitl
v ,

ll1",I!ml.lftl'l cf'll\.lftt1-l

U1l.l1nl'lltl-llL~-l 'UU~'1~ u1l.l1nlitlr6iu'uwh~

(%) (%, dry basis)

(gig. dry basis)

1.0 0.405 c 1: 0.002 22.333 c 1: 0.782 58.483 b ±0.548

1.5 0.421 b ±0.007 26.948 b ±0.125 61.333 • 1: 0.876

2.0 0.430' 1: 0.004 31.487' 1: 1.245 61.904' 1:1.050

2.5 0.433 • 1: 0.005 32.598' ± 1.457 62.260 • ± 1.082

3.0 0.437' ± 0.004 33.6.03 • ± 1.694 62.667 • ± 1.520

oJ I t' ..J...Jf'" 0 i-If.~ ..." ,"l1nIl11M-lYl 4.31 WU'l1U1l.l1nlU1lJ::U1'lYlI'll).JlJftYl1 ¥Iu1",unU'I1~II1t1
v ,

ll1mmllJftIIIcf'll'"iitH U1l.l1nl'lltl-lIL,j-l ILft ::tITl.l1nlill rGiuiuu1hl!IL~-l1LOl nlli1-ltl£i1-li11!tid1ii'ry

YI1-ll'ln~ (p :s 0.05) (mr'ill'lr1::~l'I'l1l.llLtlrtl1'lUILl'lIll-lt'1-lm11-l~ -l.20 1'l1I'1IJU'ln -l)



77

.I ,.I. 1 2) -(C' )II!'lnlYl 4,32 1'I1I1lfltlIWllJLI'lI~ (Hardness, 9 mm 1'I'l1lJl\.4Utl'l onesrveness Llfl::

ftnl:/'N....,jnn!l'lltl~lrli1~LI~~~UlI'11nn11L1unl1lJ1CYJ1lJ::u1'l~'lfIUUII1'l
w ,

lI1nll1::ntlUIUU 1, 1.5. 2, 2.5 Ufl:: 3 IUtlMu~tlU1\.4lInlltl~UlJti''lI\.4fltl~

tlhmu

(0/0, wlw)

, 01
1'I111lfltl ±
• 2

1'I'l1lJLL'JI~ (glmm )

Jr .:
IUtlUlJ

1.5 21.491 e ± 0.637 0.265 be:± 0.01 0 i:llfltu~il'lu'in~tlfJ Idtllrli1~;j"'riWi
Jr , 11 •
IUtll'ltlU,,1~LL'lI~

0,

2.0

2.5

3.0

40.410
0

±2.774

51.785 a ± 1.266

53,612
a ± 1.120

0.278 aO± 0.007

0.284 a ± 0.007

0.289 a ± 0.005

_... ... X •
~'l11fJU'" IUtlLLlI~lJ1n

_... ....r •
~'l11fJU'" IUtlLl'll~lJ1n

_... ....r •
~'l11fJU'" IUtlLLlI~lJ1n

.I , • "" ~ .I'll!-' 'l" , •
'11nIl!'l11~Vl 4.32 WU'l1LJ1lJ1CUU1lJ::U1'lVl "lJ~flVl1 \.41'111'1'l1lJLL'lI~ LLfl::

1'I'l1lJl"UfJ'l'JItl~uX1~LI~~LLlI1n,j1~tl,h~i:llIfJlh~oCUVl1~lIii;j (p :s. 0,05) (n117l1'111::WI'I'l1lJ

LlU1U1'lULLII",~iK~1I11f1~~ ~o211l11'1~u'ln ~)



..J .... It It • ~~ ~..J... ....
1JI111~'VI 4 33 I'l::LLW'YIflfttl1J'VI~t11::ft1'V1ftJ,Jl.Ift'lltNLIJI1\lLL~ 'VI U'I'l1nm1LLtlnfw1CUU1J,J::U1'l'VI1'lILilulJI'l"n,,::ntluLilu 1, 1.5, 2, 2.5 LLft:: 3

~ ,
Ltltl7L4uPi'LflUth,..un'lltN UJ,Jtl'lL,..fttN

4.360" ± 0.322 2.780
d

± 0.205 4.300" ± 0.195 3.890" ± 0.243

4.020
b

± 0.364 3.640& ± 0.139 3.820
b

± 0.188 2.895
b

± 0.322

3.660& ± 0.387 4.175b±0.189 3.300& ± 0.195 2.500& ± 0.376

3.460
d

± 0.418 4.705" ± 0.239 3.040d ± 0.154
d

1.885 ± 0.296

3.340
d

± 0.387 4.820" ± 0.188 2.850" ± 0.147 1.475" ± 0.210

mJ,J1CU
~•

ftm~CU::t111n!lU1J,J::U1'l

(%,wlw) - ""'IItNl.I'l LfI1\l

1.0 b
3.65 ±0.34

1.5 ab
3.71 ± 0.48

2.0 ab
3.93 ±0.38

2.5 ab
3.93 ± 0.47

3.0 3.96" ±0.50

J J
I'l::LLUUL'ilft(J ± L1J(J~L1JUJ,J1fl111U

,
nflULLft::1ft"l1M fl'l12J'11tl1J1'lJ,J

, ~

.. a.b.c, ... ';'lLft'll;;;j';'ltln1rtlhnmh"nuluLLu'l,y"Liiu'lnulLflnfi~nutlth"iiU(Jihl'il\l (p~0.05)
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.I , .... ~ .....It... 1"
'11nflt1f1-3V1 4.33 'VlU~1lJflJ1lU\l1lJ::\l1~V1L'DlJ~flVl1 \olPl::LL\l\lml'tJtllJ

nm1-3t1f::el1V1ftlJll"eliu,/r,\lflnl:tlU::t1f1n!l il LdtlftlJll"eI n~\lLLfl::fel'll1;; LLfl::Pl~1lJ'lItlUMlJ

LLfIlnI'i1-3tlf.i1-3ihItlth;rCYVl1-3e1i'i;; (p ~ 0.05) (mf:jLPlf1:lfPl~1lJLLtlTtlf~\lLLellII-3~-3f1t111-3~
~ ~,

-3.22 t11Pl~\l~n -3) LLfl::'VlU~1m1iflhlJ::U1~UW1lU 1% iJ'ltl\hmrn'lltl-3\llJri~L1.1fitl-3'1::yhi\\'

~1~LL;-3~""iiPl::LLU\liu'/h\lil n~ULLfl::111'l11;; LLfl::PI~1lJ'lItlUMlJ~-3~t'l1ll LLfI::iiPl::LL\lULdtl

ftlJll"eltl~ i\l'li~-3tilJlJ1n ii-3tilJ'Vltl~

li r « :J £I ~4.4.4.2 HfI'lItNmr\,\1 IJ'll!lLUP!'ll!!nPl::ntlu

'" .1_'" ~ ~:J J'I ~... ~_ ~ •.,
LlJtlLLlJTlJflJ1lUU11'1lJ'IIIILlJU 4 1::IIIU Pltl 1.5, 2, 2.5 LLfI:: 3% W1t1\l11.1"n

.it .. u' ~:i
'lltl-3\llJu')L1.1f1tl-3 \III~ fin1mlllfltl-3LLII1M111-3U

1'i1L1l~t1~11.1lInLl'h~l'itl~11.1lInLlJftlll~~L1.1fitl-3 (gIg, dry basis)

UW1lU'lltl-3LLoii-3 (%) LLfI::UW1lUttlf;;U(%, dry basis) i\lLilf1~LLoii-3 LLellII-3~-31!!111-3~ 4.34

1..1. 2'"
Pl1L1lfltlPl~1lJLL'll-3 (Hardness, g/mm) Pl~1lJL1.1UtI~ (Cohesiveness)

~ • 1 .It .\' • ~ .I
LLfI::flnl:tlU::lJ11n!l'lltl-3 L~11 ':J LL'll-3 LLII111-3 111-3 flt1 f1-3V1 4 .35 ,

f'I::uUUVIPIIItlUVl1-3t1f:: el1V1ftlJIl"11'11 tl-3 Ltli1~ ~oii-3 UII111-3~-3lJ11 f1-3~ 4.36
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...I ,..I ~ ... til ~ • ~ .. • •
lII1T1~)IJ 4 34 P11l'llfttlU1l-1Umilh\1l11tJU1l-1lInUJft"'O'lLl-IfttJ~ (g/g, dry baSIS) tli'~1ru'lltJ~1l'll~

(%) llft:tli'~1ruttlr~u (%, dry basis) 'uulh~1l~~~'LIi''l1nmrlltlM~1ruJ1
J< :I .I~.Jt."l ~."I • I •• ~ r ~
1'l~'l"'V1 l"DllJUl1I'll1lnl1l:ntJUllJU 1.5,2,2.5 lift: 3 lutJrl'DUI1II"'t1U1l-1UO'IItJ~

,
~ ..

~O'l Ll-IfttJ~

tli'~1ru
• :I
lh"~'l'"

(%,wiw)

1.5

2.0

2.5

3.0

(g/g, dry basis)

0.405 d ± 0.003

0.423 c ± 0.002

0.433 • ± 0.001

0.444 • ± 0.002

(%)

20.181 d ± 0.172

22.809 c ± 0.194

26.509· ± 0.316

29.407 • ± 0.854

(%, dry basis)

57.572 d ± 0.664

58.959 e ± 0.710

60.555 • ± 0.617

61.913 • ± 0.854

,
a, b, C,... l'i'llft'll~jjllT'ltinl:trri1rilJPh~riu'UllU'l,T~ l~tI'lri~' 11l1lnph~riutJth~jjlItllh~'cy

(p ~ 0.05)

.I • • '" r ~ :I .I~.Jt" .~. ~ r ~ ".'t' r
'l1nI1l1f1~V1 4.34 rllJ'l1lJr~1ruu11'1~'l"'V1 1"D~lJftV11 Il-IU1l-1UOlI1l1':!lIItJU1

l-I1InUJft",fi'lll-liitJ~ tli'~1ru'lltJ~ ll~~ lift:tli'~1ruttlr;iu'ULlX1~ll~~ 11l1lnlli1~tJth~jjlItll'h~cy

V11~l'liiji (p ~ 0.05) (mr:'iIPlf1:MPI'l1~lltlrtlr'lUlll'l",~;r~11I1f1~~ ~.23 n1P1IJU'ln ~)
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.I ,.1"( 2)" (C' )l!!1I'NV! 4,35 1'I11'!lftlll'l'l1lJLL'II~ Hardness. g/mm 1'I'11lJllolUll'"I ohesiveness LIft::

ft'nl:tcu::t!11n!JlItH LJf1~LI~~~~"l1nn1rLltin.f'iolJ1CUJ1&lJ~l'I~iob'liluJi'lllln. ,
lII::ntlulilu 1.5. 2. 2.5 LIft:: 3 ItltlfloiUlll1l'1111l11olIInlltl~UlJli'llloliltl~

tli'lJ1CU
• 01

Idtl~IUUlJ1111131U ft'nlffil::t111n!JlItl~ILlh~1'I11'llftll .±. ::
1'I'11lJ LI~~ (g/mm2

)
..

1l1&lJ"ll'l 1'I'11lJllolUll'l

(%. wlw)

1.5 10.519 • .± 0.853 0.251 c .± 0.005 jjP'ltu~ihlftniitlll Idtll"'1~l'Iri'Wi
s ..:

IUtlUlJlJ1n

2.0 14.861 e .± 0.350 0.271 b .± 0.002
.. ..I..." .r............ ...
lJP'ltuV!~'1lftnUtltl IUtl11ll1~lIIl'1nUl'I

S ..:
IUtlUlJ

2.5 34.273 b.± 0.810 0.278 Ob.± 0.008 ...... .. or If'.
~'11111Ul'I LUtll'ltlU 1~LI'II~

3.0 42.548 • .± 1.812 0.282
0 .± 0.008 il'lL111U~ IdtlPltlu4h~LL~~

(p S 0.05)

.I , • r:l r Jt' :: .10..11" • 1-" ' "
"l1nIll111~V! 4.35 VlU'I1u1lJ1CUU1fllJ"ll'lV! 11llJ~ftV!1 1II1'111'l'l1lJLL'lI~ LIft::

1'I'11lJI1oli1tl'llltl~I"'1~LL~~ LLlllnl1h~tlth~jjlIllth~l\IV!1~t\Ci;; (p S 0.05) (n11iiI1'l11::1of1'l'l1lJ

Lltlrtl1'1ULlt\l'I~Iii'~1II111~~ ~.24 1l11'l~U'In ~)



..I .1 .r. ~ .!C" G ""'.!C .1_'" ~ k:I .J'-!f,., ~,., .1 £G .ss: ~ ~
mn~l1 4 36 f1::11UU11"~ft1J111~u7::~111..lJlJ~'II~Ll'I1~1l'll~ 11 lVI"11nm711uru7lJ1lUU1fllJ"I"'11l'DLuU'l')LlJU 1.5, 2, 2.5 lll'l:: 3 Luft7L'DUl'IlVIUU1\4Un

mlJ1n.1
• :I

flm~n.I::tInnnU1ltlJ .."

(%,wlw) 'II~ibL,h~

1.5 3.517"± 0.459

2.0 3.920"± 0.235

2.5 3.851' ± 0.569

3.0 3.975"± 0.446

,
nftUlll'l::7~'D1~

4.540"± 0.369 1.9SS
d ± 0.263 4.011' ± 0.499 2.764

b ±0.516

4.292
b ± 0.403 2.985

c ± 0.037 3.890" ± 0.40S 3.710" ±0.250

3.933
c ±0.488 3.958

b ± 0.194 3.81~ ± 0.208 2.472
c ± 0.276

3.778
c ±0.583 4.642" ±0.404 3.633" ± 0.301 . 1.78S

d ± 0.210

, .
a, b, C, ... ';'lLl'l'llYiil.r'ltin1=mhri1J,h~riutUllU'lfi~LfiU'lriullfln,h~riuft,h~ilumh,;cu (P':::: 0.05)
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oJ , .~ r ~ :: oJ'\:J!" • '\:" ~
~1nI/11t'HVl 4.36 VlU'l1lJtIJ1NU1nlJ~II1Vl'lI1J~ftVl1 IolI'I::LLuumt!ltllJtU

Vl1-1Ut::1I1VlftlJa'lIiuiIi'1ufl'm:tN::Unn!J il latlftlJITII n~ULLft:;tIl1l1;j LLft::fll'l11J1ItlUfilJ

lLII1niii1-1tltJ1-1Oil'mhifCUVl1-111ti~ (p s 0•05) (mt~LM1::"'1'I'l11JLLUttl t'lULLII111-1111-11/11n-l~
, ... r:: ~.. I.. . ...

-1.25 n11'1~U'ln -I) LLft::VIU'l1m1illU1«1J~1I1l111J1N 2% tII1tJu1IolUn1Jtl-lUIJMllolfttl-l'::Vl1'l:1ol

~~LL4l-l~UIi'OI'l::LLUUiuJhufl'm:tN::U11n!J niULLft::tft1l1~ LLft::I'I'l11J1ltlU1'l1J~-I~t'l1l1 LLft::

.I .. ~n, ..: OIl': .-
I'I::LLWLUtlftlJ~lItl'il.UlI'l-lUIJIJ1n (l-lUIJVltlll1

"4.4.4.3 Hft1Jtl=lmt\{wNU;JtI'l}l'l1\UO\,UJj''ll/1nl/1::ntlij

.. :'1'''' all\..... ~
UJtlLLUMIJ1NU1nIJL1JtI'lIol'l1ULlJU 5 1::II1U Pltl 4, 5, 6, 7 LLft:: 8% LII1!lU1

, "
IolUn1Jtl-lWtl'l LIol fttl-l UIi'~ftm m 111 ft tl-lLLII1I1-1I1l-lil

I .I ~ ... ....t r... ;., ..
fll1LllfttlU1'11UnLI/11':!lIitlU1WnLlJfI"'O'lLlolfttl-l (gig, dry basis)

·l111J1N1Jtl-lLL~-I (%) LLft::l111J1NLU1~U (%, dry basis) iULUf1~LL~-ILLIIII1-1I1l-l1/11n-l~ 4.37

..1. 2"
Pl1Lflfltll'l'l1)JLL1J-I (Hardness, g/mm) fll'l1IJLIolUtI'l (Cohesiveness)

~ .1 ..k". ~ oJ
LLft::ftnl:tN::lJnn!J'IItl-lWI1\lLL1J-I LLIII/1-1I11-11/1111-1Vl 4.38 •

I'I::LLUUVl"'lItlUVl1-1t1:::ft1Vlft)JITft1Jtl-l L11f1'!LL~-I LLftll1~"'-I1/11:1-1~ 4.39
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.J I.J:- ... " ", ~ ... ~ ... '''~O'm11:m 4,37 1'I1l'llft!JU1\lUn1Ul1~lIItlU1\lUm~ftlllCl'll\lfttl-l (gig, dry basis) LJr~10.1'JJtNU'JI-l

('Yo) Llft::tl1~10.1turP1U ('Yo, dry basis) ·b.uJf1~LI~-l~'lilf~1nn1ruurtl1~10.1J1

«~l;!J'lWI1Uvhflilu,j''l"n,,::ntlUlilu 4, 5, 6, 7 Lift:: 8 lutlfLoiUJI1lll!JJ1\l\l'n
,
~ ..

'JItl-lU~Cl'll\lfttl-l

•
Pi1l'llil!J ± lrl!J-lllJ~1I11r31Utl1~10.1\h

t\')Jl;!J'l\l'l1U J1\l\l'n LPi1~l1Itl tl1~10.1'JJtl-lLI~-l'lulllh~ UMO.IturP1u'luLPi1~. ,
('Yo, wlw)

. ... ...... ....
('Yo) ('Yo, dry basis)U1\lUm)JftlllCl'll\l fttl-l

(gig, dry basis)

4 0,396 • ± 0,004 17,566 • ± 0,087 56,082 c ± 0.417

5 0.411 d±O.OO1 20.233 d± 0,151 58.223 b ± 0.411

6 0.426 c ± 0.002 23.578 c ± 0.046 59.871 .. ± 0.770

7 0.431 b ±0.001 27.321 b ±0.283 60.894 • ± 1.685

8 0.438 • ±0.001 29.276 • ± 0.304 • 61,089 • ±0.669

..I , • I': : J( "' ..I1J!"' · 1-1<: ~ J! "
~1n"111-lVl 4.37 "'lJ'l1LJr~10.1U11'l~l'JIfJ'l\l'l1UVI 'Il~lJftVl1 'YIU1\lUm'l1~. ,

I1Itlu1\lum)Jfilii tr'll\liitl-l tl1)J1O.I'J1tl-l LI~-l Lift::tl1~10.1tu1P1u'lultli1~LI~-l Lillin11I1-ltltJ1-l jj

U!Jft1~'lIVI1-lftiiUi (p ~ 0.05) (n1r?Ll'lr1::WI'I'l1~LlunJr'lULlftlll-l~-l"111-l~ -l.26 ml'llJU'ln -l)
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!!J111:3rl 4,38 1'l'l1'll;!lI'l'l'llJLL~:3 (Hardness, glmm
2

) 1'I'I'llJn"um (Cohesiveness) LLft::

ftnb'N::tI1'ln!J'Jtl:3I~1~LL;j:3~"1nn1fLL1JnfrlJ1NJ1 «lJ1;l!l'l\-l'l1U~'lfIUUII1'1
~ ,

II1nPl::ntlUIUU 4, 5, 6. 7 LLft:: 8 lutlfloiUll11111!l\l1",un'lltl:3UlJn'll\-liltl:3

5 14.062 • ± 0.435 0.263 e ± 0.006

6 16.611 e ± 0.757 0.271 be ± 0.001

7 27.107 b ± 0.921 0.276 eo ± 0.004

8 31.697· ± 1.301 0.282· ± 0.007

,

• :oJ
tJTlJ'lN\l'l Pi'll'llft!l ±

«lJ1;l!l'l\-l'l'lU •I'I'l 'llJLL'II:3

(%,wlw) (g/mm~

4 6.035 • ± 0.148 0.249· ±0.001 ~'1i1!lU;lldtllllh~lI1ri~ IdtlcilJ

lJ'ln

-- ... .:.1''''....... .:..:
~'1IT!lUII1IUtll"'ll:!Plll1nUll1 IUtlUlJ
... ..r I J! •
~'1 Lf!lUf/l LUtll'ltlU'II'l:3LL'II:3
.... .....r , ~ •
~'1IT!lUII1 IUtll'ltlU'II'l:3LL'II:3

.- ... .1 1 11·
~'1lf!lUf/lIUtll'ltl\J'II'l:3LL'IJ:3

. ~

a, b, C,... 1I1'1lft'll~jjll1'1tlnb'fri'lriutJi'l:3nui\JLL\J'III1:3lil!l'lriu LLII1 nPi'l:3 riUtlti1:3illI!lft1~CV

(p ::: 0.05)

"l 'ln Pl'lf'l:3~ 4.38 ViU~'lmlJ'lNJ'l«lJL;lu'1\-1 'I'lu~iii'l~ftvh'l,xI'l'll'l'l'llJLL~:3

LLft ::1'1'1'llJI\-Ium'lltl:3llA''l~LL;j:3 LLPlnPi 'l:3tltl'l:3i'l1ItJft'l~l1J'Vl 'l:3 ft Ci~ (p s 0.05) (mT~ li'I1'l::i1'1'1'llJ

LLUftlf'l\JLLt'lIl1:3I1i':3Pl'lf'l:3~ :3.27 tl'lI'l~U'In :3)



.'

I .... I

- .1 .r. ~ " " a ~" .I_r.<· .i' - -1:" '" ~ '"f).111~Y! 4.39 I'l::LLtJUl1f)fttlU'n~u1::ftl'nrtlJlJft'll~Lf11\lLL'II~ 'n Lf)'llnnJ1LLmu1IJltUUlr1IJL'IIEJ'l'll'llU'n 'IILUUfl'lIRnf)::ntlULuU 4, 5, 6, 7 LLfI:: 8.. ,
L1JtlfLiJlu.rlltEJ1h'llun'll~UIJti'lL'IIfi~

4.559" ± 0.265 1.990" ±0.158 4.143" ± 0.268 3.160" ± 0.515

4.537" ± 0.261 2.81O
d

± 0.181
ab 4.540" ± 0.3134.000 ±0.140

4.272" ± 0.354 3.212
c

± 0.105 3.925" ±0.422 4.497" ± 0.382

3.86T ± 0.574 4.115" ± 0.567 3.325
c

±0.245 2.552
c

± 0.558

3.975
c

± 0.580 4.457" ± 0.349 3.280
c

±0.292 2.203
d

± 0.307

mIJltU..
U1~IJL;lEJ'l'll'llU ft'n1ffiA::1Jl1n!J

(%, wlw) - .. "'IJ~IJ'lLf)l\l

4 4.120" ± 0.530

5 4.400" ± 0.417

6 4.447" ± 0.258

7 4.475" ± 0.287

8 4.470" ± 0.261

OJ OJ
I'l::LLUULtlflEJ ± LU~LUUIJlf)131U

a
l'l'llIJLL'IJ~

,
nftULLfI::1ft'lllii l'l'llJJ'IItlU1'lIJ
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.I , .... t ~ .. ..1..1:'''' ~.\'
'\1nllnf'NVl 4.39 "1J'I1uf~1N~11'1~L'Iltl'l""'11~Vl L"JI~lJftVl1 Ll1l'1::Ll~~

mrtltl~fuVl1-llJf::tl1Vli~crtli\Jhuflm:tN::UMn!l ft Ldtli~crtl n~ULlft::ftl'D1;\ Llft::1'I'11~

'DtllJf'llJ LlPlnP\1-ltltl1-lil1l'tlft1';f\jVl1-ltlOji (p s 0.05) (mf7i\l'If,::\iM'lJLllJrlJf'lULltl\ll-l~-l

1111f'-l~ -l.28 ml'llJ~'1n -l) Llft::Vl1J~,mfi~lhtlJ\;l!l'l""'1'Um~'N 5% Wi!lJ,,,.,lIn'lltl-l~

cr'l L".,fitl-l'\::~1 i~Lllh~~U'ilPl ::Ll~~i~lh~ftm:tN::llf1n!l ii ni~Llft::ftl'll';\ Llft::PI'I'lJ'Dfl1Jf'l~
.I .-l .lr .r. ~ .li.J': ....: ..

~-lVltlPl Llft::lll'l::Ll~~L~t1 ...lJlJfttl'il ~"JI'I-l~~1n IN~"tllll

~,mmllifttl-ltPltliflli'llllnlll::ntl~1l1~1NP\1-l1 Llft::'lNWJmUmfPlnPl::ntlU ~-ld

1l0011Wpj'l'!!OPI;ntl~ UnJ1Npj''llJlnlll;ntl\,l fllJ,WlJ[lym fPlnlJl ;ntl\,l
~ ' ..

('Yo Wi!l\h".,un~li'lL".,fttl-l) tC)
~• 1 90• U1~::~1'1
~ ::

- ~,t\'lJ'\PI 2 90
~

,
-lht\'lJ\;l!l'l""'1'~ 5 90 -.

• CaSO•.2H2O* 1 75

- MgSO•.7H2O* 1 75

• CaCI2·2H2O* 0.5 85

• MgCI2.6HP* 0.5 85

(* v'hmmPlfttl-ltPltl~PI\\lJft-llJ,'\,n7jnfl-l deMan, deMan Llft:: Gupta, 1986)

iolltilllM\1'1i~mfn'lU~lJcr'l\".,fifl-lllN::\;\~lIi'llllnlll::nfl~lvhn1J 150 ftl1JP\t1~'Yi
~.II.~ ~ .I.lr _iII .It".!: ,~ -~ ~~.l:' ~ .lrLlft:: L"JIw,,,.,~nnPlL"fl'll~~ ... tl~\PI'14Ll"JI-l\Vl,n1J 3 nLtlnrlJ WIlJtlmmPlftfl-lLlftPl-lPl-l~

~ ~ ,
l'Ift1iUf1'flJlnlll::ntl~ Llft::\h".,lIm~1~l1itll.h".,lIm~ftPlli'll".,fitl-l (gIg,

· ~. ".\'. ~ .Idry baSIS) L~lIn'llLl'll-l LltlPl-lPl-llJl'\f1-ll'l4.40

l'I1\l1il!l1l1~'NlItI-lLl;j-l (%) U~1Ntllf;i~ 1l1~'Nll1l1"~ U~1NL~1

Lltl::tB~'Nl'I,f(1J'In\PlfPl (%, dry basis) i~\ihtILlil-l LltlPl-l~-lPl'\f'-l~ 4.41

1...1. 2"
l'I'\l1fttll'l'l'~Llll-l (Hardness, g/mm ) l'I'I1~\".,~tl'l (Cohesiveness)

~.\ .If". ~ .I
Llft::ftnl:tN::lJf1DO'ltl-l\"'14Ll'Il-l LltlPl-lI'l-l1ll1M-lVl 4.42

l'I,ii (L, a Llft:: b) lItl-lwhtILl1-l Lltllll-llli-l1ll1f1-l~ 4.43
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.1 ¥.V "". v oJPI::LlUUVlt'lfttlUVl1..:JlJ1::ft1Vl"lJ~ ft'lltl..:J W11l:l Ll'lhl Llftt'l..:J t'I..:J11I111..:JVl 4.44

LPlNftl'1..:J'l/tl..:Jll!h~Ll';..:J"''ltl SEM Llftt'l..:Jlii'..:Jzti~ 4.2 Llfl:: 4.3

~ I.J :- .. ".'t It' ...
!1nnl1'l 4.40 Pl1Lllfttll'lft11um1I11nl1l::ntlU (coagulation time) Llfl::U1IolUnLl1I1':jl1ltlU1IolUn

LlJftt'l6'lllolfltl..:J (gig, dry basis) 'I/tl..:JuIi'1~Ll';..:J~~ftl1lLt'!tllfJ1lJ::u1'l 1% J1
:r .. ~ ..

t\'lJ"lt'l2% U1I1lJl'l/tl'lIol'l1U5% % CaSO•.2Hp 1% MgSO•.7Hp 1%
y •

CaCI2.2H20 0.5% Llfl:: MgC~.6H20 0.5% Lt'!tlU1IolUn'lltl..:JUlJcl'llYlfltl..:JlUU

Pi''ll1ln,,::ntlu

l'lft11um1111011l::ntlU ~1IolUnL4h~Pltl
Y •

0U1V1) U1IolUnLlJftl1lci'llYlfltl..:J

(gig, dry basis)
•

U1lJ::U1'l 1%
Y :s

U1t\'lJ'It'I 2%
Y ...

U1t\'1J l'lltl'lIol'l1U 5%

CaSO•.2Hp 1%

MgSO•.7Hp 1%

CaCI2.2H20 0.5%

MgCI2.6Hp 0.5%

87.960" ± 3.904

83.943" ± 2.435

85.893" ± 5.771

95.577" ± 1.848

19.933
c ± 0.527

16.140"± 1.280

13.980· ± 0.399

"0.414 ±.,0.002
'.

0.419" ± 0.001

0.419" ±0.009

0.440" ±0.001

0.438" ± 0.007

0.437" ± 0.009

0.438" ± 0.003

..I I...... ..,.",
"l1nI1l111..:JVl 4.40 "U'l1'11Ut'I'IItl..:Jl1I'll1lnl1l::ntlUlJ~fll1ltlL'lft1IUm1I11nl1l::ntlU Llft::

Y Y ,

u11ol\1'nuIi'1~PltlU110lUnLIJft t'Icl'lllolfltl-ltl th..:JilUtllhrTru (p .5. 0.05) (mMll'l11::1fPI'l11J Lltl1tl1'lU

Llflt'l-lIii'..:J11I111..:J~ '1.29 mPl~U'ln 'I) Lt'!tl'l::Li4u'UJi~1m11f MgCI2.6Hp 0.5% Wwi'll1ln,,::ntlu
, k . .r. oJ .01 : ~..."... v

"I:: :ul'lft1Ium1"nl1l::ntlu"uVlIlI1l lUtl..:J"l1n MgCI2.6H20 ft::ft1tlU1I111t'1'NLll1lnl1l'l Llft::n:::'l1tl

1ii''l'UJitlti1..:J1'll1llfilUUlJcr'lllolfttl..:J ft'lum11f CaSO•.2Hp 1% ltlulii''ll1lnl1l::ntlu''l::lfl'lft11u
oJ .01 :~.!'~.. v V~.!'k

mmn,,::ntlUU1UVllllll lUtl..:J"l1n CaSO•.2Hp ft::ft1tlU111111111 'HWllnI1l'lLlft::n1::"I1tlPl'l l1li'111
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(deMan, deMan and Gupta, 1986; Shurtleff and Aoyagi, 1987) llft::mriiJi'lJlnl11::ntJu

tln~ 'l::l'i1i"l,r1~ II;'1~i~ijf'i 1~11.",1'nl~1~1Ii tJ~1M1l'n llJ fll11 cr'llMfttJ'I ~'1 n~ -m1rii~1~ ftur
I11r::Qft~lJU]uJi'll11nl11::ntJu lrttJ'I'l1nJi'll11nJl::ntJutln~U;lJ1ru~iift1lJ1,nl11nJl::ntJuttlr~uiu

UlJcr'lllllfltJ'IINlJ1'lIilJ1nn~1m rHJ1~ft 'bj'lJlr::QftA'lJ lII'Illftl11'1iUlJl1r1'1~ 4.41



'!1m~ 4.41 ';1LtI~tJtIhncu'lltNLL;j~ (%) tIiJJ1cu'Ltl1;iu (%, dry basis) unJ1CU1'11JJu (%, dry basis) mJ.l1CULtl1 (%, dry basis) LLft~J.l1CU

rl1fLu'lDL"711l (%, dry basis) 'luLWl1!LL;j~~l./aI1lLfltJHJ1J.l::U1'l1% J1t\'J.l~" 2% J1t\'J.lL;;m'Ll'l1U 5% CaSO•.2HzO 1%
~ ,

MgSO•.7HzO 1% CaClz.2H,Q 0.5% LLft:; MgClz.6HzO 0.5% LfItJU1'LlUn'lltNUJ.ln'lL'LlfttNLUui'll1lnl1l:;ntlU

(%,dry basis)(%,dry basis)(%,dry basis)(%)

(%,dry basis)

~

,ht\'J.lL;;m'Ll'l1U 5%

CaSO•.2H,Q 1%

MgSO•.7HzO 1%

CaClz.2Hp 0.5%

MgClz·6HzO 0.5%

21.711" ± 0.074

23.079
c

± 0.802

22.676c ± 0.121

20.402
e

± 0.044

27.796" ± 0.056

28.755" ±0.110

28.946" ± 0.150

"58.199 ± 0.330

58.316" ± 0.293

58.177" ± 0.509

59.573"" ± 0.313

59.39700 ± 0.171

60.658"" ± 1.633

61.103" ±0.158

27.601 ± 0.604

27.816 ± 0.474

27.830 ± 0.221

28.576 ±0.101

28.367 ± 0.122

28.696 ± 0.859

28.255 ± 0.332

2.273e ± 0.124

2.182e ± 0.077

2.132e ± 0.031

4.560" ± 0.247

3.655
c

±0.181

4.181" ± 0.161

3.198" ± 0.093

11.92'" ± 0.717

11.686" ± 0.693

11.861" ±0.449

7.291
c ±0.578
b

8.581 ± 0.299

6.465"± 0.649

7.444e ± 0.325

a, b, C,•.. Pi'lLft'll~ili'ltinm,hnuJi~nu'luLLU'l,T~L;itJ'lnuLLJ1n,h~nutlti~ilutJ~1.rt\J(p ~ 0.05)..
ns 'WjjUtJlh.rt\J'I'I1~ftiiji (p > 0.05) .'



-.
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f/l')71~~ 4.42 l'I'lI~~t1I'\'l'UJU~ (Hardness, g/mmz) PI'11lJ\\~\1tl'1 (Cohesiveness) Uti::

ftnl:lfU::tl1'ln!llltl~l~h~u;i~~"'fllll'lfll!JlfJ1lJ::U'l'1 1% J'lllJ~f11 2% J'lllJ

l;;tl'1"''1'lU 5%CaSO•.2Hp 1% MgSO•.7HzO 1% CaClz.2HzO0.5% Uti::. ,
MgClz.6Hp 0.5% 'lfIItl\h",,rn'lltl~UlJti'1l,,,iitl~ltl~'1l1lnlll::ntlu

• . J OJ
ftn~ru::tlt'm!llltl~Ji'l~lIUflllltl~ PI'lI'lltlll ± IU~IUUlJ'lPlt3'l\l

IIi''1PlnPl::ntl\l • ...
1'\'l1lJUlI~ PI'11lJ l"'U!J'l

z
(g/mm)

•
12.745" ± 0.508 0.260" ± 0.005 iilfitu~W'1lftnUtlll ldtlihJlJ1n ft1l1'11l1lJ::loI1'1 1%. ::
15.757 lx: ± 0.433 0.273"" ± 0.005 illfitu~W'1lftnutl!J IdtlihJ ft1l1'1"hllJ"'" 2%

•
0.267""± 0.005 ... ..I.. U or.: ftt.11t\'lJ 14.657· ± 0.276 lJlfituVl"''1It1n tlll IUtlUlJ 111'1

...
l'IItl'1"''11\1 5%

10.347· ±0.762 0.260" ± 0.006 .... ... UJ·..J· ~ ihJCaSO•.2HzO "''1lftlUlUtlU lJlVI"''1 IUtl lJ1n

1~ ft1l1 '1Plm
'.

Mg50•.7Hp 16.299" ± 0.524 0.283"" ±0.018 .... ... 'W... ..I. .I ihJ ft
"''1lftlUIUtlU lJlVI"''1 I\ltl

...
1% 1I1'1P1flJ

CaClz.2HzO 19.909· ± 0.604 0.287· ± 0.021 .... ... 'Wjj..l. .I • ~
"''1lfllUIUtlU 1VI"''1 IUtlPltlU 1~

0.5% • ft ...
II'II~ 1I1'1P1flJ

MgClz·6H20 20.470· ± 1.246 0.290· ± 0.017 .... .. Uj- ~- .: . f"''111tlUIUtlU lJlVI"''1 IUtlPltlU 1~

• ft ...0.5% 111I~ 1I1'1P1tlJ

"l1nlll1f1~~ 4.42 YlU~111nflllltl~IIi''1l1lnlll::ntl\ljj", flllitlPi1P1'11lJ u;j~ Ufl::PI'11lJ

l~tl'1l1tl~lilh~ui~tl!h~ihrtlt;,;rtVVl1~lIii~ (p =:: 0.05) (n117iIPlf1::liPl'l1lJutlttl1'lUUftfll~~~

1Il11'l~~ ~.31111I'l"'U'ln~) 'lfIItlYlUtl1n111f CaClz.2HzO 0.5% Uft:: MgClz.6HzO 0.5% Itl\lPi'l

• ~".., " • ..I~~...,. .....1 ' 11IIlnlll::ntlU"l::VI11"'IPnl:lU'II~V1ll'1lJPl11'l'l1lJUlI~ Uft::1'l'l1lJI"'Utl'1\1~V1qfll Uft::n1t 'II

C SO ° o/c .!'L .... • ~." " " • ..I~~...'. ... ~..Ia •.2Hz 1 0 WW'1'llllnlll::ntlU"::V111"'If/l')l:IU'II~V1l1'1lJl'l'lI'l'11lJUlI~Uft::PI'l1lJl"'Utl'l1ll1V1qfll

ti1",fuftm:tru::tl11n!llltl~19h~u;j~YlU~1 n1tlfJ1"'ft~J~ 3 lIn"'lilu9i''lPlnlll::ntlUI~hl!d~
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"l:jji:l'lYl'Wl'itlll(TlllJ ~.nth~ftlllftlll~tl~14h~II;j~miJ1~fl ~1'l':Qflt\'~Jluufi'llJlnlJl:ntlu fhu

ulh~II;I~mifi'll'lnlJl:ntlutln~luulli'll'lnl1l:ntluJf11!II;I~"l:iiel'll1tJlJlilt1un~1LllIit'i"l::iiflPlJ1

n~1 ~tljjfttltln ft1l1'l~U ft'lUI"'11!LI~~iiJ1IJfl ~Luulli'll'lnl'l::ntlU"I:jjft~1'ln~1 ~~"I::Ii1u1lli'
, ,. . .!' .0; • .j ~ ~_ ..I ~ 1, .j

"I1nPl1f1 (L, a Lift: b) ~MII'I1';1L1~~VI'llll\llltllPl'tl~ Chroma meter ~Llt\~ LUI1I1'1~YI 4.43

.j ,,. . .l<" • .j-~ 1Jl f f.l<':
Pl1t1~1'1 443 IIftIMPl1f1 (L, a 11ft: b) lIMII'I1~II'11~VllJftI1lLl1Ill L'lIU1lJ::U1'l1% u1f1lJ"I11I2%

f ..
U1t\'lJLlltJ'l\.1'l1U 5% CaSO•.2Hp 1% MgSO•.7Hp 1% CaClz.2HzO 0.5%

" ,
Lift:: MgClz.6Hp 0.5% 1IIIIDl1\.1l!nllMUlJti'll\..ftfl~luufi'll'lnl'l::ntlU

~Wllltl~
, :oJ :J

Pl11tlfttl ± IlJtI~LlJUlJ11'l'31U

Pl'll'lnl'l:ntlu L a b

"U1lJ::U1'l 1% 85.820" ± 0.571 -0.747' ± 0.055 18.717= ± 0.255

" .: 85.837" ± 0.211 -0.383
d ± 0.032 18.313

d :t 0.552U1t\'lJ"IIII 2%

"U1t\'lJl;ltJ'l\.1'l1U 5% 86.983" ± 0.433 ·0.600' :t 0.044 18.437=± 0.666 , .
CaSO•.2Hp 1% 84.270° :t 0.204 -0.150° :t 0.060 20.323" ± 0.300

MgSO•.7Hp 1% 83.343° :t 1.013 0.937" ± 0.180 19.147
Oo :t 0.422

CaClz.2Hp 0.5% 84.097
c ± 0.705 0.040" .± 0.030 19.730".± 0.395

MgClz.6HzO 0.5% 84.160° ± 0.419 0.087" ± 0.015 18.687= :t 0.175

a, b, C, ... lli'llft'll~jjlli'lt1m:t"i1nlJl'h~nuiUIIU'li~\~tI'lnu IIl'lnl'h~nutl!h~jjl!t1ft1I'iru

(p s 0.05)

1'i1 L IIftl'l~Pi1Pl'l1lJft~1~

ph a IIt\III~1'i1ftIlIM

Pi1 b 1It\I1I~phfl\\.1fttl~

"I1nl'l1"N~ 4.38 VllJ'i1~Wl'lltl~fi'llJlnl'l::ntltW~flllitlPhft~tl~Jf1~II~tl!h~jjl!tJ

ft1lliru (p s 0.05) (m'~\P1'1::\ofPl'l1lJlltl7tl''lUllftl1l~lli~1'l1r1~~ ~.32 1l1P1~U'ln ~) 111ltJ\"'1~
• ..llt1- '1 ...r "I.':'=- -.. ., I , • ..I

11'Il~VlIPI"I1nm, I~U1~ft ~VI~ 3 ~W1IUUl'l'llJlnl'l::ntlU"l:lJPl1 L ~~0'l1 Jf1~1I'11~Yl1lli'''I1nmrif

Pl'll1lnl'l:ntlutln~ IIPl"l::iiI'i1 a Lift: b ~1n'i1



.I .... " • ..J ......~ ':' ~ t.t' ...mnm 4.44 f1::LlW'rlfl~tlU'rl1.:J1..I7::ft1'rlftlJlJ~'II&:1L';1'4Ll'll.:J'rllJflfltlllfJl'ilU1lJ::U1'l 1% U1~lJ"IfI 2% U1l'llJL'IIfJ'l'll'l1U 5% CaSO•.2H,O 1%
• •

MgSO,.7H,o 1% CaC'2.2H,o 0.5% Llfl:: MgCI2.6H,o 0.5% t..fJ1h'llUn'll&:lUlJci''lL'Ilft&:lLnU~'lflnfl::ntlU

'lliil1l'll&:l
OJ OJ

f1::LlUULtlflfJ ± LUfJ.:JLUUlJ1f1f31U

~

ftm~ll.l::LdtlftlJlift
,

f1'lflnfl::ntlU ftm~ll.l::tlnn!l ft nilu Llfl::fft'll1;i'" fI'l1lJ'iltlUf'llJ

•• 6.17" ± 0.72 7.87" ±0.60 abc 7.12" ± 0.91U1lJ::U1'l 1% 7.24 ±0.81 7.26 ± 0.34
• :s 7.37"" ± 1.05U1t\'lJ"IfI 2% 5.4( ± 0.89 7.78" ±0.59 7.10 ± 0.51 7.27" ± 1.08
•

U1IlJL;JfJ'l'll'l1U 5% 6.97· ±1.18 7.89" ±0.78 7.48" ± 1.03 7.28 ±0.33 7.33" ±0.97

CaSO,.2H,01% 7.13<±1.11 b be 7.23 ±0.60
ab

7.25 ± 0.71 6.86 ±0.78 6.64 ± 1.10
r

MgSO,.7H,o 1% 8.28"± 1.05 6.8~± 1.21 ¥>< 7.21 ±0.82
ab

7.03 ± 1.28 7.03 ± 1.28

CaCI2.2H,o 0.5% b 6.52< ± 1.12 6.72< .± 0.85 7.29 ± 1.05 6.38< ± 1.147.76 ±0.76

MgCl2·6H,o 0.5% ab 6.50< ± 1.28 be 7.27± 1.09 6.35< ± 1.217.95 ±0.62 6.84 ± 1.21

a, b. c, ... i'lLI'l'll~ili'ltln1'tTlhnUllhuruluLlU1;.:JL;ifJ'lnu Llflnfi1.:Jnutlu1.:Jiluflth"cy (p ~ 0.05)

ns biiiU'mhIlCY'rl1.:Jftii;i (p > 0.05)
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'I1nll1111-l~ 4.44 WlJ'i1'110", LlCl ::u;.)J1N'IItl-lPl'll'1nl'1::ntlWlIolClvi1P1::LlUUn11!Jtl)J

fu~1-lU1::ft1~ft)J~ft~1U intnU::U11nD a Ldtlft)J~ft Llfl::P1'l1)J'11tllJ1'l)J LLl'1n~1-ltl~1-l~~!J

th;(ty~1-lftiiPi (p So 0.05) LWi'bJ~IoIClvi1i~I'l::LlUUn1NJtl)Jfu~1-lU1::ft1~ft)J~ftitJf1unaULlfl::

1ft'll1PiLll'1nIll1-ltltl1-lihr!J~1;(ty (p>0.05) (n11~LI'l11::iI'l'l1)JLltlnJ1'lULlft"'-l~-ll'1111-l~ -l.33

tl1I'lIolU'ln -l) t"'!JWlJ'i1LIlf1l!Ll;i-l~i-D~1Io1ft~-i-l 3 'IIu"'Ltlulli'll'1nl'1::ntlU "I::~I'l::LlUUn1NJtl)Jfu

iwJf1uintnU::tl11nD~1n'i1LIlf1l!Ll;l-l~ifJi'll'1nl'1::ntlutlnPiLi~uPi'll'1nl'1::ntlU LWi"l::iil'l::LlUU

n1NJtl)Jfuiu~1Ua\1-ln'i1 LlCl ::WlJ'i1'i1L1lf1l!Ll;l-l~i~~1101 fl~~-l 3 'IIill'l LtluPi'll'1nl'1::ntlu"I::ii

I'l::Lluun11!Jtl)JflJiuIii'1un~ULlft::1ft'll1Pi'bJLll'1nIll1-l"l1nLllf1l!Ll~-l~i;rPi'll'1nl'1::ntlUunPiLtluPi'l

l'1nl'1::ntlU ri'lULrA'1l!Ll~-l~if CaCI2.2H20 0.5% Llfl:: MgCI2.6H20 0.5% Li~luJi'lJlnl'1::ntlu "I::

'LJi1'l::LlUUn11!Jtl)Jfuiuilf1ULdtl ft)Jaft Llft ::1'l'l1)J'IItllJ1'l)J~1n'i1Lilf1l! Ll;i-lm;r,l1r.lft~~-l 3 'IIUl'1

CaSO•.2Hp 1% Llft:: MgSO•.7H20 1% LOUPI'll'1nl'1::ntlU

~1,..fulolftn11;1n~ tI'lNft~1-l'lltl-l ulhl!Ll;l-lm~Pi'lJlnJl ::ntl~1-l 1 ~'l!J:j;

Scanning Electron Microscope (SEM) Llft"'-liUltl~ 4.2 LLft:: 4.3
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pJ~ 4.2 m vnhtJ Scanning Electron Microscope (SEM) ril~~ 'lI tJ1 tJ 500 lvb

lLl'l~~11'1 N l'l ~1~'lI~~ ulhiiu;~~1-ifliT~ IilnIil~nmJ~ llliln(ih~nufi~•
•

1) l.il~~Ul~ 1%. .o ~ _

2 ) Ul l'l~9~ 2%

3) Jl t\'W~ tJ~~~lU 5%
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p.!Vi 4.3 f11m11U Scanning Electron Microscope (SEM) fhf\'~'JJiJ1tJ 500 Lvh

LL~H11~tftN l'\1'1~'JJtN uih~!L~~~1-il[;]'lUinUI :;n tJu~ !LUI n(;h~ tlUAtJ

1) CaSO,.2Hp 1%

2) MgSO.,7Hp 1%

CaC ,.2Hp 0 s-
4 ) MgClz·6Hp 0.5%
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.. I-I .-I. ~ .. v v -1."1 r ~." l' •
'11n, ....VI 4.2 LIltllultlU lVltlUm.,ll~Vl1::1ll'll/lnlll::ntlUVlluUU1lJlIu.ll/It::1J lI1'1lJ 'I:: l\-lU

~~1ltli1~U;j~~ifJ1lJ::U1'llUwff'll/lnlll::ntlujjLPlNftr1~'WII::l~tlllllJ1n~qlll UII::jjItl1mPl

~,' .. ".\'. -li.l/ r l' .. ."1 '" .J! " • -I~.I/ r l''Il\..l111l ~"'C\j 1tl~ft~lJ1Pltlllll1 "ol U'II~Vl 'IIU1l'llJl'lltl'l\-l'l1UluU.,'llllnlll::ntlU Uft::lPl1':1 U'II~VlI'llU11'1lJ

:: ~ v ..'"~ 1<_ .. -I .. • .I .-I .... .. v v
'1l1llu\,ll/l'll/lnl/l::ntlwHPlNftT I~ft::ltltllllVlqlll Uft::lJItl1mPlltlnVlqlll Uft::LIltllultlUlVltlUnUl/I'l

l/Inl/l::ntlutln;iiuz1l~ 4.3 VlU~1\tli1I!U;j~~'lotiUPlft\;tllJPlfltl11'fli' Uft::UlJniMtllJPlIItlltlll\UU9l'l

Illnl/l::ntlU'I::iMNftf1~ft::l~tllll~qlll.Uft::ltli1~U;j~~ifUlJniMtllJfftlvlllllUwff'll/lnl/l::ntlU'I::jj

LPlNftf1~infl\~tl~nUn1tifJ1«lJ~1Il Uft::J1«lJ\~tl'l\-l'l1UlUU9l'ltJlnl/l::ntlU ft1"'fu\lhl!u;j~~

ifUrlft l;tllJfft lvll/IlUU9l'l1lln III ::n tlU'I::jjLPlN ft¥1~'Wft:: l~tllll Uft::jj Itl1ml'l'llU111li\-lqJ l1!uWItl'l

rlUn1tifJ1lJ::U1'lluuPT''ll/lnl/l::ntlU ~~lJftmt~m:t1LPlN ft¥1~'IItl~ ltIi1~ u;j~n'l::fttltJlPlfltl~r1lJ
~' .,.J! .\' v .I ".J! .\' • -I~_ I<~. , ..

lJftn1tl'lm:t1Pl1Pl'l1lJU'II~'IItl~UlI1"ol (Ul'l1ll~IMl/I1t1~Vl 4.42) Pltll.,1 "olU'II~VllJW1Nftr1~u.lft::ltltll/l

.. i ' .. , • l~.!' '.J!.\,. -Ii"r ~ 3. •.1
UII::lJlt\1n1I'1'11U111l \-IC\j '1::lJPl11'1'l1lJU'II~l/I1 UIIum.I1"olU'II~Vl 'IIU1lJ::U1'l Uft::UPlIIl'lltllJ'IIftlnlll

N'll/lnl/l::ntlu ri'lUlPi'1~u;j~~mPlNftf1~ft::lfitllllUII::jj,tl1n1I'111U111llftn '1::jjI'i1Pl'l1lJU;j~
~~.!' ." " • .Ii" r 1':: r l' .. .. ~ 3. ••1 ~ ~,

lJ1n'l1UUllUmIll1':1U'II~Vl 1IU11'1lJ'Il'I U1l'llJl1ltl'l\-l'l1U UlJnUI'IItllJ'IIftlnl/l UPlIIl'lltllJPlfttlltl'l Uft::

UlJnUl;tllJPlfttlltlllluu9l'll/lnl/l::ntlu ' "
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_~ • -.., ." " .. .2 _~~ l' . 1" t ~_l( l' .•"1••
4.6 HflO1mD1:t1tl1f,j011IOUHfllllucwnLlIJ1!4IUWlWl,1001U1Y1HflJliPlr;;QflnlJ \LUi

rff'llllDlII;;Dtly

~

4.6.1 Hflllfly011li'1l1lJ:;Y1'lWylff'll!!DlII;;Dtly

'l1D01ni1L~h~uojj~~Vi'l1D011'lfJ1lJ:;lm1% iM!JJ114,rDlItI~UlJfi'lL1"fltl~LtI~'l

l!!Dl!!:;DtlUlJ1utt'l'lurnI/lVlft11'l~D PS lIU1l!! 12.5 x12.5 x 2 em3
Uft:;"lJlIi''ltlYlfllJVlft11'l~D

• ..1 - •.."1 v.lv.,..1._.., .....1' K.
PVC IOUVI~N141JlJ 4·10 C wUL'lft1 7 'lU .llJP1'ltl~1~UJtlLDU~ftl!!/IN"I11l'10, 1. 3, 5 Uft:; 7 ·,U

~

'l:;Vi~ft01tV1l/1fttl~~~U

,..1,,_ t..l v l' .!t"( '."1
- 1'\1L'IIfttlnltlft:;1It1~U1V1lJDllUtltlD'l1DntlULpl1~ % Syneresis) Uft:;1'\11'1'l1lJLlJU

D1l!!·I'i1~ (pH) lltl~L~1~Uojj~ UI'lI/l~~~l!!111~~ 4.45

,..I. 2" (. ,.,
- 1'\1L'IIfttll'\'l1lJUlI~ (Hardness, glmm ) 1'I'l1lJl14Utl'l CoheSiveness) Uft:;1'\1fi

.!t..... v ..I
(L, a Uft:; b) lltl~Lpl1'11UlI~ UI'lI/l~'Ml!!111~V1 4.46

- I'\:;UUUVll/Il'ltllJVl1~tl1:;1'l1V1ftlJal'llltl~Lili1~U~~ LLI'll!!~ii'~l!!111~~ 4.47
~

- t.1flJ1N'lflUVlm~~14lJl!! (Ll!!tftWltlDflJ) Uft:;t.1flJ1N~I'llli'Uft:;t1 (tl'ltflUl'itlDflJ)

~...!t". v ..I
IUI1II1~UlI~ UI'll!!~l'I4l!!1t1~V1 4.48
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!1!1t1:l~ 4.45 1'i1L'lliltl~tltlfl::'IItl:lJ1~Qn,jUtltln"1nr'ltl\uilf1~ (% Syneresis) Ufl::1'i1t'l'l1lJ

LUUnrtll-"'1:l (pH) 'IItl:lJh~U~:l~'lo!fJ1lJ::U1'l 1% tt'ltlJ1"'Un'lltl:lWJtr'lL",iltl:l

Luwn'll'1nl'1::ntlU urr"l'lumIllVlfl1t1~n PS Ufl::l1lJi/i'ltlYlftlJVlfl1t1~n PVC Lnu

.l - '."1 .t:Vl'lN"'lJlJ 4-10 C LIJUL'lft1 7 ,.U

o
1

3

5

7

~tltlfl::'IItl:lJ1~Qn,jUtltln"1n 1'I'l1lJLuunrtll-"'1:l

r'1tlULilf1~ 'IItl:lLi/h~U~:l no

0.000 • ± 0.000 5.880 ± 0.010

3.492 • ± 0.198 5.873 ± 0.015

3.537 • ± 0.285 5.867 ± 0.006

3.543' ± 0.223 5.867 ± 0,015

3.533 • ± 0.152 5.863 ± 0.021

a, b ~'lLft'll~ii~'ltinl;'rrhrruPi1:lrru'lUUU'l,r:lL~tI'lriu UI'1nPi1:lrrUtltJ1:liiutlthPTlY (p.:s 0.05)

ns 'WiiutlthPTlYVl1:ltlCi~ (p > 0.05)

.l • ~ ~. , ~.l .. ."I ~.l - .1' ". ~_ ,,,,, ~
..1nl'11r1:lVl 4.45 "::L"'ULIII'l1LU'lUVl 0 'II:lLIJU'lUVllJflI'1LPI1l:lU'II:l.. :: Ll.IlJmr'ltll

~ ._,< . .1' .\' • .l ~.tJ 4 ~. ,,,,, , ,,_ ~.l ~ .1''' .\'
U1"".nUlI1 ':lU'II:lVl~lY"'1t1 L ..:l Ll.IlJmrr1t1:l1Ut'l1 rotlfl ::'IItl:lU1VlQn'llUtltln..1nTltlUUIl1';I Ufl::

I .....:. I ... ..J ......1 ..,.!_ 0 L
a
\" ~_ r.l ...

VlU'l1r::tI::L'lft1mrLnUrnl;'11'1:lLLI'1'lUVl 1 IN'lUVl 7 Ll.IlJIJflVl1J11t'l1rotlft::'IItl:lU1VlQn'llUtltln
•

"1nr'1tluLilf1~U~:lul'1nlli1:lriu (ii""'ltim:trr;,riuL"'~tlUriU) Ufl::VlU~1r::tI::L'lfl1mrLnufm:n~:l

ulIioiu~ 0 n:loiu~ 7 'WjjlJfl\11'l~1'i1t'l'l1lJLUUnrlll-"'1:l'lltl:lLilf1~U~:lul'1nlli1:ltltJ1:liiUtlthPTlY (p

- r 1..1-' I ~.l .. •> 0.05) (mr'lLM1::"'t'l'l1lJLL 1'lJf'lUUtllIl:lIll:ll'11r1:lVl :l.34 tl1I'lIJU'ln :l) Uft::LlJtlLnUl'lru 7

oiUUft'l1'i11'l'l1lJLUUnrlll-"'1:l'lltl:l Lilf1~U~:l!i:ljjI'i1tl~'lwd'l:l 5.5 n:l 6.0 ~:l LUU~tlri1"'UIIl'lu

lJ1I'1r31UlJftI'1IiN.,r'll'1t11",nrrlJth",fuLilf1~"'fttllll(lJtln.1 004-2533 ~tl 3.4)
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.I • .1. 2)" (Ch' ) ,.,.f!I1f1:m 4.46 1'1111lfllll'l'l1lJLl'll~ (Hardness. g/mm 1'I'I1lJl".UlI'I 0 esiveness Llfl::1'I1l'1

(L, a Llfl:: b) 'IItl~I"h~Ll~~ih~J1lJ::U1'11 % ~aJ,,,.trn'lltl~UlJ6'1I,,.iitl~IUui'l

PlnP1::ntlU u1,,'luml1lVlfl1t16in PS Lltl::~lJi/I'IlIYl;lJVlfl1t16in PVC uiu~

tlcu".t;jii 4-10'C d~UI'Itl1 7 oiu

::!J: Pi111lill ± ld~IUUlJ1Pl131U

1'I'I1lJLl~~ 1'I'I1lJl".UlI'In& Ln& n& bn&l'Ifl1 a

uiu (gl mm2
) ..

(oiu)

0 11.756 ± 0.488 0.266 ± 0.004 85.82 ± 0.667 -0.74±0.075 18.19 ± 0.375

1 11.734 ± 0.213 0.266 ± 0.003 86.64 ± 0.236 -0.71 ± 0.082 18.22 ± 0.604

3 11.665±0.109 0.264 ± 0.005 85.89 ± 0.209 -0.72 ± 0.055 18.16 ± 0.805

5 11.650 ± 0.475 0.265 ± 0.007 85.71 ± 0.283 -0.74 ± 0.017 18.14 ± 0.464

7 11.625 ± 0.583 0.266 ± 0.007 85.74 ± 0.490 -0.75 ± 0.040 18.26 ± 0.683

.I. Ii W .; 'x..1 ..."'.1 ~-,.. • 1-"
~1nPl1n~Vl 4.46 VlU'l11::1I::I'Ifl1n111 UTnI:l1.,~LlPl·,UVl 0 Cl~·.UVl 7 IJJlJl-ltlVl1 1Il.

Pi1l'l'l1lJLlii~ 1'I'I1lJl".UlI'I Llfl::rhil (L, a Llfl:: b) 'II~liX1~Ll~~LlPlnl'h~tlth~jjll'lIIhf'iCU (p >

0.05) (m1"i11'l11::li1'l'l1lJLll.lnJ1'lULltll1l~f'i~P1111~~ ~.35 Ilfl:: ~.36 1111'11-1U'In ~)

ft1".fum nJ1::lnU.,Nt11VlVl1~1.I1::tl1VlftlJl3'tI"hul1h~ 1 'IItl~ un1~Ll~~~'l~J1lJ::U1'1. ,
1% ~lI\hmrn'lltl~UlJti'll".iitl~luul1T'IPlnPl::ntlu U11'1'luCl1111Vltl1t16in PS Llfl::~lJiIf'lllYl;lJ

~ • .I ~ e l'l. • X. ~ .I
Vlfl1t1Pln PVC InUVltlcu".t;jlJ 4-10 C IlJwl'lfl1 7 ·,U Lltll1l~I1I~P1111~Vl4.47



102

.I .. ",,, • .It' t ...
!!I1I1~Y1 4.47 I'I::LlUUVltIlfttlLlVl1~UI::1I1V1ft~~ft'IJtl~L!!I1':1Ll'IJ~V11~U1~::U1~ 1% tllltlU1....un

'IJ~~6~L....fltl~ LiI~~!!In!!l::ntlU LIII.,lUl11l1lflfl1ft;in PS Llfl::~~II/htlVlfl~

flfl1ft;in PVC LfiLl~fjcu""lJii 4·10°C LiluL~fl1 71'u

:::tJ:: I'I::LlUUL'Ililtl ± Ld~LLI~1!!1I31U

fl'nl:tCU::Ldtl
i

L~fl1 fl'nl:tCU:: ~no nflU Llfl:: 1'I~1~lItlLlI~~ no

L1iLl UI1n!J no ft~Uft no Ift1l1;ino

(l'U)

0 6.15±0.56 7.08 ± 0.85 7.68 ± 0.57 7.23 ± 0.38 7.30 ± 0.44

1 6.15 ± 0.59 7.05 ±0.84 7.65 ±0.56 7.20 ±0.34 7.28 ± 0.44

3 6.13 ± 0.53 7.03 ±0.77 7.65 ± 0.59 7.20 ± 0.41 7.25 ± 0.38

5 6.10 ± 0.50 7.00 ± 0.67 7.63 ± 0.63 7.18±0.37 7.23 ±0.38

7 6.08 ± 0.49 7.00 ± 0.63 7.60 ± 0.62 7.15 ± 0.33 7.20 ± 0.34

• '.

ns 'WihrtllhriCY\ll1~ftii;i (p > 0.05)

..I, sr...::' .... .1 ..... .1 '1.1'"" 0 'I.\'
"I1n!!l111~V1 4.47 flLl~1I::t1::L~fl1n1ILnLlInl:n!!l~Ll!!l~UVI 0 C1~~UVI 7 1l-I~~flVl111'1

fl'nl:tCU::UI1n!J ~ Ldtlft~Uft n~ULlfl::Ift1l1;i Llfl::I'I~1~lItlLlI~~'IJtl~L""1~Ll'ii~ Ll!!ln,h~tlth~~

Utlft1ricy (p > 0.05) (n1I'iLI'I11::~1'I~1~LlUIUI~ULlIIlll~lIi~!!I1I1~~ ~.37 1l11'1~~n~)
.: ~ - r.r:: _ .. r::' ..... r ~".\' • oJ'lJl
n1....ILJn1I~LI'II1::....lJI~1CU.,flUVlItJVI~....~tIl us::lJI~1CUtl II!!ILlfl::I1IULlI11 'QLl'IJ~V1 11

• • •
l.h~::U1~ 1% t!!ItlU1....un'IJtl~~n~L....fltl~LtlulIi~!!In!!l::ntlU L1TI.,lUl11t1lflfl1ft;in PS Llfl::~~

.It ",r - • oJ - 0."l ~ K oJ
1I1~t1nfl~flfl1ftll1n PVC LnLlVlfjCU\.lIJ~ 4·10 C LlJUL~fl1 7 ~U Llftlll~",~!!I111~V1 4.48
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I'l'l"'-I~ 4,48 l..!1lJ1N.,ftuvinr~-I\oIlJ'" (lPitflilJitlnhl) Ufl::l..!1lJ1NUfllllufl::r1 (lPitflillJitJnM

'luu;h~Uf-l~'l;rJ1lJ::U1'l1 %tl'ltlJ1\o1Unlltl-lWJ6''lL\oIftfl-lLilwK'llllnlll::ntlU

ur,.,'lUfl1"'Vlfl111~n PS Ufl::~)Ji/i''ltlVlti'lJVlfl111~n PVC LIiU~'lNwJi3 4-1 O·C

LiluL'lfl1 7 1'u

o
1

3

5

7

.l '1 ·1• VI dl ution 10

l..!1lJ1N.,ftUViiU~-I\oIlJ'"

(lPitflilJiflnhl)

< 30·

< 30·

< 30·

6.1 X 10
2

1.0 X 10'

-.

l..!1lJ1NUIIIIlUfl::r1

(tf'ltflilJitln1lJ)

'WVlU·

. 'WVlU·

'WVlU·

'WVlU·

'WVlU·
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4.6.2 Hft'Jltlymrl{,l,tW~l!IwyPi''lI/lO!!l::OtlY

~1001l1l1Il1i1~U~-l~'t"'~1001rl{J1«JJ~l!I 2% il!Iml1"'UO~tl-lWJet'lI"'fltl-lIUU,y'l

!!lOI/l::OtlWJ1Urr,lUtl1l!1VH'1ft~O PS ~1l!1 12.5 x12.5 x 2 em' Uft::~JJJi'ltlYltlJJVlft1ft~O

PVC \I;U~'lCU"'IJi14-1 O·C WUI'lft1 7 -lU qJJPi''ltlti1-lLiltlu'lUloIfl!!lIlCU",1Ji 0, 1, 3, 5 Uft:: 7 -lU
•

~::'tJilolft01~l!Ifttl-lpj-lU

, ..l ~ r..l ~ J!'" .\' (0' . ) , ,"I- f'I11'1lfttlrtltlft::~tl-lU1V1QO~UtltlO~10TltlUI!!l1'11 70 SyneresIs Uft::f'I1f'1'l1JJIlJU

Orl!l-"'1-l (pH) ~tl-lulf1~U;-l Uftl!l-lpj-ll111r1-l~ 4.49

,..l. 2"')' <:t- f'I11'1lfttlf'l'l1JJU~-l (Hardness, g/mm ) f'I'l1JJI",UtI'l (Cohesiveness Uft::f'I1l'l

'" ... • ... ..I
(L, a Uft:: b) ~tl-l11/l1~U~-l Uftl!l-ll!l-l!!l1r1-lVl 4.50

f'I::UUUVll!IfttlUVI1-lU ,.::ft1V1t1JJllft~tl-l ulf1~U;-l Uft!'I-lpj-l1/l1"'-l~ 4.51
•

- tI1JJ1CU'lflUVlnJ\1-l",JJl!I «(f'1LftUl11tlofJJ) Uft::tI1JJ1CU~fti1lUft::,., (Lf'ILftUl11tlofJJ)

luulf1~U;-l Uftl!l-lpj-l1ll1n-l~ 4.52

..l ...l ~ r..l ~ J! J!.\, '
!!I')11-lYl 4.49 f'I11'1lfttlrtltlft::~tl-lU1V1QO~UtltlO~~OTltlUI,n '\I (% Syneresis) Uft::f'I1f'1'l1JJ

.,l.,. ~ • ,
luuorMh-l (pH) ~tl-lulf1~U;-lVl 1{1l1«JJ~'" 2% il!Itl1l1"'UO~tl-lWJti'l I",fltl-l

IWPi'lIllOIll::OtlU ur,..,'lUtl1l!1Vlft1ft~OPS Uft~JJJi'ltlYlftJJVlft1ft~O PVC uiu

~'lCUWJi14·10·C IUUI'lft1 7 -lU

o
1

3

5

7

ttJtlft::~tl-lJ1~QoiUtltlO~10

ntlulili1~

0.000 • ± 0.000

3.290' ± 0.146

3.291 • ± 0.125

3.302' ± 0.135

3.307' ± 0.116

5.870 ± 0.010

5.867 ± 0.012

5.867 ± 0.006

5.867 ± 0.015

5.863 ± 0.015

a, b 1Ii''llft~~ii,y'ltiol:trl11rluI111-lriU'luUU'l,r-lliiltl'lnu ulIloIll1-lnUtlti1-liiutlti1"f\j (p ~ 0.05)

ns 'UJjjUtlti1"f\jVl1-lftn~ (p > 0.05)
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..I • H" i .0: ..I "'}'I ~ ..I - •.II.'l'. ~. ,,,,, ~ r"I1n1/l11'1-lVi 4.49 "I:Ll.IUun~1 l,bUVI 0 'lI-lLLlU'lUVlWfll/lll'11~LL'IJ-l"l: ~JJn1l"lI/lU1

".'l' • ..I ~_, .. ~_!"" , t<_ r ..I ~ .II" "
mrnLl/l1~LL'IJ-lVl~lYl.I1tl w "101 ~JJn1""1tl-l1W11nJtlfl:'JItl-lU1V1~n'llUtltln"l1nlltlULI/I1':1 LLfl:

, • ~ ;' ...0: ..I ".0: ..I ~.,,,,, .~", ,,_ roJ.or.
WU~1,.:tl:L~fl1n1"LnU,.m:nVl-lLLVI'lUVI1 tl-l',UVI 7 ~JJWflVl11l.11'11nJtlfl:'lItl-lU1V1~nllUtltln

"I1nntlu1iI1~LLi-l LLl/lnP11-lri'u (i.i~'ltim:t,.t;'ri'u Ll.Iiltluri'u) LLfl:WU~1f:tl:L'lfl1n1"LoUm~

:. .... ~ ..I .. ~ ..I ~. ,,,,, • i.t<' ."1 ' .II .'l' • , ,"" ~ • ~
11I-l"",'lUVI 0 tl-l'lUVI 7 ~JJWflVl1 'III1'I11'1'l1JJLLlUnfl/l-1/I1-l'lltl-lL'I1~LL'lI-lLLl/lnl/l1-ltltl1-lJJUtltl1I'1lY

_ ~ .1_ 1 ~ ..I ..I •
(p > 0.05) (n1l"lLM1:l.I1'I'l1JJLLunJl"lULLtll/I-l11l-lI/l1f1-lVi 01.38 ml'lwu~n 01) LLtI:LJJtlLnUl'lfU 7

'i'ULL~'l1'i11'1'l1JJLUUnfl/l-l'I1-l'JItl-l LiJi1~ LLi-l6-li.iPi1tl~iu'Ii'l-l 5.5 n-l 6.0 ~-lLUU4i'tlri1l.1UI/Iiu

JJ11/1"31UWftl/lnCU"'tlPltl1l.1nnJJ\hl.lfuLllh~l.ICltll/l(JJtln.1 004-2533,tl 3.4)

..I I.,J. 2". I ~
1/I111-lVi 450 1'I1L'Ilfltlf'l'l1JJLL'JI-l (Hardness, g/mm ) 1'I'l1JJLl.IUm (Cohesiveness) LLfl:1'I11'1

" " .....'" r JI :: ~_ r :- .. ."I..
(L, a LLCl:: b) 'JI'Il-lLPl114LL'lI-lVi L'IIU11'1JJ"I1/l 2% untlU1l.1lIn'JItl-lUJJtl'lLl.Ifltl-lLLlu

~ i - "JI:.I~ - .OJml/inl/l::ntlU un, Utl1I/1V1Cl1t1l/1n PS LLfl::l1JJII1'ltlnClJJVlCl1t1Pln PVC LtlUVI

tlCUl.lQiJ 4-1O·C LUUL~fl1 7 'i'u

15.195± 0.105 0.274 ± 0.011 85.13 ± 0.137 -0.37 ± 0.070 18.19± 0.409

15.180± 0.125 0.270 ± 0.011 85.15 ± 0.165 -0.38 ± 0.012 18.16 ± 0.619

15.160± 0.115 0.269 ± 0.007 85.13 ± 0.228 -0.35 ± 0.032 18.18± 0.459

15.141 ± 0.097 0.269 ± 0.009 85.12±0.082 -0.34 ± 0.021 18.11 ± 0.416

15.103 ± 0.071 0.269 ± 0.001 85.29 ± 0.026 -0.34 ± 0.015 18.13± 0.097

• 0.

r::lJ:

L'lfl1

LOU

('i'U)

0

1

3

5

7

f'l'l1JJLLi-l

(gl mm2)na

ana

ns 'bJi.i1Itl\h~lYVl1-ltlnPi (p > 0.05)

"I1nPl1l'1-l~ 4.50 VlU~1f:tl::L'lCl1n1"Loufm:ni-lLLIli'i'u~ 0 ii-loru~ 7 'bJi.iWClvl1i1X

Pi1f'l'l1JJLL1i-l f'l'l1JJLl.Ii1tl'l LLCl:,hil (L, a LLfl: b) 'JI'Il-lLPi1~LLi-lLLl1InIli1-ltlti1-ljjlItlth",lY (p >

0.05) (n1fiLf'l1'1:"'1'I~1JJLLtlnJl"lULLClI/I-l~-lPl1f1-l~ 01.39 LLfl:: -lAO mf'lWU'ln 01)
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n1nJ::;UlU"ll"U1l1WVl1~U::;l'l1Vlft~Ul'l"'1Ullh~ 1 'JItl~~1~Ll~~tH(J1~~~'" 2%

~t1J1mrn'JItl~w.lci''lL\lfttl~Ltlwff'll11nUl:;ntlU U:,.,'lU01t'lWft1l'l~n PS Lltl:;~lJi/i''ltlYlfllJ
~ • .J '" • J'l ~ ~ .J 5

Wtl1tlllln PVC LnUVltjN\lfJw 4-10 C Lu\U'lft1 7 'lU Llft"'~"'~1II1:1~V14. 1

.J .1 .0< ~ .J(" • .J~Jfr ~ :: ~_ r ~
l'I1l'1m 4.51 "':;LlUUVl"'fttlUVl1~u::;ft1Vl"lJWft'JItl~LVI1~Ll'JI~Vl rDU1f1lJ.. '" 2% 1VIt1U1\lUn'JJtl~

w.lci''lL\liitl~Ltlwff'll11nUl:;ntlU un,'luCl1"'Wft1ft~n PS Lltl:;~lJ"''ltlYlfllJ

Wft1ft~n PVC LtiU~tjN\lfJjj 4-10·C LUUL'ltl1 7 olu

:oJ :oJ,.:tJ: "':;LlUUL11fttl ± L1J~LUw.l111l:31U
,

~

~no ftn~N:; nftu Llft:; "''l1lJ''lltlUMlJ noL'lft1 ftn~N:;

L/IU unn!J no LdtlftlJUl'l no :ft"ll1~"

(olU)

0 6.20 ± 0.73 7.15 ± 0.71 7.55 ± 0.58 7.13 ± 0.43 7.25 ± 0.41

1 6.18 ±0.75 7.13 ± 0.72 7.55 ±0.63 7.10 ± 0.45 7.23 ± 0.44

3 6.17 ± 0.67 7.10 ±0.66 7.53 ± 0.60 7.05 ± 0.60 7.15 ± 0.33

5 6.17 ± 0.73 7.08 ± 0.65 7.52± 0.64 7.05 ± 0.54 7.15 ± 0.37

7 6.13 ± 0.67 7.05 ± 0.62 7.50 ± 0.63 7.05±0.53 7.15±0.29

..I, .... ~ I ... .t ollI ~.t "I.!-' • i,l(
"1nIll1:1~Vl 4.51 WU'l1::;t1:;L'ltl1n1:LnUm~III~LlUI'lUVl 0 Cl~'/UVl 7 IW~WtlVl1 lol

ftn~:;unn!J illdtlft~Ul'l n~ULltl:;:l'l'JJ1~ Llft:;Pl'l1~'JJtlU:'l~'JJtl~Li/i1~Ll~~Lll11nl1h~tl!h~iil!t1

Ih;rry (p > 0.05) (n1::jLI'I:1:;\l"Pl'l1lJLltlnJMULlft",~;r~1II1r1~~ ~.41 m"'WU'ln ~)
.... .. ".~ .. ".i.f.,r. ..~.... i"" • ..I
ft1\lrun1:'lL"':1:;\lu:~1N'ftUV1roJN\l~'" Llft:;u:~1NVl'lUlLlft:;:1 ULl111l:1Ll'JI~Vl

i~ r .1' :: ~_ r... :".. ... ...
~U1f1~"'" 2% lVIVU1\lUn'JJtl~UlJCl'lL\lfttl~LlIuUI'lUlnl11:;ntlU u:,.,iUm"'Wtl1ftUln PS Llft:;~lJ

l' '" r ~ • .J ~ .."1 K. .J
l>I'ltlntllJWfl1ftUln PVC LnUVltjN\lfJlJ 4-10 C LlJUL'ltl1 7 '/u Lltl",~;r~1111r1~Vl4.52
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~ _ ... ~ <l1li ......... tt""'~
!II1T1~)IJ 4,52 tl'hJ1N"'lflUYlTtrYl~"nJlII (tPitflUllltlnT~) LLfl::1Jl~1N!ltllllLLfl::T1 ( PI flUllltln~)

'lulIli1~LL~~vhfJ1t\'~~1II 2% tIltJJ1\o1lIn"tl~~fi'lI\oliitl~lil~'l"n,,::ntlU

UTT"'l'lUfI1l11Vlfl1tlPin PS LLfl::1ol~rII'ltlVlfl~Vlfl1tlPin PVC lriU~'lN\oIIJO 4·10·C .

lilUl'lfl1 7 'i'u

1::tJ::l'lfl11riU

o
1

3

5

7

"~ dilution 10'1

1.f~1N"'lftUYlftj'~~\oI~1II

(tP1tfli1Pitlnf~)

< 30"

< 30"

< 30"

4,5 X 10
2

1,4 X 10'

1Jl~1Niifl"LLfl::11

(tPItflUPItmM

'WVlU"

'WVlU"

'WVlU"

'WVlU"

'WVlU"

'.

""'_ oJ ,,,", ."
UJtlWn1N1I./fln1mlllfltl~'l1n1ll1T1~Yl4.52 VlU'l11~tl1::tJ::l'lfl101TlnUml:t1

..: ~. - "".< ::. 'l.Jf .\'. ..: ~ ,.J. ~ 1', oJ! .\' • ""
lVl~"U'l1U'lU"'lflUYlTtJYl~\oI~1II ULpI1':1LL"~'l::IVl~"U lLllll~tllnU'lUPITU 7 'lULLI't'lllln':lLL'II~~

1.f~1N"'lftUYlnr~~\oI~1II'Wliiu~ri1\o1UlIIWl~1lllT31Ul./ftlllnN..r'lllltl1\o1nT1~th\olfu lIi1~\oIfltllll
l' .. 4~., "". 'l" " •

(~tln.1 004·2533 lItl 6.2.1) Pit! 5 x 10 LLfl:: \loJVlUtltllllLLfl::r1 UIlll1\1LL1J~
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4.6.3 !Jfl1ltN01IliJ,NJL;)tI'll!l'l1l..IIUylli''ll!lOl!l;;Otly

-'1001nl1LlX1~LI~-l~'lJr"1001Il~J1«~L;jtl'lWl1U 5% t61tlJ1\.1ll'O'lltl-l~cr'l

L\.Ifltl-lLUUlli''ll!lOl!l::Otl~1UII.,lUCl1l!1Vlfl1fl~O PS 'llU1l!112.5. x12.5 x 2 cm
3

Llfl::~~"''ltlVlfl~

Vlfl1fl~O PVC LI~'lIl"ltllnu~tltU\.IlJ~ 4-10·C LrluL'lfl1 7 -lU tj~lli''ltlti1-lLdtlLnU~fll!lti'tU'r1U1f
...

0, 1, 3, 5 Ufl:: 7 -lU -,::'lJr~flO1l'Vll!lfltl-ll'i-li1

_ Pi1Lll~tJ1tl!lfl::'IItl-lJ1~QOoDUtltlO"10r'ltlULl1h~ (% Syneresis) Llfl::Pi11'1'l1~LUU
'( . J!.\, • ~ .IOIl!I-P11-l pH) 'IItl-lUlI1~LI"-l LlIIPI-l1ll-lfll1I1-l1'1 4.53

,.I. 2)" (. ,~
- 1'11LllfltJI'I'l1~LI'Il-l (Hardness, g/mm 1'I'l1~I"'UtJ'l Cohaslveness) Llfl::1'I11'l

J! .\' • ~ .I
(L, a Llfl:: b) 'Iltl-lL'I1~LI"-l LlIIIMIMf/l1I1-l1'1 4.54

• I ¥. .'f. ... ... • ~ .I
- I'I::LlUUl'll!llltlUI'l1-llJI::t'l11'1I'l~wt'l'lltl-l L1!I11:l LI'Il-l Lltll!I-ll!l-l1!l1I1-l1'1 4.55

...
- t1T~1tU"flUl'llti~-l"'~l!I (LI'Itfti1PitlOfl.!) Llfl::tIT~1tUiit'l11fLlft::I1 (tl'ltfli1l1itlof~)

~.J!"'. ~ .I
IULPl11:lLl'll-l Llt'l1ll-ll!l-l1!l1I1-l1'14.56

.I ,.I ,,_ :.1 ~ .1'.1' .\' '
f/l11'1-l)') 4,53 I'llLllfltlnltJfl::'Iltl-lU11'1Q0'llUtltlO-'10ntlUL,11 ~ (%,Syneresis) Llfl ::1'111'1'11~

LUUOIlII-l'i1-l (pH) 'Iltl-lLlX1~LI~-l~1~J1«~L;jfJ'l"''l1u'5% t61fJJ1",ll'O'lltl-l~

tr'lL\.Ifitl-lLUulli''ll!lOl!l::OtlU UII.,lUCl1l!1Vlfl1t'l~O PS Llfl::~~"''lfJVlfl~Vlfl1t'l~O
cr.l ... O~......

PVC IOUl'ltltU\.I1J~ 4-10 C LlJUL'lt'l1 7 'lU

I::fJ::L'lfl1Lnu

(1'U)

o
1

3

5

7

1tJufl ::'IItl-lJ1~QOoDUtl tl0-'10 1'1'11~LUUOIl!I-lIi1-l

r'ltlUL;h~ 'IItl-lWi1~LI~-l no

0.000 • ± 0.000 5.897 ± 0.021

3.326· ± 0.074 5.880 ± 0.010

3.312· ± 0.110 5.880 ± 0.020

3.303· ± 0.137 5.877 ± 0.015

3.377 • ± 0.106 5.873 ± 0.021

a, b IIi?Lft'JJilillli?tiOl:tIlhnu"1-lnuluLlu?,r-l~tl?nu LllJlolli'NnUtlti1-lilll'tlft1Ii'ru (p:o. 0.05)

ns UJilll'fJlhl'irul'l1~lIii~ (p > 0.05)
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..I • ~ j," ~ . .t:..1 ..I '" ~ ..I - .J! ". ~_ ,,,, x
"I1nIl11M>1V1 4.53 '1::L1oIU 1/II~1IU',UV1 0 'll>1LlJU'lUVllltlll1Lpl1l:1 LL'JI>1":: 1J,I1J011',111

,i,mrnLIh~LL~>1~'CY1ol1t1'W ~>1 'Wi'in11MfH1uPi1~fltltl::'Dfl>1J1~QnoUlJflfln'l1nr'lfluuli1~
, .... ~ ',r...I ..... -I "I.!- • '1.1:' I !!_ t..l ...

LLtl::vllJ~11::t1::L~tl1011LOlJml:t1I11>1LL111',UVI 1 n>1~UVI 7 IJ,IIJIltlVl1 LlIIf'l1nJtltl::'JIfl>1U1V1Qn'JIlJ

flfln'l1nr'lfluLili1~ LL~>1 LLl/1nPi1>1nu (i'i~'l€nl:t1n1nlJL1oIi3flunU) LLtl::VllJ~11::t1::I~ tl1n111nu

fnl:t1~ LLPlfu~ 0 ii>1fU~ 7 'Wi'illtlvi1'~Pi1f'l~11J IUUn:IIl-Pi1>1'Dfl>1uli1~LL~>1 LLII1nPi1>1flfi1>10Utl

.j ~ -.r.'n] ~..1 )..1 •1I1f'lCY (p > 0.05) (011~Lf'lM::1IIf'l'l1IJLLlJ 1'lULLl'llll>111l>l1l11M>1V1 >1.42 Il1I'lIlU'ln >1 LLl'l::lIJflLOlJ

f'l1lJ 7 fULLt\''lPi1f'l~1IJLUun111l-Pi1>1'J1fl>1u1i1~LL~>1!T>10Pi1fl~'u1l~>1 5.5 ii>1 6.0 ~LUU<lffl

n1101UIIl'UIJ11111:!1U1lfll/1ti'N.,r~l/11'11101n:lIJti11o1fl.Jlili1~1oItlfllll (lJfln.1004-2533 <lffl 3.4)

.I 1.1. 2". ';pnnm 4 54 1'l1L'l1tltll'l~1IJLL'JI>1 (Hardness. g/mm ) f'l~11J11oIUm (Cohesiveness) LLtl::f'l1

(L. a LLft:: b) 'Dfl>lL;h~LL~>1m~J1~IJL;jtl~1oI'l1U 5% ~t1J1101Un'JIfl>1U1Jti'~L1oIftfl>1

LUU~~lI1nll1::nflu lJn,'UmlllVltl11'1;in PS L1tl::~IJ"''ltlVlftIJVltl11'1;in PVC LnlJ

.I .. 0 w ..
V1~N1oI1J1J 4-10 C UI'ltl1 7 ~U

•.
1:tJ:: t OJ J

f'l1L'l1tltl ± LlJtI>1LlJUlJ1l/1131U

l'lfl1 • f'l~11JIwm" L" a" b"f'l~1IJLL'JI>1

• ( 2 III. LOlJ g/mm)

(fu)

0 14.489± 0.335 0.265± 0.009 86.46± 0.129 -0.67 ± 0.032 18.30± 0.243

1 14.416± 0.284 0.268± 0.004 86.63± 0.236 -0.62± 0-015 18.55± 0.372

3 14.481 ± 0.275 0.265± 0.005 86.57± 0.327 -0.60± 0.020 18.30± 0.276

5 14.312± 0.249 0.263± 0.004 86.33± 0.667 -0.62± 0.026 18.39± 0.372

7 14.228± 0.089 0.265± 0.004 86.43± 0.531 -0.64 ± 0.045 18.24± 0.388

'l1nIl1111>1~ 4.54 VllJ~11::t1::L~tl1011InlJfnl:t1,y>1LLPifu~ a ii>1fu~ 7 'b.ii'illflyh'~

1'i1f'l'l11JLLll>1 f'l~1IJL"'Utl~ L1fl::Pi1ft (L. a LLtl:: b) 'lIfl>luli1~LL;j>1LL111nlli1>1flti1>1jjutllhl'i'f\l (p >

0.05) (0111jLf'l11::';f'l'l1IJLlLlnJ1'lULll'llll>1"'>1l/1111>1~ >l.43 usz >l.44 1l11'11lU'ln >1)
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"j •

mn.lt::Lij~"N111VlVl1-ltlr::l\1V1ftilal\i/i1~llh-l 1 llfl-l LIIf1~II.~-l VI'l{U1t\'1.l

L~V'lW)1~ 5% tl1lmi1mrnllfl-l~6'lL"'fttl-lLU~~'ll11nl11::nfl~ Utt"l'l~tl1I1lVltl1l\~n PS II.tI::~1.l

l1i''ltlnftI.lVltl1ftiijn PVC LI1U~tjN"'1Jjj 4-1DoC LU~L'ltl1 7 -r~ II.ftl1l-l~-l1111r1-l~ 4.55

!!J1t1Y~ 4.55 PI::II.~~Vll1lftflUl'l1-ltlt::ft1V1 ftlJl3'ft'llfl-l LlIh~ 1I.~-l~'lolfJ1 t\'1.l L~tI'l'" 'l1~ 5% Ll1ltl

J1m!mJfl-l~6'l ""fttl-lILl~~'ll11nl1l::ntl~ un,'l~tl1I1lVltl1l\iijnPS II.tI::~I.lPf'lti

nftl.lVltl1ftiin PVCLI1u~tjN"'1Jil4-10°CILl~I'ltl1 7 'i'~

OJ OJ
T:tJ: PI::II.~~Llltltl ± IUti-lIU~1I11t31~

,
L'ltl1 ft'ntlN:: tl"" ft'ntlN:: nfl~ II.tI:: PI'l11.l'llflUt'll.l ""

• tlt1n!J ""
~

tft'll1~""LnU L~tlftl.laft""

('i'~)

0 6.37 ± 0.48 7.20 ± 0.66 7.73 ± 0.57 7.25± 0.38 7.25 .± 0.66

, 1 6.35 .± 0.46 7.18 .± 0.65 7.73 .± 0.55 7.23 ± 0.34 7.23 ± 0.64.
3 6.35 ± 0.56 7.13 .± 0.63 7.68 .± 0.57 7.22 ± 0.44 7.20 .± 0.59

5 6.33 ± 0.54 7.10 .± 0.62 7.65.± 0.59 7.20 .± 0.41 7.15 ± 0.61

7 6.30.± 0.50 7.08.± 0.59 7.63.± 0.58 7.15.± 0.33 7.13.± 0.58

ns 'WihItllhl'i'f\lVl1-lftOiij (p > 0.05)

..I, .... ~ , ... oJ 4.,.l Iifa:"'" • 'l"
"I1nI111t1-lVl 4.55 VlU'l1r::V::I'ltl1mrLnurntl111l-lll.l11'l~V1 0 n-l'l~V1 7 ~l.lloltlVl1 ".

ft'ntIN::Ut1n!J tl IdtlftlJal\ nii~lI.tI::tft'll1~ II.tI::l'l'l11.l'lltlUt'lI.l'lltl-ll~h~ II.~-l II.l11n,h-ltlti1-lJJ\l't1

.. ~ ( -. tl- 1 ~ "jn1l'lCIJ p > 0.05) (mr'lLl'lt1::"'l'l'l11.l11. rul"l~II.l\I1l-lI1l-l1111t1-lVl -l.45 ml'llol~'ln -l)

ci1"'fun1MIPlt1::iI..fio1.l1N"Ifl~V1~"'1.l11l II.tI ::tlTl.l1NiiftPlII.tI::t1'l~lilh~II.~-l~
• ••

'lolfu1t\'l-1l~tI'lWI1~ 5% tl1ltl\l1mrnlltl-l~ti'lI"'fttl-lILl~"''ll1lnl1l ::ntl~ Utt"l'l~tl1I1lVltl1l\iijn PS

.\C J! ",' - • "j - e J"I. . K. ~ "j
II.tI::"llJ"''ltlntl)JYltl1ftl11n PVC LnUVltjN"'1J1.l 4-10 C luuL'ltl1 7 .•~ II.ftl1l-lI1l-ll1l1t1-lVl 4.56
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1!!')1'1~~ 4,56 mlJ1N"lftUVinr~~\-1lJlII ('!PIiftilllltlOflJ) LLft::mlJ1NUlllliiLII::1'1 (iPliftaPi~nflJ)

iuu/h~LL~~vh.jJJ1t\'lJL~tJ'lW11U 5% ~tJJ1\-11l'nll~~UlJcf'lL\-1ft~~LllUlli''ll'1n

l'1::n~u UI'l"'liUtl1I11V1fl1I1Pin PS LLft::~lJ"''ltJVlftlJVlft1I1Pin PVC LriU~'IlN\-11Jil

4-1 DoC LlluL'lft1 7 1'u

•
mlJ1N~IIIIILLft::1'1• LI1lJ1N"lftUVinr";~\-1lJlIIl'::tJ::L'l fl1LOU

(1'U) (i~il\ilPi~nflJ) (i~ifli1llltlOflJ)

0 < 3D' UJrlU'

1 < 3D' UJVlU'

3 < 3D' UJVlU'

5 8.3 x 10' UJVlU'

7
3

UJVlU'2.9 x 10

, ~ dilution10" ,
-,
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