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This research aimed to study the possibility of replacing sea sand with river sand in

shell-mould sand casting process. Sampling Sand was taken from Loey province in Thailand. The

properties of river sand were tested according to based on the standard of the American Foundry

Society (AFS). Itwas found that the majority of sand grain exhibited spherical shape. AFS

Fineness number was 41.53 and the amounts of clay was 1.02%. The chemical composition of

sand consisted of Si02 88.43%, A ~03 7.60%, CaO 1.14%, Kp 2.48%, MgO 0.64%, pps 1.29%

and Ti02 0.39% The pH value was 8.36. The optimal mixing ratio for making shell mold sand

was 93.5 wt% sand and 6.5 wt% of phenolic resin. The mixing temperature was 250·C. The

permeability value was 704.75 cmls and the density of sand mould was l.359 g/cm'. The

compressive strength of mould was 564 N/cm2 and the tensile strength was 187.14 N/cm2. When

gray cast iron molten was poure.d into this shell mould at 1,530°C, the mold was able to cast

shaped part with Small tolerance.
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, ,
~ ~ d~

3.18 !m~~l1~bYtJ'U!!'j ~~~ (CBR - Test 50 U'I1~ ELE International)

" "3.14 !!lJ'Uhl'l1~dl'l1i''U~'U~tJ;'U~TW

3.15 f11'j'W1U'U'Uhm:::lllJ1'U!1OI1

3.16 ms !l11151ulffu'U'U 1~'I1:::1M'!~lJ!~1

3.17 f1TH!f1:::UlJ'U1~'I1::: 'U'Wl~U11 70 mm.'I1'Wl 25 mm.

di ~ c1'J)
3.10 !f1'H).:J'U~!59f'U UlHJ Fritsch d-55743

3.11 !1OI1~'Ulvlvh ~M'~ Digicon model dd-6

3.12 fll'j'Wlm:::'UBfH'I1~f1 tJ'Ui'U!lOIl

3.13 !f1~~~11~bYtJ'Ufl11lJbYllJ15(l1'Uf11591lJ~1'U (Digital absolute permmeter)

,
""ill'Vft1



" ""5.l4 (n) 9f'U.:Jl'U'I1~el'illn'V1'Jl£JUlh'h 1"U.:J LLC1~ ("U) 9f'U.:Jl'U'I1riel'illn'V1'Jl£J1~£Jtl'l 97

I tv.:::9, I Q.J I

5.12 '1J'Wl)Olfl11lJ(J11'illf)t'Y1'W'I11mt'Y1'W'I11'l1'VI1f)'U 24.5 em. 'VIf)t'Y1'UHt'YlJ 95.
" . "

5.13 1m (J'UlYi(J'U';'W\l1'W 'I1ri{)Yi '1~ 'illf)'Vl'j 1 (Jul-iu 1i'1J-!ln'U'VI'j 1(J'j::;(J{)\l 96

1 -= Y I rI ,
5.10 '1J'Wl~'1JU\lt'Y1'W'I11\llJl(l''WH1I!!WJf)(ll\l 5.4 em. lJf)ff1'UHt'YlJ 95

5.11 '1J'W1~fl11lJ'I1'Ul'1J{)\ltr1'W,:r1l'Vhn'IJ 3.4 ern. 'VIf)tr1'UHt'YlJ 95.

"5.9 ~f)fJW:::'1JU\l;'W\ll'W'I1ciU'l1~\l'illf)\?If)ll~\l ~1'W,j'1\l 'VIf)tr1'WHt'YlJ 94.

87

89

92

93

80

84

84

87

79

78

79

78

78

75

76

" ,Ill' C) , dOl I 0 I

5.8 (If) fJ W:::'1JU\l 'b''U\l1'W'11(1 {)'VI'U1{)elf) 'illf) 1l'lJ'U'I1(lU'Vl'j 1unU'Wmms \?If)U\?I\l'VIf)•

5.5 ~f)fJW:::fl1).o'U~~'1JU\ll~~'VI'jlt1~tr1'WHt'YlJ'1JU\l~1'W~fll'j~'U 2% It(l~ 4%

5.6 ~f)fJW:::lll(l1 illl~(lf) 1'I1~ll'U'U'I1ciU'VI'jl(J• v
5.7 'J{)(J'1'11~'illf)fl11lJ~U'W'1J{)\lUl i(l'l1~

QJ <lI rI I ,

5.3 fl1l:ut'YlJ'V'l'W1i'J~l111\lfl11lJl1'W1U'W'U une Compressive Strength

5.4 fl11:U-ff:U~ 'W11-j::;l1'h~ll~lJ lOU 'J~'Utl'U fI1l:lHYllJ11 n'1'Wf11191lJ ~1'W

'" •I' cJ ,5.2 (lmHI.L~~1J'Jl\lllJ~'VI'jlmm:::fI1 Shape factor

", .
4.12 ;'W\ll'W'I1ciuVitrl'WHt'YlJ~i'Ui1f1l'JCi'U 6.5% (305 g) t'Ym'V'l~lriU'W,j'l\ll~(J'U

", .
4.13 ;'U\l1'W'I1ciuYitr1'WHt'YlJ~i'U~fllsCi'U 8.5% (391.5 g) t'Ym'V'l~1ri{)'W,j'1\ll~(J'U

"" o''J) i.15.1 f11nlfl'Jl:::'I1~1(J 1J'JumlJ Olysia M3 Image analysis

", ,
4.11 ';'W\l1'W'I1ci{)Yitr1WHYlJWi'W~fll'JCi'U 4.5% (215 g) t'Ym'V'l~1'11(Jl'U

", .
4.10 U'U'U'I1ci'tl'VI'J1(J'I1~\l'illfH'VI'I1ci{)111 h'l1::: Yitr1WHYlJYli 'W~fm;'U 8.5%

(391.5 g) n'IJ'VIS1(J 4,609 g

'" .
4.9 U'U'U'I1ci{)'VI'Jl(J'I1~\l 'illfH'VI'I1cimJl i (l'l1~ Yitr1WHYlJW I'U~fmCi'U 6.5%

(305 g) n'IJ'VI'Jl(J 4,695 g

". .
4.8 U'U'U'I1ci{)'VIS1(J'I1~\l'illm'VI'l1ci'e)\Jl hm~ ~~hhwvHnj~i'W~fmCi'U 4.5%

(215 g) n'U'VIS1(J 4,785 g

"4.7 ';'U\l1'W~1mh\l

.
'"mnn

qJ ,

Ill'i'UflIfll'W (~Hl)
u



100

99

98

98

97

" ,
('U) ~'W\l1'Wl1rieJVi '~1l1mtUUl1rieJ'Vl 'J1V'J~rm.:J

" v I 9J

5.19 ffm'Y'l~1'IJU\l~'W~1'Ul1ritJ (n) ~'W~1'Wl1rieJ'Vi'~'iJ1mtUUl1rim'lj1VullU11 'U\I

t JJ W I

'Vi'~'lJ1nUUU'l1riel'Vlj1Vuliu 11 'IJ~ ('IJ) ~'U\l1'W'l1rieJ'Vi '~'il1nUUUl1riel'Vlj1V

~
5.18 'IJ'W1IOlfl11lJV11'il1nri1'W'l11~~ri1'W'l11~ t'vilriu 24.5 em. o» ~'W\l1'Wl1riel

"('U) ~'W-J1'Wl1rieJ'lJlnUUU'l1riU'Vlj 1Vj~ Vel\l

~ ~
5.17 ri1'W'l11lJ'\I'W11Ol 3.4 em. (n) ~'W\l1'Wl1riU'il1nUUUl1rif)'Vlj1m!llu11'\1~

j,I t c' ~ " d. v
5.16 !1:Y'WH1ft''Wvnm-J'\IeJ\lGJf'W\l1'W'l1rleJff1'Wl11\1lJ'\I'W11Ol 5.4 ern. (n) ~'W-J1tmrif)

'U

" "'lJ1nUUU'l1rif)'Vl'J1VullU11'\1\1 ('\I) ~'W\l1'Wl1riml1nl!UU'l1rieJ'Vlj1Vj~Vf)~

~ ~,
5.15 5nfJru~'\I U~~'W~l'W'l1rieJ~l'W,j'l~~lV o» ~'W~l'W'l1rieJYi'~ 'il1nU1J1J'l1rieJ

~ ~ ,
'Vl'J1VUlhl11 '\I~ ('\I) ~'W~1'W l1rieJVi'~ mn 111JU'l1rieJ'Vl'J1Vj~VeJ~

,J
iIlV'fYl

OJ ,

lflltJflJ.flln (VJ6)
u



" I 'JI t

~.:I'I!'Wl~fl'1~!iJ'WVll\l!~fln' Mn1JHU';i:;nfl1Jnl';i \ll'W1~ tlU~\lii1IPltlU'j~ff .:IrlrWflffn 1J1.. ,
". .

f.l illfflJ,j~ 'Ufl \j 'VI';i1tlllli'l111 'U\l1Pl~fl~ 'illJ ri1 'WHfflJ Yi111lJl~ fflJ ';i~'I111.:l'Vl';i1tlU" ~1'l1U 'j ~ ffl'W 1~ fl

I I lrt c:. Q,I d ~.::k d 9/", I I 1 'ns ltl';i:; tltl\lfltl111'l ln~ 'illnfilJmfl ~ :;1'WflflfH~ tI'll11lJ fl 91\1'il~lJ 1'-11J';i~n nu ms 11nn ~'I1~';iltltlfl tI~ ~ ~
"~Q.I~" y~ t::lf 1.& "" ~~'W'VI'W~1 ~\I'W'WHU';i~nfl'Uf)1';i'il~~fl.:l91fl'VI';ilm!(l~lfftlfll'U'Wff\lff\I 91\l'il~ff\lH"~fl~'WVl'WrnsH~~

q IU c:u q

mfl~~1'Wflflm~ tI\lll1i1 fl'Ufl\lU';i~!Vlffll'VItl1~tI,tl 1Ufffll'VWiJu ';i~1'VIff!iJ'W~ ';i l'U ff\I ~\I.. ..
" "'1'W~'Wril'W inn 'il~iiril'W Usen eu 'Ufl\lVl';iltlHfflJ flY U"~Vl ';iltimcilU fJ'l\ln~~YlllJ In'U1uj 'l11'l1"1tI '1

ffltl fllY! Vl';iltl'illnul.iJ11'U\I ul.iJlff\lmllJ lIl.iJl~ U1iJllJ~ ~.:IVl';iltlU1iJlci'Ofl1iJ'WVli'Yltlln';i
'"

Vi'fl\l~'WVl'jltl~ 1~'illnlll.iJll1n'l11lJl '1oMU'j~1t1'lf,rhJf)1'jriflff~l\l cj\l'U'Wl~ 'Ufl\lI~~'VI'j ltl'il~ii 'U'Wl~

'l1ru f)1';i~m'1n'W'Ufl.:ll~~Vl'jltl'i)~iiUfltl ii",nlJrud 1'W91tlfl~l\l 1'j~~llJ smms 1~ tI111'fl\lI'i''WI~fl\l
u •

dl dlr1"1" 0 ,: ,",0 ,~

"f)1';iffnlJlfldllJIU'W 1111~nl';i'W1Vl'jltllllJ'Wllqj"lJlhVllU1J1J'I1"fl1~tl11i Furan No-Bake"
i "JI jI

(ff~ til 1 'lfflff1ff~, 2550) 1~ lllnl';iffn lJ lfflJ ,j~'U fl\lVl';ilfJ!!l.i 'l119h!,,~ 11l.i'l11lJ(l YI'U11Vl'j 1tlul.it'h. ..
0.1 .., '" 0 '1 ""'" '.1"1 IIj jI dI ~IffllJl';itl'WllJl1J'j~~n~ 9f 'Wnl';iVllll'U'Ul1"tl ~tll1ill1J1J'I1'W!1J"tln (Shell moulding) b~ 91\l'i):;!1J'W

." v
m';ilJ1nnl';iHft~\ll'WYiffllJl';itlHft~:j$'W\ll'W 1~!iJ'W~1'W1'Wmn ii'l11l1'lr nu tltln11 1 ;11~ni'lJ 'il'WQ\I

""1 .., dI .J .111P! 1 d 1 .1'" '1 ' ~200 n ~mlJ 91\lffllJl';itl'U'W~1J 1"1Vl\l~l1~!l1~m!(l~ "'I1~l1Jl1J';i~l1t1~l1m 'Wnl'j~nll~\l9f'W\ll'W
, '"

iifl 11lJ"~!Vtl~Yi H1ff\l l1~'VI'jltl'1'Wm~1JTWf)1'jU l'i'fl.:lms 'VIs ltlYiiifl rum'Y'l iifl11lJ "~lVtI~ ff\I une.. . ..
"1l.iffllJl';i tl'l11n "''UlJ1'1~'1'I1l.i1~vn ~\I!iJ'Wn rs ff'WIU~tl'l

. "ns ltlYiiiflru fflJ,j~1l1lJl~fflJ n cill~ fl ii11~mru ciftnlff \I iiffl';i l~tlU'W '11~fl~'Wll1U tllU fl tI s llJ~ \I. ~

f111'11cifl1'l'I1~liJ'Wfl~ ffll1f1'J ';ilJ~ihJl~l'Wl'W u~~il ~~,j'Wfl~ffl'l1m ';ilJ'I1ciflhl1~1 iJ'W. . .
~ d.o=1 0 ~ ,.::. I ~ c. rI

~~ffl'l1m';ilJ'Y'l'W~ 1'WVllJfll1lJfflflqjfltll'UJ\I~fl~~ffll1m ';iueu '1 e m ~~ffl'l1n s s lJmuuu ~ U,,~
, v ~, ~ .J" , dI':' "1 "

fl~ffl'l1n ';i';ilJntl ns 1\1 'If'Wffl'W '11~ltl'lf'W ffllJ1HI'U'W s11~ltJn 1';i'l1~eu'U'UVl';iltl 91\11~ tm1 11111~1. ~

'VI';iltl~'1~'Vllll'U1J~~'l11m~ln1i';i';ilJ'lfl~11~flVl';iltiff \llml~l1 il~lJ,j'WH11';i~n eums ril'W '1l1ru'1 'W
• ~ u

.
cI

1J'YI'YI 1

1J'YIlh



I
ct.cl cl 0 4!::l Q Q.I

1.4 1iifll'jUIl~inn'U'flVll~'U'-Hll'jl'\lU

" "fl11lJL'I1lJl~fflJ 'lurns 'I1~tJU'lJ'lJ~1£1'Vl'j1VUlJU1\l1f)'lJ'U1~iJ~"tJO~~'U~l'U'I1~tJ

" "1.3.5 'Vl1f)l'j~'U s ilu 'lJ'lJ'I1~tJ'Vl'j1mll~Of) 'Vl~"CltJ~'I1~tJ~'U~1'Ut'l1~f)'I1~m'Vl1ltm1~tf.,

..t~ .t::::l q ...::. rlQI dusmill ~u, 'I1'U£I1U"Cl~1lfl 'j 1~'I1"Clf)f!ill~man 1enWl"tJ tJ~IlJ~'Vl'j 1£1

1.3.3 ilm1~tffflJli~m,:j!fln '~uri f)1'.l1Im1~tfri1'UYlfflJm~tfln~';l{Jf)l'j111i' ~~hVf)CJf

(XRF) U"Cl~1~~1 pH

, "
1.3.1 'Vl'j1£l1'l1tJ~1~l11~~tJ 'Vl'j1VUlJU1l'lJ~ ~~'I1-)\>lm£l

" ,
1.2.1 ffmn'fflJli~"tJfl~'Vl:i 1m!lJU 11"tJ~l1L'11m~'fflJiunl'nh!'lJ'lJ'I1~fll \9WTI!!'lJ'lJ'I1~fl

!1l~m)\>lllJlJlmj1'U'ffmfllJ'I1~tJ ll:'l'l1~I!'rhll'j~I'Vlfm!lJ~f)l (The American Foundrymen' s

Society: AFS.)

1.2.2 ffmne)\>lnri1'U'j~'I1'h:j'Vl'j1V U"Cl~VJ1'U~fl!'j~'U~''I1'~lm'jcMlJH1'UtJlmfl' Ul:'l~
...", d "1.%.1 I .1'"

'fflJu \>lmen l:'l'VlL'l1lJl~'fflJ !'Urns 'lJ'Ut lJU'lJ'lJ'I1"CltJ'Vl'j1mun tJf)

I '1 'j/.., '1 'j/ ..,;
lJl:'lfll !'I1f)'lJ'Vl:i1fJumnanu.,

2



G\ .& I 'j) Q.I ,., ~

f)1)'Vl~ fft:l1Jfl11lJff1lJ1HI ~'Wf)1)CJ$lJr-lTWLW~f)1) 'Yl~"",t:l1JmllJ~l'WUHt:l~, mllJ~l'WU H~,:j

~l!U'Wf)1)~ .f11f11'lf11fY1m)lJ Ism f1ru~1fY1m)lJfflff~{ lJ1111'VlfJlclfJt:l1J'Cl)1'lflilU•
o I ~ q 3) ~, I ~

1.4.3.4 nrs 'Yl1U1J1J11'Clt:l'Vl)1rJ'lf'W\l1'W1)) \I~ 1m 11'Clf111'Clt:lL'Yl1U'Cl~11'Clt:l'lf'W\l1'W

.... <V ""u 1111 'VlrJ1Mt:l1J 'Cl'Jl'lfli l'W•

C1 r! QI~ od. v Q.t::::! QI .c=i rI
1.4.3.2 'Hm1~l1fJOHYlJ1J~'Vl1,:jtfllJ'Ut:l,:j'Vl)1(J~1rJ 11if)1)111Hmt:lf1CJ$ (XRF)

~ltihJf)1)~.f11f11'lf1V1iYmf f1W~1'Vl(J1fY1ff~{ lJ1111'VlrJ1clm-l1J'Cl)1'lf1ilU U'Cl~-W1l1)ru1fi1 pH ~lJrm

lit iI I '" ~1.4.3.1 f1WV1~"(Hl1J~llJlJWI)il TWAFS ~~Uf1 'lJ'W1~f1'J1lJ'Cl~LtJ(J~'tI'B,:jLlJ~'Vl)1(J..

3



"" ~~11Jfl1HI~~"Vl'JSR'l! stereo

microscope
• .1.1 '

5.11 VI1fl1J'IJ'U~ull1J'U'I1f1VmltJ

LUftVfl

.. .
5.7 'I11fl11'1flJln'U

5.8 Vl~1;l'{)UIlHti~

5.9 11~j;'fV'UIIH~4

5. J 0 ul'l'l'n[)'ltl-d{)~!;! IflH1:l'1H

5.51~ti, pH

5.6 'I111;h\.lHj;'flJ'lJV~'I'lS1[)L1,,:fi'1

ils :;1;l'l\.1~I'I1lJ'::j;'flJ

Q "~,4 .do
5.4 1Ifl51~'H'I'jJ'IJ"'\o1Hlfl1J

.. "5.1 'I11fl11lJ":I'!l(J~LlJ~mltJ

5.2 'I11tl11JlW~l!l'I1ihJ1

3. "tHlfllllJUfl1n1~"U~

d "2. 1fllJ'i1lJnll'IJV~a

d ct .". .... .d..d 'II
I. fffl~'"I1t)~~U":H\.I'~IJVlIOU1'IJ~N

1.1 ~fl~'I'lWj;'flJU$l'IJ"tHVl~'V
-e .... .1 ~.d9"1.2 R'fl'llllflSV'IlJtJUa:quo'HI!Vl I'b'

'I'l'UlJlJ'11civ
1.3 ~ml1~l!~tll!fm'l'l'lllJ'U

'I1rivluiivfl

u.n, fl.'¥I. ii.fl. IlUJ. '¥I.fl. ij.tl. fl.fl. «.fl. n.u. VI.fl. '¥I.tl. li.fl

I.......
I .....

...
IAtI'I-I.

ll'l-lVltl'l-l fll':i~ lIihA.:Il'l-l

4

.
.::t 0 -=::to ~Q,of

Vll'Hrtl 1.1 UH'Ufl1)~l!'U'Ufl1)d'iW



o '"

1.6.3 ft11-3lJ~~1IVilJi'l1'n'lJ1'111t:Jlllli.h 1'U-3
"

1.6.2 IVt,.J'V11~lfteJfli 'I1'n'lJ~'lh~fltl'lJfll,) 11~'I1ritl mins flliltlfl1'111t:JlJl'Yi1UtJ'l.mritl

'"i'Uf)1'j'l1riahm~'~lJlfl~'U

'"!~"6'U~
OV 0 '"

ii.f1. U.fl.'ll'U~eJ'Ufll'j~1!'U'IH1'U :II.f1. fl.VI. 1).I.fl. VI.f1. fl.f1. ff.f1. n.a. ~.f1. VI.fl. fi.f1

5.12 UlIlU1J'I'I~f)'I1':ilt/hJ.
I1'IU11i:111::

6. 1tfl51::,rIli.1::ff~'tJI'li.lfl1S

I.....l1~HH)~

7. 1i~'1hnll.nUf1YlfJlii'l'It~i' .....
8. Ul'ff\l'Ofli:lfl1~11i1l .....

.
~ 0 ~ QQ,I t

V1l"Hn'11.1 Uf-l'Uf1l,)~11'U'Ufll,)1'W(~eJ)

5



"" "• 'I v'" $I 'I '" '" 0 '1 y '" 0 1U'lJ 'lJ 'VI 'j 1 tJ'H(Itl t 'HI'j au s fl fJ !'U'U'UI'l'tlhl fll'.itl'l 'j fJlJ'U1 !(I'l1~ 'il~l'lfl.:JlJfll'j fl'1'lJfllJfl Wfll'\"l 'UV-1'U1 (I'l1~. .
i~'1~ff1'Wf-lfflJ\9l1lJ~n 1'H'U~liYfJri tJ'U ~.:JU1 '1'l.Jt'Y1(1-1ihiItuu 'l1ri V~ 1\9l~ fJlJ11 lrltlt'Yl'l1 ritltltl'1 'l.Jriv fJ

(Centrifugal casting)
". .

fll'j 'Hri fllj 'lihl \9lV'U f) n'Vl1-n U\9lf) I9il.:Jn'W '1'l.J\9l1lJGln4~ 'Ufl.:J11u 'lJ'H ri fl I~ mi' hi 'il1fl fll 'j

• v 'l v'1 v • I • ..,;'1 v '1 v., ..,;eJflf)U'lJ'lJ'I1'W'H(ltJ ll(l~f)nff'jNfl'j~ff'1'U 'H ~tlJ'j1.:J\9l1lJ'Yl ~flVf)U'lJ'lJ '1 'H1f)(lf)1>JW~.:J1'U'Yl
" .

I'i'fl.:Jfll'j 1~lj 1'W'j -1'il~ I'i'fl~ n'lihi I'lfl'U rrn ~ 1 '1~U 'lJ'Ul'WlJ U(I~ ri fl'Ul 'Yl'il~9i'fl~ ils ~f) V'lJ '1ftU'lJ'lJl 'Ii'1n'lJ

v 'I vl v 0 'd. I 1

2.1.2 til ~'ll' (I'H~'Yl'Wfl11lJ'jtJ'W'Yl1U'lJ'lJ'l1(1fll'jtJf)'11 fll'j'H(lflU'lJ'lJtIl1'j (Permanent

mould casting) 'H1fl (Gravity die casting)

2.1.3 tl'l1~U'lJ'lJ'HriV~1~1fJ h'H~ ll(l~ 'l~fl'11lJ~'W'Ji'1tJi 'Ufll'jQ ~ h'H~'H(lfllJm(l1 h1'
'1'H(ll'li'lU'lJ'lJ i~fJfl11f1'j'jlJ1ii fll'j'HriflU'lJ'lJ~f1!IH~h!'iJ~ (High pressure die casting)

v 0 , ..,; 'I v '1 v '1 v.. ,J "'. ...,;
2.1.4 tIlhl1U'lJ'lJ'H(lVlJ1'HlJhlm'1fJ.:J t'H!nm: 'H(l1'U1U'lJ'lJ ~~'U'U nerrn fll'j'H(ltlL'H1fJ.:J•

~6]jI 0 d' ,

2.1.1 til ~'ll''Yl'j1fJ'Vll11'lJ'lJuerrn fll'j'H(ltlU'lJ'lJ'Yl'j1fJ (Sand casting)

fll'j'HritJ !n'H~IU'W'U'lJ'1'W fll'jf-l~\9l.:J1'W"f)1>JW~19i1.:J'l 1 ~ t:JL~lJ'il1f)fll'j 'H(I fllJ 1 (I'H~U ~ 11n
t " SI,

(I.:J"141 'WHU'lJ'lJ'Hrifl LiitlU1 h'H~Ln~ ms I~'W~ 1utl'1 'il~n (11m il'W ~'W~1'W'Hrifl 111ms 'Hriv-n 1~n 14

ff1'Wf-lfflJ'Yl1~lfllj 1~tJfl1'j 11'1i' ~nLflfl CJ1 (XRF) ri~tl'H1li1\9l~f-lfflJmJ1 'W'Yl'j1tJ fll'jMlV\9l'j 1fll'jqilJr,il'W. '"
'H1flfl11lJ 1 'l.J~~ U(I~fll'j'Yl~fffl'lJfl11lJU~~m ~'Ufl-1ff1'W J:.lfflJ ~~f1W fflJ'JJ'~19i1~'l L'Hril'n 'il~l'i'fl~lj ms

'Yl~fffl'lJU(l~fl'1'lJfllJri euU1 '1'l.Ji~~1'W ~~ i'Wfll'j'Yl~fffl'lJfl WfflJ'JJ'~~ 114I9il~'l Jhi 'il~'Vl1fll'j 'Yl~ neu• •
, " ,

\9l1lJlJ1\9l'J~1'W'Ufl~ American Foundrymen's Society (AFS) 'Yl\)1>J~-nU1).Jl~1~~~i'W~1'Wl<ijtJi1 t.wtJ
, "

tU'W;Tlhl 'li'tllJ(I-nLil'W'l.J'J~ ltJ'll'Ul hims ~lLiJ'W~lhll')fJ ~.:Jlj'j1tJ(I~lUfJ~~.:Ji1.. '"

'Yl'l1>J~ 'lJ'Ylfl11lJU(l~!'8fHnHh~~~19i1~'l ~t~tJ1'1i'fl~n'lJ~l'Wl,)tJ hiuri fl'j'JlJl1ifll'J

~l~l'W'Hrifl 'Yl\)1>J~"'Wfll'J~lU'lJ'lJ'Hrifl'Yl'J1tJ (Sand mould) f1WfflJ'JJ'~'Ufl~~11.h~m'W fll'j'Yl~fffl'lJ

'Yl'J1tJ '1~uri 'U'W1~ nJ~l~ ff1'Wlh~f)fl'lJ'Yl1~tflij fll'j1tfl'j1~M'H1'l.J~lJ1W~'Wt'H{hJ1 fll'jlLfl'j1~M'H1
'"

.
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& d t.4 V 9) QI 0 q Y c::: t, cd ,., td9" 0 I I.IJ
Ul'Ill"lfl111'lJflmHU(j1'lJ'U'iI~'Vl1 !'I1l!'tJ.:jUhl!l'lJ'lJ'H(jflll(j~1:Y1'W'Vlfl1~flUn!"lf Green sand 'Yl1l'1eJhl

<u

1fi~2 !1:I'W11j~'l~ Green sand 111UUU'I1rieHrt)'1!fI~eJ'lJpbI'1'1Uf11'jyJ'WJ1U1 ~111

'l11'u~~!rlv\lmf1hm~feJ'W J1U1viu ~'l~11'1''il1nJ 1irU ~u ffl'l, f11nJ11'11(l (Molasses), iuuil ~
. dt::tQ.l Y QI

(Gelatinzed starch) UTI~1:Yl'j~~mU'tJeJ.:j!'Hm'Vl'lJ(jn}jW~flmUf1hl

, 4 Q (:$ ~dGj '-'G] t::! .J'
2.2.2 lI'IJ'IJ'Ht'I'f)lflt'l6'IJN1l1'll'l (Skin-dried moulds) TIi'Vl t"lfthlf)l'j!I'I'jU'lJ'Vl'jlUUUU'U

" ., <C:::I..d.ctc\ GtVQ.I ea 0 i !I2.2.1 U'IJ'IJ'Ht'I'f)n'nu (Green sand moulds) 11ihl'UtJ'lJ t"lfn'UlJlf1'V1ffl'l msm l'IeJfl'j~'VI.:j• •
!I 1 Vf!l <!I q!l?1 dVf!l

'Vl'jlU'lJ'Ufl'j~fflhlI'l1Uf11'jL'Vl'Vl'j1U~.:j'lJ'UUj:-Ihl ur 'I1'jfl t"lf'VI'j1muhlUf1hlf1m~f1 !I'I

2.2 'I.h~lilnU'IJ'IJ'Hti6 (The type of mould)

(3) ljfll1W!~.:jm~ I~Ul'ln '1'U'tJW~~I",J1m~f1~~ liJ
.1 .IVf!ll(4) 'tJhl~u tl'l.:j1eJ

(5) ~f1 'lriU'lJ'lJ~ltJ

(6) thmrUlJl'~'mjll'1'~f1

(1) 'VI'UlP1flflW'I1tl'lJff.:j
• OJ ..

~ "" .d "" .J' q : d 5) Vf!l 1 d(2) Uf1ff'VIf1"lf'UI'I'VIIf1I'1'tJ'U~hl'tJW~I'VI'U1m~n~~IIUU ~~l'Ifl~ tUl"I'Ull'lJUflU1~'jll'll'j1•
d ~ " 0 '9J 4!1QJ ,
'VIffl'l'l1'j am ~nmll1 'VI'j1tJ'YllUUU'I1~fl~~l'Ifl~'lJflm1f1 1'j f--I1'U~'lJff.:j, ..

v
'VI1'1 ffflU 'VI'j1U'I1ri eJ'j 1'lJ1iJ~.:jfl 1 1'lJ ~lJ'W'U TI'tJeJ.:j'VI'j1UIP1eJ\11'I'lJf1l"1:ieJ.:j' 'U.:j1'U'I1ri fl ir'U~ eiu 1:1'U•

~1 U~~iJ.:jL1:I'Ufl'j~Ul'Uf)l'j~~lrJl u mnhmJul'1'l eJjjtl'l1~eJl'1'lmfl~eJ.:joijf1 s eJ~l.:j1'jRI'I1'lJflWtlll"l•.. "
'tJeJ.:j'VI'j1rJ111UUU irm1:lhl'l.h ~!~'U ~ 1 H'I1rieJ 1\P1U111'lilu eJ.:j,r1'lJfl11'lJ tllr1'w <f1.:j'W'Urm fllUfl'lJ'VI s 1tJ

u •

", ~ 9l ~ 0 0

Nlhl rns 1'1'j 1 ~neUnH).:j 1'1hl \PI 1 eJff1tJI'I1 U~~ 'U1lJl'Yllfl 1 1'lJeeeWl

~.:jfl'j~Ul'Uf)l'j'l1rieJl'1'leJHU1J'Vl'j 1eJt! 'UL1:Ihln 'j ~U l'U n 11 f--I~I'I~"h1'inn deJ.:j~ 1f1ij~'U 'VI'Uu •

7



T~ ~I l.do&~IQ, 0 ~

2.2.8 mJ'U'HtlelVHff'll (Special moulds) llJ'UU u 'U'I1~{)'Vl'Vl1'\J'UllJ'UYHfl''l4""1'11'j 'U~1'U

,d 'I v "".1 d 0' .1 0' ~I '" dGJ 3/ 0 ,
1J1'1tltJ1'1'Vlm'il !"If'Wrll1Yl9lf)uu Clfl11'U19IlJ'U'V'Imml9ltl'j fl'j~~1'l4 Url~tJ1'1llJ'Ul~~'Vl A"lf'Vl11I'lJ'U'l1{1tl.... .
lJlfl

"
ij~{)lll i1PlU1111'lcMl11'lffUUUlPlltJ

2.2.7 u'lJ'lJ'H't\al~'H~ (Metal moulds) llU'lJ'Hritl~1IPlltJuuU1~'l1~ rill.Jmfl'l~'ll.Jfll'j

Vl1U'lJ'lJ~lJ.w'l1ritl h'l1~v.l1YlJ~n'il~'l1~eJlJ~~mtJ~l ~1 '1~ilPlh'l1~'l1rieJ'jtl11~~ t~ au llil9i'{) ~191ml~ ~. ~

, t! -. -. t! '1 ,13/ 0 ~2.2.6 H1111'HiU)fll'l'lHIU l~H)elfl lctfVl ("CO/'moulds) 'Uf)'j~'Ul'Um'j'UI9I{)-:j'l'll'l'l 'j1tJh1

w <01,)'" 3/ 93/';' .!i93/ "'''' 3/ff::;VlIPlHfflJfl'lHfH'Hl I"lHlPll'JlJUfl::;I'1V.:JHfflJ !11'1'1'ldV'lJ"lfld::;ffTU IlJV l')ff'l'lllJlPl'UVIPlVlfllfl' CO2 l'U1

i tl'l 'UU'U'U'I'l'j1tJU~1'il~~11 ~'I'l'j1tJ~ v.I""mf'UU~'Il'il~'U nrl''il~vh 'l -Ki~ ~'H~mlm~ tJU~'U~1Jlf) i1i

2.2.5 H11U'H't\e)'vj'n'U (Furan moulds) m1Jl~l1rif)1'j~ltt'lJ1J'Hritlft1'Hi'umJUm~""1'U

, \l)3/Ii]3/ 3/ 0'13/ 3/ d 3/ "".1' 3/ '1 3/",
mm'l'll~ I~UU'Ul9ltl'l'VJ1 !'I1'1'l'nmm-!lllrl~tll~'Vl'j1tJl9ltl'llltlJ'j1'1U'H~lJf'llJ~ltJ 'UfllH,mlJl'\.11f)'U

1'i1d-:jtlfifi5tJ1 (Catalyst) ~~Hu'Um~vh)""'WeJf5fl u~~'1ri ~'j1l.Jt'j~'U (Furan resin 'H!tl Furfuryl
3/\1) dI "':: 0 3/d~1 '" 0 '\I) 93/ ,1alcohol resin) t'\.ll!tl Clf'lffl'jlflll'Vl-:j 2 'il~'I'l1'11'U1'Vl1lJ'Ul9l11h~~1'U 'I'l1fll'jv.l1Ylll9ltl Itl I'll Resin 'U

f)'j~'il1tJtl~;tl"l itl u~11{jl'v1f)1fl'1.,r1 itltVl tl~l 'l~U~-:j U~t.Il'il'j erim '1~d~tJ'I'V'I'VlVlm/i1uUU'HrieJ. " .
1~~Yi'1cMijI9l111tlf)~'il~U~'Il'ilf1ltJl'U 1 'H!ll 2 il1lJ-:j

q

3/
U'H~

"2.2.4 H11'U'H't\ eH1U 11hUJ (Loam moulds) uu 'U'I1ri tlU '1~ft1 'H'i''U 'I1'U 'I1ritl '\.I'U1~

'J) iJ I 'JI

f-H"llnU1""~~~ ~~il''U~-!ll9i'll-!ltl9l~tlll'Vl'j1t1rill'Uih itltcM tm~l9i'tl-!lYl'il1'jt\! 1~f111~Yi'il~t'Vl1.h 1~'I1~~-!I
q ~

II! ,~~ I ~ 0 i!.G1 , 'll] 'j) ~: lit lit I q

!tl1l.JU'lJ'lJ'I1TIll~1V Clf~UU'lJ'H~ll'U~l1Jl'Hl'VJ1hflJttll'll~"ll~ H~~111m'Vl'U1 hl'H~rl~ !tl'il~ l11lf)\9I
I I So''' 'JI

iJty'H1t! eH'Wtl'l mn 1fl'Yilfi~ 'il1f) fl 1111<ii'Uil'l.J vh ilPl 'I'1'1U'lJ'lJ'Hritllfi ~tl'lJ ~lU ~ 'I (Skin-dried molds)
I .J'Q VQ/ I jI I d Vuneu inntnen 'j1 tJ'HtJ1'lJ'U'Uuu1"lff)'Utl tl1'1f)11'1'\.111'11'Uf) 'rs'HCltll '11(If) f)en

v
, I .t'!i 0

2.2.3 U1111'HtH)'fI'lllTH£Jl'U (Dry-sand moulds) H'U'U'I1m.IU'U'Ul.J'VJ11Jl'il1f)'Vl11Cl'l1tJ1'U'1

" "'1'1~2 n~~f)riT"J U'lJ'lJ'il~l9i'tl~~11-Km1'~1Pl1tJm'H{j1 'I1!tlIPl1tJm1tcM'lhvh.Jf'l1111~e)'U
.. "

rVh)~1'l-KU~~~T¥i'U~l1t\!;;h u~~irif'l11lJ<iil.JeH)f) 11J
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Ceramic and investment casting

no-bakeDie casting

permanent mold castingSand casting sheU,C02.

Chemical bonded moldingPrecision molding

Molding and Casting Processes

2.3.1 fln'HllelUUU'Uulvuafl (Bench moulding) liJ'WUlJlJl1ri~~mlJl~fflJUnf)1'j"l1ri~

!!lJlJl~f)'ll11lJ'W 1~~~~'1'W~Glh'll11!!lJlJ~~l11 '1~U~\9rlf)
, .<!I 1 I ~ 9 oJ!

2.3.2 fll~mHlUUU'UU1Ylflt'lH (Floor moulding) urn {ll1~'I1{1U!'WlJ'\J'Wll91!'I1ty'\J'W
, I ,!jJ !J}

~l11' l1'til f) !!rl f)1nlf)~~fll), lfliim-J.yj '11'W.yjl11~'1~'el'll1llJ'WoW'W 1H'I1riU uuunrieu lJ lJih 'HlJ1~tllJ

'11'W'HriU'\J'W1191f1{ll'1!!{l:;'\J'W1191''Hqj

2.3.3 fll~'t'itie:UA1JlJ't'i~JJ(Pit moulding) liJ'W!llJlJ'HriU~t'l1111~tllJ'Il'W'Hri~'\J'Wll91 i'l1qj

~'1l11' 'W'I1{1lJ'H(llJ dl11m! l~liJ'W ~)' u,:d'lJ HlJlJ 'Hri~ ~ 1'W.,j'1'1 '\JU'I 'H{llJl11~ ';WV;l IiJw,n!'1!!{l~ ~ 'W
q q q ~

, " "
m'll11 i l1'~111'W llJ1f1!oWU~:; '1~)'U 'Ii' u ij l'H'W f) 19)'1U'Wf) 1)' 'HciUU u u 'HcilJ ~'1 ff1lJ rs tl¢l 1'W'Vl1'WfI11lJ•," "
f)191191'Wl1lnl91~1f)f)19f~ U'W1~1TIil,j)'~'H VI91UU1'l1llf1'l'Wfll),l11UlJlJ ~'1ff1111), tll11'11'W~'U i 'Hqj'll~

2.3.4 fl1~,,rIi'l~t)~~fl~'t'itieH!lJU (Machine moulding) liJ'W1TIf)1'j"ij1lfltU'l,j'f)'jllli~
" ,

o 0 1 .1"'.1 0<9 "I 1" 0" "I " 0 0'Vll!!lJlJ'H{lU 191emsusuus '1'\J'WIl'lU 'lHl'Vl'Wfll),'Vl1'11'W1911t1lJUmrm ~'Vl'l'Vl'j1(1 fll'j'Vl1UlJUGIH)'1
q •

". ,& w G) 9J c!t CLI '1 Vd' ~a I ~ ~ I'=!, I.:::sCi"~ 0

'l1'Vl !!Cl:;I91'1f)'j:;ffl'UU~f)'W'W rruruo ~"Jj'lm~'1~m 191191f111UCl~lJlJ'j~U'Vl1iml'lI91f)11'Vl ~"Jj'lJU'Vll\ll'W

J ,
2.3 fI~~U1Ufll~'UUltlmJU'HtH) (Molding processes)

9



!.

preferable

base

Aluminum -

preferable

copper-base

base and

Aluminum -

fl112JtlllJ1"lU l'Ufll'i

Itl~tJ'UII'lJ'lJ''I-Ifll'iHa~

I'llUHTllJl'lQl'Ull1"l

",a~~'U-31'UltllH

<UtJoi'tl'l-l

Shell-~

CO,-Yi{li'*

.. ~
fllUJ1'lUtJHl

1/10"1/16"1/32"1/8"1/10"
I'llUn1 '1-11

CO,& no - bake

112 Ibs-tons

Ozs. - 250 lbs

Shell

Ozs. to J 00 Ibs751bs100Ibs

±.020"±.OIS"

vr'UfJ1-lljjtlHa~;iltn'l-l

~tlU

±.010"±.001"

9il

1.1 a. <Co "

Vl'U'J'I-InH)fHI~ilnn'U

mil

±.OIS'·

±.005"

Casting
casting

Investment

Ceramic &

±.010"

±.OSO"±.030"

±.010"

No - Bake

Shell,CO,

~lJlfl'l

Die

Mold Cast

Permanent

Casting

Sand

Chemically

Bonded molding
Precision MoldingGreen sand

10

m'nl~2.1 fl1'HmV'IJll1rJ'lJfflJ'lJ'~~,:jihlfllfru~dlf1ty ~ffllJl'jtlUllJlltJ~V'lJI~mJn'U'j~<H'h~
~

fl'j::::'lJ1'Uf)l'j11~t)lLlJlJ~1~~(~~Vll'lfflff1tl~) 2550)



~'lm'WYi 2.2

'lila di",,<v d d J'\qil
!m:U~'Yl'j1t1!'.1~I'I~f)'UU"~'il:::!'W:U~11:UU'U'lm'l'll'U !~

1m 'lff! 1'l v-I~f)'IItl'l'Yl'j1t1~~f11Vl1:U1i~s:u't'1~ 'il:::t1J'Us1111'j 1ii~ il"1'Uff1:Ut'l1~!'.I:U~'l" ..

Illi ~'Yl~1t1~1l-i1'lf)'1lJ U~n,rmfftlfltl'Yl~ll'Jtt'U'Un~ 11lJU~'lU:i 'l~1'1'l tl~l'l '1~nVl1:Uf)l)t~:um~f)

enn ICJl'l'li'U'Yl'j1t1'11~ems t~lJ~tff1J 1'Uns 1t1'1111~u 'UlJ ff1'j t~:u~tR'1J 'il:::GJl1tI"~ tltu 'I111ii sinter '111. '"

fltl s imrm 'I11~1t1 u~n,rmffv;itl ~'lntlltl1t~'UI9i'~ilf11ff'l~'l'l111l1''Vl~1t1iif)1~'IIt11tl~1ff'l~
<u ""

1l~~lJ1tu 359°C n1tl'l'il1f)f)1~tll~tI'Uull'1'lI~Hff!1'l 'il1f1a 11lt1J'U f3 ('U~~t~~ Uff'l~'U'Yl{ 2541)

, <v Q'" _I"; •.1 !ill Iiii iiI d _I I ~I .,;UI'lf11:i'Utl1(J1'I1'IItl'l'Yl:i11'JCJl'''m'lltu~tlJtw'UtYlnrruns nun 'II ~ ~ tI 't't:U~'Yls1m lJ ~l'ltlJ'Ut'I1'1 tI:u
"

tl~iit'uv:u U'1~~f)'t'{j~'I1a'l;itl 'Yl~1t15'ltm1~11 (Synthetic sand) t1J'U'Yl~1t1~tn~'il1f11i~~:u't'1~

tGJI'Ut1'Utt~iill~:IJltu Si02 ff'l:lJlf1W;i1 98% u,,~n1l5:U1tu~'Utl~~1 (0-0, 15%) 'I1~tlIII iit'1 tI 'Yl~1t1
" """" d 19J Q.I ... I ~ QI~ I iI v'if'U~'Uff1:1JlH) 't'Vl1lJ~~ff1'U (Binder) U'1~ff1~tff:i:Ufltuff:U'UVl (Additive) ~1'I1:UVltl'lf11~

l'Ulh~t'Ylft'I'Yltl'W'UlJlf)1'U~'l'l11~ :i:::tltl'l ~'U'U1 m1~ 't'lJ'W'j U'1:::ff'l'll-nl ,rtl~'IItl'l'Yl~lt1~~f)1. .

~'Ulh.!tl~ ~'lUD'ltltlfH1J'U 4 f1~lJlmY"lI~un ~~f11 (Si02) 'Yl~l(Jltl~l'U (Olivine)'Yl~1(JtCJJ'tl1~tl'U

(Zircon) U"~ 1~~lml (Chromite) ~'l'ildh1m U'l1~'ln1t'U~ U"~fltlH"lJ,r~~UVlf1~l'lt1'Utltlf1 11J
"~ ...::::5. I:::i Q"I.r::::t

~'lm 1t1"~ttl tI~~'l'U

2.4.1 't111fJCU~fll(Silica sand)

ns 1tI~~f11'11~tl'Yl~1VUfi''1 t1J'Uf1rilJU~~1l:i ~f1tl 'U~'1tI~~~ e'Utm~tl tl f1~t 'il'U•
d d "I <k 11) iI':' '1 "l:: "I 1 """"d l!i1 di:U~Vl~'Yl1'lt~:u ~tl Si02 CJl''l'W'U!~'Yl'1 11!'U't''Utll''tlf) "f) CJl'''f)1lJ'II'U111U''~ m,HY11'lf-Hlf1

lW1f)'I1-nltl u,,~8''l'W'Utl~l'U~ll'YlH~'U"l v-I~f)~~f)1~'W 'U:IJlf1~ '!~tl~l 'U~11U~~ 1tl'YlCJf'Yls1V~~ f11

'W'U1~~1 11l'U5ntu mY1~'U '1'UmiJtl'lt11~u"~t'I11itl'ltll:u'l rl f11H)"'lU~ ~'lf1ri1'1nm~ 'U'1'Uf)1:i. .
" , ,

'I1'11V.u'UVltl'Ul~m~m)1f1f11~fho~~'lll'1 mnh, 'I111l1'ttl1''l U'1~f1~'II'U1~ ll1'mm~ff:ut1mlf)'j':ltu~

f11~1~'l1'U 'Vl:i1tl~~f)1~1~t1'U'il:::nmj 2 't'{j~ ;itl 'Vl~1t11i~:i:u't'1~ (Natural born sand) nlljmtu
"

~'Umf1ll~~mtu 5% - 20% ri1'UlJlf)'il:::l~'I11U'U'U'I1~tlff1'11'~''U h'l1:::~n'il~'I1'1tl:ut'l1'11~1 tGJI'U.
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'" ....-(1J',j"H~<fl U1:1'~~tJ'Vl',j',2541 : 5 )

.fIl'W~ 2.21f1'.j~1:1'h:jil';jliJ'fl:nl'Wft'llJ!'K~£JlJ (tetrahedral structure) 'lJtl~ silica..

12
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, " ,
f111lJ5 v'W~1'I1lJ1:;nu~1'Wli~ fl~ n 1';jU~~1'l1a ~l~';j 11Plt~ 1 1 'Wtl~lJ ltu U1~ff1 'W'll tI~~'W ~1'WtJ~'1iln 11

t1'W 'Vl';j1tJ!ctItl{f1fl'WiJ~ 'lJvhtlUn~ tJ1nUm~nfltln 'ctI~ ~~'ildh 1M~IPl'l1{ltllJL'I1(11~1(1~ ~~t1'W ~~

"llJij ms tn 1Pl'VI';j1t1'11(1alJ1'I1(11 '11~a '1'1 ';j1 tJ'1'111J' 'Wfl n vm t1 '1'1 ';j1 tlLctifl{f1 fl 'WiJ~n fi 1 fl11lJ ~ V~m s ns IPl

Acid Demand Value CADV) ~~1111iMff11J1';jt:l1~i1lJnUI'l1tl';j~ffl'Wtflij'1~'Vln'lfiJlPl H~'Vl';jltJ•
" & "Lctla{f1a'WUl~tmci~'il~tl'Wtilfl'Wffl';jnlJl1'W 1Pl.tl1'Vlf ~ff ctI~t~'U fl'Wm 1tJ~ ai 1~ rn tJ ~~,r'W1 'Wms 1 ~

, Q.I ~'1 lit" 1 ~ QQ'j) tI do 0imnu 4.6 - 4.7 ctI~lJlnn11'Vl';jltJ m tlJ'Vl 'Vl';j1tJ vm'W U{l~'Vl';j1tJctI{lf)1 'Vl';j1tlLctlV';jflfl'WlJf)1';j'Wl

~~t~lJt;fl'W1'l1~ 1,750°C U{l~n 'il1Pl'l1{lfllJI'l1ff ~n1l 2,400°C 'Vl';j1tJ~U1lJli ~~l'W'I1ciflfn';jntl~1J1W. '"
,'j)d.. 'Q,I q QI tI.d IQ,lQ.o't/

'llfl~ Zr02 atJl~'WfltJ'Vl"'llPll'Vl1nU 65-66 % (UnL~1Pl Hff~'il'W'Vl';j : 2541) lJfl11lJ'I1'W1U'W'WfflJVl'Vl1i

. . "
Ll1tJUnU'Vl';j1tJ'lfUIPl~'W ~~1Lff~~ 1'W.f11'Vll1 2.4 ns 1t1'lf'l1IPlUljfl11lJ'Vl'W 'Vl1'W~ flfl1llJ ~ tI'Wff ~lJ1n 11PltI

'"

QJ...jQ q" Q.:::t ~.d d QI d (j) Go' 4Q .c:S
V1"I';jf)111PlH{l:;a'WL~ tJ ctI~lJ'll'W1IPlllJlPl'Vl';jltJU{l~f)1';j ns ~ 'illtJIPl1'lltl~llJlPl 'Vl';j1t1f1munUctI{lf)1 lJ'll 'WllPl

L~~L~n 1IPltlm~tla~ ';j:;'I1':h~ 115-230 J...lm AFSGFN ('lJ'W1~'ll'eNL:UIPl'Vl';j1tJIPl1lJlJlm!1'W AFS)

L'I'llnU 40-65 mesh uneils li'l'il1ntl~lJ1tu ~'Wt'",t1t11ff1'11fUi 'Wtl';j~L'Vli'l' 'Vltrwutl'Wfl~nUHi'lf{j1Pl
'"

t'W u~ijtl~1J1w-uatJ 'Vl';j1tJtctlV{f1a'Wnf)1';j'll tJ1tJI'l11~a~ s m f111lJ! tI'W~-U tltJlJlf)L~ tJ~ 0.2% trlv

~
2.4.2 't111£UCUe)"HUlU(Zircon sand)

'Vl';jltJlctla{ f1fl'W'I1~eltctlel{1 mLi4tJlJclfii1f11Pl 'VlUlJln i 'Wtltlfflm l~tI allJ~f)1

t~'W p-Phase ~'f:Jtu'l11JiJ 573°C ~~~~vhiM'tlt~lJ';j~tJ~'lnJ~Hn'W a U{l~ c filf)1';j'lltJltJI'lTVll~
t I I "

f11llJ!a'WrWlJ~ln 0.6 itlt~'Wtl';j~lJlW 1.2 ('I1~V 2 t'Vll) ~~i'W.tl1'Vlli 2.3 f)1';jttl~tJ'WUtlMt1~~

!tl~tJ'Wvfh~';j1~1~11L{l~!tl~tJ'Wn""lH~'W phase a miia'WL~lJ!rlVl~'W{l~ a~Nh~lPlllJnn

!tl~ uuutl{l~ ~~ hit n ~~'Wi~ 'I1lJlPl 11PltJ~m~'il~ Ihjij1'l1tifli 'Wff1'W~ hhtl~tJ'W UU{l~ '11~aff1'W ~

• I'" lit SI SI & SI q SI '" "'''!1J{ltJ'W tlPl'lflctl~'il~lPla~ t'lft1m'Wl'W (unL'il1Pl Uff~'il'W'Vl';j,2541)

d lit SI 1 • I'" ~I A '" "" ° d 1SI~ln.f11'Vl 2.3 'il~1'I1'U t~1l a 'il~L1J{ltJ'WL1J'Wt-' 'Vl'f:JW'I11JlJ573 C 1Lft~lJU'W1 'WlJ

d "'1 SI ~I "" 1 lit" d '" 1 ° ° SI'Vl'il~lJ m~ff';jl~t1J'W mff IPlUl t{l'Vl (Cristobalite) 'Vlatu'l1fllJ';j~'I11l~ 876 C Uft:; 1,450 C unem. '"
I", "".1d d d 1SI d .Id ~I 1 SI lit "" lit " 1V~'Vl~tu'l11JlJ'U!ll'Un{ll'Wl'W n'il~lJ1L'U1 'WlJ'Vl~~L1J{ltJ'WL1J'Wm~ff';jl~ t'Vl';j~ urn (Tridymite) VtJl~

v ~ 'j) CI d Q,ld~,,:!t ~
'lfl'1ct1~ 1 m ~ff';jl~ sen {lUlJ1W'W1Pl1anfi HLlJa~W 'I1.fJlJ{llPlft~

13



2.4.3 't1'JltJlm'~'ti' (Chromite sand)

'Vl'jlV1fi'j 1m1 ~tl ii'ULd1fi'.itijm.J~L1J'Ui1'UlL~~v~i 'UlU FeO/Crp3

ij!Li1'ft'lfhiJ'fltl~"1 'UtivJjf11"11OiH"~Vl'Uu,,'U ~ ij~rl'j'Vll,:jLfilj':h FeOCrP3 ri1'UmYlJ~'W'U '1'Uf11'J'1~
~l'U'\Jtl'l'Vl'JlfJ 1m 1m1fitl 45% c-,o, 25% FeOp3 . 10% MgO, 14% AlP3' 2% Si02 !!,,~ij

CaO, MnO u,,~ Ti02 1'U'll11J1W~Utltl1J1f)u~1 'U'Vll\1'llfiiY~'Vl'Jlt11m 1m1ihY1'U ~ff1J~f)11'l1l1f)

lL'U'U

JI I ,SI

ffli1'1'U '1'Ums~~~9i'U ~1'Ul1~tl~fll'jm11llL U'U tl'U U"~fl11ml1V\lm \I'Vll\l~l'U '\J'Ul'fl~'U\ll'U ~ 'l i'l1 'j

.,; "I"" '1 ~ « "1 ,~ lIi ~ "1~.J « ~'\l~L'W111Js lJltu ms GJf'Vls1m 9ftl'j fltl 'U !'UU'U'Ui1''' tli1''jtl 1nu 'U'U l11J1fl '\J'U'Vls1m9ftl'j fltl'ULi'l" tl 'U

~1m'j~'Ulji'l111JLi1'1J1~ff1Jffli1'1'UvllU'U'U'I1ftmU~V nu lfl ;j tlfi1 s 'j~1,:j1'Ufll'j"1 ~'Vls1Vl9fV1flV'U~
"1~fll'lh ~ffl'U 19fL~V1I~iiLfl~ ~ Vms to'flfll'j'K"tl1l"~mv'j 11Jn'U insmu vlll MVlfl~Vf1l'j une1~

tI GI jll Q,I Q -=1 Q Q 1rI!iI.dt t ..::s. , ~nan 'Vl'jltJlC}ffl'HHl'Uffl1Jl'Hl !''If'j111fl1J'fl'Ul'HWJ1 UCl~L'jC}f'Ul'Jfl"lf'U'fl!'flL'Utl~'i)lfl111Jm ADV ~1

U,,::; ffl1J1'J (), ~1~~n'Ufl1111Ufi oj Vl (Catalyst) ~L1J'Un'J 'fl~ '1~n'U~ sl'U II,,~Vl1 'U~fl I'J~'U

Ldtl~'\llfl'Vl'jltH9ftl1fltl'Uljf11';i'\J V1Vfl1~1 ~~ijmJ'lhlJ11~vllU 'U'Ui1'ftmU~tlfl ~~

~tl~ijf11'j ~Hl1lIs~'U lL,,::;\9i'lU'j::;ffl'U~,:j ffl1J1Hll.hml'U1J1' ~'lmJ i~ 1'flurns au 1ML'j~'U "~mtl

Temperature (OC)
600 800400200

1.6

1.4
~0 1.2
c::
0

'" 1.0c:
ro
0.
)<
4)
"-
to
4)
c:
:.:J

0.4

0.2

Gh.J'U~l1tu~~lt1~tlfll'HL'Vl';ifl9f1J'\Jtl~Jl h1'l1~ (Metal penetration) i1'~tl"1'U'lJjntu ~LO'fl~l~fHl::;!~'fl

(Scabs) lL,,~"1'U'Ul~mt1h)1'\lHh1Jmn';iu'liltl'U~1H'U'Ui1'ritl
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Nl.,!!'I1linu9f~ fl1 Url~fll) 'IJ (J1t1~ 1 'il1fl vru un iJ 0-1000°C i fl~tl5l tI.:JO'tJ;~ fl1 It{l~ n eJU ~fl1). . '"
'\I~1E1~1'\JeJ~'Yl',j'ltllvmu'il~!~11fl~o'tJ9fi1fl1~uru'l1fliJ iooo'c n'il~fj~'il~~"'l '1M'~l.,!!'I1{j(J1 ~'lI1Jl.,!

• Q) •

~111',j':::~1l.,!~fJU IP1'J{I~ ",1 iM'!n~fl1',j' 11I~tlU ',j'1I'Uru~~ fJU (Hot deformation) nVU!!{I::::t1l~ ElU) 11
'" '"• v •

!1Ju 'l11e rJ1,:j~ V tilV ~ ~.:J tTuu 'lJu '11ri eJVi1 ~ '1'1) 1 til V~lU u '1'1U '1'1',j'1~ 9f~ 01 ~ '1 ':JJ ii~fJ1Jfl VI~ U 'l
!~D\I'il1flfl1'J'\J tl1t11P11(Expansion scabs) U f)fl~lflif'Yl)lt1 1 vmu£J'Il ~OUlJlfllUfl1)'" 11t'tJ'lJ'I1civ

v. •
, QI. Q do Q t QI d Q a I 0

AFSGFN rmnu 50-100 Mesh 'Yl)1E1'lfU~U'il::::!',j':J.JVVUI9l1'Ylf.Jru'l1lJ:J.J1,800 e fl11:J.JmHIltYl1~

3.3- 3.4 ~~lJlflf)".h9f~f1111)~:J.Jlru 25% ff1'111'tJf)1) 1~~lU '1UVI9l'CY1'11f)',i')lJ'Yl)1t11 vmu 'il::::1:JJ~•

~ d \J1 a'c.J~ 9) dtdoQ
lhlJlru'Uv~m~mH)fl t"b'~ ~~'U'Ul'I11lJffllJl'H) l'U fll'l''Vl'Wl'I11lJ'l'v'U '\J~~~~~ u.JtllJlh lJlru'UV~

c: If) d' ~ ~ ~ ~ .d d' tI OJ q 11) t ~ Q.I

I'll{Ifl enn t9J'~IYl:J.J'\IU '1'1) 1 tI'lfU ~U~::::Vl1J uinn 11)::::1'Ylfl'Uu) n (J nn fJru ernnn ~'il::::t:J.J1'I1:J.JVU fl u

"''''' .,; ~I ~ I '" ... ~I ~ "" '1 I di ~ 0 i~ ~I ~ ~Yl1fl9J'{lf11'YlllJUllJ~ UI9l'il::::lJ{lflfJru::::!lJU flVU'I1U '\IU1~ t'l1ty 9J''l19lV~U nnu ~ 'I1UI9lfl!uuiu ~nlfl 'l
v •

H~1fi~'\IU1~nvml11111~~lU ~~tTUt1l~1~'lJfl~ID~'Vl)1t1~,:jn~flfJru::::l1Jul'I1ihJlJ (Angular shape)
v •

iil'i ~ 'UU 1~ 1I1U fl m'll 11su t).:J'UU 1~ rl~ I~ tI~ 'UU 1~'\J U~ ID~ '1'1) 1t11~tim ~ tIL 'YllO'lJ 75-150 !-lm

• v
flru'CYlJu~lUf)1~'Ylu~um1lJ~UU~ 1~tln~~'I1{1UlJ~1lJ1flf)':h 2,090oe ff1'111'tJff~1Iu!iluU~1~'l
• v •

l1~~lJ1ti''tJ'Yl~1t11m':J.J11 riv Vl1fl'Yl~lt19f~f)1 ~1 Loss on ignition (Lor) 'lJV~'Yl~lt1G)fiJ~uVi

mm::::'CYlJ01Jm~1~,:j1U f)1~'il~~~1 0.5 % 'Yl~1t11m'lJ111J1,:jm~~~~1f)11lJl91'-eJ,:jf)1~m~

(Acid Demand Value) "l~ri~yl{lvhlM'nf)1~U~~~1~1Irlvl~~'JlJO'lJ~1"'111Bf)~tl1 (catalyst) Vi

!iJum~ l!~nmf)1m~~~1'\1V~'Yl~1t1u'tJ'tJ~'l~m~~'U'Yl~ 6IiJU~1!~ ,:j1lfin~ til 'il~~H{lfl~ :l::'Yl'tJ!f)~
• • v

'il1flff,:j'CYfl1l~flVi!1Ju~i1~ 1U'Yl~1t1 !VI~l:l::':h ':JJft'llJl~tl{l::::m(Jih'~ ",1 'lM'f)1~'111~1 pH l:JJ\lfll91'v~

1 .:,II) ~ 1 II) .. ~ '1~'" '" '" e: ~ I ..:: .J'~(J'Yl1 t1lU{l1'Yl)ltl m nmm 1'lf19l111)::::'CY1UllillJ'il::::lJIil11:J.JU'\l~I!)~UVtJfll1'Yl)1t119J'V)IilV'U 'Yl.:JU

?I .1 I ~ .,; ?I"; '" .....
eJl'il!lJUIVI)l::::tlJ)l~'\IV~I:J.J~'Yl)l(J'YlllJUm{l(JlJ ('tJ))I'il~ U'CY~'ilU'Yl),2541 : 7-8)

~ ""'"2.4.4 't1~UJ t~Hn~ (Olivine sand)

'Yl~1t11vmu riv UlJfl UIGtitllJ9f~ml9l ~'lii1l~lJ1ru '\J V~UlJfli1lC}$tllJ~I 11~ (JU 11119l1lJ

1I~lJlru 1r1'HlitJ:JHY'U"lfl..!fi\,1n 'il:l::tlf)H;ll.,!u\W~l'11m~lJ'I1riu 1{1'11~"u~'\JU~'Vl~ltJ 1m hJll riu'" "'.v • v

~ft'fl1V1!iJl.,!mn:j ~~tTl.,!~~ft'llJlHll ~n\J~lU 'I1rivl {I'I1::::Viii'CYmVl!1J'Uf)~~ !m:l::~ 1~ l.,!umllflu £J~

G}~"''''.I II)~'" ... .oill)~'" ~ .oi'1Y .... 1 ?Irrunsn t'lffl1J19l1lJ~:l::'CY1l.,!t~l'I1mtl'lfl.,!~ f)1~'\JtJ1t119l11lJU t~~1Jf)11lJ~UU IlJU t'lfmlJ~~'CY1U!lJU!1JU

119l1ul1~ 1000e 'il~m;~1I~~mru 0.007 in/in lU'\Iru:l::~'Vl~lt19f~f11 m'l::::!9J'U1f)UU'il~~~1
Q)

o IV "1 ~~ ~ ~d
0.024 in/in 1I{1~ 0.003 in/in m:J.Jm~'tJ 'Vl~1t11m t:J.J'VllN'I1:J.J~'il::::\lmH'I19l1~tlf)1~1J~1'11!{lfl{l~
Q,I d d .d d~ ' ...1 ~ d G
rlflfJru~'\JV~!lJ~'il:l::I1JummJlJ (Angular shape) lJl9l~Ul9llJ1Uflm~'ilUtl~'\JU1~{I:l::IUtl~ 'lJUWlllJ~

'Yl~1t11~tI!'Q~tI 170 J.!m AFSGFN t'vho'tJ 45-90 Mesh ~WJ1:J.J'I1U11!t1U1YlJi:r'Vl1j 4.5 Url:l::~

Tuk
Rectangle

Tuk
Rectangle



, , ..
V'W'1 ff1'W~trlJ'\JU.:J'Vl~lfJ'I1riUllPlfJ~1'tJ tJ~:::tltliJ~1fJ 'Vl'.ilfJffll1i'iJUiJiJl1riU'Vl~lfJ~'W ff1'Wmtl'il:::

~ ' ..~ ~ q2.5.1.1 fll'11lfl'11:::'H'HllJ'1t11WVI'WA'YI'WUl (AFS. clay testing)

lJl~~!l'W AFS. (American Foundrymen's Society) '~fhl1'WIPl'illtl'\J'WllPl

1 & ~~ I)J t ~ " I lit a
'\JU.:JU~fI1fl IPlfJ"Clay" 'I1mfJfl1llJfI.:J V~fl1fl'VllJltr'W~1i!!'WfJtl~l\1'WUfJtl1l 20 !lJmu'W (l1lU

l'VilniJ 0.02 mm.) 'illPlli1'W~1'Vi1tl~'Wm{jt.n 'Vl'.ilfJ~l~fllJtrfl1'Vi Innu 'I1~U ~~tlU'W une ~\ll~UtJ'W

, , ..""i ~ '"' '"' "'., <!t "" '"' ""1'1 "b'tl'W'Vl11lJflU lJl~'.i!l'W'\JV~ AFS. (American Foundrymen' s Society) lJtll'.i'VllPltrViJlPl\l'W

", . . "II
1 'Wms 'VlIPlftUiJ flWtrlJ1J91Vi'W! 1'W~1 1 il'\JU.:J'Vl'.i1fJ LViuYi 'il:::li1'WIPi1'1.h;;r 'WI,i 'W'h

..-
2.5.1 fll'1f1V1'HI'UfJW«tI'U~flHfllUiI1'Yi'Ua\l't1'11U

i'Wtll'.i'VllPlftUiJ'Vl'.ilfJ llPlmllVn:::'Vl'.ilfJhf:W (New silica sand) "h'WhftYulhmj.:Jtll~..
'YIlPltrViJVVtl1~~\I{j flfl tll'.i'YI~trfliJflW trlJ1J91'Vll.:JtllfJfI1'Vitll'.i11ml:::Mfl\l~tJl:::tl UiJ'YI1.:Jlflii une•

2.5 fll'1f1m'HI'UfI'llU

..
lfl~-3iJ~\u~ii fl

..... .. '\J'U1Vl~llunH'
'If'UYI'YI~l£l iJlJl.JYI'YIHm£IflWi iJm!fllJ..

-31'U (Mesh)

I.mlrJ~afll ~'!J1J~1iJ~jl'U ffllJ!'11~ fllJ '!J' d d~ n~n~lJ, !lJ~l~n Si02 50-100
d '!J' d d2. 'YI~lmCVfl~fH)'U - ~ n~n~lJ, !lJ~!~n ZrSi04 40-65

3. 'YI·n£llfl~'lJ..i - i~~i{lW!'11~VlJ FeOCr203 45-90

11" ,. d

4. mlrJ lflail.!
Vl.!lT'U'IJ'Ulfl my, t:lJfl

(Mg, Fe)Si04-
!{l'UllT~VlJ

50-100

, ..
~l'n:in2.2 tll'.ilm fJiJ1YifJiJflWftlJ1J91'\JU~'Vl'.ilfJ~.:J4 '1fUIPl.

"b'i!lPlil\1·untl ~~ 1:W!'111J1:::~nJniJtll~i~i-;nJniJIPi11.h:::trl'W~1 ~1Pi1liltJBfis fJl (Catalyst) ~1i1'Wtl'j1Pl

~wrJtllll 'j1'W Utl:::v.J1'W~~m9f'W 'Vl~lfJ1vm'W~iifl1llJtl:::1VfJlPlmlJl:::uritll'.il'ilU iJiJl1nVUiJiJ nl~Vtl
'" ..

(Shell mould) llPlfJl~1'.i91'Wli1'W1Pi1tJ'.i:::trl'W'Vl'.ilfJ"b'i!IPl{jtrllJ1'.ifll~niJ lC)fl?ifJlJ91~1tl~ Utl:::

Lfltrl'VlV1-1fifJ1 t)~fl1{LtltrVJ1'W~fll'.i~'W (iJ'.i'.ililPl llft.:J'il'W'Vl{2541 : 8-9)
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'Yl':i1t1':iD·,h-:JgUG1~iml'l~V~tlU:iD:h~nfllJ il~iif1W 'ftlJU~)tJ~(l~ 'lil ms ~lUUmD'h~'lJtJ~l~~'Yl:iltl
qj I I\J q <u

iitJ~1'i'1tJfi'Ul1mt:J5mjw~ ~~U'ft~.:JH1'Um'y.j~ 2.5 (U:i:il~~ U'ft.:J:UU'Yl{2541)

2.5.1.3 fll'jVl'jl~t'I'tl1J~l1-lH'lJtl.mjVl't1'jl£l (Shape)
, d $I """ .J'fllHl':ill1'fttJUtD':il-:J'lJtJ.:J!lJl'l'Yl':iltll'll tlfll':i 11ml~l1m'y.j ms 'Yl~nauu 'il~

~ .
1i~;~~f111:IJ'ftllJ1HI1 ums 111"1'l1'IJB~'Yl':i1V'lJtu~Vi111UUn~11fltJ 'Yl':ilVl1iidJ~fl(l:IJ 'il~'ft1lJ1':itl

DllJltu ffTU y.j'ftlJ'IJ~~1'llD':i ~m'U H"~ ~~ff,:jy.j~Wlf)f.1tu'ftlJ~~lPil~"l 'IJ'fl~H1JUl1~f)!i'U ~ lfll':i91m~lU
d cl 9J (V~I!9d. od ,~d jI ~

mfllfY f111:IJU'IJ-:JUH lU'UIOIUI'l~UU il-:JlJf111lJ~l!Ui.J 'flVl~tI~'Yl~~IOIf)-:J'YlI'l'ft~U111'IJU11'l'IJ'fl~'Yl':iltl'Yl'il~

'Wl:lJ1Vi111UUl1~ tJ 1u nml fiu~n l':i 'Yll'lnau B~1OI1lJlJl1OI':i1)'1'1.,1AFS ~ ~!ilu ill ~1 ~tlU ~ ~H

n11~'lJ11-:Jl~i.J~tltJlJfuii.J':i~?lU'ft1n(l ('ftlV1 1"lff1'ft1'ft~ 2550)•

'" v " , •'t1~~'lJtl~lt'1'~ 'IJ~ l~tt'l'~Nl~~£lm' l~

"" "" tf1"i.J lOI~n~i.J
5/ I

I'lW'I1'Utn WWfl11 0.02 :IJ:IJ.
d

0.02 - 2 uu.!:lJI'l'Yl':i1V

mll'l (gravel)
I

innrm 2 lJ:IJ. - 7.5 C)f:IJ.
$I "" I

fl~'Ul1'U (ston) lJlnm17.5 - 25 9f:IJ.

$I "" 1 lJlnnl1 25 9flJ.nuuuu 101

<::I •2.5.1.2 fIl'j't1~tn)1J'Hl'IJ~1~fl11lJt'I~ttl£l~'lJ6~'t1'n£l (Fmeness test)

n n uiiruun 1OI1:IJ'lJi.J11'l'IJ'fl~'fli.Jfl1f11~W :IJ1101':itij 1i.J AFS (American. ..

JI" JI !V ,

ns l£HH1':IJ'W1M 1i.J~1 VHri'1 I'l-:Jl1"1:111i.Jms fl li.J '115~111fl11i.J~'11 VI'ln 1i.JD~ewVi~ 111 ~~i.J f11f1l1ii• •
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" y

i1J ~V 'Ul${u til'l) 1~l ~ 111~~ titl ~ V.:J'UVtl\lltl-wV'l '1~i Ifl )1~l1U1lJ1W 1ill'll${1?i.:JulPi)~\P)lJfl1llJ.. .
9) " & Q,I &' 0 fJ} ~ J'1J) 9) Q,I C), ,J::, 91

l'UlJ'U'U~'l\l'UtH'j~~1J Trace element (ppm) 'il.:J'Vll'1Y1I'Vlfl'Ufl'U!~'j1Jfl1llJkWlJllltl'U'U'Vl.:Ji'U~1'U
d' dc)' ~ V C), Q.I ~ do (lot (/

tll'lfflY1fl'j)lJ fl1)ll'W'VlrJ 1i)W1'VlrJl ff.:J1l1~~tllJll~~fl1':iltlflm (f1'f1''W\.J~fl~1)1'l'U, 2550) ms

1m)1~11${1m'VlfliJfl XRFS U)~flV1J${1rJ 2 'j~1J1J ;]'V

"
ffllll'j ml un i ~i!ml~l1Y1ltl'lr1U'j~fltllJlPil.:J"l '1'U1?i1tlCJ1'l1l.:Jl.:Jf.:JflW.fl1'W(Qualitative analysis)

C), ... I~ 0 C), ~ It'J 9)d. .d:l
U~~I"lf'llJ'jlJlW (Quantitative analysis) ff1lJl'j\l'Vllfllnlml~Y11ill'J 1~'Vl~~1ill'J Y1'jUY1~lrJ"l1ill'J

'WrUlJ"l n'U 1~ rJll! 'Wl~ Vtil.:) t'l '1'UtJ\l ~,j'U ij tlll~ 19lJ'UltlU tl s ru11 fl 'j 1~111 ils LImlJ'UV'l'j eu 1J

"''' ea ""I !II ...... '1 '1 !II 0 'I !II", ",% """I 9) '"1Iml~'I1 U~~fltllJ'W11I'lV) !'I1'Vl'UfflJrJff~~1fl urns "ll"l1'U'Vl1 !'I111ml~Y1"lf'U'l1'U'Vl !Y1bHUflmlJ

Q d d_1 '"2.5.2 fll'j11fl'jl~'t'itl.:jfl1J'j~fltl'lJ'YI1·mnJ

"" "1 '"~ "ms 11fl 'j l~ '111i11'J ~ urns 1l1H r:1Itl fl CJ1' (X-ray Fluorescence Spectroscopy:

XRFS) 1~'Ul'VlfliJfl~iJrJlJ '1~'1'Ufluilml~l111lJlJ 111-nlmrJ~1uth.:J (Non-destructive analysis)

y , y

IPitl~'U'll'U vb '1Mln~fl1llJlffrJ'I11rJViI?i1~'U -Jl'U1${

~l'U'Vll'Um 'l~'l~l~'l!i1tl'l \llflijfilfl1llJffllJ1Hl iurns ~lJ~l'Ulllflln'U 1U Y1~tlY1lm~~'Vl'jlf.Jl~fl

'" 111.1 "'.1 I 0 "I 91 I I 91 <!I.%,!l '" Iinu iu 1l~~lJtlJ'jl'lfl~lJ \l~'Vll !'I111lJlJ'I1~tlf11fl1llJI'l1'U'Vll'UllH~H!-J'U'U l'Utl'l\llfllJfll

fl1llJffllJl':i\l i'Ufll':i~lJ~l'U UtlrJ lllPiY1lfl':hfilfl1llJ rrunsn '1'Ufll'j~lJ ~l'UUtlf.J!n 'U1U \l~ri'1y.j~!ffrJ

tu'h-J'U tl-JI~~'Vl'jltdjy.j~lPitlfilfl1llJffllJl'Hl t 'UfI11~lJ~l'U (Permeability)

l'W'j 1~'U'Ul~'U~Hl~~'Vl 'jlrJY1lfl 'lmUlfl'U 1U ll~~'jU i NY1m rJm~rJlJ \l~vh'1MUuun ritlijfi lfl1llJ" ..

VERY-ANGULAR ANGULAR SUB- ANGULAR SUB-ROUNDED ROUNDED VERY-ROUNDED

G~© ©J®
~@~$@®
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.
illVff1 2.6 UH'W~'1fll:i11ml::;l1'1)1\9l1191t1fll:i1lJf'lffltJfl'lf (XRF)•

~ Q,I tI dw 0'
(flfl'W'W1i fl::;1'J~'W, 2550).

'Wfl~'iJd'~ i~~n~tJ..:J~1mf1tfl-:J'tI £Jl£Jfi1~.:jfftyty1tu (Preamplifier) U~:::lfl tfl -:J'tItil tI!fftl-l (Amplifier)
" .

11~'1'illfl,r'W 'iJ::;~flff'l 1tJU'Iff1'W11m1:::l1'fftytyltu (Multichannel analyzer) fftytyltuVi1~11:::~flff-:J 'lil
V{j':i~'U'U,rtl~'" (Data system) b~tl'l.h~:lJ1i'lNMltl~U

lSi, ,

mlflfl1:iYi1-l1'W'tIU-llfl~U-l XRF 'lfUI9I-Wfi'ui'-lff!t)f)'lfVil~"'lmf1~u-:JfillUI9I

r:jffWfl'lfl1:::~flff..:J 1tJ iJ-:Jff1:i19i1tJ~1'l lvitJ 1i1'lfll9lfl'W(Pl:ifl1 tJln'U1)1~1'i1'1 '1 '\ 'Wff1119i1fl~1-:JU~11fll9l

lflfl'lfl:i 6vJrlflfll:i ffl9l''W19i'~'W1i1'lflflc;l:i 6vJ~flt:Jt 1 ffl9l''WI9i'f-il'Wflfln~llJ tJ { lvi s1 i1'''lf 'I fflU f1'lfl ~ '14 "1., .,
, "

'tI'Wl'W1 111tJiifl'VI1-lVi~fl-lfll:i 111 fl,r'W f -lffWfl'lf'iJ:::H1'Wl-u'1 1tJ1 'W\~h'Vlf11\9ltJ1Yi11i1'lfl~-fftyty1tu 'tI'W1~

'tIU-!l-ffWW1tu \)::;1~'W-ff~ff1'W n 'U'W~'1-:J1tJ'tItJ'If -lffltJfl'lf lm::;-ffWW1tu ~ 1~'iJ::;t1fl'tl tJl£JffWW1tu 1i1''\l1tU
Uti Uti qJ UU U

.
d OJ cv

2.5.2.2 ~:::'U'U'YI1~'Vta\l\lm(Energy Dispersive system: EDX)

0' ~, 0 111" ''I Q .d jI '" 1 jl1II., ... "'I Q ".k 0 jI.dltlf1"lf llJ'Wm'tl'W1tJ uae ru !'W'Vlfl'Vll-l'VI\9ltl'lf1T:i m) 11 blJf):i::;'Vl'lJfl'Uf.I~f111fl:i1::;11 rWt:ll'1l11'W1'Vl

m::;111tl11~UUtlf1f-l~hufl'lfm)f) 1tJ1 i1'1im1lJtl11f1g'W~l'l '1 n'W f'lffltlfl'lf~f111lJtl11flg'W~1-l '1 n'W
J' QJ ilv .c=:l tlQI ,dcvl!)iI 1lt) .. IQ.I ~ d
'W"'::;~f)'Jl9lf111lJl'tllJ~1t1fll:iffUfl'W (Scan) 'tIU.:J~l'V1fll~ as fftyty1tu 'VId~ 119111::;~ n ff -l ru tI-llfl:i Bun 'U
v 3), d Q-'9) ~ tI .c!I ~ GI~

'tIBlJnU~1mtl'VltlI9lUtJfl lJ1ltl'WffltJfllPl:ilJ ~1£JtJjtJl\9ltJ1 (Printerrrtf U!f1:i tJ'I 'U'W'VIn (Recorder) 'iJ1fl.,
jI .d ~ 111jI :: ..... "1" '1 jlQ " Q'tIUlJ~'VlLfl'U 1~'VI-l'tltJ-llJl~:i] l'Wu~::;"nj~dB£J1..:J eruns t1'W1!lJ 'lf1!f1'n::;111'lf..:JfltuflTW (Qualitative

analysis) u~:::li-ltJ1lJltu (Quantitative analysis) 1~

cv 0 ~ .C\ ,f~ Q,J ~ ~ d' dllJ ~ dt
11~f1fl1:i'Vll'll'W'tItHlfl'H)'1 XRF 'If'WI9I'WfltlHrHVf1ff 'Vl!19I,.,lfHfl:iU'I

fillUl9lf .:Jii'i'-lffl~f1 'If \)f1 ff-ll tJU-lffl:i 19i';H)~l-l 1l~11fll9l-e)tJlPl:ifl1 (Jln'U1il~~l-l'1 '\ tJ ffl:i I9i1U ~1-l1l~1

lflI9lWf19H:i 6l'l~Bt:Jtj ffl"lftJ'lf~'W '\ i1'Wf1"lfl:i 6vJ~tJt:Jt'J ffl"lftJ'lfr·htJ f1tJn~llH\9l tJ11~tJ '\ i1'''1i' 'IiH -l ff~ ~

. .
dOJ .s

2.5.2.1 ~:::t1'U'YI1~fl1nltll1f1aU (Wavelength Dispersive System: WDX)
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..
2.5.3 m';i'flI'l,H)1Jfl1111U'll~U';i~'ll~N'fI';ilti (Sand strength test)

('W':iffC'l1JVllfl'l:! ue lJtu1'~u VllJ.wVl~mr, 2547) 'llPi'flril1H11 fIl'j'V1~ffB1Jfl11lJ

d "'-""'" ... 1Ij!ll "I1I'U'IU':i'l'UV'lVl':iltlU1J1J lJ11iflln~ I~ 3 lJ'j::::U1Vl

... d 1 'I !II dI2.5.3.11~m1lJU'U'IU':i'l ~tll'lfUH~'1 (Tensile strength)
QI c;I 1 'IV QI

2.5.3.2 J~m1lJU'U'IUH ~tll'lfUHB~ (Compressive strength)

~mfftl'UB'Ifl1':il1ml::::M1ill9J 1~tlfl1J1111''1ffl{)flCJf (XRF) ~V I'ltJ'Ilfftl~l'l~~lt1~tJ'W~l'1

~'I '1'Wfl1'ji11~JtJV1'l 'lihurns 11m1::::11L1~(l::::\9l1Vtil'l

Q tI tI t liI 9)::' ~
(2) ffllJ1',jmlml::::'H'H1V'lflll':i~fltJ1J~1'lC) I~VI'I'1'W1GJf'lfJWm'W (Qualitative analysis)

UC'l::::l9f'll.l~:I.J1W(Quantitative analysis)

(3) ffllJ1HIV11fl1'jl1m1~111il~ ilPi'yjC'l::::1i119J'H~U'HC'lltlc) 1ill9J'W~VlJC) n'W

analysis)

~'1'illfl~1elV1'1'11'W1~VIPl'lflrilJ'il::::llt'W 'l.~11 rns '1~LVIfIUfIms 11fl 'j 1::::111i1~~ 1 en1'j 111.
CLI .I!::t 0' d 0 ~lI) iI V I 0

HfflVflC)j' (X-ray Fluorescence Spectroscopy: XRF) 'WVll''H l~flJ1lJ\1f1~U'IL1C'l::::fl11lJL1lJ'Wtll~'I
'j)d, ~ 0',.. Ql'd. tI
'UV~'UV'lfll'j11m1::::'H1i1~ I~Vfl1'j111HmVflC)j' (XRF)

(1) 1~'Wl'V1f1UfI~iJ tllJ '1~n'WlJ1m~tl'l'illfi ilil'lu'IV11mtlri'"WV1'1 (Non-destructive

$I ~ ~.o=::::t. QQ 'J}
52.3613 1IC'l::::41.2981 L1C'l~lf'f'l:!'HlJV~'W1H1lJVVflC)j'1'il'WUC'l::::C)j'C'lflB'W',jVV~::::51.0964 UC'l::::33.1221

~1'Hi'1J1i1~~'W '1 'W1J'1'Wl.l~lJ1wtiVtI ~V V~ijli'lEJlJ vJVffvJV1'ff 11.l~ffl~VlJ 'l'Vl'V111-WVlJ1IflC'lI~VlJ

uneuuni'l1~EJlJ '1 'Wn1',jllJj fJ1J1Vi fJ1J1l1lJ1W 1il~U~ C'l~'lfij~ '1'W1~ ()~1J ~1B Vl'l~ '1~'l 'Wm ',jV11• •,,, "
lf1~U'I1]'U~'U1H1~'I 4 ~1mil'l n1J1l1lJ1W 1il~ '1'W'H~O~'WIH1'W1J111l~lJ1W 1il~iifh '1f1~liii EJ'In'W. .

, ~ .:=to ~Q 91 L':t. .el

51.5837 UC'l~ 36.8950 U'V1'1~'W1H1'W1JV'e)flC)j'1'il'W1IC'l~C)j'C'lflV'W',j'e)V~~ 50.7416 U~:::: 32.2596 ~'WI'Vlf'flJ

If'f'l:!'H~'e)~ 'Wlfi.11~,\! ~'W 1J 'l1.lV11fl1Jl1f1 ',j1~ 111il~ 1 ~ um )1111''1 ffW flCJf (X-ray Fluorescence

Spectroscopy:XRF) 'illf1fi.1C'lfll',jl1ml::::11'W1J~11il~~'W1JlJlfl~,,!~ '1'W~1flV1'1~'e) 1il~fl'e)fl9fl11'W 1IC'l::::

1i1~9filflfl'U ~'1fl~1.l~1J1Wl~'W~flEJC'l:::: 1~E.Jlrl'Ht!fl 1~fJ~'Wm-Wtl1'W1JVVfl9fl~'W lm::::9filflV'W ~VfJC'l~•

1Pi" ..w1' 'Iffl'e)flCJf" (iH'W~1 mnms L1C'l~'Wlt1f'ffl~fJ ifJ 1fJGJfU, 2555) 'l1Pi'i11~1elVl'1'U'e)'I'Il'Wl~fJlj•
5 ~1'e)Vl'1 ~el ~'Wmi'ltl1 1Ivi~~'Wlrn ~'Wl'V1ff~'W'V1J1EJ~'11~'W1~()~1J'1'UfIl'jV111f1~el'lrl'W~'W1vn L1C'l~•

Q,J' Q fI Y q 9J Qld rI
~ J tl u1~ fllsJ lfl 'j 1~'H 1il~~ J tJl'V1fI 'UfI rrrs 111~ 1t1'j '1ftl en C)j'(X-ray Fluorescence

d ~ ~ I:!i dt "q 1

Spectroscopy:XRF) C)j''I ~ 1 fl fll s f'ffl EJ 11 fI 'j 'I '11 'U1'j tl 'I "fll 'j f'ffl 'till fI 'j tl '11] 'U~ 'U1~ 1111 fI L1'HC'l'I

11J'jltlHYfll'UU1'Ufllij'e)'I 1?111JC'lmij'e)'It)11fl'e)Jl~'U'ih'j l1J ~~'H1~'e)1JC'l'jl'lf1il'W 1~til 'VlflUfifIl'j111~ ~ .
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. ",
~V fi 1fll1lJU~'lIlHVimlJl~fflJi11mVi fJ~'WVI91Vfl1)ml.'h 1,,'11::;1 iiifll1U1JtJVl'.ilt1

11lilllVlfltfffJi11fJ l~mll'11f1Jm~fl'l1ftVl'Vll lIel::;m~fl'l1ftvmihn fll'.iilfll1lJlI~~UH lli~lfl';h

25 kg/emz ~ 24 ~11lJ'l m~flmil£J1fll1ilfll1lJU~'ll!H~hJ~lfll1 30 kg/emz ~ 24 ~11lJ~
OJ ""(li'~-w~l-H)unu ~11lJnUU~tJlJ '\J tJ'IUlJ im 'jlmm:il m 'j1;;l1m'l1~n '11~tJhJ)..

. "
.. <!I • "2.6.3 rnl~U'U-3U~-.1&~VmU1Atl't'i::; (Strength at the Pouring)

~, d d. ~.c::t 1 I

flV fllfl11lJ II'IIeu '.i~Vll'l1m::; fflJ'I1 1 mowtN'WVIVlen 11 flV1iI1Iuu 'Vl11t1VV nmn UlJ Uu u

'l11vm::;IX1'U 11i1fl~1lilnlilfll'.i UlVlfl'l1fl'IlV'lUtJtJ'Vl11fl ~.:J 1 'PI fl~1!1Jfl11ilfll1 ::;w;h~5 - 8 kg/em2
• c:l ~!lI c:l.1 "" 111 c:l • !lI !II

Vfll'l! 1fllVlllJ'l11flm l1'Ul'U 'il'Ufll1lJU 'Il'lU1 'l'll'U l1Jff~lfl 'U nJfl 'il~'Vl11i1f1VIiIUtJtJ'Vl11£J1iiimn..

.
.. <!I

2.6.2 fll1~U'U-3Uj·:mJeltlel~ulJ'U (Strength at the stripping)

2.6.1 fll'Hl~::;mfJ~l'UMI;j~'YI~l[J (Sieve mesh Number)

~ V fl1~U-:JtJVfl~~fl1'.ifl';j::;'ill£J1Vi'1'IJV~'IJ'W lli1t~IiI'Vl'.i1fl ~'l1 iii£J~ 1 !1J'Yl11flffTI15 tJ111

IItJtJ'l1ftV~~fll)ilfl1)m::;"'illt11P11~ 3 lVl::;um'lmTfl (Mesh no. 35,48 Uel::; 70) '.illJti'Wili~lfl~l

75 % J'W~V'IJ'Wlli1liJliI'Vl11flfl11mh::;'I111~fil 35 - 70 AFS. ~'l'IJ'W11i1~~IiIVl11fJ'il::;il'IJ'UWl 'lil~fl..

:

" "~~'W~l'Wl'W 3 flf-:J Vl'.ilt11ltJtJlVi'lv~l-:J''Um~tJVfl'l::;l'ltl-:J-e)liIlVi'lti'UU'tJ'W 1I,,~ilfll1lJ~-:J 2111 'I11V
j.I " " , 'J/

1132 lJl ~-:JU'Ufl1'.i1111Vi'1V~UV1)lfJlJ1mliTl'W'~!${fll1lJlX-:J 2 ih 'il::;l'ltl-:JcM-:J'Wl'11Ufl1~'ViV~Vl'l'il::;.. '"
91, !II " )I

I'lV-:J111'11Cl1fJflf-:J~Vitl1~i${'W1'11irflVl'.i1fJl1'Vi V~ ~jjfl1JftV£J'Wl'l1Ufl 14 1JV'U~ ~fl"-:JlJ l'illflfll1lJ IX-:J..
JI 'JI " 'J/ t

2 lJ1 ~1'W1'U 3 flf-:J ~!Cl~'~i${fll1lJff-:J'lJV-:JVl'.ilfJlVi'lVcil~ 2 lJl 'I15-:J'il1flU'W'W1Vl'.il£J~V'U11!${l'1i'1..
4 Q.I QI d.::::t., QJ ~ QJ " ~

tfl'itl-:Jl1i1us-:J1iI'Unuirms 'l m::;'UvmV~)'tJ'IJ'U1IiIVWlilfltJfltl'UVl)1£JVl) ~m ~m)fllil'W

• OJ

11111utJtJ'I1ftvl'W5f)'l:Jw::;-WlfY'I:J Vl)1£J1Vi'1V~1-:J'l::;flf)tJ'.i'.i'ilel-:J''Wm::;tJflfllJ1m;!1'W 0= 2 111~. ~
, !II: ... &... .1" 1!l1 ... ""(5.08 C)1.lJ.) 'If'Ul'11'Uflm::;UVlfl (Ramming devices) C)1-:J'l1'Ufl14 lJ{)'W~ un 'I1~-:J'illf)'.i::;~tJ~l

g) cv I d ~,:cv tI
~l'UtJ'U'lJV-:JVl)l£JlItJtJlVllmJl'l''Ufl'J::;tJVfltll'U'.i::;fJ::; 2 'Ul1JelVfJ'Ul'l1'Ufl 14 1J{)'U1iI IVlflm::;IIVlfl

, " ,
U'J 'l8~lJlf).yj,,!~ 1~mll 'Vil~u'U'U'I1ci{)'Yl'jltJ~hH{1{).:I 'illf)'Yl'jl£J'il~y)'tl'l5'lH1'j .:I-e)~lJlflfl11U s ,nJ)'eum

2.5.3.31~fll1lJU~-:JUH l~£Jl~u'j-:J~.Qfl'W (Shearing strength)
" ,

fll)Vl~fffltJ-n'l 3 11Himh1mlL~1 rll'UmfHl~1~fl11lJU~'l' 'W5fl'l·jtu~fll) 1~
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, 'II
2.6.8 fllfl"JlllVl6'1fll1011'1 (Acid Demand Value: ADV)

~V ~ l~U a tlg~fl11lJ~V\ltl1'.i n 'j 19l'tla\l'Vl'j 1£J1 IPlfJ'Vl'j1fJ~111i'U Furan resin

fl111'W\9lHIlifl1'.ilf)'W 10 'Vl'.il£J~l11i'UAlkaline phenolic resin fll11'WIPlHllifl1'jlf)'W 25llPl£Jm'W1~
t JI I' "

'Vl'.il£J~l'11i'U~'jl'U!'j ~'U tr'U111'Vl'jlfJii~ lfl 11lJ~V~tll'j tl 'j IPl"l\I~~ V~'t111M''Vl'j 1mii a HfflJUl £Jl!flii

_I'" ..2.6.7 u'.i3J1WN-3n1iHl (Magnetic content)

~a ~1~tl~UVtl~.:jiJ5lJ1WH\lmfttl~iJ'W mi' 'Wns 1£1(11Pl£Jill 'W1~'Vl'j1£J11flCllJ)~\I
'"

fl1'.iii llilf)'U 1.0 % llPlfJH~111fttl'il~1,r11iJ't11iJiif)5fJ1AUJ1£J1fl~\9l~iiff ritJ'W't111'l1'1~fl11lJU~\lU H

2.6.6 m3J1W~l! (Dust content)

~a ~1~U\lUtJtl~\ltJ5lJlW~'U~\lfl1'jiillilf)'U 1.5% ~'j~1111-l Mesh 150 ~-l Pan•
, " I I

llPl£JiJ5lJ1W~'UYhJ1tllf)'U I il'il~'t11'1M'~a-l 1~U1£J11flin 'UtJ5lJ1W l1ff\llila-l 'il1tl~'W'il~1,r1'hltijUAU. '" .
v SJ I t

Ul£Jl1fliiri au 'j1lJl1~'t11 1'l1'1~fl11lJu~~U s ~'tIa~uuu'Vl'.i l£JYi~l

"~'W~1'W'11ria!f)\Pl'fW'j'W'il1mlnff(Gas defect) ll1al9l1lJI9l (Pin hold) 1~1'lf'Ul~£J1A'U'" .

..... .
2.6.5 i'l113J'tfl!'ll8-1'Y1'lltJ (Sand moisture)

~V ~1~U~UVtl~~tJ5lJlW Jl'111Vfl 11lJ4'W~1~VtJ'Wv~1'W'Vl'jl£J~\I 1'W'Vl'jl£J~1~vi1
,.. v ." "

UUU'11riv llifl1'jihhI11afl11lJ~'Wl~atJ'W a~nw rua~ 'illmhll1afl11lJ~'W 'il~tlm£Jl~'Uunff (1a)

mh:j'j1IPll~1 1'W'tIru~~1'VlJl hll~~~m'il't11 1M'UUU'Vl'j1£JUl9ltl1~£Jll1£J If)IPle)'W\9l'j1£J'111ad \lH'"111'

1'11~tl '11rimmflTI1'W1PlHilifl1'jlJltl tl11 2,5% lM~tl '11rivlMlhnfll'11'W\Pl I 11lifl 1'jlJltltl11 2,0%

U{l~I'11fttl SC fll'11'U1PlHllim'jlJltltl11 2,0%

2.6.4 tl~3J1Wt'lT~A~enJl!(Loss On Ignition: L.O.I)

~V ~1~U,rUVtl(i-ltJ5lJlru ~ \ll~VtJ'U1'Uns 1£1~ ffllJ rscn tlH-n1'11~mnm~ 'UUf)ff
'"

II) " .:1: eA I v ell t')I ~ q,1 , ~ iJ~ 0 QI

lIPl1'U'tIru~'Vll'Vl'Ulh'11~ 9!'-lff\lP,1ft1'111tllPl'j'Vi'j'U~ltlUtlff'11'jvmlJlPl ~'U'lf'U~l'U'11"'VllPlllPl£1ffl'11HJ'" .
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" ,
f111:JJ~V'W'il1flU11 (I'I1::ili 11M!n \Pl~1'11iJ~1'W'I1ci'eJ'iJ1flf)1'.i'\JV1VI9l1'W~v:JJ' 11nlJ f)1'J tn \Pl~1'11iJ!'WV~'iJ1fl

!~\Pl'Yl'J1V(~f)"irv 11n~rff~~nfl{l, 2545 : 237)

19l1t1~1~f)1'Jln\Pl~1'11iJ~1'W'I1ci'eJ10Jf'WIn\Pl1'WH'J'W'J'W (Blowhole) ~~'il~ii~fl1;jtu~fl{l:JJ.. .
V1'il'il~t1~!~V1'11~mWfl mhil'W flci:JJ i 'WlJ~ntu~hm4'1'111V ifl~r:h'l1U'l~'W~l'W 'I1ciV ~~iin11'11\9lm

qJ qJ q q

\llfl ms i 1ft~\Pl'Y1'J1tJli1UlJlJ~ii'e)\9l'J1fll'J CJf:JJVhu (Permeability) ~1 'l111\PltI~1 i11!1~1 i~ ~\Plu1i~

~11!!lJlJ'\JV~~l'11iJ ~l'W'I1civ~!n\Pl~'Ui~flltl'W t1flU{l~flltii 'Unit11{1'11~ ~(;y1:JJ1'J tl ff1'J 1 \l\9l'J1 'il'Wu i ~..

""'1 .,. "" "l':'l .,.0$ .,'"rn t{l'l1~ (Burn on) 'I1'JV'I1{1v:JJ~\Pl11'Wt'Wl'WVt{l'l1~ (Burn in) 'I1'Jm:JJ\Pl'Yl'.i1Vm\l'iJ~'\J(J1V\9l1!'WV~'iJlf)

", "
'W'f)f)\llflUll1 i 1f'Yl'J1vVi~hjiifl tuf)l'VHj'~ri ~H{lfl 'J::i'YllJ'l11ri~'W ~llJ'l1ci'eJ li1111'!n \Pl~h'l1l1. ..

~l'W'I1ciV(Casting defects) tn\Pl~'W'~ U{I::if)1'Ji1f'Yl~1(J~ri1'WHn:JJtfl ii'l1~ 'eJii'\J'W1\Plt~\Pl'Yl'J1mll~V
" , "

Ihjtlfl~V~m:lJ1~n:JJnlJU 11{I'I1~Vi\l~U1m!'Yl !~\Pl'Y1'.i1t1m'iJ'iJ~:a£):JJ19l1~\Pln 'WW~'I1~V'I1{1V:JJ{I~{l1t1~\Pl
"

.
- !'YII'!Iu ltlvfl1)Hafll'l1~fl'l1tlmiieJ~9i''U,40 kg/em'6. tiltl11'IJ!I;;~II~~ (strength)

1989: 3-47

80-150S. 6V1~ltl'IJN11-I (Permeability)

1989; 3-47

.
-1'YII'!i-UltlVm':iHilfll11~I1'11ciUliitmi''U,8-104. fh PO

foundry, 1967

- Mould & Core Material for the steel4-10%3. % I'jCUll

1989 : 3-36

d d.d
IlJ" 11~1JIl~::I1J~I'I1~[JlJ

- 111'HU'iVUlVivlJrJu.I1nnJ9i'lJMVll lllMtleJ 119i

~::alMci~1'IJ'lh::!V1ft'\hw, 2547

50-60 Mesh

1989: 3-47

,
\9ll'J1~Vi 2.4

" ,~·nr'Wff1'11fun s 1vVil1~U1mli1UlJlJ 'I1ri'eJ~';wi~mJ1J'I1 rim 11~'f)f) f111 iinlJ'1:r~ 1'l1:JJ

I ~ 'j)
'11(IV'Yl'lf1

2.6.9 filf11nuiJufl'j~Hh'l (PH)

~'eJ ~1~1.J~lJ'eJf)O~f111:JJ1~'Wns \Pl'l1~'eJ~1~'\J'eJ~'Yl'nv1'Wmru'\J'eJ~fl1~'I1ci'eJulJlJ'W~1'W
'U

'Yl'j1v~ii pH 1~'W~1~:IJ1f)"l~'iJ~tY~rH11MlrlV~H":JJJ1V1tflii (~'j1'W) uK;nJ::iii'e)m1f)1'.invIPi1'\JV~!llJlJ



, "
ill'Ytn 2.7 1'l1U~W~'W~l'W!'I1~fl'l1cifl 'illflfll'.i'l1ciu!I1J1Jttl~flfl1Jl~

" ,"
1J'WU~::;~1':)1~1~1t1n'W H~~'Wl1t1H':) l'Wi11J'I1jm~'W 1 '.i':)'I1cifl'V'lffllJVi'il~I'Vl'Wll~'I1~~':)1111#l'l'1'WVi

, " ,
tU'Wnssu -;)'Wfll'.iVllU 1J1J~1 tI'Vl'.i1 tI'I1ciB Viij til,:)ff ':)!fls l~M'lfU m 'Vlfl11lJ tC}l'Vl~':)t'.ic}f'W

?I '" _I 1 i'J} '''' '" ... 1 dI 'J}(thermosetting resin) IlJ'W\9l1lJ'.i~ffl'W \PItI 'I1'Vl'.ilt1'11~U1!YlJH1!Yf11Jfl'.i~ff1'W~'I1~C}I':)IH1'il'W'.ifl'Wtil,:)

, _1"1
2.7 m1'mHH1J~tlf) (Sbell moulding)

" "(7) 1m ':)fffl':)'il~fllfl'\Jfl':)!UB h'l1::;~\PIlI)fl~Ll~::;ijfflm'Vl'.ifl~':)' 'WtUflh'l1::;q

" ,
(5) ~fl'l:ltu~~'W,n'W l:J.ifflJ\l'.i cl'!~lJ\9mJill':h.:)Vi~B':)fl1'.i

"(6) '\J'Wl\Pl'l1jflt1l11':)~'W':)1'W'1:J.i\lfl~fl':)

. . "
(3) fl11lJl:J.i1!Yl1ltfflH)~B!UB~'\JB~rWB 10'11::;

"(4) ~1W)mUB h'l1djl'll'l1U

" "(2) 1'V'lHU~~t'V'q'WYl~~1W)mm~ai1t11~'I1::;

24
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• J)

flll'fn 2.8 lP1'JeJtil,!~'W-:J1'W'I1ritlU'U'U1U~tlfl'Ul'!~1t1iffIVJUfllJlh TiAI (R. Yang. et aI., 2003)

Vlfl~m,)lJfll'J!!l'lfl~11~1t1fll,)'Vll9lffV'Ufl1nl'l~VW'I1fliJ 900-15°C VI'Ul1 h'l1~~J:-HllJ 5 at% Nb"l • ~

'IV ",,,,,d d .% _IV '_I"" 1 'IV '_1"".%_''il~ I '11~:l.J1J~'Yl~:l.JYt'fl'Yl ~Yt ~l:I.Jl~~'Uh!~lJYt 1{)fl1~'I1'fl'€HlJ ~ f) fl Yt{) l"lfU 1J1J'I1~ ill lJ~f)fl 'Uh! s u 'illfl1"lf8
q q tu cu

'JI ," t, jJ

1 flliltl '1~~'W ~l'Wl1iii'W mllJ'I1'W1'\lV~i1~I~Vu'UVi~hiJfl11lJ'I1'U 1U eJt1fll1 80 J.lm IP1'Jmh'! ~'U -:J1'U

Ll'Vl'Vl1!i1t1lJV~\liJl'Wl9l' I!ff\Pl'!''UfI1V1~ 2.8 CR. Yang. et aI., 2003)

1P11mh~~1\,1 i~t1~I~ ~lflfll,)ffmn!~t1'Jn'Ufll,) 'I1cieJ1 {l'l1~u'U'U!Ut'iVfl l~iJflnffmJ1

flW ffmj'~'\ltl~ '1'Vl'Vl1!iltlm)~\liil 'WI9l' (TtAl-based alloys) l\PltJ 1~fln lJ1nfll,) 'I1cim!1J1Jlu t'iVfl

(Shell mould) 1\,1MV~U~U~fl1,) 1I9ltl~lnl9lff'J\,IHfflJ'\lV~ h'l1~HfflJtl\liililtllJ~ 44.2 - 47at% !!{l~
I " t t

1'WlmijtllJl1 0 - 8 at% ~Wn\,l~~f1fl'Vll9lffV'Ufl11lJ~1'W'Vl1'Wfll,)eJVflclf!\Pli'Wl1m.u'l1flii 900°C U{l~~ . ~

• • J)

(5) lh'M'!fl\PllJ{lfl1'J~ 1\Pltlff-:Jfli1'WeJeJfllJ11'W'\lwditmu'U'U 1I{l~!'Vl'W11{l'l1~

J)

;J tl! ff tru tl ~II'U'U'I1citl! U t'itl fl 'Ul-:JiJ fl':I'W
(1) H~I'l~l'W'\l\,lll9l'my~ IlJl~

(2) m~ff1'WU{l~1P11U')~ff1'W ') 1f11UVl-:J

(3) 'l~VI"~~l\,1lJ1fl 1urns '1M'fl'J1lJ~eJ'W

(4) , ~tlUmruU{l~!fl~eJ~iJeJlJ1flfll1•

V "" d(2) I'ltl-:JfllHnl,) tJ'U

(3) IU~tl~'Vl ,)lt1U tltJfl··.hmJ'U'lrWI9l~\,I

(4) eJtlflll'U'U~l\,1'11citll~~1t1fll1

.. "'J) d I t!!t I at ", Ci 1

(l) lP1eJ~fll') '\l\,llIV)t'Vlt1~1'lHfl 'J11lJeJ'I1"HlI'WI!'U'U'Vl') 1t1!m ~L!{l~'Vl,)1tJ'lf\,l 'If'J tI

lb~'I1~I9l!1ml'lfl!!~~

"It'U1J'I1cirmJ~ tlfl'U1~mlJ1~n1J~ 1\,1fl ~~ eJI1H:1

25



• I'" JI2.8.2 lJ~1I1Wfl111l'lflA

I

H'U'Ul1('1{1

ns ::'ill fJ\9)1tJ~1 'W4f1.:jUf1u 'l

rrn YllU 'U'U11~t:lL11 titln u nm 'il'il:;;'1~'V1'.JltldJIOlf) ~lJ L~lOllJu l1l tllJlJ Ul1('1lJ fii ~• •
cl Y CV ... I v at.c::icv' cl d

'VI'.JlULlJ \91f) ('IlJ ~{I srns ~1lJ '.J:::«1'W 'WtJ {J'Vl1!1OllJtJ~ '.Jl~lJ f..Il'WU('I :::f111lJ U'lI.:j1l '.J.:j'lIW::W'iJ (Cold
t 09i1 d 31 ~Q"I~ cl.tt:S o\l)~

strength) tl~U~'\):::'Vll !l1mllJU'll.:jm~'lIW::'.JeJ'W~l 1Ol~'W'W'VI'.JlmlJ~f)"lJ'il~Ll11J1::1'Wfll)'VI1 !«U'U'U

(Core) 'VI'.Jlm~lOllJlJIl11~lJijf111lJU ~.:jUH'lIW~5 eJ'W«.:j ;) ~iJ fJlJi ~YllH'UUl1~eJ (Mould) ff1'W'VI'.JltJ. '"

.1 I '"2.8.1 'lilAlYlUt\:;;llJ 'H1'Ut)·:mJYl't1~lfJ

u 'U'Ul1~ml1ti{lf)'U1.:jftll.Jl'.Jtl' ~'V1'.JlfJ":;;lV{J\91flllU'U'U'VI'.Jl{JGI5'W\91~'Wi~ 1\91fJ~f111lJ

1l~~u'.J.:j ili"~".:jU~~{ll'il 'il~l~lJ~'WLiJ'W1Jl.:jf1f.:j U~~l'Wl1~Utl"~ll1fJlJf1Ti '1~'VI'.Jlm~~lJlJlJ'W~jjf) 1'.J'" .

"".1 SI ~~ .. ~o' .. "" .'1S1S1 'lSl"".1 .%
~1lJ'.J~ffl'W'W{lfJ mlJftl)tl'W'VIHJU~~\Ol'WLl1'WU1l.11f) 'il~'VI1 !l1~{I~ !"lf~1lJ'.J:;;ffl'WlJlfl'll'W

'W{If) 'illf) iff111lJ~'Wll1titJ~'lI tJ~ I'i111'.J~ ffl'W iJ~~'W e un'U 'lI 'W1 \91d1\91'VI'.J1 {J 'VI'.J1 (J ~"~l a fJ~ ~ ~L11ti tJ~ \9)1
'"

ihemuinn ~~J'W ;)~f11'.J'YW1{JllJ'1 ~'Vl'n{J~ hh~f)l1l{l ill' l1ohn'W 'l11 ~.:j~l 'lmULn'iJ 'l l1~hu 'U'U
" "

(Mehrnet Simsir. U~~f1W~, 2003)

~-:J'ill n \9)1UUl~~1'W1~fJ~ ~n~11 LLff\91~, ~ Lil'W11fll '.J11~eJ U'U 'U'VI'.J1 fJL11ti an mu 1 '.Jtl

ulil1'~i#ln'U hl1~~d1'Wm~f1 u,,~~~hjhhl1~f) U,,~ hl1~~jj'il\Oll1~{llJmmff~. ~

• 1 ~ d ~11~"" ""'j ~ !OI Icomposite lJ'.J~fleJ'U\Ol1fJ m"flmn !:lft't.UJ 316L H"~m"fl !f1'.J-:Jft:ll.:j (30CrNiMo8) \Ol1Ufll'.Jl1mJ
. "

1l'U'ULl1~Ufl VI'Ull Vi N'nUtJ~U '.J~111l.:j 1nl1~l1-:Jftu.:j'lfiJ\Oljji f1Hft~ N r.-n:nJ1~111l-:JlJl{L 'VI'W19f1'l

"'1Hlfl'illfll1 rr-:JH{jjflnfffl'l:J1fl1:ll1~trrft\OltH).:j"lfiJ\Ol (Bimetal) l1ltl Metal-Metal.
26



o

'"2.9.1 !~C]S'U

~rJa'"n,2527 : 114)

v
1~'VI'Jlt1!fI iltl'lJ !'Yj'j 1~ti' 1ijll ~U 1..1'VIs1 tlU(l~! 'j ~'U ~~!!tlfl r11..111..1\91B'U!111 (11l il il\91~1J\91'JU(l~! fI'U ~

'II •

I " r I

!U~tlfll1nl'WtlmJ11ff1Jtl!!(l~u~\lm \I 1l9ltllll 'Vl1~tl~1-:JrJ-:J11..1fll'J.y;lU 1J'lJ11rim il~tl fll ~ tJ1~!1°h fll'J

"i
(2) 'VI'Jltllfl(ltl'lJ (Coated sand)

~ tl 'VI'J1 tI~ dJI9l'Vl'j 1t1~:W11..1~fI! 'j~'U 11':lJtl~1I9ltI'j tl 'lJ 'Vl'j1 tI!fI~ tl 'lJ~ fl11'Vl 'j 1m 'j ~'U
• 'II

o "

\91Hl1 'l-i~11rJ'UlOi'tl\l 1~!'j~'U1J1fl 'VI'j1t11f1~tl'lJlOi'tl-:Jfll'j!'j~'U!Vi tI~ 2.5-3.5% 'Utlfl1l1flU'U'Vl'nmfliltl'lJ

5~IPiN~lfl 'VI'j 1 tJI'J ~'U \91H~'VI'J1 rn fI~ nu ~ ril 'UNff1J:W1 'U~fI! s ~'U il~ wtY1Jtl Vll111" ~ U'lJ 'lJ11ri tl

"
(Coated sand) ~\I~'j1t1(l~a~tll9l~-:Ju

(1) 'VI'jlm'j~'U (Resin sand)

,~ 1l1flmsNff:U'Vl1~fl(l~ tl-:J:Wl1..1~fI! s~'U (Phenolic resin)! 'li'1r1'lJ'Vls1 tI~~fll 'Vl'jltl

"'lIUI9lU~!'j~'U U'J~1J1W 4-7% fl111Jcil-:J ~1!'Vl1~~tl-:JN-:J!'j~'UU(l~'VI'j ltJ~~flllPil-:Jr1'U1Jlfl vh 111'H'~1J

tl~l-:Jff~l!il:Utl '~fJlfl ~~J'U~-:J~fll'J!~1J!:U~(lUtl(lfltlgtlff (Methylalcohol) (l-:J'U!~flUtltl

OJ. '_I"i -. !II2.9 ltf~'YI1U1J'U't'i~H)I1Jt1€lfHlt1~ iauuu•

(lTl11fl U'lJ'lJ11~ u'l ~mJ'lJ~ fI 11:IJU ~ ~U 'j -:J~W~1tl'U ~1 1l~ !fi~fl1'J U\91fl111 ,~~ 1u

;f~iftl1~!~tl~:IJ11l1fl 1~'VI'j1t1(l~!~tI~fl11!~:IJ HIPi'l-i!~:lJUl:IJlru \9l1U'j~ffl'U ~ffl'j~'U 'Vl16ml~~'U

.. "11).1 4 "I !Ii d "i!il 0 <!III)!iI
!'I1'Utl1:1J1fl!fl'U tuU(l~!:lJtl t 'lI'VI'jlm1J~fl(l1J 11'jtlm111flm'lJfl1Jm~'lJ1'U ms vnnuunre trruuu•

!II ~!II2.8.3 fll'H!\?lfl~n'IJMHlJlJHtl:; !t1'UlJ'U

d'l !Ii.... .. "i .., d 1 "I v v ~ .,Jnseinurnm t'lHJ1~ff~!ml~mfl(l'e)'lJmt:lj~'Vl'jltJ ~tJ t 'lIfl111JHI'U 91~fl111J'lI'U ~~ffl1Jl'Hl'J~mtl

tl'e)fl'hJ1~

,
~
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~ 1 ~ ~Im ....n 2.10 m\lft'J1\l'UeJ'I11'UeJ(1 (Phenol) (Robert Maxwell, 1967 : 77)

o

tlfif)~ fJ1Y1tJ~!lJeJfl"I>1!CJfi''Wlt1J1Jrt11JU11'W1111i11i eJUfi 1Jtlfif)~ fJ1Y1eJ~IlJ eJ{1 ,,1>1

ICJfi''WU1J'U(P)1l~lJ ~lf) \?l1:l1nlJtJ'WmlJeJ {~iim{ 1JeJ'W'W'W1i~~ tlfif)~ fJ1m1JU 111.,1 ~ ~ rruns tl N~ 91Y1tJ~
" "" I

IlJeJ{1~'l1\1GJfiJ\?l l'l'leJ{1lJYlmft~n u"~rvltJ{1lJlCJf'l'l~\l lj)~l1J'WGJfiJ\?l1\?l;i'WtJQfi1JlJtJ'U eJllJeJHhJl~eJ
fiu ll1llI911Ui111\l~ft1lJl'JtllJ1~eJfi'U1~ !f)'U 31911!!i111\l1j)::1~YleJ~llJeJ{U1J1J911,j1fJfl11Jul1'U

~I •.1" ""I1j " d. q ~ ?I .., ~..,.., 0 I1j ~ 011'W'f){ll1fJ'JlJll'1 HJl'lb'J"lf'U!GJf!lJ'U1'11ft'Jl~Yl'U1i::n1J'I'l'J1t1'1'l1imum H{l~'I'l'Jlt'J'I'll

U'U1Ji1~ mtl ~() n N~ 911:11n ilfi f)~ CJu~w:h'lVl 'WeJ(1 (Phenol) fi 1JWtJ {lJ 1~ h~ (formaldehyde)

1 v d
r!'J\lft'J1\l911lJf11Y1'1'l2, 10 !m~ 2,11

m ....~ 2.9 ms If)\?ltlfif)~ CJ1Y1eJ~llJtJfl,,~u 1J'U(P)1!~lJU"::U1J1JWJ1Jul1'W

(Robert MaxweU, 1967 : 76 )

[
-CH2CH-J~

nC112,-= CHCl ~ I .
Cl II

l'.i~Uff1lJl'HH!U,:a1J'W 2 nqlJlHin !GJf'W1) Phenolic resms It,,:: 2) Amino

resins (p)1mh-l'H)~VJi'W~rt !-:i~'W (Phenolic resins) ~tJ VJ'WtJ" wtJ{lJ1~hl'i' (Phenol

formaldehyde), Vl'WtHl WeJ{~-:i1" (Phenol furfural) u,,~ ~CJfeJ;'WeJ" WeJ{lJl~1er~ (Resorcinol

"'1 d. <!I "' • .1" '" I1j " '" •• 1 "formaldehyde) eJ::lJ 'W!'JCJfUrteJ ~!HI l1eJ'JlJl\?l beI\?l(Urea formaldehyde) u,,~ unnuu l1mlJl

"'lIf "\?lbeI\?l(Melamine formaldehyde)

ms H~91Y1eJ~llJeJfl~lj)ln tlfif)~ tm'f'd~11.,1 ffeJ\ld ~eJ tlfif)~ £J1Y1eJ~llJeJfl"~mJ1J

(P)':H~lJ !m~tlfif)~fJ1Y1eJ~llJeJfl,,~u1J1Jm1Jul1'W ~\lHft\?l'l1Uf11Y1~ 2,9

.
=
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, ..
'" '" OJ2.9.1.2 l'jctl'U'ti'Uri 2 'U'U~a'U

l~Ul ';j~U~ 'l~111U 'U'U'KrimtJ ~tJf) Url~111' ~U 'U11 11£Jw:h 1'U11Urlfl
(Novalac) ~ii~'illf)VlutJrl (Phenol) n'U'rlt!{lJl~'eJ'~ (Formaldehyde) 'UV~';jlri1'U~~1f)11 une

. " "i~m~t~'U\9l111 '1tJijn5£Jl iitJ5lJltu ~1'\hv~hf)11 'K'tl'llff~'ilffU 'illf)llijm £Jl'\JU~Uumf) 'il~!¢i'

~'11';j~'UrYltJnlJVimff~f)tJl' il~fflJn'U'Yl';jll191~f1l L1rl~~'fflJn'UteJ'f)~lii'U (hexamine) !~t!!~'Ul111£J

"h'Kr'UmimtJ~tJf)

. ..
~ t::Iii IV -=t

2.9.1.1 ''jC)f'U'U'U~'U'U~a''U~fJ1

'il~'~fl~';jlri1U~llJfl~';jlri1U I : 50 Url~l~lJ~1'lt~U\9l1d'ltJiin5£Jl¢i'1£J

1~£Jf)11 Resole l11'U'lfU~~'l.lU~'1\9l11rlU '¢i'rmnllJ~tl'U

,
.f1l'Ytn 2.12 V~';jlri1'UVl'UUrl (Phenol) ~8'rltl{lJl~'eJ'~ (formaldehyde)

(Robert Maxwell. 1967 : 77 )

II It

~)'~{-()II'y II Y II

II&c II rr-6-" C II II

I I
t' ('-011

OH I Oil I
11 II

I11U\9l111'ItJijn5 £Jltflii f1l11n~111utJijn5 £J1ViU~llJU{' ';jt~iuu 'U'Ufl1'U utiu f,Hj'tlVin 'il~' ¢i'Vl'UUrl
" .

'rlU{lJl~'eJ'~ (Phenol formaldehyde) t1rl~tJl ~llJmViiii 2.12 vmlri1uVluUrl (Phenol) ~U

• .1 <I "" Ii] .. '"l"lU';jlJl~ tel~ (formaldehyde) fit! 1 : 50

,
"" '1' 9J •• 1 <I "" Ii] ...f1Wf'fl 2.11 ~f1';j'lff11'l'UU'Il"lmlJ1I'1 HWI (formaldehyde) (Robert Maxwell, 1967 : 77)

J"(_'-C)
/
Jt

29



t I 'iJ I

ms Y-Jffll~ '1~.;j 0 'W ~.;jfli1,r 'W"tJtu ~ U~ 1J~Ln~'I111(l fl H'Wl1L1Jwi'W 11'J lCJ (Toxic).

Q ct v GlV~CVQl
(2) l~lJte1f)"lfllJU (Hexamine) Urll1JI"'lI'l'fflJ tlH'Ulf)Uf)1J'Vl'jltJ

(3) L~1l1'Wl1U"fI (Novalac) Ull'11J~Y-JrYlllML';i~'Wf1'j~1Jlvl'i''11~(I~'1

lfl~(l'lU~"lfi1~ 'U'W~ (Impeller type mill) 1Il11fl1'W~ 2.13 'I15fJ1J~liJ'Wtfl~fl.;jU~

'lI'i1~'W(l'W (Rotating drums with paddles) LfI~t)'11J~"lfi1~ Roller type lliL'l1111~~'il~'t.f1t'W'jl~

ln~fll111~ (l'W V111Mfl '1111u ~.;jLlH"tJ (l.;j'\'1'jl(JU 'IJ1J"~".;j

. ., "
H,((llUM'I1~(li.f11fl5(l'l1J~"lfi1~11J.yr~ (impeller type mill) fll'jHffllii'\i'W1I(l'W~'1{1

(1) i ri'\'1'Jl(1't 'WLfI~(l.;jU~

rns t11~ (J11'\'1'j 1 (It tUU 'l1rifllll ~ e fl 'il~ t'l1ijtJ 'UtiU fll 'j N'((11~ 'WtiU '\'1'j 1 (JV111tUU 'l1ri()
~fJ L'j~'WU"~ffl'jL~llU~,l\'1(l'lf1'j~'illV\9l1'jt)1J '1 L~~L'I'1'jl(Jfl~l'1ff~lLmHl l~eJHfflll'Wffm'WUM'I ms

...
1':i9l'W

d'l3) ," !v'" 1ll!V
(4) '\'1'jl(J'\'1 t"lfY-Jl'WI'l~UflHtUtJ';i 100,120, 150 U"~ 170 tllY-J'((llt';i9l'W 10% 'il~!~

v
(3) Uflftt9fVlJ m~m'j'\'1 (Calcium stearate) t~llll'j~ll1tu 1% "tJ(l~'Wl'11,rfl"tJtJ~

• 3)
(1) t'j~'W (Novalac) h 4 - 10% ., .
(2) HJfl9l1ii'W (Hexamine) 1.f111'j~ll1tu 10% 1~(JU1'11,rfl"tJ(l,m9f'W

. .
'" a I ~ 4 I 9$1 ~ cuG)f1'j~'VJ~ (Ejector pins) '((TH1IlJU191.;j (Additive) ml Calcium stearate t'YHl"lfl(1 t'l1t'j9l'Wfl'j~ul(J1Il t'W
III !VaI,1 w ... d '1 !v... .1"" I I aI '" -!

'\'1'j1(1 t~~"tJ'W UCl~(I'It'Wllfll111U"tJ~U'j ~ l'l1fl1J'\'1'jlt1!UCl(lflUU1J ,((1'WY-JfflJ"tJ(l.;j'\'1'jl(J'I1ClfJll~~'W

'W(l flul fl 'il~ Y-J'((11'((1 'j '((~ 1~.yr'W n ~fi(l1 'W'1111" fI 11"~ Lg fl9l1ii 'W11II'1 if ~Y-J'((11

rY1H'I~mfJ9f~1 rl'W L~e 1Mt)(l~U1J1J l~~leJ fll'jV11U1J1J'I1ri(lL1J~(lfl u~Yll hWL'\'1'\'1'j l(JU1J1J~Y-JrYll

UlllCl.;j1J'WU~'Wf1'j~,((l'W ~'Mfll111~(l'WfI.;j~ 'j~'I1i1.;j 200 - 250°C fll111'l1'Wl"tJ(l.;jLlI~(lfll11J1J'I1ri(l

'il~~'W OU n"1~'\'1 'j l(Jffll ~ff01Jfl 'j~,((1'W ~(l'W 111~(l fl UUU 'il~1I Cl~ enn 'illfl ns~ffl'W 1 ~ (Jl.f1u vl.;j

2.9.2 flT1N,UJ'n'll£l (sand mixes)
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• J}

Bvn '1iJVI';jlEJU111Jv-lffll'il:::i1'U ~'1liJ~l1n'W 111'VI';jreu 111J6vn 111 ns :::1J1'Ums Ifl ilV'lH~'U",l 1~~l EJ

<!I '"2.9.4 fI':i:::'U1'1-&fI1':ilfl~8'lU£J'I-& (Cold - coating process)

I'J~'U 'il:::~:::mt11 'Ul'll"'l~:::mt1~'j:::1'I1 t1~1tJ I~ll v-l1:1'lJVIs1tJU1J11n 11I~n C)f1li'W

'Uru:::"'lf)1';j1J~ Ifl~V,:j11~GJf{J~i1Jvr~~1 ~ti1JVI'jlEJU111JI'lfflln'U 'il:::111'lh:::ilVlnm'Ylff,:j~ ff~ ms v-lffll... .

I I I" I

!¥lfl~~fl\l!'l1nlJ!'J~'U 1J~'il'Wn11'il:::~:::IVt1~ liJ~l1ti'U 111'VI'Jlt1U1J1JVvn 'il1mfl~V,:j hi iif)1'J Ifl~V1J• os

, I I" 'JI

VI'J1t1U111Jliffm'YlI'l1U t11"1'W~ U~:::l'WllUHIiiVf)1'J!fl ~fl'Wl1'UV'II'lT~nn~'1 (Rollers) Vl'il'il:::1~-U1Yi'W

, ci t:!i d til ~ 9) A • 9J
!'Yl'J1:::11'1)1~ L';iC)f'Ut1~Ill~ VI'J1t1!'Wn'J:::111'Wm 'JIf!~'eJ11'J'e)1';iC)f'W'il:::'11~nII ~:::~ 1t1111,:j1:1'1'WU~::: 'I111'J fl 1J•
1~~VI'J1t1H 1f!~V,:j11~~l!~'WI,iJV'l1~U1J1JGJf{J~111vr~ U1V1'J1t11ri!,j'l!fl~fl,:j1J~n fl'W U~:::~l11~ 1t11 'W

11U~f!U~:::HmC)f1li'W 'Uru:::ti1~'111~ 111'Yi'W~1l1 fl'W flru '11nn 1500 C ~l'WVI )"1t1111111~vHYlln11I'W11. ...
d ~ '11] 9) d dl 0 c,I .d"

U~f!U~:::!~flCJf111'W !'JC)f'W'il:::'I1~flll1J1'11:1'1'WU~:::t 'I1~'I'!lJ';jfl1J!ll~VI'Jlt1 'il'lfflfltylllnVl 'il:::~V,:jf!111~ II
, • J}

vru '11nlJ" V,:j~1l~v'Wmh,:j'J:::iJ~'J:::1,:j l¥lfl 1~1 11'1'J~'W~:::~1t1'eJ~Nffll11 'JWn mtn ~'WI VIV {illlCJfVl~,:j. ... "

J}

Nt.HnlJlHlij'eJ'In'W '~l~m~ll 0.4% 'l)fl'lU1iJ'Wui (Mineral oil) U~:::u,:jijv'ln'W•
nl'Hn~f)1'J IWnl'l1 (Segregation) f)1'J Ut1f11'l1~:::'Yl11~!iJ~'eJfH!1111'11riflli~f1'hl ru:::!~'W'I1'Jll (Pockets)

<!I V
2.9.3 fI':i:::'U1'Ufll'HfliU)'U'jt)'U (Hot - coating process)

m'Vt~ 2.13 !f!~'eJ'I11~61n1~1lJ'W~ (Impeller type mill) (Robert Maxwell, 1967 : 67)

.-.
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0' ~ d d , qt=l 'J) ~
'Vl';;1 (J!CJffl';;fI nu I'l'CYlJ!'j CJI'U11fI 1 llJ uu 'l UH ".l 'l n 1 1'Vls 1 ElCJltlf111'l 'CYlJt'j CJlU fI 1 llJ

d Q.I ~ d ,J QJ d d~<J))J-=t~ I L'!:l.

!!'U'lm\l'Utl'l'WU1i~tl~tlJ~'VI'jltl 'il~'UUf)'Ufl11lJff~m~'Utl\ltlJ~'Vl';;lE1'Vl!"lf tlllJ'CY'l'CYn'll,;;n t'l1U ~U,

C1 d ~ 21 0 '1" d d I'CY'UlJ!'I1tln 'I1'jtl HU 'il~'Vll '11fI11lJU 'Usu H 'Utl'l 'Vl'jlE1U'U'U{l~ 'M fI 11lJU 'U'ltt) 'l'U tl \I'Vls 1(JU'U'U'I1{ltJ,
.1'" .;.,J 'JI.I"" .;.,J '" ';'OJ,J 'OJ oj
!utltln'il~t'WlJ 'UU mus 1J1W 'Ufl'll'j CJlUu If) 'U'Wun ~nmf) 1';;'UlJ\9!1'UtJ 'll s CJlWJ'l'UU fl Elf)'U'UU l~tlJ ~

<u

'"!lJtl Y
e

(2.1)y ( 1+ cos e).WAD

'" .... .c!2.9.6 fi'j)t1'l1Ul'lHl~fll)ll'UtlYI (The nature bond)

min 'Ufl'lfll';; ~'U~~ 'il~flVfl1tl'l~I~tlU 1'U';;~WJ1'l!~~'Vl'jlE1'CYtl'lt~~ !f)~ mn f11';;~
d It]''cv <J) d Q.I ~ d ::, \J]" Q.I d

'I1tlfllJtl~{l1tl'U tl'l t ';i9fU 'UW~ !~ s 'Ufl 11lJ'jtlU Utl~WU \9l1 {l'l Ifl nnu tlJ~ ns ltl'Vl'l'CYfl-3n 'il~1~1 lIu

\llU'Utl\lfl1'j~~~~ Work of adhesion WAD ('I11..hmiJ'U dynes / em) ~lU1W 'llf)'CYlJfl1'j~ 2.1

··

.c:::Io ~ I .ct
2.9.5.3 !\9llJ!'j9fUUtl~'U~\9!tl 2 Ul'Vl

2.9.5.4 vi'WtllJ!tlU flW'I1flij 200 - 2300 C L,rl1u'lU'VI'jlE1I'l'CflJl'j;U, <u

'1q.1 ' "" 'JI ,.d , ,J
2.9.5.5 'U~\9ltl !u'ilUf)11'il~!f)~U';;-3\9l1'U'Cf'l'CY~ f)tlU'Vl'VI';;1E1'il~U\9lm1U'UU<u ,

-=:1 ~ '1 'JI Iq '1 'jI d w .:i ~ 0 , ...I~
2.9.5.6 !lI~'VIf)U 'I1'Vl';;ltl mtltltlnutl~ 'I1WUlWJ LVHl!mEllJ'VI1L!'U'U'I1'(Wtu{ltlf)

nmfl1'jI'l'CYlJU"~'U~flV'lu 10 'U1Vi l~lf)'U 20 'l-nVi~

I ~ d 0 Q.I ~

U'U'U'I1tlfl'Vl'jltl11fl 11lJU'U\lU 'H'l \I f)1'j'U~'Vll~\I'U
2.9.5.11ff'Vl'jl(J'lU!fI~fl·m~ flW'I1flij'Utl'l'Vl'j1(JL~fl1'j!f)'W 700 C, '"

,
~ cv .:9 a f .c.t' t:::I ,

L'I111fl'Uf)'Um::'U1'Uf)l'HfI"fl'UWU (Cold - coating process) U\9!f)\9!1\l'Vl1llJf)1'j'W'U

"lJ riU~l'U!~ 1hl1 U nn(Jj;.jt"lJL';i;U l'~fl"lh(J"~!'I1(J~1'V1l"~{mJ 'V11111'!T"lf)1';i'U~"~tl-3 Utl~! 'l.Hitl f)•

~ ,
2.9.5 fl1::'lJ1Ufll)lruHl'IJ~'U (Warm - coating process)

Ii1 'JI1';' "" 'JI ~:1.,j 0 .1"" 1i1' .,L~ ~mVUJflW '11nuns :;'Cf1'U'HI'U U,,:;m'll1utlJ'I11l'lfl\l'Vl'l tumu innu '(Hlfl L11Lfl1:;~l1 (Peel-back)
• ~ u

t11f)1'j f-HYlJ'Vl'j1tln'U rs ;'U l~~'VHl ~1'V11":;mtl'il:;'l~L'I1(Jfltlf) 'lil L~'I1lJ~

•..
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f11'j'l1ft~'lH),J'Yl'j lfJ{yll.l1'j tlflDmfJi 'Wri1'U'U'e),Jf11'j 1 'I1ft'Ufl-:Jts~'U ~ i .];ff~ 1,J'W'U1i::•
i'Wf1'jru~i.m'Utlft vltl11Jl~1~~ 'I1~tl1'W11Uftfl (Nova lac) 'Utu~'I1fttllJft~ftltJ~::Ln~tlfin~EJ1f;lJ

" .,'" 11) ... <!j .1 <!j... 9J,... 9J... ...
leJflC}$llJ'U':i~fJ::'Utl,Jf11':i !'l1ft'Utl-:JlJ'W nn 'j::V::fJl1, urunms 'I1':itlff'U til 'I1ft"C1"'W~::ff':il-:J'W'U1i::niJ

1~~'Yl'jlV'#{~f1'h''l1ftfJl1 1>i,Jfl1'W~ 2.15 (a) l{'1'11ftfJl1~~1lilfltltl'IJI~~'Yl'jlfJ l>i,Jm'W~ 2.15 (b)

Vh'-HLn\9l'Yl'jltJm,Jri1'W~f1ftlm1:l'Ultltltlf1'11~~tl'e)f1 1tl (peel- back)

.m'W~ 2.14 'Yl'jlVl1J~flf1LtlJ'IJ'I1~fl'l1'l~ (Robert Maxwell, 1967 : 83)

"r:;~~:~rP•• lb ock

(c)

(b) (Posi1ion(o) turned through 1800)

...Ia ea J
~lf11lJft'e)f1 tHIf111 peel - back

u{y~,Jl#{\011l.lfl1'W~ 2.14 ~1f1fl1'W 2.14 (a) ri~'Wtn~f11'j-Ul.l1Pl1iJ'UU~'Uf1'j~{y1'U~'e)'U mnm1:l'U

Ltltl'e)fULiJlJ'I1~fl 2.14 (b) 'Utu~~tl,J' ri'Yl'jlmL uunn fl~lmrlJ ln~ttl ~flf1'Yl'jlfJU lJlJtf11~~~lJ'UU~'U..
m~{Y1'U Ltft::'Yl'jlV~mnm1:l'Uttltlflf1m-:Jri1'U ~::'I1ft~flflf1111 2.14 (c) ri1'U 'U'e)-:J'Yl'j 1 (JUlJ 'IJ~ 'I1ft~• •

2.9.7 t1l'Jl1lt}YhllfHtJaflfl (Peel- back)
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y
o '" 0131 ll191t'W111'Wf)lJ1flU1'il'Yll l1fl!:l'Yll!: 119l.:JltJ

• y

lfl~U'UH1'Yl'J1tJ lli~ L'df)~ ~lflnl1 1~fflJU~-.11 1~U'U'U11~UV~l\9i1~1'fl~
2.9.7.6 f,!W1'i-ui1ft~!:nl'U\1~lfh'!1t1 trlum ~"n'Wn~w 11iJ:iJ~~Lfl'W 1tJ-.11 h~mr.:J

~ "l91 OJ Q '11 ~ \1)311 -",,=,Q,lcf~
U'U1J11'JU 1f1'1L'U1J11'W1U'fl!:11'Wrunu 1il~~V1 'ilf)~1'Yl1!:VVfl 'il1f)f1'j~ff1'W 119l.:J1U.:J1'W1'iltJ'WlJfl1'J m'UfllJ•

• y •

\!f)l'l'v~ lf1!V~~fflJI'l'V~ l1inl1 l~\m! vtr1),lJ'flVi'W fl'W~ ~I9lU~
.. y

~ ~ l.IJ ... 1 91 d I!!f; , I OJ' "2.9.7.5 'YI~Unl"l.!lft'U ru tll'Yl'J1tJlJfl11lJ'lf'UVtJlJ1f)fll1 1% U1~ff~LfI'J1!:11'i1!:
'"

.d 0 1'JI IIJ 'JI ttrl!'11l9l'Yl'Yl1 11'Yl51 tJ1t'U'Uf)~ t'Yll!: 1I9lUf).

ill'Vt~ 2.15 f)15hr'I'~'WU'fl~U11'\Jf)~1),~'W'H)'U~ lm'U'\Jf)~l~I9l'Yl),ltJ (Robert Maxwell, 1967 : 84)

88
I r. ..... - .
• 1" Resin
(b)(0)

i
'!
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9) ~ d QJ d d ~ 1v
\9l1'U'YIl'UU"j\l~ \l'IJW::;W'U !W~l~ 'J~ £J~!U (J\l!U'U 'lJW~W'W (Cold deflection) 1'W{l111f1111f fl \l

e:l I e:l
(Flexibility) 'IJ{l\lUUU'lJW~W'U fIl'IJ{l\lfl111fU'IJ.:JUHI'111f!1'U1'lJ11\l (Transverse strength) UC'I~

V & e:l v,t I

'U~'I11f111JJI'11'U'YI1'UIIH~\l'lJW::;W'U (Cold tensile strength) 1111~'Ulfl'lf'U\ll'UU'YI-:J

'IJ'Ul~ 114 x 1 x 4 ~\lN~\9l1~!'If'U!~£J1nu~'U\l1'U'YI~TI{lUUj\l~\l U~"h'U)JlfliJ£JJJ'YI~TI{lU111fl11JJ

~I '" "'~I "" o9..d '" '" "" "'1(Hardness) !lJ'WNC'I'Ulflfl1jff \I!flj l~l1l"1'W eJC'lfl UC'I::;UH £J~m'U Cl1'IJ{l\l£Jl\lTI\l!m 1::;'11 'If'U~!'YI{)j JJ

'WC'l1ff~fl (Thermoplastic)

QI d' 9J dt 0 ~ 91

ff\l!ml::;'I1{l\lU'Wf1j::;ff1'Ujtl'U!'WeJ'V11'1f'U\l1'U'Vl~ffeJUl1'Ul Y4 £111 3 ih IPi\lUff~\ll'Ufl1'Yl 2.16
~ ~

'I11:1\l'i)lflU'U'~u'Yi\l '~fl111frtl'U'lb::;flUYl\l~h~1,:j-U'U !1J'W!1m 2-10 'U1Vi (!1mlcU'YI~1 'll1'111fl11JJ

!1~,:j!!j ,:j~,:j~~~'i)::;I1J'U 'Ul~ !!C'I::;fl1111U~,:jm\l~I1J'U \)5,:j'l'Ufl1jv.l~\9l!!uul1cimu~'Vfl1J1\l) l11:1\l'i)lfl
~ Y.dl ~ I '1 jJ c::: Q.I jJ 0 lIJ So' ~ -=i
'U'UUt11 'i)\lIWfl!eJl'lf'U ,:jl'U 'YI~nuunnn )JlIIC'l::;tJ C'ItlU 11W'U \9l1 U{l1'U 1 tih 'lJ1!m eJ,:j'YI~ ffeJUU H~ \I

~ ,
"" .1.1 '" dI!iI 0 11) .11v I dI(Tensile tester) '1f'U'YI~ff{lU llJ!C'I'lJ 11lJ ~'Vl'Vl~ff{lUm,:j~ \lUC'ldff1)Jlj f1'U1 !lJ 'If'l11fl 1fl 1111CJf1UCJfJJ

!!C'I::;fl111f1l~\l~ e'l tJ ,~~ n 'lJ'_.!1~ff1 'I15Ufl111fU ~\l IIH'lJW::;l~'U (Cold strength) U{l~fl111fU ~\l

V & e:l v:; e:l "" dI
fl 1111 \9l1'U'YIl'UUj \l~\l'lJ W::;W'U'Ws eJJJ'YI~fl11JJ!! 'lJ\I!!'J\l'lJtl,:jv.l1!!UU uff~\l n\lfl11JJ mu rs fI

'lJeJ\lUUU~ Set ~1!t'tl1~'i)::;111fl1'J!fl~'V'U~l£J l1Bu£Jfl!m::;!nu11'~1~£JllhiY£J111£J fl111111'Ul !!{l::;

.d.Gt So' cv d' .4 I 31 ..:::to Q,lQ 91 ,
'YI'J1(J'YIt'1fCJ1\lff\llm 1~ '11 II-lff1fl1'Jtll1 eJ1l1l v.l1 'i)::;fflJJ 1Hlml 'i)fftlU ~ WffJJUI'1~l'U \9l1,:jG"j

iIl!il"'.J'''! v & e:l v:; e:l
!~~\l'U fltl111fl11JJI'11'U'YI1'U!!H~\l'lJW::;W'U (Cold tensile strength) 'W'JeJJJ'YI\lfl11JJU'lJ\lUH'lJtl,:j
Q d .
v.l1U'lJU Ut1~fl1111IU(J\l!U'U (DeflectIon)

V~~~1~1~1(JAW)Wl1fllJ!1\9lfl~1\ltl1'i)ff\l~\l 37°C ~.:J111'l~UUUI~tl'U 1~~1(J ~,:jl9)tl\lfl1UflJJeJW l1fllJ
q q, o:u q q CIJ

~ .
,\H),:jIIUU Yl\lff{N~fl '1~!'vhn 'U'lJW~'ll'J en eJ'lJ~~! ~ 1~ 1Un 'U 11~tl{J1'i)!~ 1f1'J1fTItlmhi tl,:j•

~ V I lIJ '9 v SI 0 Q.t doG) v .dt I c:::
2.9.7.9 U1J1HiH)l.! U1f11m~ff1'U iu t'1fI'1'U!l1\9lfflf1UJ'YI\)~'V11nnnnneau UI'1'fl• u

~ ,
fl1'J \9l'J1 \) fftlU~ ritl'U!ffJJ eJ~'U IPiU~tll 'll~\l \9l'J1 'i)ffeJ'lJtl W '11n lJU\9lfl ~ 1\1'J ::;1111\lUUUYl\l fftl\l ~fl 'lJW~ Vi.. . ..

2.9.7.8 m·H)f.)flU1Jlm'i~~ll.! fld~TI1'U~iJ~'llil~i1J~mn111~v.wl11JihnJ.m~

t1~ftTUUl'1flvil\ln'U 'fl111f11'Ul'lJtl\lU'lJ'lJ'I1~tll~U1J1/bj!'vhA'U 111'~m:!'Vll~ 1~~1C1 ufi'l'lJ 1~(Jl~U'l1~

hl1~~'Il1flJ1111{),U ,~~ ff'V~ Hm'lJtlfl14w~ri1'U~'U 'lJ~Nf)'j~ffTW

.
"i
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"I "I e e ~I 'JI ,,'JI 'JI d~l'JI1t""~'VlV.:jl'K""tl.:lm'j)'j)~ llJ"'ltlJ'U~tl~ t"lfI~'Ufl fI

l~'K~~l~VlT~h'U1h~fltl'U~l.:j"l "Uu~m~'ff1'UfI'J~I~'U"lfUl'lt~tJ')n'U tt~m'j)i~

m~""~l.:1m~""11.J (Pattern construction) ff'J1.J1h~flV1J~ ft1flty"Uu~m ~ff1'UU 1J1J'KC;V
"ttliiUfl1J1~ L~Uri u~'U~l'Im~'t1'J'U m~ff'J'Utt'VI I~'U ~~1J1J~lU'1.h h'K~ ff'tlflfl'\...l'K~V Rim

rns UVfl11'U'Um ~ ff1'\...111'U'U'KC;VItlii EJn'Ul.:l lim;l' flmr mljEJ'\...In'U fl1 ~VVnU1J1Jn~~ff1 'U
. "

11'1EJ111'lil u~ '11'U'KC;V'" ~tt~.:j \9ld'~lfl11 i uu 1J1J'KC;V'Vl ~ 1tJ~'\...I'I1~V'Vl~ 1uu 11' ~ (I'W~ 1~,j~lJ1ru

fltliitiltJlJ '1~.:I11.JL~~lmt~'j)~~u~~u~i'mnt~'Uv~l~~ U~~:Ufl'j)~"UtJ1EJ\9l1IrlV'1~.:I1'ULilu 1'U"l ffTU

t'K~f1f1I{'hiutllJ i~l11t'W~ 1~ i ~~l'UV.:l EJlflU""~tnl'lfl1~iJfI~tl L~~lEJ.

"U'U1'Umnhu'U'U'K~tlll tVU'U'U'KC;Vt,jiiVfl ~V'J H;m~""1'U'K~Vfl C;V~ LffU 1J'UVl1~'JEJ

1 ' '" ,,31 cS '~ d!" 'JI "I 31... "'" "'''' .,;" 'JI ,m-f~U~WJlJ !"lft'K~fl'K~tlC1t'VIl91'J!"lf~11.J!fIf1 uma""tlEJ~~fluru'KfllJ~~I'I'U'Vl t"lf~l'U 'K1fl~11.Jflll. "
9J 51,. .d.e:. ~Q.l4!:I'" d 'q II

fl1 Ufl11:IJlfl1.J:IJ 111~1 1flm'CY'Vl'il~1f11'1ms 'UI'I~1:IJ1.Jntnnn m~mHl EJ't11'Vl1~f1U~ .:1.:11EJU~~'J 1f11\)n

1J~u'UcH'Vl'U~flfl1~tffEJl'lff u~~t",,(iEJ~~uuru 'KfliJ~'ff~fl ';h,jfl~ U~~ 1f11U'W.:jU~~i ~.:j1wj~ EJ1fln 11
q qJ cu q

~ d .t$ '" 1 ~ilTW'YI 2.16 m~'VII'I"H)'Ufl11lJl!"U~l!~.:IfI~"Uru~'H)1.J('K'U'JEJ:1.J1)

('ff'VI'Uvr~'Ufl~ tm~ ,jrucV1~ i'j)~'U, 2528)•

o.tl:
o.t4a

,tI I '"

(Tensile strength) ~lflfll'WYi 2.16 ~'W~l'W'VIfI"H)1Jl\VQ'U'Ufl':i~'ff'J'Uu~~m ~~~fl':i~'ff'J'UVVfl 1,j11~
gJ ~ d:p QI 'j)' I 91~

'ffV~"U1.:1"lf1.J~11.J'VIfI'ffV1J'"eon f1~VVfl1,j~n f.I~'U"U1f1VVfl~1fl fl 'U L1mm'U I'll'j)1fl 'K'UllJl'I..

.
•
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~ 11:IJf eu9l~L.u'11,jn 'Uu~'Uf)'j~ff1'U lJf) 11~m:Jty l1lL~fJ1n Ufftlf) IPi't.mYlJtl

(ff'Vl'U'W1')l'WFr1 UCl~'jjWcYI~l'il~'U, 2528)•

vth\l~1()\l Lm~111'm1lJfv'Uwif)'j~'n'1'Utlci1.:l'n'~lLff:IJV
g,I ~I ~,g,I , ..II g,I 'I g,I g,I , .1 "" '" 'I(2) mm~'n'1'ULlJ'UCJftlf)~1f)11'l1'U1~lCJf.:!~tl\l !'I1~11lJ'jtl'U'n'\lm1IJf)~ 'U'jl1W!'U

'"
CJfVf)~.:!'il~nVW'I1fliJ'Wtl!~V.:l UIPi'l11111'u111wmeuen fV'ULfl'U'lil. '"

"(5) ,j'j~f)tlull1u'IJu (llllj) UCI~i11UU'U11.:!fftl':!~f)lJ1,j'j~f)UV~91~n'U (~1Elfil1) UCI~

'WfVlJ~~~i111,jl~.:I1'U \l${

ms111'~11lJf tl'Uun f)'j~ff1'U L~~V.:I'l11UUU'I1rim,jt;Vf)'U1.:lljV,j m rul'~tll11'~11lJf V'U•
Unf)'j~ff1'U tll1l1 ~1'VH~l'l1~tll ~Uf1ff 1111~''YHh~~~~1'l1111'~11lJfv'U 11~${1'U'I1tl.:jm~'n'1'U ms

'l11'~11lJfv'U m ~ 'n'1'U${'1fJl-wvhlJ rnl 'j~ 'n''UtIty11111C1lfJmh.:l L'lf'U

(l ) ¢i'V.:!L~El'j~1'U${1'U'I1tl\l'\ltl\lmhJm~ff1'U 111'L~fJU !~V 111'1'l1'l11'~11lJf tl'U-d':IJH''n'

" ";r'U~V'UilL~ Elf) Shell) nnmn

(4) UfJf)U'U'Ul1riVVtlf)smns ~'n'1'U

o .de:. I ! d. ci I

(3) 'U1m~ff1'U!1C1~'Vl'j1fJ'Vl~~VfJ'U'Um~ff1'U ('IJ'U~tl'U'Vl1 L'jElf)11Investment
'"

II " "Co\Q.I q I Qlc;v&d QJ ell

~~f)'Um~ff1'UL'jfJf)11 Investment ~.:j'U'U'il.:l!'jfJf)'\I'U~V'U'U11Investment cycle
.<!ililg,l .dd.I'" g,I g,lQ... "''Ig,I d(2) l:IJV1~UUU'VllJ1IJClVf)11'U1~l:IJ~~Nf)1'H1C11f)f)ClUf)'j~ff1'U !'WV !'I1'Vl'j1El'Vl

mt;vl '11nn tlU CI.:!1'Uf)riV.:!~llJ!~ lJ

o Iil ~ • I'" g,I... '" ... ..II d "" ...fil'j'Vl1U'IJ'lJUCI~L'1.1U'IJ'lJLlJCltI0 'IJ1,:)~~~ tl~ tl1flm~ 'jV.:I11mCJf.:l:IJ'I1C11El"lf'U~ ~ 1:IJClO1:JW~

fil'j'l11.:l1'UU"~'j~'IJ'lJV~ 1'UlJ91 mh1flv ¢i'tl.:l'n'llJ1'j(l~1'IJfllJl1mUCI~~W'I1.fJiJl${ l'U'Vll.:jt!B'jj~ 11~
"ff1lll'j(l'l11U'IJ'IJ'I1ritl (Mould) 'I1~V'ff'u'IJ'IJ~~il

'I ' ..... tl. 1 v dI 0 1 g,I"I ,'"(1) !ff'Vl'j1El~ff:IJEl1.:jff.:j!m1~'I1"\l lJ'U'Um~ff1'U'jV'U CJf.:!tll~'Vl1~ !~fJfil'j'W'U'I1'jtl!'Vl

'Vl'j1fJl11'1'I1C1C1.:11t!ltl.:l1~Ell~f)riv.:j!~'IJ'Vl'j1fJ~ I${ 1111~f)riV\l!~U'Vl'j1 fJlI~¢i'tl.:!1~'Vls1Ell1rimJlf) f)';il

lm)~"H~V:IJ 'VlV.:lll~.:I'I1~V'Vl~FHl1~V.:I'l11'j~'U'U~1£JU"dhnH~:lJJ11mf~ L'W'j1~lll~'11:IJftl'Ul~~

ri'1lHH'O~'UtJfJ:IJ '1~L'I1~f)1J"'tJ:IJ i'U':)l'U1~fJrll ~fl':i~"nuhl1~nh1';HIi11L1f1 'n'~1'l1i' 'IJ!'Vl'Vll1El ~.:j
'"

.. I ~ 1 ...1 do Go' d ~lJ'j~Otl'IJ~'1Elff'1'UlJ'j~f)V'U'Vl'n'l~ty'\n).:)m~ff'1'U ~V 'iL'Vl u,,~ 'l"'U

.
1
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v '1 'j) .,.2.14.1.3 ~1Ol)flfJUl9lmll 'I1ff'U'Yl

n~iJfJlJ 1~~flfll'lJfl :lJfl1)'IJ!'JlfJl'il'IJfl'lU'lJ'lJ'I1ria u1:I~L~lJrvw1ilJ'V'I1:I1ff~fl1:l'l1tJq

, v odd Q.I fj) d
2.14.1.2 'If'Yl':ilfJ'Ylllfl1':i'IJfJ1fJI9l1'UflfJ'YlfflOl

q

2.14.1 AnJ'UUVltl'fn (Mold cracking)

~I " .,j " .d "" .l.,j t i OJ .d dl1J'UH1:I'illflmllJlfl'Wl'Wfl'l'illflfl11lJ'ifl'U'Yl!f)~'IJ'ULlJm 'Yl'W1 1:1'11::M &'UU'lJ'lJ'YlW'U
9) 9) c.J aGl,,'t1 ~ liJ'''' ~ Q ~tll':iflfJUl9lm11LfllOl'IJ'U'iJ:;'Yll&'I1'W1 1:I'I1:;'ilflVfllJ1 'IJ'W1IOl'll'U&llOfll9lnsu 1:I:::'lf'U'l1'Wrn IOlmr 'lJ1Ol'lV'iI:;..

"" JI I

VI9l'nril'W 1: 1 H~y:)Jn'lJthvw 1ft'iJ'Wi~81Ol19l':i'l'lJ~nw H)fJ~811'lffa'l;fl'IJ8'1Lt'lJ'lJ'I1rlallOlfJna'W'Vi 'iI~•
a~'iI~Vi1fl1':i'lJlflia'l'M'L~'U':iul'il v ~'l'il::Vil'M'iiifl'lU1:l::~'U~U~ ,~~ u~1Vilfll'irJ'lU'lJ'lJ'I1riVM
q '"

, "'ltJ1 us uns lfJ lYiflllfl'ln'U ilii M'U1h'l1~ 11'111:1fl flfl '115'1'il1flrnr mViltll':i U\Ol'l1~fl':ifl'l'l1-cr'lU'lJ'lJ~J fJ

'lulIOlElili~8'1vIOl11~m V'Iml'llL'lJ'lJ lL~tdv'I'illmill ,l'I1:::iim '1Cfi'W~'1tl1'i1lh'1ft'u 'lJ'lJ'I1rlmwfl vafl
., 11]" <k • OJ 'j/... • <!iI '" 11]"d ."1 '" "" ~ '" I "l"mnnu &1OlC)f'l'il:::mt'lNl'Um'El111Elmnmms fJIOl111:1'1Lt'lJ'lJ&1fl 'iJ::1J8'1fl'Urns !f)~uty'l11~'Iflm1 &~

1'U '11'W1 ~ fJif 'iI:::1 ~1~fl nth ~fl8 u uu u '11 ri a 1 ~ fJ1~H'l fl ':i1 'll'lvlU1:I:;~'U l'I1UEl1' 'U

, , "
lLlJ'lJl1,;itJ'Vi'Vi1¢i";WLfl~a,n11lL'lJ'lJvI9l1'U~~~fl 'iI:::VIOl'l1Ul~l ift'~lOln'Ul~HJ'1~fll1'Vll'l1'1ffV'I

'lu-nu 1~£Jiib~en '~fl1':i1'1flJllJ~tI'UlLnm:;r(1'U hHJ1~bm ~hHhL1~';n11fl1:;ff1'U
11:111~t~1'hleu mi'1iitll':i t)1'lJ f111tlW 'I1.fliJl IOl£J'1~L 'Vltl11lJfl'thllMl 'i11HHllJVru '11niiotIV'I n 'j:;ffTW

q q It! q ....

h'l1~ ~vt\l'I1niJ 250°C ntllH'Vl'Vl'iltJ. '"

.
'J
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Jl
2.16 rmseuuu

" IQ Q,lQ& .0 G) 'j) ~ d d ~ ~ ~I Q,I d~ QlQ d d
lJ{] 'lJ1'I\I~'WfJlJ t"b'llJI')1'111:1fl IlJ I')ns 11') '\1)"fl'VI)"1tJ'I1fJ1'lJ '\1)"tJ \Ienru 1 'ff1PJ'YllJf.JWfflJ 'lJ1'1fl ~ 'lJtI ~t'I11:11lJ

f111lJ 'I1'W1U1.1 'W' fl~tfl fJ~tliJfl11:IJ 'I1'W1U1.1 'W'\JtJ~h'l1::;~\1~1'Yle)1')1:1~'lil H) 'lJ'l 11'lJiJ '11ri V 1~I')mn fl
"1l1m)"fJU1m1lJ~ nu '?I~i11111~1'W'I1rimv'W~11?1t11f1':hu~)" 1rllll'rl ~ ff1'Wl~l')m11') U'W)"1f11(lfl..

, "'.
u 'lJ'lJ'I1ri tJlll~ nrnn ~Yill)" ~fl nu I~uu~VtJLl~1 rl1)" Ul 1ll~~''W~'WIs ~~1'W'l 'WU'W1~ ~

'\1~tJ' ~1'ffI')'\JtJ.:Ju~.:J~'WflltJ'Wtlflu'lJ'lJWll1 1~tJrl1'lJrllJ'\J'Wll')'\JtI.:J~1'W 'l11'fJfll'i'tI~ I'll~U'lJu'l11'J!'Wrl.:J
q q ... '" ,

ag'l 'WI>hlt'l11.1~Yi1'l1lJl::;lllJ lmd1tl~tl'W lli' 11'Ul !Cl'l1::;i'1flVfllJl1l1flU'lJ'lJ'\Jw::;m

i1ims 1'11.:JUu 'lJ'11ri t111l~ tI fl'lJ 1.:J~ 1?11i-l1:l~!l1')I'IllJ '111:1n 'VItj1l ~ l?ln fi fl1)"'~1fflPJu ~ ~

(1'lf'W1l1:l1ffll'ltJ{ '11~til'11~n utJ'W) ~ 111]'Wn~'W1l)"~fl 'lJ'I11:1~u~ii)" 1f11U'W~u1:I::;1~m1 n unn 'l'W'VIl~

<O! I
2.15 tn'lfl'l-3U'lJ'lJ'HiU) (Mold backup)

jI , .91 I

U'lJ'lJUtJ'W 'Wnnmn UU'lJ'lJ 'i)::;UtJ'W~11?l' 'W'\Jw::;'Vit'VIU111:1'11::;1:I~1 llt'WV~'i)lflfJW '11jJiJ,,! ,m1tI~ 1 V
'lli'rl tJ lrl euuu UV'W~1 ~ l' 11''\J'W11')NI')'rlm1')U1:I::;iiN1 '11tJliJ

o dt 0 lI)" <>I~ d ~ 0425-474 C U1:l~tmtJ~m !'ffU'lJ'lJtlJ1:ItJfl'lJl~lJtlW'\1fllJ 475-525 C. ..
'Q,I d d.e::t I QJ 0 til 5/

2.14.2.1 rns m~ \I 1fJI'I1'\J tJ~tlJl') 'VI':ilfJ 'VI)"ltJ'VIlJ'lJ'W11')UI'Ifll'll~fl 'Wuin 'i)~'VI1 ! '11

I ,.,.10 d l.d ~ f QJ Q.I

\I~tl tJ'W1:1~us u lWHlfl CJ11'V1t 'I1lJl~ 'fflJ'lJ'WtJ~fl 'lJnn 11W~'lJtJ~~l'W

2.14.2.1 1l~lJlWnl'H~lJYiti1'1I t)lt~lJ Vinsol mnfltJtlfl lCJ1~H1:I~r-N;~fl1lJlfl

to'W1ll\l~~1111'u'lJ1J'e)tI'Wtm~ Lhiu~~m~

2.14.2.1 tlW 'I1fliJ t)lm~'ff1'WiitlW 'I1fliJ~ltO'W 111fJl,nY~tml~"f\l~tcb-'VI~1
q co '" cu

1li lllJ'lJ':iW (Under cured) llfl~trl~ tJ~~ltt'lJ'lJ'I1rimll~tJfliJ1~'i)~lj~w lHJiJ

til 31 I ...I~ QJ ",,d ,J I QI Q "l ~
teu iJ'lJ tJtJ'W us lJltlWl~'ff ~tml~'I1'V1t'11lJ 1~ 'fflJ '\J'WtJun'lJ"b''Wl')'\Jtl~ t 1:1'I1~tt1:l~"b''WI')'\JtJ~ 'VI)"1tJ..

2.14.2.1 ll~lJltla~fl-il trltJll~lJlUHgfl-ilUtJfJ (ff1'W1Wl.1lJt'Wf1~~) U'IJ'lJ'I1~tJ1~

I
2.14.2 uuuseu
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C'I 'I '2.17.1 f)l~ttYlLAm,.illfJ A'UU'U'lJ'tHH)

, "
L'lJ~eJfl'lJ1~ ~ l'Ul1riVl1 1~:Un 'i)::;ij\9l1lJ1'Hn~~'U~llJ~b~l'ULt'I'lJeJ 1~tJiifll1l1~fl \I'U G-:Jfl11lJ 0.050-

~ d rI ~ d d q cit' d ,
0.100 l-J1 UrI::;fl1'il \l::;lJfI1-:i 'lJtJl-JL'V'IlJ'Ul-JLlJl-J 0.03% UrI::;19l1lJ f-n'J ll-J 'ell'illJ'lffl'J11'J mn"l U j rn ~ fl Q

L~tl'J'illflLrltlL'VlJl hl1::;U~1U~iT-:J llJl1l-J~'il::;LL~-:J1'l1 Uflb1~ln~~l-J 'il::;~l-J ~lU H'W'J,:jll-J'Hri()tJtlrl 1 11
<909'))'''.;i, ' .J'
'il~'Vl1 !mfl~L1Jl-J'lftJ\l'Ul-J

~lm~fliiIi llPJ~vh 111'Lnl91f1l{1'lJ~tl ~ L"l1l-J1fIj tiitJlJl1-:Jt'I'1l9ll-J llJ~lJ~ 'WlJ 11t'1::;11Ll-Jt~£Ill

.,j '1 9 ')) • , <!I 0 9 9) 0 "IIJ" dI IiJ ' w "1iJ"LlJtJl1t'ltJ ~fJ L'lfUlJlJL1Jt'lVrllJl~'il::;'Vl1 L'I1Lf1l9lfl1j !lJm()lJ"l 'UtllJLf11l-J C})'~LlJb11ll1jfl'UtI~f11j LlJ~

L~ tl.:J tllfl 'VI) 1 tJ~1 oMl'11LL'lJ'lJ'I1 riv '11~tl' ~ UuullH1tJfl ul.:JlhH 1J1W 1'i'1U)::ffllJ ell..:!

'" 0' ,,9) """""".J'IIJ9) '''''1IJ1 " 1IJ1ff-:Jtml::'11 (Phenolic resins) tJQflVlJ'Ul-:J~-:J Uflb1'VlLfll91'Ul-JL~UflUflt'l' HJ 19l)f11)lJtll-J LfJ 19l)1t1l-J
rI d d' efQ,l Ci"1 -: d' \I) lIJ rI ,"

Ut'l:: fIl) u eu lJ tll-J W)fI 1C})'19ll-J(l nem lJfJ-:JlJ Leu lUt'l:: mrueu LI9l(le n LC})'~U::Ul-Je Q~ 1£1

f11::lJ 1l-J n1) 'I1ri flU'lJ1J'11rim U~flfl t'I'11J1j ru U~ tJlJU U MUg n1 £Ill ~1 ~ fJW\11) W l\11fl

"'1 "I 9) 9) "'i . ,0 IIJ 1 dI':; '"flW'I1.fHJ urns mmllJjtJl-J (lW'I1f!lJ l-Jfl1)!'VI Ut'l::1J)lJ1Wfl11lJ\I'Ufl~ L~ 191)1\ll-J C})'-:J'Vl-:Jt'I'llJ~l
q 'U q 'V q

"
I!Uj{j\l::iirlt'l~flflWb1lJ'!J'~Yll.:Jflt'l CY.M.Li and R.D.Li,1999)•

C")I I , .111) I~ I dId 0' dun t'I'\9ll~"l nrmu LlJlJ rl t'l~ fl -:J1l-JU j:: If! 'VIL'I1t'l fl '11 t'l fl m t'ln fI1 j u au ihu n t'll'J 11t'l::;I'll t'ln
f11{'lJ VlJt'I'.:JU~V~l~ 1191U~'\l::nrlt'lV~l~j lJU j .:J~tJ~llJ 'I1ritJ~1'V'11f)t11~flfll{ u fl'U ~ lUt'l::t 11~ nrlb1lJ~~ .
.::.i d 0 i jJ .e:t. d'\J} rI , d "1" -C:\: 1 0 ,:V.<:\ $I f ~.c::! ~ .:::t
lJ'fil~'Vl'Vll 'I1tfll9lfln LlJ~ (t'lfl-Jmt'lfl Ljb1l-JlJ) ~fJ\I::;'Vll l1Lfl~'UtllJf1'V'1jfl~'Ul-J'Vlrl1.:Jll-JUt'l::;lJ•

" d..J' 9), 0 d" d ')) ~ 1 9')) ,
fIlj lJtll-J1'V'1lJ'U'Uf.)1'11t'ltJ-:J1l-J\ll'V'11f1t 11t'lnfIlj unu Ii s nJ~l Ut'l::;Ll1t'lf1nt'llrlt'l'lJl9l1 ~ fJ !'lfLLuu 'Ht'lfl

,~

,9) ,9) IIJ., "" ,9) 0 '" dI 0 "" ,'11t'lnu t'l11 f11:: '1111u u fl:: 1'VI1:::Vtl n L1J U~ lHJlJ 'lfffl tJ'V'IllJ t'llW fJ~C})'~ ffl tJ'V'IllJ \l::;en 1t'l£I~ ~ llJ '11t'l tl

UlJlJ'I1~ {J 'VI)lEJ'H)~UlJlJ t1t'l::;lffl91~~~U lJlJ'I1~{J hJv~lJ 1 t1W.U(Jfl~l-Hhl-J ~~~llJ 'I1~{J ~ :::tWfll'll•
flflfl'hl t1'1!~l-J~1l-J 'I1~flm~fl!rrW(llf1 11lJ! eu ff'J'V'Ifl~ 'il::;lfn 1l1li'~ 1'lh::;b11Wll-J l1lJ~ 'VI 'j1 (l 'il::;WJfl..

.
l
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Ductile iron (80-55-06)

, '"
v~iJd1t1lJ liitlfl11lJff1lJ15t1Vi1'!JBn~tl1'\JV~tlVf)~I'i)i.J'[l~'[l.:J '1~1~) !1)'U~~lfl~'!JBn~ til '~~~'U 'iJ1f)

.:J1'U1~tI'\J'i).:j(Liu Feng and et al, 2000) i'Ufl1ll1citl'l1nlfl'[l1J~,,!'Vli lm:;UfHflClHfflJ'Vlfl.:JU~.:j l~tI

i~1ffl9J Si02 HfflJfl1J BP3' Sio2- ZrO} HfflJfl1J BP31lCl:; Zr02-A~03 HtWfl1) ZrSi04 ~1t1

TIfl1)l1~tllIUUltJ~tlf) l~tll1~tl hl1:;WtY'JJ"lfU\9l~l.:J'1 ~.:Jft UfHnClU~~'V1t, UfHnrtHtl'lJ'Vltl.:jU~.:j

.
e

'!JBfl~ tJ15~W:l1.:JU1J1J-l'[l'l1~i~ 1<J1'WulJ.:Jfl1U{YeWf) i"li~ (Mn02) U'[l~\91~~1fltlf) '1"li1Pl(PbO) HfflJ
9 • .1"" d V '9 jJQ '" J1 , <9 " 91 9l'U'Vl51t1'Vl1U1J1JlJ 5lJ1WI'[l f)'Utl tJ ~~ 'lf1 tJ ll1 Hl.:J1'U~ 'U'Uml~.:Jl'U '11'[ltl~.:j ~ ~ fll51JV'U 'UVtI'[l.:J(l 'U

G 91 0 Q,I I d " .. I ' d I d._ eS ~ll1'[lnf)'[ll) U'[l~ff1'1151J.:J1'W'I1'[ltl1l1'[lf)fll51Jtl'UlJl'Uf)mF'!.:j UCl~.:J1'U'I1'[lm'11'[lfl'l"mmn m llJtll\91lJ

NaC03• MgC03, CaC03, Mg-Siliconfluoride, un:; Ammonium siliconfluoride 'i):;l11'~tll~TW~
y I ~ I

~'U ff15~lrn'I'Vil~lJ'[l.:J '1'!J"y'Ul~'U~11111 ~lfl~'!Jafl~ til (Oxidizing agent) ~~"lf1t1ml1.:J1l1Utnf) 15

lfl~'!JBfl~ tl15~whm1J1J 1 '[l'l1~

li'11~lJff15 Oxidizing ~l'li'lJ'li''UlJ1f) (1'lf'UNirate U'[l~ Dichromate) n~:; ilili HCl

~ tlfl Wf11'W'Utl.:j~1.:j1'W'I11V1)~liH'[llVltI.:J!~f)"j'tltJ lm~f115'!Ji'1J'!J5 WIWf11'V'1J'11Clmar 'U~:;n nl11 i ~
q • •

, '"
1~ tlf115Cl~Vtlf)~1 ~'U 'Uru:;Vi~l '!J5 :;ff1'UU\91f)r l1ir 'U1))) tllf11fffll tI'l'Ut11J1J'i):::liv flf)~1 'i)'U14'eHJM
o d 91 Q -: & ~Q~ t "1 iJ
1)1111'U1)~\91V.:j'[l~ nan "lil'i)'Utltl f)1)1f) 'U11Cll1:; ~.:J~:::Cl~11Um til) :;'111l.:JU1)U-1'[ll1~ '[l.:jl~ ms '[l~

Vtlf)~I'i)'U l~tI'1 ~fflHmlJ):;wh~ Ca-Si-Mn (~h'l1i'ull1~f)f) ~ 1) 1):;!~ ml~f) l1n 15 Htl'lJ1 'U

~"Q,I GQ,I "~" dt Q.ICaC03) WfflJ 'Vl51t1 LVi tl 'lf1 til 5.:JfJ\9151W'U\91111tl.:J.:j1'Ul1'[l fJ f) '[111flfJ fl151J fJl 'Ueuu fJU\91f) \911~~

lfl~'!Jafl~ tl1~~fl 11lJrfl'U (Endothermic) ~.:j<J11t1'll1.:J1'U1~'U19i1L~1~'U 'I1~tlt~lJ fllfmH'U\91i 1lJf)1)

1ff~~1 ~\911.:jU1J1J'I1cifJni~l~tI!~lJ'[l.:j i '!J'!J5~lJ1W 20-50%
q

fl15L'V1lf11'[ll1:;nliH'[l~tH)m1fl15 U~.:j~1'Utl.:j~1.:j1'U U'[l~~tl'!Jafl~ tll'\Jtl.:Jl{m~
• V V old. • "l v"" "" V ' J1 V "" d "" lr).1 ""U1J1J'I1'[ltltl11'VlGJ11f)t1.:j'VllmH1.:J1'ULfl~'Utl1Jf)'V'I5fJ.:JlJlf)'U'UmtlW '11fllJ ff.:J U'[l~ou511f) 'U ruH1.:j1'U

q '" '"

d "" 1lI • '1 Ve> 1 "" .I""Q"" lr) V J1~:;U'U.:J\911'lf1'[l.:J'Vl1l1H1U1J1J - '[l'l1~!f)~lJ{]mtl11~lJ1f)'U'U

2.17.3 msil ~'Utll~-d'nurtT1JfIHAflil.,. f}.:nh1il'H:;
'"li'1'!Ji'1) '!J5.:Jff f111 ~ f11tI'1'UU1J1JU'[l~ri1 'UHfflJ'Vll.:JLflli'\Jtl.:J'I.h1,m~11~"lf1 tlrt \9l

q

rnu'l 'Ut!1J1J'I1~tl'[l~~N
2.17.2 A~~6Vl~1f1nAiJu~1!itt)1..rih~lU'tHitHl.y~~"J!~1~U

!~tlll1~1nu U~.:J~1L~'LH'!JiitlfH! ~.:J'1~L~ 1 1)~$Itl.:J1~'Vl51t1~lifl 11lJ {yllJl'Hlih

fl11ll~m..j'~~ 1<J1'U'Vl51ttlClftl1ifll'U..1 'Vl51t11m'1lJ..1 'Vl51t11fla1'U (li Magnesite U'[l~ Forserite)

f)5W.:Jl'U'I1cim'l1~f)H{ylJ~TUtllJ1~'Vl51t11tlal'U U1J1J'I1citl~vh~1t1'Vl51 tI~ilf) 11)~111'll1.:J1'U'11~mr1'U

~11~1U'[l~lfl~ Thennal shock Ufltlf)';i1 l'Wf))W~~l!1J'Utl1~l~lll1'U~'U (Ufl'[ll91t1lJmf1Jm'U\91
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lid. d. 'J) ,

2.18.3.3 ma"JWH~m~mU.:.I'UOUfl11

2.18.2.1 .:.Ilhl'lfij~I~U"Jtl'U!ll'llrlO1<ifUUU'I1ri~ltl~~fl1Jl.:.l'il~ll'i.:.ll'Ul'lJlfl11

2.18.2.21:Ul'1tl~l'Ifllll'l.:.l:JJlfll'Y'l'jl~n'IJ'U1~!~U~~'j,m1111~~H"JI'1fJ'lJfl11

"uu unl ~tlflU l.:.ll'hi'O~1Pl.:.lU

. "
dJtlltl'1 U'lJt-viUUtlUfl'J 'j :JJ1~Uu U'l1ri til'] 'j 1fJ~hlU"tl'"J ms rlil ~.:.I'ru I'i"JfJfll'j 'I1n~

Green casting)

..
I .1'" , '"2.18.2 fll~'t'I"~H1J'l.H1J"~fl : .:.IllA'I1"f)U1J1J't1~ltl'lllA (Shell mould casting VS

'il~;{v~nl'Hhl~ri tlhl ";h;{V~fl1lfllW'a':JJ'JJ~mh~1s 1~ uci~'1:U;{tl.:.lfhi!.:.I(i.:.l'jlmll~~fll11:JJ1~U.:.l~'j.:.l'IJtJ~.
I '" Ii] 3)1 ""'" I .d, 3)""",,,,,.1 .1'IJhll~ .:Jlhl1J1.:JtJU1.:Jal:JJ1'jflrl~I'I!~ ~Ufl'J'j:JJT!ifl1'jii~tll!'Vlhl'VI'il~ "lf1lil'l'IJhl'jlJ

"
QI I" ~ $' ~" d 31 1"<V A rII'I1tJU1.:J: ~tJ.:.Ifl1'jN~m'Y'l~1'IJtJli11U.:.I~lm'l1~flflm 'lffl'lJlm~.:.IU'W1'I2 au U~~

<if

4 ~U lrltlH~1'I1~u1<if1~fll'j~~hl'jtl 'I1'1.!fl20.50 tl~hl~ 1II'lIrl~1,*Thfllmil~uUUfll'j'l1ri~llUU
<if ..

!tl~~flUl.:J'il~al:JJ1'jt1H~I'I.:.Ilhl!~Ultlhlii'l.!fll'WU.:.I 17.25 tltJhl~ ~.:Jdl'W'jl~lrl~Nil~ 1'i"JfJfll'j~~\'! 'jtl..
1'1~.:.Il~tlm~l~fJ~Hu.:.l 3 tl~fn iilfll~ll'IJ'l.mntlltl~~flUl.:.1n'1:U;{~.:.It~~~l~t~fJ~ lPl.:.llla~.:.Ii 'Um'W~

2.17 ("!'VI\'!-W\PlJ'Uff~tm~ 'JJWcV1~i'il~hl, 2528)

, '" "I~2.18.1 fll~'t'I"f)HUUnhHlfI : .:.I1UVl'IJlA~'lI (Shell mould casting VS Forging)
" v

fll'J1Pl\Plilhl' 'il' <iffll'jii ri tJuu 'lJnl~enu HN~ ~ ms ii ntHI 'VIu ms ~ ~hl s tl tihl
<if

!

'j)~ d I .c:1 d f.c:::$ ~ d
mrl~ ~~lhlti1~flii~~~'lJ ll1hl U1 (Malleable iron) 11~~ti1~fl'l1 ~~m 'VIl'Y'llfl"l:!'VI

1'1~~flll~11:JJU~~UH~~ U~~l'1tJ~t1Jh!lii~fliiritJfl'nl-wl'i'fl~:JJ (Ductile iron) hW1~U'lJUiiri~..
" "tli~vfl'l.!hlm'iln~mJfl'Y'l~tJ~'IJW~IUhlIPl1 1\Plun1m~~~1~lli'jl~ (Inverse chill) lfi~~hl 1\Plm~'Y'I1~lhl. ."

'lJ~nw :JJ:JJii~tJ"h~ uuci~ 'il~1ltl'1'II ll'i1 \Plutli' Uri1 hlrla:JJ'VI1~lflln U~~l-W:JJt)~s imsu ~~IPlI'll tJ~111•

" .
m'l~ hii~C}ftl~tl~1t)'HHJU rm~~ ll'i-WhlH"Ji1ri~-vi~llin.u~uflvd~~ Um~hl ~fi~.u~Ufl'W~~~tlUflll.
'I1ri~1~'I1~GJilinJ~{-e)mHHJU\9l~litl~flUUu~Vil~lmC}f~{1~tihJ:lJ~ii~f)\P1 ii1~ ~C}f~{~Vhl(ZrSi04),

Sio2 N"nJ Zr02 tlU BP3 U~~ Zr02 ~llJ1Hli1ri~ 1~ii~rl~:JJ9.flitliv1t)~~~u l~N~~l:un
" .

~~Ufl'Y'l~~~ U~~ci~'Y'I'lJ11~WiifliJu~fll'h~'IJ~,nh 1~ii~tl'lJU'lJ'lJnJ~~fl ~~~ eu m 'il~Vi11~1 ~ii~
• ., <if

" ""ilnl 0'.., d .., d & "1 tl"'''' = ",,3)rl'a':JJC}ft fl'j~~~~UU'IJ~~"Jll"J'lJhl uunnn ~tJfl'VI~~l:JJ"lfhl\Plhl\Pl1U.
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n'Ufltu ftlJ,:r~'lJtl-!l'Vl'j1£)1:YlJU~1umsnse ~1£)1'i1f1tuftlJU~'lJtl-!l1'i111'j~ft1'U(Binder) f1tuftlJU~'V11.;j. . .
f)~ Ufl~f)1'j'Vl~ ftV U'Vl'j 1£)~-!l1~Utl fl 11l1fl 'j 1~M'I11tJ5lJ1tu~'Wmii £)1f) 111'l'j1 'ilftVU ~m:ltu ~

'l11~w\Jv-!ld1~'Vl'j1£)f)l'jltm 1~M'I11"hWNftlJ'Vl1\1!flijn~tl'l111i119J~NftlJV~, 'Wns 1£)f)rs 'I11~1fl11lJ

til'Wf)Hl-~l'1 (pH) f)1'j'l11UI'l'j1f)1'j~lJ~1'W'I1~tlfl11lJ1111'I tt~~f)1'j'Vl~fttl'Ufl11lJU~\lU H'lJtl'lU'lJ'lJ

~ Q,fQt t~ v old 1 ° "1",11 !II
~'1~tuftlJ'lJl'll'll\1'l t'l1m'W~~I'lV'llJf)1'j'YIVlftVUU~~fl1'lJ~lJf)tl'W'W11lJ'l$\l1'W

~1 .1 .1° !II '" , "'.1uen ~1f)'U'W'Wf)1'j'IJ'W'llJ'Vl1tt'lJ'lJ(Mould) I'ltl-!llJf)1'jf11'lJ~lJft1'UNftlJ'lJtl\l1'l1lJ1~ft1'W
, ~

(VJ1'Wiiflt'jc]'U) 1~t'I1lJ1~ftlJ tltu 'I1flii1 urns 1~fl11lJ! euurinsemu tltu '11flii1 'Wms tmj 1h'l1~
q IV q IV

JJ," I

U~~fl1'j ~tJtt'lJ'lJif\Ivi1'1"ltmhii 'il~iifl'Vl~'Vi~vitlll'lJ'lJtl1~tlfl'lJl\1lJ1f) rUtl\l ~lfl fl 'j 'j lJlnfl1'j 'I1rivu 'lJ'U

il1'W~ 2.17 !'VHn'1i'tlm~£)\I~;11~':HJm~m'H;tlm1lvJl9lmllJ (ductile iron)

(ft'YI'W~1'lJ'WfY5U~~,:rtucYil'l'~~'W, 2528)•

Production Details for Shell Mould Casting

(b) Cast in Shell mould (2.5 Ib)

(a) Cast in green sand mould (3.5 Ib)

..

Ductile iron (80-55-06)
~-8:SO-
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e

• v

fll'Y'ln 3.1 ,rlJl'lf.)lJfll'j~1IiJlJ~llJ1~tJ

• d •
'YI~ty6'U nl' 'Hfl6n'ffl n'Hfl6I'YI1

v ~
ii,r lJ 1'1nun1'j ~ 11iJ u~llJ 1~ v,lJ.fl1Vl s l:U1Oi~i1

I • )I" I

nl ~f.)n 1Vi f.)'Vi 'il~I iJu IOi1ti~;-rrlJ ~ lJ 11'Vl 'j 1 v'Vi 'til fll HI Cf1'CYfl11m:lJ1~ n11ms lh 1111'1~'ti ru111111ri f.)

... 11 • 'i ,5/ & d "=' d'l 5/., ~ 11
11'jf.)1:U ~Cf1V 'lffil'j'VlCf1fff.)1Jl'll:U:lJ1I'1'jillJ'Ufl~ AFS. 9f~t1JlJTfjfil'j'VlCf1fffl1J'Vl &'lff1lJ'Vll 1'lJ

v v
rns 1~tJi1l1:h.J ms ~fnn'CY:utr~'Uf.)·rvJjltJu1iih 1'U~ 'lJf11'j'tilU 111111rif.)hW1~U 111111rif.)

.
d

UYI't1 3

..



, "o t dll) v Q.I 0 t

3.1.1.5 lJlfl1'Y1 !~'YI~'I1lJl'1lJlf11lJ1W'I11fl1AFS. Grain fineness number

" "UlJ'Vlnr11'1u 1'11)l~UlJ 'VlnH" U":;'I-1l1'lflJii'YInilJ'\J~~I'1~um ~.

" ,
3.1.1.4 ,ji''tJ~~fi1nw~11~llJ'\JV~Lfl~~~tll'1'\JlJll'1 ~~u"",I'1~1'Ufl1flHlJ1n n !L~1Ltl~

Lfl~~~lML~lJl11~llJ'j~lllJn11'il~fl'j1Jl1m 15 mVi 1'11lJ~nl'l1lJ~Lfl~f)~\):;'I1fJ~ 1I'1ue)1'11w1~ Lll~~·h•, , "
o .c:s" , Gi' ~, 9) g,loll] ... IQ.fO QI

lJl'Vl)ltJ'YIfl1~UI'1"~I'1~um ~L'IH)f)n ~"",fl1'l1'U~H)~'I1HlILHlJ m~1'111:lU'l1~ Im1lJl ~lJ'lI~lJ l'11lJn \)~

iIl'Yf~ 3.2 Lfl~~~tll'1'\JlJlI'1LL'tJ'tJl~L1'j~5lJ"",~LVl~lJ(Vibratory sieve shaker)

~~V FRITSCH ilJ Ibratory sieve shaker analysette 3

,
u-u~i~Lm~1V~1~lJl 50 g

3.1.1 fll'jflmn)1J'U'Ul~fl11'jJt1~l0[J~'UeHUiiml':mJ (Fineness test)

3.1.1.1 LI'1~fJlJ'Vl'jlfJ~"H)~l~1I'1fJ~lJLfl1'Vl'jltJ~\)~'IlllJl'VlI'1"H)'tJ 1~'lh~lJ1W 100 g
, ",

11~ 1 'Ill 11JVu tMU11-rViVW'I'm :ihh ~uuu 105·C \)'\..!f)';h'lll 'l-1'IrfH1~ fl ~Vi. .,
3.1.1.2 'W'l~'illn~Jl'l'f'lrn'Vl'jlrlfl~~11~1 'll-ciVrllML~lJ~1\) 'U~~~W 'I11Jij~~~ !t~1
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o 4 c(& cl : do:'.d I

3.1.2.6 'W1'UfHflmCJf.:j1l'VI'j1VU"~'W1'V1U11111l1fl'IJU~fJU'VI 5 111'1ri't Utfl ~'V'I Clay

washer i'W1Pl1Uml.:j~'il~111f11'j~1'1 !fltfJ'I~N~'Wmil£Jl (Clay washer Machine) 'Pi'.:jU"(l'~.:j't'W

.fl1'V'l~ 3.4 !rl'V~l'1t'ff~lltJli'l.J!~l!~l'V'UUl1'.:j fJtlA'H.nlJ 105' C U~lUll.Jl~.:jJl'V1Uf1'tM'J1'HUOfl.:j~. '"

'" ~ tI t cv Q.I " .de.3 .1.2.5 tlU~'lf~1If.lt~fJ'j mu fJUn111fl'Urunes fJV1'1'j ~ 11~ s~1'1 Uft~m.:j'VI 'j 1£J'VI~ ~. . "
111n'U 'l!~ 11fJ!~ fJ{ n1'Wft.:j 'l-n 'WUfl to fJ{1M' 'VI11~ t.wfJ 1111M'!n ~ f11 'j ~ty! ffVUl 'VItTf1'IJ'V.:j'VI'j 1V '1 'W
" "... ...
'IJ'W~U'W'W

iI1'W~ 3.3 'lf~~'W~1.:jm111!~1"(l'.:j (Rapid and washer machine), '"

.~

"n'UU1 (Na4pp7· 10HP) ~l'Wl'W 50 ml, (1I~l.J1~'j'jl11 500 ml.)
o .d ",d ~ \i] "91 1 t ~ 31 d GI

3.1.2.4 'W1'Umm),:i'VIt~'jtl1l n~111'IJ~ 3 1I1'ff11l "(l''l!~1J'Wft1.:jfl1111t'jl~.:j ~.:jU"(l'~.:j

'l'W.fl1'V'l~ 3.3 tm~'l~'lf~1I~!~fJ{llvJ.yhfl1'W~lmh.:j ~1Ift'l'l'WumflfJ{ 1~!1m'l'Wf)1'jfllU 5 U111. .

. ".
ih 'lilnu '1M'm1' 'I ViUtu 'VInihh~l.J1tu 10 5' C 11'Wf1'.h U1 'H'Wn 11~ fl 'IVi. '"

3.1.2.2 m'.:j111flJ1'Hirfl'VI'j1t1m~H~1 tlriuv1l1'!~'W~11l'W~.:jfJW'VIfJlJl1'u'I mh~'1
" "!m~Tmh.:jl.J1 50 g !'VIft.:jl'Wumflu{ 'IJ'W1~ 1,000 ml. i~V'Il'W~u'Willl~~U.:j111Utll'1'j~iJ~'j~1.:j

J) sJ" t

iM'U1'V1U fl'VI'j1t1'V11£J'l111'W'Il'W~~'Wil U'~vVi~~

"3.l.2.3 !~1IU1ft'lhJ 450 ml. Uft~H"(l'1I"(l'1'jft~m£J Sodiumpyrophosphate 2%

3.1.2 fll'j'YImn:I'U'I11tJ~tJ1W~:hm'iilrn (AFS. Clay tester)

3.1.2.1 !~sm.J'VI'jl£J~".rmh:J 1~fJ~1I1tll'VI'j ltl ~11~Ull.Jl'VI~~HI'U '1~'l.h~mtu 100 g

Totals of % Retained

(3.1)Totals of productAFS. Fineness number

46



~"" dVill'W't1 3.5 n{l~'I~{I'Y1'J'JfI't.JStereo microscope tI'\1~ Reica it.J Reica wild M 420

Olysia M3 Image analysis

3.1.3 fllWI~1mHllJ~f)'t:IW:::ltJ~H'\J6.:uij~'t1~UI

" ... _I I d g.I P 01
& t.Jf11'J'Vl~,W~11::: ~ {lnll tu:::~1J'Jl~fllt1t.J ~n~Jfl~1lJ~'Vl'Jltl ~ 1t1ml~'1~ {I'Vl'J'Jfl't.J

m~~51~L1J 1m {l'lf1lJ (Stereo microscope) ~'IU{l'~~it.JfI1'Vl~ 3.51~tI'l~fh~~'lJtllt1'IJt.Jl~ 32 1'Vh

"Ull1cilt1f1l'Vl 1l1n'l1t.J111f11'J111'1uu 1Vitl1J~nll tuqlli 1~~ run qll ~ u1l111m l~M~1t111l'J uns lJ

(3.2)Starting weight

AFS. clay % = (Starting weight) - (Weight of washed and dried sample) x 100

,
o .. I d' <Ie. d d

3.1.2.7 mt.J1tu'l1111J~'H9ft.J~~t.J1'11tHJ1 1l1fHYlJf11'J'Vl3.2

~ ~ tJJ.-=:. dmnn 3.4 1f1'Hl·nl1~~1'\.Jl'l1tW1 (Clay washer Machine)
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,
3.2.2 tll'i't'ilfll pH

') 1119/0 "" ", ~I ' 9/ d.!~tI !~'Y11fl1ntfl'jl~'\1'\11'fllfl11lHu'Um~-~1~ (pH) ~1t1LmeH pH level I
• I '"

~~m'V'lVi 3.7 91~l'lJ'UflU!fflJU~'Vll~lflii'Ufl~'Vl 'jltllUJt11 1~tI 1t{t11'Vl'jltlVihilt{ ~l\Jnl'jr1~lwn'U'W l~•
OJ ,

1.J~lJlU! 10 g iri!'UUnmfl{ 'U'Ul~ 100 ml. U~11~lJt11n5'UC1~i1.J!'Uumm){ 1.J~l.JlU!20 mi. U'lfH
OJ ,

15 'U1Vi ,\)lmr'U~lJ'l11BI~fl1'Vl'J~,,~ltl1'UiJmntl{II~1nmJlJ Mode l-wtl1'l1'ri1'UU-a'~~NC1U-a'~~I>Hl• •

~ ~ ~ <I
ill'W'YI 3.6 1'fl'H).:l,)!'fI,)l~'HTillPJ(Wavelength Dispersive X-ray Fluorescence spectrometer

WD-XRF) ~~fl Phillips ~'U Magi X

~ .Jll!] SI Y .dt..::t <I
1.J~inU!'Ii1\9,!1'Unl'J 'VI~-a'fl'lJflH'U !~ 1<tflfl'j fl~ 11m l~'\1'IilVJ Wavelength Dispersive X-ray

Fluorescence spectrometer (WD-XRF) 'Ulnfllfll<tflVli1n.ff flu!~l'VItllfYlffl'l{ lJ'l111'Y1t11""tI

V'UC1':il<tf'Iil'W~~Uff~~l'U.fll'V'I~ 3.6.

'" 4 'i' .... '" J3.2.1 tll'i1&fl'il~'t'i1il~!~fJtll'i11T~·nmlfl91 (WD-XRF)

1~tlfl1'jt1l\91';H)£h:J'Y1'jltl'U'Ul~i~lL~1'lJfl{ 40, 50 lLC1~70 I.1.JVilfl1'j~hml~,1'\11
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ct ~.Jmnn 3.8 ~tJmWf11'j'\J'W~tJf11nlV1'ffV'lJ

(n) m~'lJVf11(;l'l1~'\J'Wl~mllJff~!!(;l~1~'W~lff'W6f1m~ 50 mm. 'Vl!VlJ~lm~f1.. ..
('\J) VJl'W~fI!)~'W ~t~'l'Wf11'jl'lVl(;lV~

('\J)(f1)

. '" '"
VJ1'W~fI!'jci'W9i~ul'iri1'WH'fflJ'!vl'.J~VI flV 9i~!!1'i 2% (20 g) ()~ri1'WH'fflJlJ1f1~VI flV 10% (100 g) l'iv

. '" '"
l'l'jll'.J 1,000 g tYVlri1'WH'fflJ!!ffM'l'UVll'j1~Yi 3.111~i1'U 17 "!1Pl'j tri'l'Um~'lJVf11i:1'11~'\J'U1V1f111lJ

'J} I d' ""
"!~ 50 mm !ff'WHlt!'UI'.Jf1m~ 50 mm ,,!1Pl'j(;l~3 ~'W 'j1lJ~1'W1'W~'Wl'lVlffV'lJ 68 9i1V~1~

'.

d _I~ IV " ~ <;' ~ c:. ct
3.2.3 f)1~'\I"f'aJlIU 'I1U 't1V1iH)lJ 6V1~ltJ1U'l~'trn"'t1~lfJ Uil~:n &u"fl'~"lfU't1,,.,tll~tJ'IJ..

'"h"!f)l'j~'W'jtJ";l!1vi~l'l'nfJ '1 'Um~'lJVf1 h'l1~'\Jv~m s lJlnH'lJ'lJ'I1cimtJ~vf1 (Shell..
'" '" v

mould) tJ'U ~::'~m'jlJl~f11'j~'Wt,j1'l1iiv'Un'lJ'\Jv~m'jlJl~u'lJ'lJ'I1ciVl'l'jll'.J<M'W (Green sand) ul'i~::
, '"

UI'lf1l'il~n'WI'I'j ~Yif1nlJlnH'lJ'lJ'I1ciVttJ~vmT'W lti~V~";lf11'j f!~l'l'nl'.J '1'Wm~uvf11 (;l'l1~ ul'i~~ '1~
51 1 "1.1 do '151& Q "1511 do 0fl11lJ'jV'W'illf1m~'lJVf1 (;l'l1~ LlJ(;l~mm'jCJI'W L'I1I'.J~!f11~llJ~l'l'jlfJ L1 ~m'jlJl'llf11'jl'l~(;lV~H'fflJ
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eo

0' .k d" I"".d '" 0'rues 40 C1f·:n.J"IJ'JlJ1WlJlfl'VI~\PllJlfH"lJ'J1lJfl'lJt'lJtJ'J 50, 70, 100, 140,200, 270 1J~lJlW 1.000 g

l~tJtl'l~fJlJ~fflJfi'lJt'J;'W ~·mff\Pl~ iWl1'W~ 3.9 ill '1Jl11uvi~'VI'JlfJlPi'HHh~

. .., 0<:1 o ..,
Resin (wt% of Sand)1l'J'UNlllJ'YI Sand (g) Resin (g) 'Ul't'l'UfWJlJ (g)

1 1,000 20 1,020 2

2 1,000 25 1,025 2.5

3 1,000 30 1,030 3

4 1,000 35 1,035 3.5

5 1,000 40 1,040 4

6 1,000 45 1,045 4.5

7 1,000 50 1,050 5

8 1,000 55 1,055 5.5

9 1,000 60 1,060 6

10 1,000 65 1,065 6.5

11 1,000 70 1,070 7

12 1,000 75 1,075 7.5

13 1,000 80 1,080 8

14 1,000 85 1,085 8.5

15 1,000 90 1,090 9

16 1,000 95 1,095 9.5

17 1,000 100 1,100 10

••
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... .,j 't 311131 • 't!ll '1 dl~l Vl.:Jfll'V'I'Vl3.11 '\1 Vl 150 C 'lH1m 'Wf1l'j'V'U 1 'Wl'Vl

" "I I

3.2.3.5 ~.:Jvru'\1 flihm 150·C 'i)lf),:r'Wlh'Vl'j'lVl1f:-.1~lJf)UVn 'Wi\f11'j'c)f'W1I~1 111vu1 'W
q ..

o ... ~'i '" ~ '1 - '''' I i '1 !II 31 w 1313.2.3.4 'Wl'Vl'j'lVlJlf:-.l~lJf)UTI 'W~~m9f'W 'WlJ'j'lJlru~l.:J"l VlVfI'W '\11'IJ1f)'W 'lHlm

'lurmnu 10 'W1l1

.:t ~ q d"
.fI1'Vft1 3.10 lfl1el.:JUVlI'j'9fW V'\1el Fritsch d-55743

5]



.d '" i' ~1"1 ".d i' '1 '1 i "111 "3.2.3.10 L'YI'YI~lf.J'YILl'I~f.JlJfffl1'lf'\...l~ 1 l..I'lHl'YI7 ffm~1Jf.lf1 !m'T~ !l'If.JL'YI'H!~

,
250C

toMnml'\...lf11~tl1J 10 '\...lTV;

3.2.3.7 !l'I1mJ'YI~lf.J h.,l'li'tl~ 6 iffm'lf'\...l~'jtl~Lv7ml'l1mJL'YIifff1j~1Jtlf11,,'H~

3.2.3.8 i'ltlW'HfliJLl'Il 250'C U~1lhf1j~1Jtlf11,m~'1Jtl1j'1'\...1ll'lll9i'lm'W~ 3.12. ..

m'W~ 3.11 !l'Iltl1JlvJvh ~M'tl Digicon model dd-6

52



.fl1't'1~ 3.13 !fltfl'l'Vl1'Ifffl'lJfI11lJfflm'j0 'l'Wf11'jClilJ~l'U (Digital absolute permmeter)
dSl
tJ'I1eJ SIMPSOM-GEROSA No 42105 - M, Metric Standard

" ,.,
~1'U \l~iifl11lJftlfi\1!lfj'U flVl'1fJ'Iftl'l1f'lJU'lJ'lJ'I1rifl 111fl'l\l1f) i 'W'Il'U 'I1~fllJ'I1rimrf)\l~iifl11lJ'if'W U~::;

1m!1 'I1~eJUflff lnl'l~'Ui'Um~'lJl'Uf11'jlfflJfl ~'1ijH~~eJi'U'Il'U~'1'timlw~f:b 'jtl~l'1 U~~~1'Ufll1lJ
OJ

d ~ c9 w 0 ~, dod. v "0 cv~,,,
u 'IJ'I 'IJV'I 'l1'W'11'U c)!'I'11~ 'I\11f)'VIlf11'j 'VII'!fffl'lJ '111f) 1s C)!lJHl'U 1ff'j \11'j uu 'j fl uu ~ 1 'VI1f) 1) 'lJ 'W'Vlf) fll U~ 1

'Il11tl111f)n~'UteJ1Ll'Vi'l'Vl'jlt1eJVf)\11f)f)'j~'lJVf) 1~'I1~ uti'1'1l1u'Vi'l'Vl'jltJ1tl4'n!1'11'\.Jf) !~fl

fll'W 1W 'I11fl11lJ'I1'W1Utl 'UU~~i'11111~tll'leJ 1.tI

'1 SI'" d"1 SI ,
meusn ~~'11::;'IJ'Ull'lfl1llJ~'IU~~tff'Wr-nfj'WtJf)~1'l 50 rnm. n ~1'I\11f)fll'jHffl.J'j::;'I111'l'VI'jlt1 U~::;

YJl'U~fll'j~'W 1~eJ'Il11tl'Vll'lffeJ'lJfl11lJ#i'l'Wm'l~1'I ~l'Wd'W 68 I'ldfl~l'l ~lfl11lJffllJno'l'Wf)1'lClilJ

"'i 1 "'i,3.2.4 flfl't:llfll'anmrs'U't11flll11fJl1Jl'aO lHll'aCU'JJN1'W(Permeability)

'l 'Ums 'Vll'lffV'lJ'I11fll)ClilJ ~1'W\1~i ~lfl t V'I'VII'Ineu Digital absolute perrnmeter ~ 'I

fI1'W~ 3.13 111f11'j'Vll'lffeJ'lJfl11lJffllJ1HI i 'Wf) nClilJ ~1'W'lJeJ'Ifllf11fl''l 'Wtl'vi'l'Vl'j ltll'l "HHh:J~fldi 'U..

ti l qSl~ ... di'lSl q ~... 1 'lSI3.2.3.11 ~fltJm~'lJeJf)'Vl)ltJ ~'I1W'Ul'ld 95'1~'lHdm ~'Uf)1)!tI'Wl'ld 1.30 'l1lJ. I'Iti 'l1

1'Vlv{1lJtl\htJ~I'I'j d'\H~tH)W'I1niJ 'l"f'lvhn'lJflW '11niJ"f'fl'l 37· C
"IV 4 IV

3.2.3.12 'Ill 1 tl'Vl~H"'fl'lJ'\1lfll)Climh\.Jfllfllff Il'1tJ~u~ hhfll'Vl)ltleJeJf)\11f)m suen
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. ., ..
Sand (g) Resin (g) 'l-innlO,)llJ (g)ff1 '1·UHYlJII Resin (wt% of Sand)

I 1,000 40 1,040 4

2 1,000 45 1,045 4.5

3 1,000 50 1,050 5

4 1,000 55 1,055 5.5

5 1,000 60 1,060 6

6 1,000 65 1,065 6.5

7 1,000 70 1,070 7

8 1,000 75 1.075 7.5

9 1,000 80 1,080 8

10 1,000 85 1,085 8.5

11 1,000 90 1,090 9

12 1,000 95 1,095 9.5

13 1,000 100 1,100 10

, I ,,, "

m1Hn 3.2 ri1'W N~lJ'V1'j l£JUJ:l~VJ1'WilflL'jCH'WLVi~oli'W'j 'tJ;'W ~1'W'Vl\9l~~'Ufl111J~1'WU H~~
OJ

. " "
lll'Wn 3.14 U'U'Uh'l1~-ffl'11f'Uolihl'j'tJ;hI~l'W

OJ

" . "
fl11lJ~1'WUH~~ ;hI~lh1\)~~f)V\9lJ:l~hJU'U'U lJ:l'l1~ ~~U~\9l~l hI.fl1'YlVi 3.14 \)lmrhl\)~Uf)~l81
II t 'JI I ,

;hI~1h18~f)\)lf)U'U'U 1J:l'l1~ Ut\'TUl \hJi'~'lh..nrf) l-W8fll'W1W 'I11f1111J'I1h11UUhI L1J:l~rhm ~£J\9l~1'tJ

. . "
l~:IJ'Vilf11'j'Vl~HH)~IWf1'lJYll'W~flL'jCH'W ~~U\9l 4-10 % (40 -100 g) \9l~'Vl'jlt1 1,000 g

I iI SI tI 'JI"

ff~rdl'WfH"lJ~,m~~~1'W~1'j 1~.yj 3.2 1 ril 'WU1J1J1m1~'ffl'11f'Uoli'W 'j'tFif'W ~1'W~\9l'j J:l~ 3 ~'W ~~ ff'W.. ..
~ 0 ~ ~ QJ I ~.c2 Q,I d d

13 ~\9l'j ~\9lHl~ 3 GlnJ \)l'W1'W'1J"lHl'W'V1~'I1lJ~ 39 \9l1~tll~ 1'Yl8fff)'}dlf)l'HJ'UtI~'U~~llJ~'Vl'jl£JLLJ:l~

54

-



250 C

" ,
3.2.5.719i'.:J~W'I1'tJiJt\9l1250·C U~1-U1UUul,m~i'l.Jfl11'l'Ulmi.:J.flWI11 3.15 '~I1Cl1

'lurrneu 10 'U1Vi

.. '1 '11" " d d 'l' 13.2.5.6 II'l'jtlll'Vl'j1fJ !'U'IIflVl6 fffl1'Jj''U~'jfl.:JI't'HlII'l'jtlll!VI ""I1UU Cl'l1'~

d

15 'W1'Vl

1'Wl\911'l'l1'11'i'150·C 'l~nCll''Wfll'jflU 1 'W1l1

3.2.5.5 -U1'Vl'j1fJ~~1'Ufl1'jflUU~1 1 'Ul'n flflf)1I11l1fl11'l1 'l~I'Vlfl11mluliJCll~fI
'.

" "1 I

3.2.5.4 ~.:JflW'I1'.fliJll'l1150'C 1l1f),r'U-u 1'Vl'j1t1l1HffllnuVl1 'U~fll'j c1f'UU~1 i ilnu. ..

d I 111 ~ ~ <lt 9)d.c::S QI" QI d:vn 'U~ fit 'j c1f'U t'l.J';fl'UI'l~Uf)H runs 50 1'Vi fl t '11' 1lfl1111Cl~IOfJll ""11l1'j nu 'Vls f)1'l11'\J 1Hff1l f) 1111111

'Vl'jlvil'i'~1~.:J

t~fl!\9I~ Vll~H"llnUt'j ~'U -u1'l'l.J'¥hUvi~'Vl'j1V~ 1flci1.:J

3.2.5.1 tl'l~fJll~1'l.J'j~""1'UVl1 'U~flt'j~'U 11lfJfll'j1~tfl~fl.:JUll '1MttJ'UH.:J

3.2.5.2 -U1Vl1'U~fll'j~'Ull1U1l1'11'Cl~t~VlIttJ'Url.:J~f)flf.:J 111t1fll'j 1~mf)\9'h U~1-U1

o .. , '11 '" -k .. <!I '1 '11 <!I .:;,
3.2.5.1 'W1'Yl11t1'VlfHl1flfllHllI'\J'W 1119f.:J'\J'W111'\JU.:J'Vl'j1t1'VltmJfl!'If fIfl 'Vl11V\9I-!lU\9I

b'lJfl1 40 ~~ihJ~lJlO!1l1f)~""1llJ1H""llnlln'l.HUfl1 50,70,100,140,200, 270 'l.J~lJlW 1,000 g•
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fl1'n~ 3.17 msuneuuu 11'l'H~ '\J'W1~Wl1 70 mm. 'H'Wl 25 mm.

_I' 1 "va.,,,, "". &9V '1 a.,3.2.5.10 ueseuuu "'11:::: I'HW'W~1'Yl~W'HlJlJ 70 C C)f~ !'lH1"1 'Wfll'jW'W~1

50 'Wl-V;hwl.ffL'Yl{){llJ~i"_JL11"~l1"'L~f1{)W'HfliJ lilflnUfl~U1J1J h'H~{){)flVi1'l~~l'W ~~fl1'W~. '"

J 9' 1 9va vmnn 3.16 fll'mrYl'jltJ ieuuu 1'l'H~I'HL~lH'Ul
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~ jI QI

fll'Vf'fl 3.19 m'j'Vl~'ft'tl'IJmllJl'll'U'Vll'WUHtl~ (Compressive Strength)

v
~'U~1'U1'I~~'Vl~'ft'tltJ

v

~'U~l'Untl'U'Vl~'ft'tl'IJ

d ~ QI dv
fll'Vf'fl 3.18 Lmtl~'Vl~'ft'tltJm~tl~ (CBR - Test 50 tll'Itl ELE International)

v v
9) Q..I 0 Q.I t QI 0. 3) 0 I' 0 c.r

m'j'Vl~'ft't:ltJf111lJI'l1'UUHtl~~1'U1'U68mmn~tl~'iI'U'lf'lNl'UUI91f)U1:l1'Vllf)1'jm'Um'Ull'1'Uf)f)~

mn Gauge reading u~Tu'Uiinrmm'j'Vl~(ltl~ U(l~mfilL~~tI f1~u'ft'~~I'UmYl~ 3.19

1 'j/'" 'j/ '" ,.,; 'j/
~f.ln1'j'Vl~'ft'tltJ~1VLf1H)~'Vl~'ft'tl'IJf111lJI911'UUHtl~CBR-Test 50 Vl'Itl ELE

International f1~mYl~ 3.18 ~'ft'llJ1HIf)~1'I1 Strength '~1911lJfl11lJll'IlJl~'ft'lJ'Utl~u'l'i~'Vl'jlV111
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..,j ~, ... ~ CI
fIlVf'rl 3.21 'If'W~l'Wf1V'WVl~'tYUlJ U'i'1:;:'I1'i'1'lfl1'iVl~ffVlJfllllJ\P11'WUH~~ (Tensile Strength)

"9f'W-nu '11~~ Vl~ fftllJ"~'W~1'W riU'WVl~ 'tYVlJ

d ~ ~ dSl
fIlVf'rl 3.20 !fl)U~Vl\P1'tYUlJm~~~ £J'YTUControls (Automatic flexural tensile tester LIS)

..

v iI 9J I

9f'W~l'W'illf1ril'Wr.I'tnJ"tl'l Phenolic resin v1~UI>l 4-10 % (40-100 g) ~1'Wl'W9f'W'l1'W111~Vl~'tYtllJ

39 v11mh'l U~l'l1'W-nflr.l'i'1fl1'iVl~'i'1U~ b!(l:'YTlfilm~£J ~~Uff\P1~1'W.f1l'V'l~ 3.21

(Automatic flexural tensile tester L 15) ~'Hl'tY~~1'W.f1l'V'l~ 3.20 l11fl1n'l~'tH)lJ l~tHjlJVl~tH)lJ
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o dll} " 01 ~ d.a i" ~ ~ t .(3.4.1 'Ul'Vl'J1V'Vl t~'illflf1lHI~'U'Ul~ C))''1'U'Ul~'U'tI'I'Yl)lV'Vlm'tlfl 'If fl'tl 'Yl'J1VIPl'lUlPll'IJ'tI'l

40,50,70,100,140,200, 270 ll~lJlru 5 kg. 1~'tIllPl~VlJH'll'lJtl'IJ1'J~'U

3.4.2 llPl~VlJIPi11l'J~'ll'1'U~1'Ui1m'l~'U 1~Vf1l'J i~lfl~'tI'I'lJ~ 'l,rl~'UH'I
, v

3.4.3 oU1Vl1'Ui1fl!'lC}f'U 1J1~li ,r"~!~VIP11~'UH'I~flfl i''11IP1Vf)1'Ji~m fl~ 1 ut110U 1~1 'Ui1fl

.,. II)_ I ' o'.,j 't"'" '" ....".... d I1J "rsC)i'U t1J'ja'lHI::U flHL Ua 'J 50 LVI6 'I11Jfl111H'I::lfll'J~ ft'11Jl'HHrvl'j'f1l9l'H'IJ 1~ft'1Jf) 'Ut1J~ 'VIs ltl I~

"
\lPl'l Un'i'UfI 'l1)J (g) Resin (wt% of Sand) Resin (g) Sand (g)

1 5,000 4.5 215 4,785

2 5,000 6.5 305 4,695

3 5,000 8.5 391.5 4,609

,
cI .'m'an) 3.3 f1l'J'Yl~~'tI'I'YllU'lJ'U'I1~'tI'Vl'J1V

iIl't1~ 3,22 U'U'U1~'11~

Or

, "i~'llYilf1l'J i''1oUl'l1ir fl

hJfll'J'Yl~~'tI'I~'UIPH)'wd l~l~lJYilfll'J'Yl~~'tI'H'ri:YlJ ~llJ~'Yl(j'l:JunTI1'U~ H~'tI 4-10 %
, v v

tl'U'Yl'J1V 1~VYil 3 'll'~'J ~,m'll'~'1i'U~l'JNVi 3,3 'll'1Pl'J~~ 3 ~TeJril'l'J1lJ 6 'M'UmiriU'lJ'lJ h'l1~l'i'l1Pi'1~ ~
, v,

'IJ'Um,~1Pi'1ril'l fi''1mY~'1hJmowVi 3.22 llt11Yilf1lmfl~U 'U'lJ'Yl'J1V'tI'tIfl'l1 ~'1'illflir 'U'il~oUuiu 'lJ '11ri'tlVi
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,
d

ilWffJ 3.24 msuneuuu

tI ' '1 '1YVd w ~qyv '1 d OJ d'l'lYV"3.4.10 nsuuuu ![;l'l1~ !'I1W'UI9I'J C)f\l !'1H'J(l1 !'UflllW'UI9I'J 45 'Ul'V1 !1Pl{J!'1H'Vlfll

<.

" , ,
U1111 11'l\PT111'U!W~\PT1rll'l u"'J!flil{J'Vl~lv'lM!~mJ!ffl.JV'llV1J ~'lfl1'Wl1 3.23

o '1 YV.d " '1 '1 ,YVIIlYV ~3.4.9 'Ul'VI~lV 'U'Ilfl'VI 3.4.6 !'VI 11111111![;l'l1~ !~W!'VI 'I1lm~V~'fIlll.J~'lf.l'l'llfl1111'U'Ilfl'l

" )I t ,

3.4.5 \PT~Hltul1f1iJL1l1 150·C ~lflU'UlhmlrJl1mnJn11rll'U~fm~'U u~1\hJV11'l'Ut\911'h1'
• OJ

10 'U111
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3.5.2.1 U1I1U1J11rl'fl'Yl11VI'111J'Utm::~1rlH11'l1h ~n1JfllJ 1 \9IV i ,*~lJl'I1i1tJ1Uft~ n
" " .

11 ivhlN1:l1Jfl1JUWW '1'I1'lIlJl~u\9I1J1ntu 1~'I11l\11 UtJ~U'U'e)'lU'lJ1J'I1~'e)u1l1uri'fltJ '1'I1'u'11'~ ~\lfll'WVi•. "
3.25 l-WUi1U\lOlJU11"'11::111fl'flUnlJ1'Uw::t 'Yl11~U

I

'lltJ

-,

I'" v I " "

H1JlJ11t1'fl'Yl11fJVi1UHUUIU1~lJ'l1'U11~D'fl'flnHll11ui\lu 1'11'l!n lU~ fJUIViV'lJUl'l1'l!nllft~iJ~'U eN

I "" • "

mil'l 11 tliUfflJN1:lfl'lJi'l111JrUlJ~'l"l 'illn'l!lJ-W11ul11m11'e)U1Jm-wuu1~lJ'lllJ'I1rluuenlJ1 !l~1U1

!'11~n'l1rlfll m '11flU1Jft~ ft1V ilJ!~ 111ftUlJ~~tu 'HQ iJ 1,530 •C uti''';)!n'l riu u lJ'I1~ U\9l1lJtY1lJN{ylJ. ..
'Ufl'lVJ1lJiiflI1oU'UlI~ft::1:l~1 il1n'l!lJl11fl11\9l11il1:l'fl1Jutu'HflihrJu'lh'l"1 ..hn\9lu fiiWVl8Ch'l 'l101J

~ q ~ I ~
" y

!l1J1J'I1t1'flm1V Uft::'j ::v::nm tlJm1 l~lJ ~1illJ ~\I'flW'I1fliJ'I1'U\I'H"''lil1n'l! lJ l11ms une ~lJ \11'U11rle. ...
• Y.

enrun lt1l1\9l'j1il1:lU1JU1J1J11~U1\9IVl11m'jm 1il {Ye'lJ",nll tu~'UU\I'Yl')lVl1tn\91s uv1mj' ~ 'lu~ 'li1\1Vi
y • •

bYlJN{Y0'lJU11ft'l1::'j::V~U1n hhllJ ~\I') ::v~Vi i'I11lJr elJU~m~il1V'e)Uf) lu"htn\9lnl1 !U~VlJU Uft'l

y • y

m 'j I'Yl11~ flU 11 fl 11~t tYHlJlJ11rlfl 'Yl'j 1 tJ 1\91vi ,*11:l~ l-wm11 ~hH1lJ '11rlfl fie•

y • y

3.4.11 -w1UlJlJ11~'O'Yl'j 1Vl1~~1lJlJ Ufl::~ 1~1\1 hh11n1'ji'\lU111 'l!n U1l1!\9l~uurmm
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"o t eS 3) I

3.5.3.1 uunnmnnns lV'\J'WlJ1~If)'n~'Vl11t1 U'ft11U1fl1'l!''W::;1u~uUU'HjjV

" "UVf)lJ111t'l11~'I1\9I'J1~rmu 1~WnoUlJ\9IVlJi ..rw

" ,"
11~~~1f) It'U'U'H-ciV'Vl'j1vt~'WI'i1B ~ 'J'l.l111ll11f) 11~nu 'Uu l'Wm11~'W~1'W11-civ

.11
3.5.3 nl'j'H'IU'U'U

, "
fIl'ftn 3.27 f)11t'VlU11jjl1~jj~'h.JH'U'U'H-ciV

'.

• II I 9J ,

3.5.2.1 H1n\9liliih'hmrf)f)~),';'UU'U'U~llJ 'UlJ1Viuilu~n\l'I.'h1 '111~'ll1'ftilJ'Vl~jjrJ. .

3.26

, " ,
3.5.2.1 U1U'U'U11-ciV'Vl11Vhm'H'I~11." 'n~'Vl11V ~-WVt\9l~VlJLYlU11'ft11~ fl~fl1'V'1i1i
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" ,..." v
~1..:J"l '\J'Ull')t}$'U'll'U H"~tJl'11,rf) Ua'1tJlt}$WIlWnVilf11'jlmCJ11tViCJ11t1'U11'l 3 ,,!V1'j9i~1,j

.. ..
'I1t1..:J1l1f)Vilf11'j ~ nu 11uHa''1ll~tJ It}$'U..:Jl'W'lilViIf) 1)VI'j '11l~~11 \'lTVi'U 111')11f)vd~..:J•

.. ..
d IV' OJ .:::. I

3.5.3.3 I')~ imu1J1J'I111'eWll'U1J'I.HH)f)nsu 1I1f)'U'UUf)~J.tll"lf'U~1'U'I1mHl 'elf)in
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.
I .od oe:t I I Q,I

fI1 AFS. Grain fineness number \llfl'(llJfll':i'Vl 1 unumnu 41.53 HC'I20 = 0.04 g (0.09%)

~ ~ ~
140 = 0.48 g (0.97%), rues 200 = 0.130 g (0.260%), !Utl'j 270 = 0.06 g (0.12%) UC'l~ l'lJfl':i

.:t ..
4.1.1 Htlfll 'l't1vrtH)'U'IJ'U l~fllUltl~!flI1~'lJfl-:i!ll~'t1'lll1 (Fineness test)

\llflfll'j'Vl~'(lfl'lJ'lJU1~fl11lJ"~!UV~ 'lJfl\j!~~'Vl 'j 1tl W'lJ";h 1.I1lJlW'Vl'j 1(J~i( l\l'lJU
d ~ ~ ~ 0'

19l~!!flHlJlfl'Vl'f!~ flfl!'lJfl'j 50 = 22.34 g (44.68%) 'jfl\lC'l\jlJ1flfl runs 40 = 12.50 g (25.00%),
~ ~ ~ ~

!'lJfl'j70 = 11.87g(23.74%).lUfl'j 100 = 1.57g(3.14%),1'lJfl'j 30 = 0.74 g (l.48%),!'lJfl':i

"!'I1lJ1~'(llJ HC'lfll'j'Vl~C'lfl\l!!'(l~\l hn11~ fl~fl 11.1\1

'Vl1\l!fllj unerns 'I11~19l'j l'IJfl \jri1U H'(llJ ~mlJ l~'(llJ!~flVhU u u ~H~ vh i~'(lllJl'j(ln l'11U ~

ri1 U H'(llJ 1¢l19l1lJ1.I1lJ1W~!'I1lJ 1~ '(llJ mu 1H1GJf1VC'I~ 'IJfl\j! ff£J 11C'I~~u 'VlU '1U fll 'j Hi! I9l1¢lfl til \l.

09) 0 \l 0 'j/ I QlQ.I ! &Q~ I

'Vl1i'I1'Vl'j 1Ufl11lJ!'I1lJ1~'(llJ '1Ums U 1'Vl'j 1V 11.1'Vl1U'lJ'lJUC'I~i"Jf\j1U'j 1lJflUI9l11.1s~ '(llU U U 9f \lu I9l\lUI9l

ms 'Vl~'(lflU'lJU1~m1lJC'I~!8V~'lJfl\j!~~'Vl'j 1tl rns 'I111.11lJlW'IJtl\j~Ul 'I1'UV1 rns 'I11'fYJU1.1'j ~fl nu

y y

-nu 1~ tlfll'j'l1ritlUUU!1.I~tlfl¢l"w'Vl'nfnt:l,hh 1'IJ\l l~£Ji ~'Vl'nvI9iTf)ti1\l u~t111 'IJ\l ~\l 'I11~

,
'"tJ'YI'YI 4



.
fll'Vtn 4.1 mlyJfmm~f)1'jm~\l1t1#i'1'\JtJ-3til~V1'jltl

6 12 20 30 40 50 70 100 140 200 270 pan..
llH.llm~Um-3 (Mesh)

• -U~lJ1WmlfJ

U~"~~'Wl~

•

,...... 25
~~
(t;; 20ow
(0)

011/"0
15'-'

owr: IO1/"0
~a 5r-
ri

01/"0 0--;::l

4,131
= 99.46 = 41.53AFS. Grain fineness number

ASTM E-1l-1986 Amount Retained on Sieve
Multiplier Product

mm. US Mesh Grams Percent (%)

3.35 6 - - 3 -

1.7 12 - - 5 -

0.85 20 0.04 0.08 10 0.8

0.6 30 0.74 1.48 20 29.6

0.425 40 12.501 25.00 30 750

0.3 50 22.34 44.68 40 1,787.2

0.212 70 11.87 23.74 50 1,187

0.15 100 1.57 3.14 70 219.8

0.106 140 0.48 0.96 100 96

0.Q75 200 0.13 0.26 140 36.4

0.053 270 0.06 0.12 200 24

Pan - - 300 -
TOTALS 49.73 99.46 4,131
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1.0249.4949.4949.5049.5550
. ..
flll~HW

1.0249.4949.4949.5149.55503

1.0249.4949.4949.5049.5650

1.02

(t '11).1.) (2.30 '11).1.)

49.49

. ..... ..
f)'H'r14

49.50

(1.30 '11).1.) (2 '11).1.)

49.55

... t " ,

flr~.y}2 "j'lYi 3
. ..., ..

f)'H" t
%

49.49

.
unnrflmlrlMa.!la'U (g)

50

nal!eu ( g )

2

'.
.d

Vll'.iH't1 4.2 H'CIf11'jl'l~ff~'U'I11,j~lJ1u!~'UI'I1i1(J1 (AFS. Clay tester)

, ", " "" " I

11m I cJfl1lJ'l 'illf)U'UUllJlcJf'lUl'11Unml'ltl'U Vilf)l'j'Vl~'CItl'l~nl:JJ~ 4 fli'.:j 1~ul'\1unVi

in~I;;)(J'ln'Ufi1Jn~'U~'U ~'mlOT'l\9l1dl'l~ 4.2

SI •

50 g 'illf)U'UU1~hJVilf)1'j'Vl\OJUtl'Um:JJnf11d'\Jtl'l AFS. U~lUl'1,jtl'U'Vi~W'l1iJiJ,j'j~:JJ1u! 105·C ,~

SI

'il1f)f)1dl'l\OJUtl'U 1111,j tl { IcU'W~~tH11i1 EJl '\Jtl'l'Vl d 1 (Juliu 11 ~ 'l V'l 'U'll 1~~1~ tl(J'CI::::

1.02 ~'l'illf)f)1dl'l\OJ'CItl'lUllPlltltil'll'ld l£JUliJl1 '\J'l 3 IPlltltil'l ~hJi'lJl'mrf)ntl'Uu 11 ileu ,j~:JJ1u!

_I~ ~ d
4.1.2 Nllfl"d't1~tT8'lJ'H1lJ'nJ1W~Ul'H"UJl (AFS. Clay tester)

I

U'U'U11'C1tl

. " "
~lf)flTVf¥i 4.1 mdm::::~lEJlPll~~·:U~\OJl'I'j1EJUliU1 hJ'lIPl'lU~t'U~f 40-70 lim'j

f) 'j::::~lEJlPlllJ rn ~ U\OJUm~li,j~ :JJ1U!urn 'U'U\OJ::::Uf)H lOT'lJ'U ~'l til~f) ~ 'U1\OJ~tl'l t~\OJ'Vl'jlEJ~ 1~1'U•
~QI ~ ~ I ~ ~ t el 0 ~

.:j1'Ul~EJ'U \OJ.:jU\OJ~'Ul\OJ40 - 270 AFS. 11'jtl~'U1\OJ\OJ.:jlL\OJ0.425 mm. ~'Ut,j'Vll'lf'U.:j1'Ul'I\OJUV'UU'CI~
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.it 0 I'Ll 0 ... "!II 0 '" "'!II ".1IlJVUlllJ'Vllm11'1~lwn'\J'Wl~~llJ'\JU1~I'lJV'j~~lIn).:l Um'Vllm'j'Jlml~'I1mtlllJ'jumlJ

Olysia M3 Image analysis 'W1Jl11~~mlu~~iJh:jfiv'W'Ul'lnmJ 1Pl~lIff~~l'WfI1'W~ 4.3 Uff~~

'jtJ·;h'lI~~'Vl'jl{J~·:Wfh,l.:j'\JUltJ 32 I'\lh 'W'lJ111~~'Vl'jltJ~'jiJi l'l~~l.:jfl'W'I1mn'l1mtJ
" "

'.

v91 91 ~ I.d. d dQ,l-=! e;:l ,c:! ~ 1 .:::::So cv
~lE.JfWltJ.:j'l)~1'1'j1fl"WYl1Jl1 U'\JtJ'lllJ~mlE.J'I)::lJmUI1'11 U'Ul1 ffm~tJ.:jVVu 1I~~ff~l ~nfjm~•

'" I I I

~tJ~ N'U'e)'lI~~l'1'j 1{Jih1~~tJ~ l~.yjdjul~~nmJ 1I~::I~~m~mJiJu flU ~mlPl~llff~NlUfl1'W Vi 4.2

4.1.3 ~"'fl1'jml\lt1'tl'U-afl'l:IW~ltl~H'\IMlij~n'jl[J

'I)lnm'j ~'j'J'I) fftJ1J~ th\:JfI1{J'Wvn'U V~L~m1d l{J~V.:jh;fi~HWn'U'Wl~ (m 1{Jt 'I1,j)
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Mesh 270

Mesh 200Mesh 140

Mesh 100Mesh 70

..
Mesh 50Mesh 40

Mesh 30Mesh 20
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?I' ~ I ~I ~I CLI ddH(1fl1'j'Vl~TItl1JflJl1J!lJ'Wm~ - ~1~ (pH) 'tIeJ~'Vl';jlt1 "lI~m pH eJl'illlJ'WlJ'il'iW'Vl1J

N(1f)'j~'Vl1Jl?leJfllnl1U1J1Jl1riV!1JiieJA ~.:j 'illAfll'J'Vl~(1eJ~1''l1J11 'Vl'Jlt1U~Jl1 'tI~:U~1111P11Mii~l

di "" "'''' ~I' d'1'J) '" '1 dpH = 8.36 "lI~lJf.]WTI1J1JlPlllJ'WlPll.:jNfI'Vl IPIIPI~UTI~~ 'WlPll'Jl~'Vl4.4

,
4.2.2 Ntlfll'Hllfll PH

Analysis Compound formula Concentration (%)

Si Si02 88,43

Al AI2O) 7.60

K ~O 2,48

P P20S 1.29

Ca CaO 1.14

Mg MgO 0.64

Ti TiOl 0.39

.,

ffl';jU'j~AeJ1JeJeJA 1"l11Pl fieJ ~~fl1eJeJfl 1"l11Pl (SiOl) 88.43%, eJ~~ihl1eJeJA 1"l11Pl (ALP3) 7.60%,

lwu'YlmClw1JeJeJA 1"l11Pl (~O) 2.48%, vjeJffvjeJ~ffeJeJA 1"l11Pl (Pps) 1.29%, UfI(1!C)1t11JeJeJA1"l1~ (CaO)
dd lI] <I "1 d "1 <I di 0

1.14%, UlJA'W!"lItl1JVeJA !"lI1PI(MgO) 0.64% H(1~ !'Yl!'Yl!'WtllJeJeJA !"lI1PI(Ti02) 0.39% "lI~ 'Wfl1'J'YJ1

U1J1Jl1ritl'Yl'jl(JI9)'V~fll'j'Vl'Jlt1~iiU~lJ1W Si02 ~~UI?l90% ~'W'hJ UI?l'Vl'jlt1U~Jl1't1~ii Si02 iA~!fl(J.:j

inn ~~iiml1J!1:I'W lu'1${i 'Wfll'JU11Jl '1oMyi1!1:I'WU1J1Jl1rieJ'1¢{!"lf'WflU H(1~~UTI~~ i 'W1'll'J 1~~ 4.3

~ .! ~ cv~ J4.2.1 j:HnAfI'al~'ttfil~ &~tJfll'J1n'a·nrmflC)j (WD-XRF)
• v

'illflfll11!ml~11111U~lJ1W'tleN'61IPlUI?l(l~"lf'l1IP1Vir·Hn.mrifl1J'Vl'j lt1U~Ul1 'tI~ llP1tI. ~

fll'jUl'Vl'jlt1~~lUfl1'j111't1'WllP1f1Jl1J(1~!~tllPI ~f{l~1J'WIPl';j~UflH!1JeJ{ 40, 50 um~ 70 !~eJl1:l'W

I'1JeJril~'YlIPlTIeJ1J'l'Wfl1'j1!fI'jl~11 Vm11 lhllPl~HTIlJeJV'l'W'Yl'Jlt1U~Jl1't1~ ~~eJcii'W'JU
q <u q,J cu
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1.428140.16501 ± 1.1510100

1.408138.21535.25 ± 0.59.595

1.396137.03561.5 ± 0.57990

1.392136.62592.5 ± 0.578.585

1.377135.17617±1.I5880

1.368134.26639.25 ± 0.57.575

1.360133.52661.75 ± 0.5770

1.359133.36704.75 ± 0.56.565

1.341131.61731.25 ± 0.5660

1.330130.57751.5 ± 0.585.555

1.299127.55772.5 ± 0.58550

1.278125.44778.5 ±0.584.545

1.261123.76785.5 ± 0.58440

1.229120.68797.5 ± 0.583.535

1.227120.41813.25 ± 0.530

1.073105.31839.5 ± 0.582.525

1.01399.44856 ±O220

.; ,
11l"O (g/cm )

DensityWeight

Illlio

.. ,
fll1'lf)JN1'l.l1l1fllfl

I1lS0(wt% of Sand)( g)

m)J1W Resin

, " "mH:.tfi 4.5 H"f111lJ rruns ()1'Wf1l'j91lJ~l'W fllmff 'Illl1Uf1 lm~f111lJl1'W1U 'I1'W'Ufl.:J9f'W'YI~nnu

'" I 'l,d ~lJfll(,1'.:J= 1.428 H"Uff~.:J 'W~l'jl.:J'Vl 4.5 unernnn 4.4

" .
'i)lfHll'j'Vl~ff~1JfllllJffllJl'j() 1'Wm'j91lJ~TW'Ufl.:)mmff 1~tJlh1fWIl'W Vi 1Ji''i)lf1

m'j~'W 'jlh,h,!'ju'VlHm~1J flf1~ii riTI.H'lfflJ'U~.:J9111h~ffl'W~H~f1~1.:Jn'W 1U'Vl~neu ~1J -;h ~.. ..
t Q.I ,t I ck d I dGi 91 Q,I ,,~ "1 91 ,
ffl'WHfflJ'Ufl.:)\OnU'j~ffl'W~.:JIL~ 2% (20 g) 91.:Jl1J'Wffl'WHfflJ'Vlt"l!'~lU'j~ffl'W'W~tJ,!~'W'W l~fI1f1l'j

91lJ~l'W~ff~ fifl 856 U"~~lfllllJl1'W1Ulh.!~'Ji'iJ~1~1 = 1.013 lm~''W'Vll.:Jf1i:11Jn'W~ril'WHfflJ~
'" JI I I •

'l~911U'j~ffl'WlJlmr'W 10% (100 g) 'i)~1~~lf1l'j91lJ~1'W~l'llM fi~ 501 U"~~lfllllJl1'W1U'l1'W~'~

8.363

8.368.36

.
I '"fll pH ltHUJ

8.37

31.5°C

fh PH
.

~1'\.l1'\.lfl-r.:lmmaenu

2
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)/ .
ffllJl~f1~'U 11l1~1 ~£J 11.JUlPltllii't1111t1Yl~~\lUff~\l '1'UlPll~l\ll1 4.6<u

~lfllPll~l\l 4.5 !rlDll~lJ1W!~~'Urv;lJ~'U ~~~1 '1M'Jl11U fH'vimf\lI:'Hl~tl~lfl11lJ

11'UlUU 'U'UU\l~'U n ~ ~H)1J Ul1~~ rnn ~lvJ 4.4 'VW i l!rluJl'11U fm1lJ~'U ff\l f-H'! ~1 iM'r11fl11lJ
," , , " I I I

11'U1UU'UrWlJ~'Ul~m.y;ml1fl 99.44 g ~\l 140.l6 g fi~I1J'U~l!.y;lJ~'U 41% djm~~'U!.y;mJ1fl
I I I I 9J

2-l0 !!I9i~~Ylfl~'Uf)1Jr11fl11lJ11li \lmf11f1"VhjjU1l1lJlW!1~'UI.y;lJ~'U~lfl11lJ hJ~\lmf11rr~~l1~l1\l

'.

, )/.

fIl'Ytfi 4.4 mTI'JmllHYlJ'W'U~~~11il\lmllJ'I1'U1U1..h.!'Utl\l~'U'Vl~1:H:l1J~tlll~lJltlU~~'U

Weigth percent resin (wt% of sand)

12108642

.... ..................
....c: 1.6

Q)

.5 1.4u
Q)
0- 1.2en
Q)
;>.;;; ..-..en '"Q) 8 0.8....
0- -28 eo 0.60 '-'
u..... 0.40

0 0.2:.a
0
Q) 00

0
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"
1ju'W11U:I.J~\l~'W 19l1:I.J~I9l'jlri1'W~ff:I.J'tItl\lIPlTj_h~ffl'W1'Wil1:I.Jltu~1\l"l r.m~\luff~~i'Wl9ll)l\l~ 4.7

v OJ

4.3.2 ~mflWnmHI'I.Jfl11lJVlnm"H8Y1

..

'J), ..
L""'W~lrr'WtJflm\l 50 nun ..,

mllJ1Y.:J 50 nun. um~.,

~
~'W~1'Wl~ul9lmntJ'I1lU""l:I.Jl'Hl

2.5-10% (25-100 g)

...

..

~ ~
~'W~1'Wul9lflh'W tltlmt:l'W ~'W"l

l~Ll~~uH
2% (20 g)
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.d
'VI 4.8

.., '"~ _I~ v ~4.3.3 N~f)1,)'U'U,)'U'If'U-:jl'UflVla'8Ufl1111\>lll!U')-:j~N..
do", '" _I iJ 0 1iJ_1 0 .J _I ~I _I

IlJtJ'VIlf1l'HHllJ'VI'jltlf1 'lJI9IJlJJ' ~t'Yl'WU~1 'Wl IlJ'VIlf)lJ''lJ'W J' lJIlJ'WJ'lJ'VIH 'VI\PIenu<u <u
'j} t ", f' t

m\l~\I ;'W,n'WVil'fi''Olf1f11'jv-lt'YlJul'i~~1JI9IJ''!!'W Viril'Wv-l1JlJ~lt'Y\PI ;1tJ Viril'Wv-lt'YlJVJ1'Wil~IJ';'U 4%~ .
, ,"&.:::i,1 ~ I (V d ~ 0 &

(40 g) ()\I'VIt'Yl'Uv-lfflJlJ1f1ey\PI f1tJ 10% (100 g) I9ItJ'VIJ'ltl LOOO nsu 'VI~W'l1'tJlJ 250 C t'YllJ1J'()'lJ'W

"J''LJdJ'W J''LJ'VIJ'~'Vl\PIt'YtJ'lJH'j~~\ll'fi'l \PIv 111Ul9lf1Ifftl'l1'ltl I'iJtJ~l~'lJtJ~;'U ~1'W 'VI\PIt'YtJU)9)~ Itt'Y\PI~' 'W19I1J'1\1
" "

'l.1~lllW Resin Compressive Compressive Strength
2

Strength (kg/cm)
(g) (wt% of Sand)

(N/cm)

20 2 139 14.2

25 2.5 185.9 18.96

30 3 215.32 2l.94

35 3.5 280.7 28.61

40 4 34l.8 34.84

45 4.5 389 39.65

50 5 442.03 45.05

55 5.5 484.8 49.41

60 6 529.03 53.92

65 6.5 564 57.49

70 7 591 60.24

75 7.5 630 64.22

80 8 688.16 70.14

85 8.5 759.7 77.44

90 9 844.04 86.03

95 9.5 896.8 9l.41

100 10 974.38 99.32
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mUlll! Resin Tensile Strength Weight Density Tensile Strength

(NIem')
.;

(g/cmJ) (kg/em')(g) (wt%of Sand) IiUlU

40 4 142.22 61.54 0.627 14.49

45 4.5 159.04 65.8 0.670 16.21

50 5 16022 6849 0.697 16.33

55 5.5 179.75 71.34 0.727 18.32

60 6 185.62 75.34 0.767 18.92

65 6.5 187.14 78.36 0.798 19.07

70 7 192.18 81.19 0.827 19.59

75 7.5 197.11 83.25 0.848 20.09

80 8 199.46 87.43 0.891 20.33

85 8.5 230.86 89.45 0.911 23.53

90 9 239.90 91.69 0.934 24.45

95 9.5 254.81 93.4 0.951 25.97

100 10 261.48 95.2 0.970 26.65

"o .:::=:r. 0 GI I , , 5) .did.
tensile tester L 15) 'VIlf)1'j'VIfl1:Yfl'IJ"lf'W~1'W\)l'W1'W 39 1911fltJl~ ~'lJ11 fllf111lJl9ll'W'VI1'WU'j .:jfl.:JlJ

U'U1 lW':IJ'iJ:;;t~lJ~.:j~'Ul9lllJJ1'H,rf1 U~:;;fl11lJ'H'Ulml'U (Density) nilri lt~lJ~'Wl9llm)19I s l-ff1'U 1'11:YlJ

l'lf'Wtl'W r.I~~~U1:Yfl~l'Wfll'il~~ 4.9 11~::fl1~~ 4.5 U~:: 4.6

gJ <!IgJ dt
\) lf1 m 'j 'VIfl1:Yfl'IJfI1llJ I9Il'W11'j ~ fl ~ fl1 tIlfI'j fl~ Controls (automatic flexural

'"lJfl11lJ'H'Wl 25 mm.

4-10% (40-100 g)
"'j lH1,:j~'U~1'U ttl'W s 'llm~l9IllJ" ..

"U'IJ'IJh'H:;;ffl'Hf'IJ~'Ut'tJ il
'1I'Wlflfl11lJtJl1 70 nun. U~:;;

..
~'\.J.:I1'U1lJ!flflf)1'j HflmittJ'HltJ

,iI .!iI)

V111V.l'n 4.8 ~1fl~1,:j~'\.Nl'U -ff1'UI'I1:YlJU~:;;l'Itlfil~'1Ifl,:j~'U'VIfl1:Yfl'IJUH~,:j



, 31 ~"" 1'j/ d.,J 1 "" d, d. 1J]'j/.
fllfllllJm'WUHI'l.:JlJU'Wl 'WlJ!'WlJ'U'W ~HJ'WllT:iW1Vlfll 4% !j9!''W 1l~ Il'lfll Tensile Strength =

2 dJd 2d ~ ~~,1d Q~

142.22 N/cm U~~!'WlJ'U'Wtll'W 261.48 N/cm !lJtl'lhmw!j9!''Wt'WlJ'U'W!ll'W 10% fll'l!ll'W 41.63%

Density (g/crrr')

0.90.80.7
a
0.6

.....
~

._~
.,..

y = 317.16x - 59.981...- R2 = 0.9204

~ 300
"'e 250~e 200..c
-;;,

150c
Go>
!:
'" 100~
'v;

50c
Go>
f-

, , .,
il1nn 4.5 fllll.HllJ~ 'W;'Utl ,nHlJltu! j ']'WU~~fllllJ'I1'W lUU 'W'IItl.:J;'W.:J1'WVll'lfftl1J fllllJ~l'WU 'j.:J~.:J

Weight percent resin (wt%of sand)

4 111097 8653

~...........--. ,..
A

.....
~-r y = 0.OS7x + 0.412

R2 = 0.9907

75

~
1.2

o 1(!)
0..
CI) 0.8.!l ..-..

'"CI) E 0.6s:: ~I!)
+"' 0lJ..... ........ 0.40
0 0.20u;
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efl) 1'i'1'U'\.J

Vi~W'HlJiJ 250·C vf~1'i'1'U'\.JU,,:1'i'1ril~ ~l'llil~t~'\.J ~m~lJlJr:i'\.J NT~mjW:fIl'j'V1HI'i'1;~1l1f1A'U
" ,

'j:fi'lJ'w'\.J Vl"fi~UffVl~i '\.Jf11'WVi4.7

8.5 4,609391.5 13,5.4 x 34.5 x 3.4 em.

4,6953056.5

4,7852154.5

13,5.4 x 34.5 x 3.4 em.

13,5.4 x 34.5 x 3.4 em.

'11llltHl1liJ
0111,l1H x [111 x l1Ul

~1"Wl1J

sand
(g)(g)

InspectionWt%of

Resin
SandResin

,
m~Vl'n4.10 ~mfllnhu'lJ'u'Hrifl'V1'jllJ

, ,
fifl4-10% Vl"Vi1¢l~~U1JVl~i'\.J~l'n~Vi 4.10 fifl

4.4.1 fll~'rim'U'U'H~0't1~ltlAtI~tJfl

~lf1f1l'j'V1~H'Ifl~~1JlJI'i'Tl.h~1Jl'\.JA'U'V1'jllJlvllJi ~ri1'\.JVl1JlJ~llJ~'V1t'l'l;li1fil'H '\.JVl11
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i'Wm'V'l~ 4.8, 4.9 U~~ 4.10

~ ,
fll'J l'Vl'l1rimh 1~'I1~ 1\Oltl11fl'l1~f)'I1ritll 'Vll 'Vi~ru'I1.QlJl1'cl1llJ 'cl~mat ,530·C 1n1 uu 'U'U

'I1rifl'Vl~ltl\Pl1'lJff\Pl'J~ljn1'WY-lff'lJ'\J1l\lVl1'Wi1flt'J;'W 1I1Pi'cl~nm 'W 'U';h l1ft'l1l1f) 1'Vl'I1ritlm11U ri tl £.1'111'~ ~
"I~'W" 1 II'U'Ul1ritllj~mHU~~U'Vl ~ ,n1\1"1'U'UU~~" 1ri1'l fl v'1 'Ufff)l'V'H~'lJ II'U'U11ri tl'Vl'J1tlff1lJ ljt:l.. ..

16.38

14.30

12.30

16.316.53

16.416.328.5%

16.3

14.4

16.5

14.3

1

3

14.314.226.5%

14.4

12.3

14.2

12.33

12.212.324.5%

12.312.2

.J
liHItI (kg)

.
• v

Ul'l1Ufl

(kg)(kg)

. ,
'" '"'I1Ul1(wt% of Sand)

,
neum

4.4.2 ~H'f)w\humJ't'lafl'YI'ilu'tl~.:)Jnnrf) rlfl'I.lI'Y1't'laflJll~'t'l~

,.,1f)f)1~ 'Vll'lTI'tllJ1.J111'U'Ul1ritl~~'U s111~~,:j"1'U'UU'cl~"1ril~ 1UVl1f)1~ i,:jJ111,r f)..
I 'JI "" I, 'JI"! '1 9) I 0 0,1 'I 0 \tL I I 0 1 I lI}!V I 0 CJ ~ 0 cS

lYW 'I1'Vl11'Ufll'W1'l1'Wf)'\J1l'lU'U'Ul1~Hlfl1l'W'Wl t1Jl'Vl'l1~1l'W1 ~'11~ 'W 'U11 tlOlfll'W1'l1'Wfl 'Vll'VUJ'\J'Wm'lJ

~lOln1'UY-ln'lJ'\Jtl'l"1U~~ff1'U Y-l'cl\Ol\lUfflOl\l'1'W\Pl1'J1'l~4.11
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I SI I ,

m~fi 4.10 !!'IJ'IJ'I1ri'e)'VI'jlfJ'I1~'l'illm'VI'l1rim.Jl h'l1~ i1ri1'WN'fflJ:W1'Wi)fl!'jCJ1'W8.5%

(391.5 g) n'IJmlfJ 4,609 g

, JI 0 I.fIl~n4.9 u'IJ'IJ'I1-ci'e)mlfJ'I1~·HJlm'VI'l1-cim.J11'i:'l'l1~ Viri1'WN'fflJ:W1'Wilflt'jCJ1'W6.5%

(305 g) numlU 4,695 g

m~~ 4.8 U'IJ'IJ'I,t1;:i'e)'VI'jlfJ'I1~':l1l1m'VI'l1-cimilhl'l1~~ri1'WN'fflJ:W1'W~fm~'W 4.5%

(215 g) n'IJmlfJ 4,785 g
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".0:::::. I Y cv
(b) '}j''U~l'U'l1-eltl~l'U'l1''--1

~ I 'j) 9J
(fl) '}j'wn'U'l1-el8~1'U'l1tJ1

, 1"% f dlrJ v J ~ tI
\]'j ~'ffl'UUI'lCl~'ffI'l'J ~ 'lJl1 '}j''U~l'U 'l1-el8'V1L~ ~ 1flfll'J 'J811u1J 11'ffm~'ff1l11'J ill 1'l111'U'U1~ 'U8--1U'lJ11~ ~

" ,. V I~ rJ' lQ1 ..e:- ~ I ~ j} v cv d ..:::::.d

'W:IJ~ UI'lClfl'l:l ill~Nl'UeN'}j''U --11'U'l1nnmnrnsm l'il 'ff8'lJ !118--1\9l'U~ ltJ 'ff1 (J\9ll'U'U :IJ 'fff11~ Nll'1'l1 tJ1'lJ

UCl~-el~!atJ~U\9lfl\9h~tl'U ann 1\] Ni:l\?l~U'ff~~ 'ltJfl1~~ 4.11, 4.12 une 4.13

~ 0 I ~Q QI j/ 0 J I QI

'l1Cl·HI1fl 'U1U'lJ'lJ'l1Cl{)'VI'j 1tJ'VIW 'U1'l1UClllJ1'V11 fll 'j 'j {)U'lJ 'lJ 1'l1:IJ'ffTU H'ff:IJ'U{)-l1'l1
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3 16.2

16.216.128.5%

16.116.1

14.2143

14.081414.326.5%

1414

123 12.]

12.032 12124.5%

(kg)(kg)
d

1U"U (kg)
(wt % of Sand)

.. ,
... 0::1
'I1'U'YI

"o OJ
'Ul't'l'Uf)

.,
IV' 0 CV
Vl11.1H'Ul't'l'Uf)

16.13

12.112

16.1

~", , " "
m'iH'YI 4.12 11l'11U mJfl.:J11'U'U'I1rifl'VI'j1tJ'Yi110~;'W ~l'W'I1rifltltlO '11r;).:JL'VI'11ritlll1 h'l1~

, ~ ~
o , ~ ~ I V a" t a" a"

~ 10 ms 'VI11fftJ'U'W 111'U'U'11" 'eJ'VIs 1fJ'VI110 ~ 'If'W.:J1'W'11" tJ tl tl fHL" 1 'I1".:J L'VI'11" tJ 'VI.:j1'l1
I Sf "1 ,

U'WLL,,~1'i1ri1.:J 1,Ji.:J'I11'IhI1UO 1~fi1ih'l1UOVi"llM~lmltl'WL'VI'I1ri'eJ P-I"~.:JLLffll.:Ji'Wl'll:iNVi 4.12

, -,J, ,

fIl'Wn 4.13 9hJ.:J1'W'I1ri'eJViriTur'fi;YlJWhJ~f1L:i~'W 8.5% (391.5 g) ff.f11'V'1~1fi'eJ'W.,j'NL~U'U



.,: I
..

'I111'l1'Yl
o ...

l~"lIl-I fH'l-Il'YI l-Il'11\Hl

... I
..

I
..

~,.nu'tl(wt% OJ 1-Ann!n ~lUl-I
... 1-An1'unmUl-I A1~H A1~1'1.. .; . .. .; .. .; .. . .; .;.... 1-A1'I1'un 1-Al'H,rn .. 1-A1'I1,rn 1-Al'H,rnof 'I1wn 111~U 'I1l-1'Yl 111('It! 111('lU

Sand) (kg) (kg) (kg) (kg) (kg) (kg) (kg)

I 12.2 12.3 I 12 12.1

4.5 % 2 12.3 12.2 12.3 2 12 12 12.03 0.27

3 12.3 12.3 3 12.1 12

I 14.2 14.4 I 14 14

6.5 % 2 14.2 14.3 14.3 2 14.3 14 14.08 0.22

3 14.3 14.4 3 14 14.2

I 16.5 16.3 1 16.1 16.1

8.5 % 2 16.3 16.4 16.38 2 16.1 16.2 16.13 0.25

3 16.5 16.3 3 16.2 16.1

"" "un::;tJ '11tJfltlnu~') Yl'l\9i'1'UtJUfI::911ri1'1mr'lt'VmritlU 1ifill::

" I'" ",
VIljHn 4.13 tJlllU nU'U'Ull~tlVi~tJ'ltJl~ritltJt'Vmritl tJllJltm ain VitI'Un'UtJlllUmt'U'UllritlVi

t.I I tI I

lnl'Ufl ltJ lllUnVilllti \1il l~flltJlllun~'1u ~~'11tJvnil'lVi 4.13

<V ,~

'Yi'i.'l-lmflAn 'Yi'i.'lf) &'i.'I 't'I~

'illn ms tJ111'U'Ull~tl~~tJ jtJl~ritltJt'VllHltl'lil1 "ll~ uneu 'U'Ull~tlll-a'mni 1..
'j} tJ I SI I

1."m::Ht)";I11fl::;tJ'IltJtltlflYl'l91')'UtJUfI::\9i":nh~1.tJ~'1ll1fiT\.hllunUt)'')U 11ll1m tI'U1VitI'UntJ 1~tJ1-H

I ,.. , " I I

'IllfWI1'Jl'1Vi4.12 'lhl1'wnVifl~tNfifltJl'I1UflVitntlltJ'\JtJ'IttJtJfl~tJ~tjcitJ 1tJ'\Jw~

~t'Vnil1mf~1~u'U'Ull~fl'Vl'nti ~'1!n~f)ljtf.nlll~'iltJtj~tJmnm~tJwi~u"~~U;)l

4.5.3 V1nl-ll&tTVI-l~IUlnnJ~rJ1HnrJ'Umjllltm'U'Yitif)njlrJ'tJ~-lJl'YiUfl nf)'Uml&'i.'I~
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lj'll'\.J11911~I91'Yll1U~ili1'l1lJl::: fflJ tl ~lyj tI.:JL~fiU~ tI ~.:Jlj~ 1llJ1'I1lJ l~fflJ~ 'il~thlJl i ~Vi 111uu'I1~tl ~.:J
OJ

'l !iJ I odd ~ ~ '" 1" I !iJ iv '" "I I ~ i I'I11fi 'l1'Yll1U'I1"tl'YllJ'U'U1I91LlJI91L"fHfi'\.J lJ'il~l'Itl.:J 'l11'11lJl:::ffl'UlJlfifi111lJl9l'Yll1U'll'U1191 '11\1Junerns
iV d '~lI) 0 '1 Vc::::. 0 d ~ I 1 I d. ~ .:t
'l1tlJl91'Yll1U'llWlI9li 'I1tYtfi'W hl 'il:::'Yll 'I1H1ffltl 'il'lltl.:J'l1W.:J1'U'I1"tl lJtl uu 91.:J'U'U1191~11lJ":::W tll91'Utl.:J

t~I9l'Yll1U'il~ttJ'U'li'tllJ" i Wf)lnJ 1iil'l~'l.Jl~ 1t1'l1U 'lu ms nl'l1'W I9ltl1lJlW ff1'U HfflJ'U tl.:Jfi 1t11~ff1'U
OJ

"U":::'il:::ljH" 1191t11'1'j.:j~tlfJWfflJ,r~~1.:J'1 'Utl.:JU'lJ'lJ'I1~tlt"li'\.J ~11lJ 1'l.J~.:J fl11lJU~.:JUl.:J ltJ'U~'U \9i.:Jir'U

~.:J~1ttJ'U tl~l.:J t.:J~ 'il~~ tl.:J'Yl191enu'111'U'\.J119l'Utl.:J'Yll1t1~ 'il:::U11m~ 1U'lJ'lJ'I1~tl

" " .Q,I a QJ'ct.:!:i d,l:l" 0\1]'" 0 CI
m:::'illUI'I1'lJ'UI'I)~UfiHlJlfi,,!l91~tl Mesh no. 50 'Yl.:J'Ut'Utl.:J'illfi'Ylt]1:JfJ I91U'U:::'U11111'Yll1tlffl'l1)'lJ

VilU'lJ'lJ'I1~tl~~~11ljf)llm~'illtlfi1~ 3 I'I~Ufi'j.:j'l1~fi fitl Mesh no. 35.48 une 70 11lJn'Uui:l'11:1.]

~lfil175% ('lJnl~191 Uff.:J~'U'Yl{ 2544) ~.:J'il~1'11lJl~i'Uf)lnl1'lh~lU'lJ'lJ'I1~tl 1I~f)llm:::'illt1fi1'lJ'U

I'Il~l!fiH'lltl.:J'Yll1tluliJl1'll.:J'il~tl~'l'\.J<lf1.:J Mesh no. 40,50 U"::: 70 ~.:J'il~tl~1~'I111.:Jfi1 40 - 70
OJ OJ

d ...fQ cv ~ & I ..d 0 4 ~ \IJ" I d Q.I dct
AFS. lJlJllJlWl1lJf1'Ulrt'l1 = 93% 91.:JlJlflfnl 75% I'IllJ'YlU'W:::'Ul 'il.:Jtltl tI9111lJf1l1fll:::'illt11'11'Yl191

Q,I QJ' QJ' QJ' Q,I w dd QI

\).:J'I111911'111191'Yl)ltl'il.:J'I11191'l1lJ'W) 'Yll1tl'il.:J'I11I91ff.:J'll"1 'YllJ'll'U1I'IU"~finm~'illtlI'l1mlJ AFS .• " .
Fineness number 1'riln'lJ 68, 51, 59, 60 Lrt'l~ 68 'ill nfil)'Yl191"tl.:J'l.J1lJlW 'Utl.:Jns luuliih 1'll.:Jl1

~ tI Q,I~ ~ 0 ct c:::
'illfi n1) 1tm 1:::'11nuu 1'1'Yll.:Jm tlfll'W 'illfi 'W'Wmrn )'Yll91ff~'lJ'I11 ~ 1llJ"::: ttl tll91'llss llJ 191

1 '" ':1 did'Yl)ltl 191t1'llWlI91U":::fi11m:::'illtlI'l1'lltl.:J'Yl1ltlUlJ'Wl 'll.:Jl'lllJ AFS. Fineness number = 4l.53 9f.:JlJ

'll'W1191'1'I1tYfillU 'I1~.:Jns ltl ~W tg nUtl tI trl tltl1uu n'lJ 'Yl1ltl 'ill rm )1t11 ~ tltl.:J 'Yl1l tI ~'W'Yl'IJ~ 'Yl1l U

"j:H'lms 'YlI9HH1.:Jtrt'l ~ms 'YlI9HHlu lw $Il'W~ 1.:J'1 lw ms l'rci~u u 'Ut'U~ tln~":W'Yl) 1tIulh411 'll.:J

"
hwl~i~'Yl)ltlulhh 1 'll.:J'illfi ~.:J'I11I91t"tI lJlttJwriTWlh~fitl'lJ'I1~fi 1191t1~lWfil11tml~MmJ,r~

'Yl)ltl~i ~i'Wfil)'Yl191 euu I'IllJlJlmilW'lltl.:J AFS. u,,~ri1'WHfflJ) ~'1111.:Jfi "J1h~fflW n'lJ'Yl)ltl~

.
.eIunn 5



.. I I d ~t d ....1 .. I Q.I d ~ & w ttlJ'.l1~'VIllJ'WI11~f)!.'llllJl'Wf)(11\l (Medium sphericity) uunumanaum (Low sphericity) C}f~'il~tJ~

l'Wf1~ll~lim~(Jll~llll'W (Sub-angular) U!.'l:;:"lfW~I~~fHlll (Sub-Rounded) '11'Wtl'WU(1~lrlfl'l'llf)1'J

rl-\9l1Wf)'IJU1~H~1ul'1'1111ml:;:11 ~~H'i:Y~\I"wm'V'l~ 5.1 ~\I'VIt)1:I~lu 1'11'JumllUU~U1l11ltJ'il'1itJ

t'1151\l (Shape factor) ~1~lfJU~~U'i:Y~~fllf'l1111f)!.'l1l'lle:l\ltl'4fl1f'l '~l'liWtlU {i'l'el'4fl1f'll~li~l Shape

factor = I U'i:Y~~1llit'1151\lf)!.'l1l {i'ltl'4fl1f1111n(1lJ'i):tiifll Shape factor ~1f)11 1 l"fflltl

9). 9)
~ tl ~'VI1ms !.'l1\1tJ'eln

~f)'loJru:l::'a'l.!i14'IJ'V·H~Yl'Vl'altJ (Shape) ~lf)m'amd'il1iY'V'I.J~fl'loJru:::'a'l.!il~'Vl'a lt1"'~~ 1:11~hw~ ~

f)l 'Jrl ~ lWfl 'II 'W1~ ('VI'JlU 1'1111)N1 'il~ '11U1U 'Il'.l'II 'J ~ ff'IJ'el~1~~ 'VI'J1 tJ'il:;:li11m Uff lrl e U 11'1151\11 '11
• <u
, ~ ~

1m UU1ViUUtlUt'1151\l~11llJ1~'j]1'W AFS. ~111Vi'VIt)1:I~n1'l1U~ 'VI'.lltJU11Ul1'IJ~~\I'I11-\911!.'ltJ'il:;:lil1~

II " t,

ff'WL'11~tJ~ 'WtJf)'\)1f)U~umi1u1H!.'l:;: ff \11~ tJ'11'WaU "l fJ~ri~Vl!.'ll91tlf)1'.l'1iuU~tl U 'J:;:'1111~\9l1'11'J:;:mu

V " I ~

~1'Wl1~un.1tJ\I 'illf)'I1lf)li'11~lJ1tU 'i:Y1'.l~h.A'VI~6ml~~'Wmu U1lJ1f) 'il~~ tJ~1~\9l1'11'Jemu inn ~ 'W'I'l1111

v
~H'1'.l111t!'W'il:;:I'VhtlU49,73 g (99.46%)

Vl!.'lf11'.l'VI~fftlU'11~lJ1tU~'WmUtJ1~tJU!.'l:;:I ,02% ~~~1f)11 1.5% ~~mll1:;:~'il~u1lJlli

I v I" I

~uVi~~ 1uma pan t!'W'11'i:Y1lll'JtlU1l'11i~111Ull1t!f) '~l'wtJ~'illf)li'11~lJ1tUtJ~14tJiJll1f) U(1~~~ 'el~

tl'lJ~'J:;:Uf)'j~5tJ'W fitJli~11'vhtl'lJ 0.269 g (0.54%) lfJ'WI.i1m'IJ~'J~'lJH1~tJl11''VI'J1'lJ~1~'I1ltJ''11'IJfl~

f)l'J'VI~'i:Yfl'lJ'I11f'l1111(1~lfltJ~'IJfl\lI~~'VI'JltJ ~~ 'il:;:i'l1111'1~Vlm111l'vhtl'lJ 100% Ul91fl1~ui{'il ~~'IJtJ~

I I " II

'11~lJ1tUl1'i:Y~ n.1'eWillf)i-I'W'il~L~ll'11'1i'lJtl'lJlht:mf'lih-;'el'W s TlJl1,rvll l11'l~mlllu~~uH'IJ'el~H 'lJ'lJ'VI'.l1tI
<u •

t I if I

Vi\9)l UI91'illf)f)1'.l'VI~'i:Y'el'lJlf1'11~lJltUi-I'W'lJU~'VI'JltlUlhJll'IJ~ 'V'l'lJ11Vi'.l~ldl~ Mesh 150 ()~ Pan li.
'11~llltU I ,88% ~~lifllll1f)f) 1l~'VIt)1:I~H'W:;:U1L~m4'eliJ ~'HfJ'W'11~ll1tU ~~l ~~~'W~tl'W 1 'Wf)1'J'I'l1

~ ~ ,
Uuu 'I1'tlfl'VI'J1ut! u ~ ~111~ tl ~U 1'VI'J1til '11'1'l1f)1'J~l~ 1 'W~lU 1 ~UU H'lJ'lJ'I1'tlvV11~ mn rn 'J'VI~(1tJ \lli

f'l1111U~~UN lrltltltJ~U'lJ'lJtJtJf)lJ1111U~f)lfftl'l11(J U~flth~ 1 'J~~111{i'11 'WtJ~'i:Yl'11m 'Jll'IJ'Wl~ hrui
• u

m'il 'il:;:ri~p.m{i'l!tll~ l~lfi 'W1 '11'11tl\l'11~lJ1tU i-I'W.nll1'J 111tlU ~\I'i):;:1rJu fl1~ !'~1llJ1f) ~ 'W~~ rn 'ilri~p.ml91tl•

,
'.l:;:'1111~
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... 0' '.1 !JI d d • OJ !JI <9 '1vm ms ltm l~'I1ffl'U1J';i ~ f)nu lPll'UtfllJ'tI tl~ tlJlPl'YI)1tI 'YI1 L'I1'Y1)lU(l~ fll1lJ ffllJ 1) n 'U

!JI !II ~ '" \I)l' .1'" "'''' !JI di !JI d. I'" dfl1)m'W'YI1'Ufl11mtl'W'tItl~'YI)lt1 LlPltlllPl!\Pl~1f)1J)lJ1W'tltl~91~m (Si02) 91~mlJ1J)lJ1WlJ1f)f) ~~

ffllJ1)(l'YI'Wfl11lJ1m./1~lJlfl rcttl~ ~lfl~~ti' lii~IPl'l1~tllJtl1~l~ ~~~ 1,7000 C 1IPltJ'YI)1tJl1ritl~~fl1)

ii~~ti'ltlcil~.uVtJ 95-96% ril'W,j~lJ1W ffl)11)~flVUg'W"l ~~lPllJl~~iiril'W~l '1M'~IPll1~tllHl1~1

~1~~ '1~~~11~lJ1W ~~ti'lt1J'Wl1,j~ '1'U~ ~tYlf1t1!~~tl~-WllJl~ 'ill) un '1'UIll) t~tlfl'YI';iltJlJl~lU UU'I1ritl

~~'YI)lmtllJl1 'tI~ii11~lJ1W~~ti'1 88.43% ril'W ffl)11 )~fl tlug'U ~~IPllJ1trlV-Wl 111111'5VUtl'iuuflU

I
old ~ ....1 I d ,

.fIl't'f'YI 5.2 ~f)1JW~~1J';il~tlJlPl'YI';ilt1U~~m Shape factor

.1 I I!JI di OJ • I d II) ",!JI.I ... w \I)!JI
~1J';il~fltl'U'tIl~f)~lJ 91~!'Um';i'YI1UUU'I1~tl'YI';ilti 'YI';ilmlJlPlf)~lJ~~ffllJ1';i(l !'I1~~lt'tll1J';i~'lfIPlf)'U tlPl

~~fflPl tm~~~lM'~lmllJU~~U';i ~tm~m';i,jritltl9flJ~~f)'h~IPl'YI11t1';i11i l~g'W ~~~11 M'UUU'I1ritl~. '"
"'1~~lf)~l'Wl.o tlUiimllJtt ~~U';i~~ ~

:, Q d'd , : d , ~ ~ I

tVfjl~U~'W'iHllf)mntml~mlJlPl'YI';ilt1UlJ'U11't1~lJfl1 Shape factor = 0.82 91~~1f)11 1

trltl-Wl111tm tlUtl'itllJflum'W~ 5.2 ~~t~'Um'Wtlcil'W hhumlJltml~MJ:-Hl ~~ .olPltlcii'W"'m:jw~~ii
'" '"

.fIl't'f~ 5.1 m';il1fl'n~M~';W Iilsunsu Olysia M3 Image analysis

i
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d j) & I":l 0 \11,..10 ~ -=t' I t .c:!11I!V 0 &
mf)'UVfJ ll.:llJmllJL'I1lJ1:::fflJ'Ulw'VI1UUU L'Wfl,:J'Illf)lJl'll pH V~d:'I111,:j 8-10 I'IllJ'VI t~U'W::::'Ul 91.:1

'VIdll'.1ff1'l1fU Alkaline phenolic resin 'l'Uf11'.i~'Il:::111'll~'VIdlfJ)jfflJl1~~L~'Wf)m.:l (pH7) tl'1'VId1fJ
~

)jfllI'l11lJ~fl,:J ms ns ~ CADY) ~~ 'I1lJ1tl1'l11lJ 11'V1'nfJll::::ii ff.fl1'WI~'W ~ 1,:Jmn I'l,:JU'Wh.!'VI1.:1Ufi U~
'VId1fJ~)jW;l1'lJL~'U~l.:1~,:j \),:ji:JL'I1lJ1::::~ 'i1::::i ~1Pi1U'J ::::ffl'ULl'l)j ~ '1~~hd,:jUfi f)51'.11~)j ff.fll'W L~'W ns~

v q "q "I"" d • q " ..;. ... "I "'" ... d ... d" d.!L'Wd1::::l'lfl.:l l"lf l 'UUd1J1W 'VIlJlf1 'i1::::'VIll'11'VIs lmlJflHfflJI'I1ud~ffl'UUml1:lJfll'ldlf11d U'U.:11'11'VI"lf1 Clf'l
" ~

11::::ri'lH~Yh1~~11~'U~V'li~U5lJ1tu'Ufl'l1'i'1U'.i::::ffl'WlJlf)~'U111i~~'ULU~V,:J

" J) • I JI

If)~~'U U'UlLff~,:j11ffldUd:::f)flUfl'WVl~~lJlnU'VIdlml:UU11 'U~ U~:::1l5lJ1tu 'Ufl,:JcUilnl (Si02) ~m'W

'VI'.ilfJ)jU5lJ1WlJ1f1l'W

ri1'UfilmllJL~'Wm~ - ~1.:1 (pH) 'UV,:J'VI'Jlt1 'i11f)f11d'VI~ffflU'~ril pH = 8.36 L~'U~l,:J

~ , ~
tAl 'lUL'VI'I1rim.J11~'I1~VleJtu'l1.fliJ 1,530°C 'WU11 UUU'I1ri8ffllJl'.it11P1'1'U'VI1'U1'l11lJ~eJ'U i~'UW:::I'VIUl. .,
1 ";'d ... " .J "" IIIJI "I", "'1'11~U~:LlJ eJW'U 1'11U~1 em f11Hl 'J 1 'IlffflU LUfl,:j1'1'U~ 1 fJffl fJl'll Lt'lJU '11(1e tlJUI'I f)'I1d fllJ dfl tid 11

v , ,
'i11f)f) l'.i'VI~ffe1JU 1'V1'.i1 CJtL:UU11 'U.:J' U 111UUU'I1rieJ'VI 'Jlt1 ~.:JU~ 'i1:ii1l51J1tu 'Ue,:JcUilnl\,'hf) 11 Lii eJ

~ ,
e~l,:j hn~U~11'V1dlt1U:UU11 'U.:J'i1:iiU5lJ1tu cUilnw'h U~'WU 11iiU5lJ1W

•

Q
1il~~h~9 ~f.nnJ8~'U't1'llti

'lfU~'t1'llti
Si02 AI203 Fe203 CaO MgO ~O P20S Ti02

'VI'.i1 tI'.i: fJeJ,:j

(UddL~~
... " 0.08% 0.19%uff,:J'i1'U'VI'J: 98.8% 0.2% 0.07% 0.4% - -

2544)

'VIdlfJU:uJl1'U.:J
88.43% 7.60% - 1.14% 0.64% 2.48% 1.29% 0.39%

.o.:J'I11~1(1t1

"1Id .. 1"::::::' 1.ck I I
'VI'J1CJ'J~CJeJ,:j'WU11'V1'J1CJU:uih l'U,:J lJU'JlJ1tu'UeJ,:J AIP3 eJ~ 7.60 % Clf,:j1J1Afnl'V1'J1CJ'.i~CJeJ,:jeJ~ 7.40

.. ,~ od I do It ...I~ , ,J
%, u'.ilJ1tu CaO lJeJ~ 1.14 % Clf,:jlJ1f)f)11'V1'J1CJ'J:::CJeJ,:je~ 0.74 %, unntu MgO e~ 0.43 % C}f,:j

lJlf1tyh'VI'J1CJ'J:tJe)'H)~ 0.56 %, ll~lJltu ~O eJ~ 2.67 %, 1l5lJltu r,o, eJ~ 0.98 % ~.:Ji:u'Wut'W'VI'J1CJ

'.i:::f.JV.:J. U(1:::U5lJ1W'UV.:J Ti02 V~ 0.39% ~,:JlJ1flf)11'V1'.il(J'j~fJV,:JV~ 0.2% f;·.mI'l.:Jl'll'.il.:J~ 5.1~ ~
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'V'Vrurm fl n'U 1!tl tI Iii tl'l 'illfllitl1lJlW ~ 1 'U~ flL'J~'U lJ1flV'l tl~ 1J~lfl ~ nu L~'f1n ';j10 '1"r~'f11fll ~ nwen I~
lrltl~'UlLvi'l'VI) 1CJtltlfllJl\)lflm :::1J'Vfll,l'I1~ Itvi 'I 'VI'J1 CJ'\)~'11 ~'fl tI'Vfl 1 ${~1 tI u~~Lil 'U';j1.1 'VI';j\Ins eunn. .,

I ,.. ,.. I

lliul'lfl ~'IL'I1lJl~'ili1J:::1.jjri1'UHbYlJU l11.:ju~i1'l 4-7 .5% Vi1llvi'lVl)lCJI111tl~l'll-wml1' U'VI'fl'Cl''ViJ'I11

us \I-e)\9)n1tl\l1Jlfl5jU1lJlUAI111U)~bY1'U~V'ltlmlJ1~ Vi11"rli fl11lJU~\I~V'I tl~ U~~ lliVi1 '111'lffCJl1m
,J V

'['Ufll';i'U'U1;U;'U'I1'U

U(l~~ri1'UH'Cl'lJ~i'U~m)~'U ~\lU~ 8 - 10% (80-100 g) ~tI'VI)lCJ 1,000 g ~Wl1.fJiJ~

.oI!:lI ~ 9J 'j) I G) i oC.'SQI c:: 11:5 Q.I~ IV

1J) nWH1l1'U l~l'U1J'U'UtI'lHmVl)ltll'U nseuen (l'l1~\)~lJ(lflElW~U'U'l Ul'lllJ~ Vl) 1nCJ'ICJ'f11fll~n 'U

11) 3111) .'" ., ~I d .,j., • i ·t~ tlJ~U~~ l1'l~ tl tlfl1J 1n nu iu'ULlJ'f1"l LlJtl ~ 'ULl'VI\I'Vl';j1CJtl tl run '\)1 f)m eu 'Vfl (l '11~ II 'VI\I'VI)1CJ'I1'l 'f1

ann 1${~lCJ Ll~~LlJ'U)U'VI) 'Im~1J'Vfl lliUl'lfl ~'1 1liL'l1lJ1:::~1J::: '1~ri1'UH'Cl'lJrl
'"

I I " I

Viri1'UN'Cl'lJ~i'U~fll';j9i'U I11'1Ll~4 - 7.5% (40-75 g) ~tl'VI';j1fJ 1,000 g ~W'I1.fJiJVi'~'1"r

Ln~fll)ntlI111 '1.jj~UA'I1.fJiJ 250·C 1~~'Vl';i1mn~fll) ~1J~'f11111n'Ul'JflL~'f1 lrl'VVl'f1TI'V\lfl~-fflJHm'Ul"l

1J1flf1l'Hl~nHH'I11-e)m Td-;l'I.J~~'rrh~'VI~lEJ U~~Vn 'U~fm~'U~mlJl~bYlJ L~'mhuvi 'I

'" • .1 'J).".,j 0 ''1. 1'VI)1t1\;rHW1'lllJVlHfl'.i~1Jf)fl 'UU1~fl11lJt1''1U~~L'Cl''U~ltI'Utlflm'l 50 mm. l'Vltll..l1 tlJVl~'Cl'tl'U

fl11lJ~1'UlL~'1-e)~ ~riTU~ftlJ'Utl'l~1'U~flL)~'U 2% (20 g) ~tlVl';jlCJ 1,000 g ~Um.fJiJ~'1~l~Lfl~
v ,

msri tll111 '1~tlUmfliJ 250·C U'U '1'U'Ul'11J~L~'f1Vl';j1CJlli!fl'f1f1l';j ~'U~'f11111djtlVl~'fltl\lfl'f1-fflJ HbY. '" .
"" "" 'J)'J) • '1 1 "'''?I 1I).11lI'l'Ul'l I'lH'U)nUA~1'11'Ul'f11'U'U'U'Utl\lUVl'l'VI)lCJ l'Um~'Utlfl ,l'I1~ \)~lJ(lfl'l:lUA~LlJ'U)tlCJQiJ(l'l iu tlJ

, I _ V

U~'1 ~1'U1'U'Utl\l~1'U~m)9i'UViLfl~tl'Utl~lh!tlEJ ~,ulJ'U 'Cl'lL'l1I'li'H'd1'f1'V1)1fJU'U lli~'f1Lf1l~n'U 1I(l~'" .
'" v

'UUA~~'UIIvi'lVl) lCJtl'VfllJ1\)lflm~'Utlfl h'l1~1J~Ln 1Plfl1~Ul'lfl'V'VflLlJ'U~'U 'l111'1U~tl~'1 'Unseuenl m1~

li~\I~'UI~flLLft~~'U hmJ u vi'lVl)lCJ'I1(l'f1tl'Vfl1J1fl m~iJ'Vfll mf~ '${~lCJ LL(l~'liftllJl)tl~'U )UllJ'U)U
u q 'U 'U

• • v
IlIV' • 0 0<911)' '" ,31' '"VlHm~'Utlfl t'f1 fllfl11lJl1'U1ll'U'U1'l1(l'l \)\1 tlJl'l1lJ1~'VI,\)~ 'If'Cl'1'UH'Cl'lJ'U

~ri1'UHbYlJ~1'U~flI1~'U ~'1U~ 2.5 - 3.5% (25-35 g) ~V'VI11tl 1,000 g ~W'I1.fJiJ~'1.jj

1"rLn~fl1)ntlI111 250·C J'UftlmHl~'U~ulUfl'.i~1Jtlf1 i(ll1~lj{ Lrltl'VIlPl(ltl'lf1~~lJHm1J1'lI'lH

86



d I ~ I f ~J 0 v »
'il1f1fl1'V'l'VI 5.3 mrn Llltlmfl113J'I1'W1U'W'WL'V'lll'lJ'W 'il~'Vl11'11m Compressive Strength

lht'W1lullLYill~'WU'lJ'lJLflmn'V'lL'W'WL;rJ(l1I'1mrltlVi'il1'iW1~~lm1ll'l1'W1u'I1'W 1.013 g/cm3 ~ 2%
~ I ') d- J d .c1 I I

L'i9f'W m Compressive Strength = 139 Nzcm U(l~t'V'llJ'lJ'Wttl'W 280.7 'VlmI'l11ll'l1'W1U'W'W = 1.229

g/cm3 (3.5% L'j~'W) fll'ltrJ'W 102 % U(l~LrltJ~1I'1d1lJrt'W1U'l1'W~.:JU~ 1.261-1.428 g/cm' (4-10%

!'i~'W) ~1 Compressive Strength !Yill'illf1 341.8 N/cm2 lrJ'W 974.38 N/cm2 ~~LrJ'W 185.1%

'il1f1f11'j'Vl1'IfftJ'lJrtlfl 11lJ ffl1J1Hli 'Wf11 'j91lJ ~1'W 'lJtl.:Jenf11ff 'lJtJ.:JUvi~'Vl'j1t111i1tl ~1.:J5 11..
'VlHm~1JtJf1'lJ'W1~m1ll~.:JU{1~rff'WP,h~'W6f1m~ 50 mm, 'il~!M'Wl~'hrltlU~lJ1WL'j~'W~H"YlJ!YilJ

'jI I, I

1J1n~'W ~ 1V~5 1f1U 91mh'W 'lJtJ.:JtJ 1f11ffVi 11'11~n 'il~ lj~1{11'11'l1(l~ ~.:Juffl'l.:J 'I 'Wfll'V'l Vi 5.4 U(l~

,
d G.I QJ tI t Imnn 5.3 fld1ll'ffll'V'l'W1i5~'I111.:Jl'ld1ll'l1'W1UlJlJ U(l~ Compressive Strength

Density (g/cur')

1.51.41.31.2

R2=O.931L
••'j_ = O.90ge4 180x • L_

..-. 1200
N::::

<:> 1000
~....,... 800"5h~
~ 600'"v
;>0v; 400~
Q.,a 2000 t ~
U

0
1 1.1

d "1' -=!Ill'll d Yl J'~ d.t:::\ QJurnuin U(l~L tI'W sU '1'1 'j'lm ~1Jflf1 t:lJU~f1 'il.:J ~IInnnen 'il~ 1 'If'ff'J'Wv-l'ffll 'W LtIt).:J 'illf1llU 'i1J1W ~ 'J..
11'j~'ff1'W~lllf1Lfi'W 1il 'I'11111'Lrlm~'W\;i';lLta'JI1i'Jil'j~'ff1'W ci'J'Wl1'ct~ 'il~1U91~n1J'\Jfl1J ~tT.:J'lJfl.:Jm~1Jflf1

'i .'l'JI!ll .'I'JI'" 'I J .IZ~(l'l1~ 'I'll 'I1f1'j~'Vl~tltlf1fJ1f1 U(l~'Vl1 'I1tlWnm 1'Wf115'lJ'W511"lf'W.:J1'W. ..
& 0; dl I ~ w :, I I ~ lI)
9f.:J(lf1'l:lW~f11'Hf11~tI~'i~'I1'J1~~'JU'j~ff1'W f11J'Vl'i 1t1 ~ ~u~ffl'W Hffll'W tl rJff~ Iil'l111J1f1•

~ '" ... ... "1Ii 'JI • .1 <k!ll ... . I '" ,1 I
ffl'l'W 'Wff1lJlHl'V'l'il1'i W 11'111llffll'V'l 'Wn ~~'illf1 ns 1Y'l 9f.:JtnFlffll 1'1d115 ~ ff1'WL'V'llllJlf1'lJ 'W 1'I11'111ll•
'I1'W1ml 'WU(l~J 1'11'11f1n 'il~LYilJ~'W ~~ 'il~ci.:JH(l¥itl~lfl d1lJU~~U'j ~~ 'il~aYi lJ1J1f1 ~ 'W ~~Uffl'l~ llJ fI1'V'l

Vi 5.3
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, '" ,d 0 ~ , .c::s I GJ 0 v
Utl ~UJ f) 'U1"ll''W'r.Y1'U'VI111Plf) f) f) f) ~ tJ'Il1 'VI'!'VI) 1 tJ '11 tl 'I 'VI1 f) rs 'VI\Plnuu 'l11f111lJ 1Pl1'W'VI1 'U

... 1lJ.1'''' ... ""... d v 'JI <I 1UHtJlPl lu'r.YtJ'I~tlf)lltu~fl1'j,\)1JtJlPlf)'U~tJ'IllJlPl'VI)lV 1Pl1Vf)"f)'1~tl'VI))fl''W Stereo microscope 1Plc)

'"'~fh~'1~c)lc) 32 !vl1 uihnntJ1Jt'¥itJ1Jtl'U'j~'l111'1ri1'WI'I'r.YlJ~f)'11'i1iJ'j~'r.Y1'W l'i'lU~ 2-3.5% Utl~

4-10 % ~f)lltu~f)1'j~1J~lPln'U~f)'1t~IPl'VI)lV Utl~iJ51J1tlm;'U 1ifl11lJUIPlf)~1'1n'Umh'l~\Pll,\)'W

~'1U'r.Y\Pl'l''WfI1'Vi~ 5,5

'"'11'W'l1~tl (Casting defects) ~tJ'I~'U'I1'U'l1~tll~

lrl ml11 iJ'VIIPl'r.YtJ1Jfltu 'r.YlJ'jj~ 'VI1'1 f) tl 1IPlurns ti11l vl'l'VI 'j 1tJ 1 iJ 'VIlPl'r.YtJ1Jfl11lJ 191'1'U'VI1 'W•
QI I dt ~ ~ s c!t d

m'l tllPl 11'VI'!'VI) 1tJ,\)~UlPlmlJmmtJ'I'VIlPlfftl1JtltJf)11 'j '1f)lPlt'VilJlJ1f)~'Ut) f) tJ'l Utl ~t 1m 1'Uf) 1) 111Plf) f) '\)~

9 !Ii "f "" d.r .... 1 '!Ii ... dllJ!Ii
I"ll'ntl11J1f)~'U\Pl1lJtJ\Pl) 1'r.Y1'Wl'I'r.YlJ'VIlJ1f)'lJ'U'lJtJ'Imu'j~ mu fIlfl11lJ 1Pll'U'VI1'UUH tJ IPl'VILlPllil1f)rns

~ C\ d , ~ '" V I ~I ~ ...IQ ~
tlJtJ'W\)1'jtu1\)1f) 'VIfIl2% t'j"b''U '\)~ ~lPlfll Permeability = 856 Utl~tllPltl'llu'W 501 llJtJu'jlJ1tul'j"b''W

I a ...I~ ~ _q J 0 at 91 I 1 d
'\)1f)m1-W SA 'Vi1J11 llJtlu'jlJ1tul'j"b''Wl'VilJ~'W \)~'VI1 ~'l1f11 Permeability tllPltl'l IPltJ'VI

12108642o

g l~ggi
VJ 800
2 700 +------------­
~ 600 ------­
.E 500 +---~---
r. 400 -t- - -- --- -----------------------
<I) 300 -;- _
S
<I) 200 ~---------
~ 100 ~---------------------------------­

a ~-----------~----~-------------,---

!Ii "'I '" ,d 0 9 v , , d!li "" ~I 9 !Ii , 1.1 '
~tu~'H)"H)~tl~tl1t1tU1~tfltltl1Jm'j~'l111'HlJlPl'VI'j1V 'VI1~'l1"ll'tl'l11'1lJ'WtlV'iFHU'\..H'l11PJ ~'l1f1lfl11lJ u H

~1 vh1~enfl1fl'~ '1'l1tlH1'Wiifl11lJUIPlf)~1'1n'W tl£h'l~lPlt'\)'W
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, ~
ri1tJ ~fflJ'U tl~1 1 cUtJ f11) 'Yll9)fttl'IJflW fflJiJ~'Yll~f)" 1 19)un11 U l~tJ ~ltJ I'i1t1ci 1~ 'lil'Yl19)fft1'IJ'I11fl11lJ•
!iI ~~ cv' ~ di e:9~~.dt cv'
enumuus ~19)~")j'tJ~ltJIPl1flrJl~ 'i):::'U119)IlJmmfl~fltlf)U1 ~19)~LVllJlJ1f) 'UUL) t1El'l \PIllJt11Pl11ft1 u ~fflJ

" 'JI I I SI

'lil 'I11fi lU 1'11'11f) IICl:::fl11lJ 'I1tJ lilt.! u fi 1't.hm! f)UCl:::filfl11lJ'I1tJ lILt.! tJ Yi'l ~lifi 11l1lJ~ tJ \PIllJ ~1Pl)1

1I~~lJlf) 1I9)muVll~~ri1tJ~fflJVJl tJ~flL1~tJ ~ 10% (loa g)
, I I"

ri1tJm)'YlI9)Cltl~'I11~IPl)lri1tJ 1 ~'1111~'Yl) lrJ IICl~~ 1tJ~flI1cUtJYi!'l1lJl~fflJ Ivtfllil~tJ ~ltJ

1'i1tlcil~Ulitl'Yll9)ftt1'IJfl11lJ~ltJIIH~~ ~~~ri1tJ~ftlJ~~II~ 2-3.5% (20-35 g) ili!'l1lJ1~~'i)~l~
,,\. "'.1 clllJ.1 <!! d Id ~ • 9~"\.1 d.:t l' d
ItJfl~'i)lf) 'i)ltJ1tJ'Ut1~1Pl11J1~ffltJ 'Yll1JlflClt11JllJl9)'Yl1lrJt1rJlJtJ tW m tmlJt1'UtJ)t1L1JtJ"lftJ~ltJlln 11lJ 19)

'OJ 'OJ

4:!i Q; 'III t d' .d , ~, ~ 0 II) ~ 0 d ~
'Yl11rJVI9)If11:::f)tJ UJfflJ\l1W !!Cl:::'Ylff1tJ~fflJlPl~1I1Pl 4-10% 9f~'i)1f)f111tJllt1'UtJ~t1'Ylll1JtJ')j'tJ~ltJ

~ dI ~ '" 1 d11) ~ d dI '" II) ~d d d d
'Yll9)ftt1'IJfl11lJIPlltJII 1 ~19)~ ")j'tJ~ltJ 1Pl1flrJl~'Yl I19)1lJl9)'Yl1 1rJrJl9)lm:::f)tJ I19)19)11'U~IIH lJIlJl9)'Yl11rJ'I1ClI9)tl en

q~ , ~
mn fltJ t! t1El f) l111f):::mJ'lJU 1~tJ~ltJI'i1tlcil~t1tlf) inrruns fllil 'l~ 41 rJ IICl:::ljj tl U l';tJ ~ 'ru I'i1tl cil~

.rf)1:JW~m1~'lJOl9)fltJ 1 ~'W;h~I~I9)'Yl11rJ~~~'lJOl9)fltJ i¢l~lfio'IJ'Ylm~19) lJtl~llttJ ff'Utl~~l tJ~flI1~tJ
q

Ifl~t1'IJI~I9)'Yl1lm1JtJff!'l1~t1~ 1 ffil9)l 'i)tJ lriflll9)tJ -crlJHffl~I9)'Yl) 1 rJ'i)~ili'l1ClI9) s m fltJ 41 rJ IICl~li s nu•

'i)lf)fl1Vl~ 5.5 ~ri1tJ~ftlJ'Ufl~~l\.J~flI1~'W 2% (20 g) ""f)1:JW~f111~'lJOl9)fltJ'Ufl~I~19)

'Yl1lrJ'i)~~'U Ol9)fltJ ili!!'l.1tJ!'Vh~fl11 li'lffl~'",h~1~'Yr;h~ I~ 19)'Yl11rJ'I11tl 1Vl1 tJ innli 11l1'1~19)'Yl11rJ'I1ClI9)
'OJ • •

i~41mriflll9)tJ-crlJHft ""f)1:JW~iY'i)~llttJm Vll~iY'Ufl~I~I9)'Yl1 ltJ lJfl~llt'Uff'U fl~~l u ~flI1~tJ ili il9) I'i)tJ

Ictt1~'i)lf)litl~lJ1WUtlrJ u~~ri1tJ~ftlJ'Ufl~~ltJ~flI1~tJ ~~U~ 4% (40 g) ~tJ~hhitJlitl~lJ1w'Ut1~

~ 1 tJ ~ fl I1 ~tJ 'liltl 19)II Cl~Ifl ~ nu fl ci1~ 'I1'-j 1~1~ 19)'Yl1 1 rJlJ1f) li 1111''lffl ~ ';11~ 1~w.h~I~ 19)'Yl1 1rJlit! eW
• 'OJ
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~\9I'J~ 3 ~ri1U~fflJ~lui)f11'j~'W 8.5% (391.5 g) O''U'Vl'j1rJ 4,609 g ff1:1J1'Jfl

~UpM:! U lU 'VI'J.:J11lJlJ'I1" flHi' ~1'\J tl ~u 'U 'U'I1" tl iifl111Jt~ rJ'U ij fl 1 llJ'I1'W 11'vh0''UU'U 'U1 {l'l1~ ~l 'VI

,
UlJ'U'I1'{1fl'Vl'J1 CI

'J1t1{l~1~VIPl'V1fl'llIPl'\Jfl.:JU'U'U'I1'''fl'Vl'JlrJ t'lfU 1'I1~tllJ, lJlJ, ffUUU u{1~"h'Wlfl.:J~l.:JC'1 ~1Pl~1O'u'$lq q q '\I I

u,j 'W'I1'W1mm U'VIH 111u\9I fl '115V 'I1{11Plee fl lJ1 111tl~ '111flri1'W ~bI'lJ'U tl.:J~1U:i ~bI'l'W ij fl 1 1 lJ 1'I1:1Jl::;fflJ
OJ •

° 'Iii (V.:!i Q.I d ~ d d & ,d '11)/1 ':0
'Vl1 t 'I1fll'J 'IIlJ(JlPltfll~flU'\Jtl.:JllJlPl'Vl'j1fJ\9IH'U'J nw ~lPlt{1fl '1 U'lJ.:JUH 'II.:J1'I1:1Jl~'VI'II~ t 'll'ff1U ~fflJ'W 'Vl1

v '" "I_I 0 'I" tv d tv d = d ~1' d d 1 ' ..;uneinu ru 'V11 t'l1'fll'J'IIlJtllPllfll~flU'\JV.:JtlJlPl'V1'Jltl\9lJ.:llJ'jnW~~l1{1fl'l lJU'\J.:JUH 'II.:J 1J1'I1:1Jl~'Vl'll~
Sf , SI I ,

'1~ri1'W ~fflJi4111U lJlJ'I1ri fl'Vl'j 1fJ 111V.:J'111fl'II~111 '1~~'W.:J 1U'I1riv-n'l1"vtlvfl:lJ11 $lIn IPlms la rJ'I1'1 rJ-n~1

~1" _I tl' 0'IPl U{l~llJ'Vl'J.:J lJfflJ\J'JWU'U'U

~1Pl'j~ 2 '1~ri1'W~fflJ~lui)fll:i~'W 6.5% (305 g) O''U'Vl:i1t1 4,695 g ff1lJ1'j(l

.1 "I?I "I '''I'' "I'" <1! tv tv' d'\J'W1;u1uUlu'Vl'j.:Ju'U'U'I1{1tl ~1PlUfl~tlVfl'lllflll'UlJ tlPl.:J1(JU{l~'j1IPll'j1 'Vl.:J1Pl1'UUU{l~\9I1{lVJ lJfl111J

'I1'W11'VhO' 1JUu u h'11:;~ 1'Vl'VI'j 1 rJ~fflJ '1ri 't\'fl1:l W ~ ~ 1 '\Jtl~ll 'U'U'I1" n ~ 1 'II~ ~ tlU.u 1.:J11 rJ1JhJ 'I1tn 'U

'\Js '\J 'j~ lrltl ~mrm~1Pl 'VI'J 1 tI 'II~ hi ~ V till \91fl'l1'5 fl '11{1IPltl fl fl:lJl l~1Pl 'VI:i1 tI~1Pl~1O''W 1$l mJ U U~.:J• •

t .dlrI V CIo "'1 I I .cS QI .c:t ~ ~I d d QI

'I1{lV'Vl tlPl'll~'I1rJ1'U'\J~ '\J'J~~1 ~lJfltl rJt'j rJ'U rJ.:JlJtlJlPl'Vl'J1ml\91fllm:;mllPl tl nruru u U tlJlPl'l tlJlPl n 'j 1 rJtllPl

~1O'u'1$l'himl'Wl'Vll~f11'J 'j1fJ{1~t~rJlPl'lJ1.:J'IIIPl'\Jtl.:JU'U'U'I1"tl'V1'J1(J lGJf'W 1'I1~(JlJ, lJlJ, ffUUU um~
• • OJ

ri1U 1fl.:J9i 1.:J'l nmneauu 'UVVfl 'II~ U\9IflU{1~'I1{11Pl'l11t11u rav.:J '111flri1u~fflJ'\J v.:J~ 1ui)f1t:i~U•

~\9I'j~ 1 i~ri1U~fflJ~~1q'1Pl ~~I'Wi)f11'j~U 4.5% (215 g) O'lJ'Vl'j1rJ 4,785 g

tv , 1" .1 "I~I _I '''I'''11(1.:J'111flllfl ~LllJlJ'I1{1V'Vl 'J 1rJVel nu 1Lln1'W'U 11 rrurnn '\JU 'juluU 'JunHU 'U'U'I1{1V t IPl une VVmn fl
OJ OJ

v
U'U'U1$l~lrJU{1~'J 11Pll~1 n.:J~1'UULl{l~~1"1.:J ijm1lJ'I1U 11'VllO'lJUlJ'U 1{1'11~ U~5fl1:lW:;~1'\JV.:JU'U'U

, .,
'Vlt)1:lgnl'l1'WlPl H fiel 4-10% O'lJ'Vl:i1rJ-nl'1lPl~lUIPl:i~UflJ.:l ~.:Juvl!lJV{ 40,50, 70. 100, 140,200 1!{1:;

270 'j11JO''W llPlrJ'1~VW'I1flm'Wfll'jtlV~1 250·C l~m11LllJlJ'I1"fl'Vl'J1rJ (Mould) llPltl1~Vfl~fflJel£i
• OJ OJ

_I"i "i ,
5.3.1 lu'm'Ul'YIu'Uu'U'U'tUHI

",lfl fll'J'V1IPl{1V.:J~fflJ~1'l.h~ff1U O'lJ'Vl'J1rJ llPl rJi ~"hU~fflJ~ 1Ui)fll:i~U \9I1lJ~

..; .1 '" , ..;"I " !II d d'.!. .1
'Vl1J1fl '\J'W'\J tl.:J IPl1U 'J :;~nwf11'Vl ~1Ple im 'J 'Vl1Plnnu fI11 1J\9l1'W'Vll'WU HIPl.:J '11:;1.1nu 'W1.11:!.:J'\J'W1Pl11J

~1Pl'J1ri1'W~bI'lJ'\Jfl.:J~1U'J~bI'l'W
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'I .d dI '" • I 1J]•• 1 '" d "'. I '" .1 <!! _ IUff~'1 t'WfllVfVl5.6 C))''1'11'''11l1f1Lu(lJtl"lIPl'U"'1nll~lJtu"1f11'W'Jvum::~lU'U'WlJl tfiV11u'j::mtu 30
d & "1.1 dI.1 ",.d .l! d~ eN 1J] 1 .. 1J] 1'Wl'V1 1l'l1l1'1'111U!u C))''1lu''1f11'W'VI!VUm~~lt1'U'Wm'W'WnfiV Unff!~ IPl'JfIl'j'Ufl'W !~ ~'jtll'W

fIl{ 'Ufl 'Wu fl 'W,j vfll C))'~11"~ fIl {'U eu IIPlfl fl n 1C))'~ ~ f'lfflJ fl tii 'WYJ1'Wii fIt 'J~'W In IPlf11'J If'll I'11~..
Sf

"n1:ltu~U'U'U'I1ftfl'l1"'1t1.Jm IoW~'U"'1l11ihfltlu\91n'l11fl'J flU~11 ih-wU'I'jvu 1'I1~1~'W111'1ll~l'Vi1t!'W•
, , \Jl d I dt IJ1 ~QI" C)' ~ ~U\91tlVl~ !'Jf)\91111U'lJU'YI~tl'Vl'Jlm1Jtl!~ 'J'lJfI'Jl11'Jtl'Wl.l1f)'l 'il~If)~f)1'J esu Y1 'J 9f~

'I1",:j1l1fl~lfJ'W1911uti1u'U'U'I1ftfln 1l~n "'UlJ111~'11911\911lJ1.Jn~'U~nw ~ 1~f'Ufl11lJ~tl'Wmn'l n~~lfilPl
1J]" d .1" "d I ~ " .oj dI •'JtlU l'I111ll'l..!f1mmU'W'1Jltll 11"~fl11m nu n ll::Urlm:: 1l1t11l1f)~IPlI'J11\91'Wnun uu ~v tI'l C))',:jnmm
" ,

f11'J1ml'U'Uflfl f)mU'U'U'I1ri vn 'O::ln IPlf11'JI~Ut1.J'VI'J'I11.J 1"li'Wm '1'U! nw li In IPls VtII'11~V1~ 1l::In IPl

" ,
'Uneu 'U'U'11ftV 1l~lfilPlU!::f11 UIoW"n Imj'u 11'U'I1ftV'VIf)'tJ'Wml'1 ~ 1m 'VItJl1 "'11~ tUV'I III n U'U'U'I1ritl• •
1~f11f11111~tl'W1l1nf11'Jt'VI'l1ftmrl hm~ ~Vtu 'I1flii'ft'lii,:j 1,530·C ~,:j'l11i11'~1PlI~ ~'1,r'WftVt1.Jm. .. ..
1J] 1J]" '" .d ~I '" 1J]_I'l ~ d 1 '" ~ d & '" '"~oW1l~"nl'I1111'111.J'J::ffl'W'VIt'U'WmH~lJ",:j1JJ ~'W'Vl'.ilVflVW 'W"flt'jC))''W'Wl'W 15 'Wl'V1~'1IPl'U"'1 ~'1.

SI SI SI I

~ If) t! 'WtJltb 'U'U'I1ft tll1 'I'ftllJ \1\911I1.J'l11f11'J!'VI'I1riVtJl1 "m:: llln f11! ff'l rn\91'Vi~'h

• " , • SI "11

djmjlU 'U'U'I1rim1''I~llJ\1\91 'Jli I~i 1.J'l11f11'JoH'ItJl'11t!n nV'Wt 'VI'I1riVtJlh'l1~ 11'11911
'U'Wum:1911riH~'1J 1'11t!f)'UV'I U1111'I1fttl~ 11~~~ij r11Jl'11t! f) tYilJ~'U \911lJtl\911lri1 'WH'ftlJ'U tl'l1911

U'J::'ftl'W

, "
'Vi~:: i.r;ri1'WH~11il'l11U11'U'I1riV'VI'JlU

I '" ~tGJf'Wm"UlJ, ~11, ~'W

trl mh I1.Jt'VI '11ri tltll1l
It~'Ii'Wf11'juneuuuu 1'W~lt"'::tVVIPlU"~t 1.J'VI~ 'I'U1'1~~ 'UV'Itb'U'U'I1riV'VI'j1!'J

"'W'WU,,::ri1'W 111'1I'll '1G'l ~~~lPln'Uu'U'U hm~'l111 ,·h 1.J'VI!'1\91'j'H)IPlt!'Wt~U11.J~ I ~ q
j/, , 1

tnlPlf11'jt~U'I11UI'1V;'W'11'W'I1riv 1~ lUV'I~nnU!111tu 'UV'IYJ1 'W~fll'JGM'W'Vil.r;H~lJijtlg1Jln ~'1vh 111'

YJ1'Wiiflt~~'Wtrlm~'W1911ulh lu~~tlg~u'U'U l~m::'l11111'f11mn~u'U'U'VI'J1Utltln 1~ulf) ~'1 l11mm~

l1!lUfHYlJ 1 ri trlm111 ~~tl1~l1!lU~:: '11~vvu\91n'l11V'I1'MHH)nlJl tl1~l1'nut1~1911n'W i~ml'W u,,::ij•
fl11lJU~'1lJln uw1ihj'vt~V ftV n"lun::mJ'U1In::i~UlnlJln ~'11911'U'Wtm~1911cil'1~V'IHn"ltb"::
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V • ,

fl11lJf) ~1~91tlVtlf)m'illf)'l11n tl £IL'H,j''l11':)U50115 ~mw 1 ih UCl~'l11.:j'ViffllJ ~ tl 'l11~'ViU1J1J'Hriv
L~f1Jfl 11lJ~VUU V£J~ff\Pl91tl\l1f)'l11~~ff~.:j ff'il~tiJ'Wmll~'W fi1JffdJ\Pl'Vl51£J1i))lJ\Pll1.lJ]j5 ~£JLwlI•

. '"
'l11~'Vitn\Plmm~m~'ill£Jfl11lJ~tlU~tlf)lJl ""f)fJw~~H11~~':)U1J1J'Hriml~]j5VfJL'H,j'tiJ'Wih.hlOllCl ]j

fi1Jfl11lJ~tl'W 'l11~mf) ~tl 'l11~~tt1J1J'HrimrlJ ~fffi1JmllJ~ vumf) ~ff\Pl lhm,m 1J1J'Hri ~H)~tiJu ff•
V V •

L'H,j'mf)iHYlPil1'Vll!iJu9J!~1 ]j'l11':)fl11lJf)~1':)'illf)itl~;wl1u115~mW 1 19f'W~tlJIOl5'l11~'Viff~~ ~v

V • J ~ V

1Pi~'I!uw;ffvhn\Pl~u '1u,:nul ~£JU m\lff ~fH)m~'Vl1J91~ff~ nWI U91~lU1~£JUtiJu•
t-W£J~m5'Vl\Plff~1JflrufflJl1~~~':)'VlllfJ ~ '1~~lU 1J1J'Hri~~1 uns 5lJl1i U1J1J'Hri~tiHi~f)1Jl~ U91~1'1u• . ~
~lOlffl'Hm5lJ~Ul\Pl imy'Vi~~':)'HriV;'W~luIOlClV\PlnCll UCl~~l iu11~mwmf)'l Vl\lff':)MClm~'Vl1J~l~

~ . .
fl15 'Hl11im511~~fi'WUCl~nl~\PlUn ffmrilu t-wv l.lJi l1'tn\PllJCl~fJUCl~MClm~'Vl1Jfi1JiY~U1\Pl~VlJJh£J

triml1J1J'Hri~t~U~1 U~ TW 11.11~lOll ftlU1J1J ~':)'illf) 015 f euu 1JV~f) 'illf) fi'W
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" , ,
<ii'U.:J1'U'H~tlYi'~ 1l~fltl'U,r1.:Jt1fJUlbYlJtlt)'U lj) tlfJ'HCllJl~m!tlmll 'UU1.:J,WI lil tl.:!mn lj1111J101 'Utl.:J• •
~ 111'j ~bY1'U' 11tlli1~).:JU 1 nw <tItl.:l11.:1) ~'H';h.:lt~ ~'Vl'j 1£1Ll~~ Vil' M'J 11 Cl'\1~' 'HClUnsn IPil' ~•

I J/ I ,"

mhbYlJtl Vi1' M'1~~14.:!1'U'\1~t)YiljCl1fJCl~tVfJ~mU'Vlnff114U~liltl.:!111m~~'Vl'j1£1H~U 1h.:!lj'lJU1~•". "'lmyn11'Yl'j 1£1'Vl~1Cl~1'Utl.:l~'U.:!1'U'\1~t)Yi'~~.:Jnfl11lJt~ £1U'hhnn iiU1'\1l!n 4.5 kg.

UCl~~ff1'UNbYlJYJ1'U~fll'j~'Ulllf),,!~ 8.5% (391.5 g) ~tl'Vl'j1£1 4,609 g ~1'\Jt).:!
" , "
~'U.:J1'U'H~tlYil~n1l~~ tlu'ii' 1.:111£1ulj'j tl£1'\1~lJutl£1n 11ff1'UNbYlJi..l114nCl1.:JnU1'\1l! fl 4.5 kg. U~

" "11{JCl~tV£1~U1.:111~ 1'If'U if'U 'U'UU1 nw ff1 'U1 f{.:!~ 1'UM1,\! tl.:!<ii'U.:!l'U'H~mrU unn 'HCl~'111£1' il. .. .

..._I !II '" II] _ I 0 "I !lid I I I d & -: "i II] <J)1i11uJ~ff1'U'Utlmn'U!U 111!'HWlm.:Jl1.:JJ~'Hl1·:UlJli1'Yl)ltJlllf) "}f.:JnCl11'Yl'U1!Cl'H~1l~ !'HClU'Yl)f)!'U1

"" "'i..lu1n01<tItl.:!',1l.:Jl!'U ~.:!Vi1'M'~h'\Jt).:J.:jf14.:!1'UtrJ'UmJlJ~1tl~I~£1u iiU1'\1l!n 4.5 kg.

~ff1'UNbYlJYJ1'U~~m~'Ui..l1'UnCl1.:J 6.5% (305 g) t)U'Yl'j1£1 4,695 g ~1'lJ~N

ff1'Ur.lbYlJYJ1'U~flt)~'U~1,,!~ 4.5% (215 g) t)U'Vl11£1 4,785 g ~11l~'H£11Ulj)tl£1'H"tJlJ~m~n"l
." .

ils ~'1.h1£1 '\1CllJ1J1.:1l1~Yi~1'Utl.:!~'U.:!1'Umijtl'Ut)Ut~~'Vl1 1£1 Iiltl.:l 111111mHll101 '\J tl.:Jff1'U NbYlJ'\Jt).:!. .

," ," ,
fl1UYi~l14~\~'\1~.:!111nVi1m)1mtUUtltlnlll'Vlnff1'UNbYlJ ~.:jUbY~.:!'14m'WYi 5.8 ~1'lJt).:j~'U.:j1'UYi.

v " •
111nn 15 U 1~'U .:I1'U'H~ tltl ornnas 111~H)U ~n '):jO1~'Utl.:l<ii'U.:I1'U'H~ tlYi,~~ llJ

ffl'U NbYlJU~Cl~"h'Ur'rfflJJ'UbY11J11()~'U ~11' ~~ 111UUU 'H~t)'Vl)1£1 lj'\J14l~iJ~h vht) UUUU'Wm~ lj

".... I.cI. d ~ ,
5.3.2 !u·nJ'lH'fH.l'U'lf'U~l'\..1'tmf)
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liif)~ ,\}lnl9i'nh~ffTW~r;.H"lJti1J'Vl:i 1(J19lf)'W~'W:i1.h1l!l1J1J'K-citl 1Jl~ri1'W '\}~1tJ~I9I111J1J1,m~ml'Winn..
'" iii tI.

GJf'N:i~'Kll~m:i ~~'W1'i1 mrHJln~ml1J1J-;~111 i~ri1'W U'Wl1l91nmll9l 'K1V'ltJ ri 'HHll'i tl~'W .:JltJ'K-citlVl.
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95

,
fll'nn 5.12 '\J'WllP1i'l111JtJl1"lmh'W'I11~,:jri1'W111,:jrvhn1J 24.5 cm. V1f1ril'W~ff1J

q

,
fll'nn 5.11 '\J'WllP1i'l111Jl't'Wl'\Jfl,:jri1'W'I111Vhn'lJ 3.4 em. 'Vlflri1'W~ff1J

q

~ • q ~ t tI f

flWfn 5.10 '\J'WllP1'\JtJ,:j{'rJ'Wl'tl,:j 1Jlt1'W~li:J'WtJflm,:j 5.4 cm. l'Jf1ff1'W~ff1J



~ ".
H1J1J'I1ritl1'J11t1tI:WU11 'tJ~ ii'tJ'U1~ im~'I~tI~n1J9$'U~l'U'KritlVi i~ 'il1f)U1J1J'Kritl1'J11t1'l~tltI~ ~~1'Ufll'W
d
'VI 5.14

, !II '" Il11vu 19$'U,:j1i.A'KritllJ1tm tl1JlVitl1J~1'U,j'1~'tJ11 ~ f)fjill~'tJtI~9$'U~1'U'KritlVi i ~ ~ rn

, V t "

mvtn 5.13 1m tl1JlVitl1J~'U ~l'U'KritlVi i~1l1f)1'J11tl!!:WU 11 'tJ~n1Jl'J'llt1'l ~ t1V~

I

"lJ'i.A~1'UmH.l111f)'Vl'l1t1'l~ rlfl~

" .
1m"I~ tJ~n1J9$'U~1'U'Kritl'tJO~1'J'l1t11~tltI.:J ~.:JUff~.:J1 'Ufll'WVi 5.13

"1 r;J I

~wn'U'KritlVi 1~1l1f)!! 1J1J'Kritl'Vl'l 1t1!!:WU11 'tJ~ 1~'tJ'U1~H'Yhn1J!!1J1J 1m1~1'Jf)ri1WH"'lJ um~ii'tJ'U l~Vi•

" v "
em. U,,~Ul~i.A,:j1'U'Krifl~1f) 1'111 t1u:wU 11'tJ ~ 'lilItl'5 eu IViuun 1J~'1H1'U 'Kritl'tJ O,:j'VI'lltl'l ~ rlV,:j 'W1J';h

I 'jI, "

l11m.j l~i.A~l'\.nnie:JVi i~1l1f)U1J1J'Krifll'J'l1t1tI:WU11 'tJ-:J'ltl1Im1~alLl~ rl1JIVitJ1Jn 1J

u1J1J1"'K~~1~1i.Af)1'l11'J1'J'llt1 ~-:Jii'tJ'U1~ 0 'tJtI-:JU1J1J1,,'K~ ',h'UM1 = 13 em. 0 ri1'U'K1~ = 5.4

em. fl11:U'K'U1'tJtI~"h'Ulr1 = 3.4 em. U"~fl11:utl11~1f)ri1'UM10-:Jri1i.A'K1,:j'UO,:jU1J1J 1etm~= 24.5
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, ".q Q.I ~ I 'iJ fj) fj)mnn 5.15 {lnlJtu::'IJ~,:j"lf'U~l'Ul1{l~~l'U'lJl.:j9fl(J

" ",
H'U'U11~~'YI'Jl(JulitJ11 'IJ,:j ~'IJ'Ul~ 'lmi'lfi(J,:jn'Ucjf'U,:jl'Ul1~~'Vil~'illflll'U'lm~~'YI'Jl(J'J::mN ~~ l'UfllYl
d
'YI 5.15

, " SI •

Iljm.llcjf'U,:jl'Ul1~mJlnn (J1J1'VitI'U~l'U,r 1,:j~1(J ~ n lJ tu~ 'IJ~~;'U ~1'U11~~ Vi i~~ln

,,, "
fll'Vtn 5.14 cjf'U,:jl'Ul1~~'illnml(Julit'h 1'IJ,:j11{l::'YI'J1(J'J::(J~~

97
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I JI SI I

~lflri1'U'I11i).:jri1'U l1l.:j Vi1~1)mu 'U'Ul1rifJ'YI'j1tJltlhJl 1 '\J'I ihJ'Ul~ 'fl~!~ tJ'It1'UlJlflt1'U;'U -nu 'l1rifJVi
11) ~ I '" OJ .d
!~"'lflll'lJ'lJl1'Hl'Vl'jll'J'j~l'JtI-l IPI-lLL'C1'IPI-lLUfll'W'Vl 5,18

"ri1U fll'j!m tJ'U!VitJ'U~1'Ufl1llJtJ11 1J~!'I1'U1~1l'\J 'Ul~fl 1llJ tJ11'\JfJ'ltJ1'U'l1'U'l1rifJ

,
et I Q,I d

iIl'Wfl 5.17 'fY1'U'l11lJ'\J'Ul~ 3.4 em,

, "
!:wmll 1iJnn tJ'U!VitJ'Ut1'Uri1'U'I111)~n1'U'~ ':hlj'\J'U l~ 'mi'!~ tJ'In'UlJlfln'U;'U 'Il'U

l1rifJ~'~ 1)lfl!!'U'U'l1ftfJ'YI'jltJ'j:::tJfJ'I~'1!!'fY~.:j''Ufll'W~ 5,17

1 1

'Il'Unee 1)lfl IL'U'U11~fJ'YI'j ltJ'j::: tJfJ'I

" ",
1t'U'Ul1rifJ'YI'jltJUlhl11 '\J.:j lj'\J'Ul~ 'fr~!~tJ'In'UlJlfln'UtJ1'U'Il'U'l1rifJVi '~~lflU'U'U'l1rifJ'YI'j ltJ'j::: tJfJ.:j

~'IU'fY~.:j''UJnw~ 5.16
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I "1' I
, 4.11) Y Ito 1 d Cl t::S 't:!I d'l3lo '"'IHHI'VlL~~lflU'IJ'IJ'IHHI'Vls1tJUlJl.J1 'U~lJ'fffll'V'Hn'Vl'HtJl'IJfl11 ll.JtN ~lfl'Vl':i ltJ'Vl "If'VllU'IJ'IJ~~lJ'Ul.J1~

v •
'mUfl11Vl'jltJ'j~(IU~L~m,j'UtJ u~ihWl'lJfl~:iU~ !'If'U'j~'j'U11~tlI9l1:lJ~ "j'tltJfl11~'U~1'U l1~Ul1 i~~lflu ~ cu ..

V V ,
t Q.ld ~ t Ci I dol d ,

U'lJ'lJl1{1UVl'jltJ'j~tJU~ Vl~'Um ~~~! 'Un ~1l1flmms 9ilJ ~1'UUlfllf'l'lJ sunn lJms tiltilVlUlfllf'l'U an

~lflU'lJ'lJI~~ ~~u-cr~~''Um~~ 5.19

v v
~1'Ums Lill tJ'ULl1tJ'lJffl1TW~l'IJtl~~'U~l'U l1~tl ~~! -H'U'l~11ff 11l~ ~1'IJ U~~'U~1'U

,
cS '41&' IQ,I

ill'VffI 5.18 'IJ'Ul~Wll1:lJtJll~lfl-crl'U111fl~-crl'U'I1l~ nnnu 24.5 em.
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" " .
~~-W'Ufl1nhU'U'U'I1riVltl~Vfl (Shell Mould) bYllJl~ o1-M'VI~lvu:Wll11'\J.:Jl1lJl 'U

~ V~ ~'Ut ~ 'Wi~()~'U 'VI~U'VI'W'VI'J1£I'V1~t~ '11~ V'VI'J l£1'J ~VV~ lJi' 1~ tJi~~lfl1'J'VI ~ bYV'UO~bYlJU~'VIH•

II " •,reuinn ~.:Jl:WlJ~~ '~'lIOIVflll'l1riv~'U .:J1'U U~~IOIV.:J1'U1~tJii ~ ~lJ~ 11lJt'I1lJ l~bYlJl1 'il~1-M'VI':i1tJ
" II

u:WtJ11'\J~ij~lU'U'U'I1riV

~ 0 I ~ lI] Q,I.t:::..c::S 111 c(dOl!V d Q.I Q.I ~ I
'W'W 'Vl5ltJ'VllU'UlJ'Kn{){)l~HI::~~ ItJn'U~'WI'K'W tJ"Jrtff:IJn 5 1 t-W'Vl'V1A'lfAtl'W~"Jv~n'W n-:i~'K"Jl'lU 'IJ'U.

)I I ". I

'I1riV~1'U'Utl~~~1ri1~ ~~ ~ l' l1'tJ 1'11-Wfll1'~ ~~ ~~ UIOI1l1flms tm tJ'Utl1 tJ'U~ TU1'11-Wnl1'111£11tln ~ 111

II I "I
mnm~'U;jU:i1 ''U'lf1.:J~~'I1-j1.:Jl11~1'U~11lJ~V'U 1l1fl ms 1'VI'I1rivtJ11 ~'11~ l1mU'I1f1lJ 1.530·C ~.:J. ... .

" " ck"
~1' l1'tJ1'11-Wfl'\JV~U'U'U'I1riV'Vl~1V lJtJ 1'11-Wn~~m~ tl~~fj fl V ci1~ 'I1'U~~ ~ V'lf1.:J~ rms ~ VU'U'U'VI~1 tJ

" )I, I

4.5% tJ1'11-WflneJ'Ut'VI = 12.3 kg. tl~~'I15~1'VI = 12.03 kg. tJl'11-Wfll1'111V111 = 0.27 .yjff1'U~bYlJ
v ".

6.5% UTI1-WflneJ'Ut'VI= 14.3 kg. tl~~'I15.:Jt'VI = 14.08 kg. tJ1'11-Wfl'l11V\ltl =0.22 l1ff1'U~bYlJ 8.5%
-: Q,I I CV -: Q,I "1 ~ .c::i!' Q.I

'U1'11'UflfleJ'Ut'VI= 16.38 kg. U~~'I1Mt'VI = 16.13 kg. 'U1'11'Wfl'l11£1aJ = 0.25 9f~bY1t'11~'Vl'Ul'11'Ufl'\JV~
" . .

U'U'U'I1riV'VI~ltJ'I11Vl,tl-w'U t'UV~lJ11l1flfl1~~~t'I1tJflmm~'U IV'\JV.:J~1tl~ ~bYl'U (yJ1 'U~~t~~'U) U~~

II" SI' I

tJ1'11-Wfl 'I1-ft~t'VI'l1rivtJ 11 ~'I1~Uft 1U1lhJttl1 £I'Utl1V'Un'U tJ 1'11-Wn'\JV.:JU'U'U'I1rieri V'Ut'VIl1ff1'U ~bYlJ

t" J} t

111nnU'VI~ bYV'UtJ 1U'U 'U'11ri v 'VI~ 1 £Il1~ eu 'U'UtV 1~'U .:Jl'U '11ri v V V nuft 11 il'i.:J
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'" ttl

U~'Vl'jlUlllJt111'\l.:]n1i119J~'UYinlJ1f)f)':h ~fl Alp), CaO, 1m::::MgO ri1'U1i1I9JYinil.J'Vl'j1U'j~Ufl,:]U~ilJn

, "
J'l"Yii~~1f)f11'jfff)1:l1 'Yl'j1uulJU11'\l.:]n;~~1 (SiO!) flQ 88.43% !rlV1U~U'U1Yi(J'Un'U

"~f11 'j '1oMU1lJ1W!'j ~'U !'W'j 1::::~l.J~::::ri.:]J'l"~ flU1lJ 1tu ~ 1U'j ::::'CY1'U~~~~'el':]J'l'CYlJn'U 'Yl'j1U lhn~'U
mil fJ'W1f) n ~::::l11'1l1'i'W1U~V,:j~ 1U 'j::::'CY1'WU"::::~::::l11'1~'Yl'j 1UV~lf) l~n'U1 'j~'W~M~1V;lJfl11lJ
U~.:]U'j':]'\l'el\lu'U'Umi'elhi

" ,
~f)1:lW::::tu-:i1':]'\lV':]1~~'Vl'jl(J(Shape) nli'''lUff ~1li'U1'U'\l~'\l'j:::: lU-:i1.;j~::::nl1.;jYi11J'W1~~

f)"lJU1'Wf)"1':] (Medium sphericity) u'Wn'U1~~f)"lJ~1 (Low sphericity) ,j~VQ'1'Wf)~lJ~nm~UlJ
"" Q .1 ., .9 <!\ • lit" I'" "lJlJlJ'U (Sub- angular) 1m~'b''W~llJ~f)''lJ (Sub-Rounded) uunu 9I"\l1lJV'W1Lu11m1~li'H"li'1'\l'Ul~

fl11lJf)"lJU~1,j~mji'U f)rilJ~11J'U1~~f)"lJ 1rlmJl iUl11U'U'U'I1riVIl~1i~fl 11lJll~.:]m,:jff':]
OJ • OJ

u'U'l.mri'el "YJ'UU1lJ1W~'U~ i~ ~1f)f)1'j 'Yl~ff'el'Uljfil~l~':] ilJri.:] J'l"~flm'j'lh'Yl'jlt.J "lUl11U'U'U'I1ri'el•
... 1 tI d rI~ d di 91 Q 0 g) d ~I d 0 cv I

1ue 'j 191"'W\?I~'Wm'Wrn 'Yl ~ ~1f)ms 'Yl~" fl.:]lJ ~1'U1 'U'UVU 91",:]1u 'UH" ~ ff1'11'j 'U':]1'Uli''' 'el

1"li'~ i 'U':]1'U11iuif ~.:]'1'UflW'CYlJl1~'\lV~'Yl)lt.Jli'riV~~J'U t.:]l{lU1lJ1W~'Wm{j (J1~1~ ~~ '\}~'li1(Ji ~•

001 d , .ci t ~ d dlJ) , d i 'til I Q.e9 .d 0 i .
m~~lU\?I1'YllJ1f)f)111m::::~f)11lJ'\l'U1~llJ~'Yl'j1U'Yl LlJ1"f)U":::: lJ L'I1tIHf)'U~.:]mlJ1::::'Yl,\}::::'W1U'Yl1u

i ' """I"" ., i/ di , dI "" is: ""'U'b'1,:jMesh no. 40. 50 u,,~ 70 lJu'jlJ1tu'j1lJf)'UU"193% 9I"':]lJ1f)f)11 75% ~':]()V IP111lJf11'j

" ,
'\l'U1~fl 11lJ"~lflU~'\lfl.:J1~~'Yl'j1m1lJt111 '\l,:j lj'\l'U 1~ fl 11lJ"~lfl U~U"~ ms ns~~1U~1Yi

1li'lJ1~ffl'Hi''Ut11iUl11U'U'Uli'rimu~flf) (Shell Mould) 1~uljf)1'jm~~lU~1~lJ1f)f)';h 75% ~V mj
OJ

,..,.,. ...
6.1 ,nJlIVln!'MlJ1~alJVlUJlJ1V1"j!1'U

" ,
~lf)f)1)ftm:l1'CYlJ'l1~'\l'el,:j'Yl'j1t1ulJih 1'\l,:j 1i,:jli'1~mU li'~.:J~lf)Yi i~'Yl~ 'CYfl'Uu"~11m1~11

" "j:-.j" ~.:JYim)l'JlJ1U~1 l'U'U'YlYi4 u,,~ 5 ~.:J'CY1lJ1)()t11lJ1'CY)UH"i~~.:J{j.

,
oCtunn 6

ff~'11IlHlU~~.uemnHlU'W~

:



I" " I I

111tl'l~lmillPl'Vl',j1t1ullUli 'IJ'lij'IJ'UllPlil1t1Jn11'Vl) ltJ'Vl~m ~'ll11 i~~'U'll'Ul1ritl.y; i~ii~h.y;l~ eu ill

v

'lJtl'llllJ'U 1{ll1~lm~~'U'll'U ff1'U111 = 13 em. 0 ff1'Ul11'l = 5.4 em. fl111J'tf'Ul'IJtl'lff1'U111 = 3.4

I" " I

lijtll11m'l~mllJlJtltln1J1~'U'l1'Ul1ritl.y; i~lllijn1)l11Pl911 ij'IJ'UllPll'VilnlJl!lJlJ 1l'Il1~ IIPltlij'IJ'UWI 0

3'" Y '''' ''''t 2 Y , <9
g/em Ul'l~lJmllJ~1'U'Vll'U~tll1HtllPl = 564 N/em-l1'ltl 57.49 kg/em fl11lJlPll'U'Vl1'U~UU'l'lIPl'l

J ~ 2 .d. 0 \1)",1 t ~ <c:&\r] j) ez 0

= 187.14 Nzcm" 'tf'ltl 19.07 kg/em llJtl'Ul !ul'Vll1l'10'i.YllJl'lfl~1'U'Vl1'U~W'tfl.J1J11Pl~'lfl'l 1,530 C

iifl11lJffllJl'lfli'UnwiiflJ~1'U~'l (Permeability) = 704.75 em/s ijfl11'lJl1'U1UU'U (Density) = 1.359

'YI'lltJ(Mould) ftU \1~'l~ 2 h1tJi~ff1'U~'i.YlJ'lJU'lVlI'Ui)fll'l~'U 6.5% (305 g) n'U'Vl)ltl 4,695 g

~Wl1tJm'Um'lOU911 250°C ~'Ul11 ~~l11i~i~UlJlJl1ci'il~iifl11lJfflJ\!'lW un~tltln'illnUlJlJ l{l'tf~
lI)Yt d ~ Q,I QI I c:. I I !l) d t d
IIPl'llmH'l~'l11Pl!'l1 'Vl'l~1lJ'UUl'I~~1m'l N1'IJtl'lUlJ'lJl1l'10~~fltl'U'lJ1'll'WlJ ilJ'tftJl'IJ'IJ)'IJ'l~ U'IJ'l11'J'l•

Vll'Ui)fll)~'U 4-7.5% (40-75 g) 91U'Vl)ltl 1,000 g ~tlmtJiJ~i~i~1f)1Pln1)O'il911 ~Wl1fJiJ 250°C
" .

~~ i$lu 'Vi'l'Vl)ltl911'il~1'l'tf10~'U'l1'U 911tl~N.y;iifl11lJfflJ\!)W ~'Uu'Vi'l'Vl'lltl'ilUnlJl~lnm~lJ'iln.,
I ~ ~ QJ' I tI)'" ct d.c::i .c:tlil'oiY{ll1~ l1)uun~"lf'U'll'UWJ{)tJl'l'iltln~lnUlJlJ {ll1~ 'i.YllJl'lfll11 !1Pl'lltJ lJfl11lJU'IJ'l'VlVltllPl lJ'Vll l1

. . "
-eJmlff1'U) ~l111'l'Vl)ltl U{l~VJl'Ui)fll)~'U.y;ll1lJ1~fflJ ff)il l~11 l'l'lU91ff1'U~fflJ'IJtl'l.

9111'i 'l11fif)~ til ~'ll11 i ~i ~91111)~ffl'U'W/UtJl11i~UlJlJl1riu~ i~1l~'l911 i~1~1 lVl)l~l!~J'U ~'lijfl11lJ

ll1lJl~'i.YlJnlJm)U1 '1ill11UlJ'Ul1ri'il

. v
~lf)';hiHi'lffllJ1)flU1lJll11UlJlJl1cimil~'iln (Shell Mould)

" .
ff1mhfl11lJl~'UmlPl- ~l'l (pH) 'IJ'il'l'Vll1tlullul.y;iifl11lJl~'U~1'l~~'lhtJi'Un1HllPl

nmn 1)0 tl911'IJtl'lUlJlJ 'Illi ~~l~'Ulf)'U i 111rl'il'l~ln911ill~ffl'U~i ~1~'UVJ1'U~fll)~'U~'l i~mlPll~'U

" ."
i'U'Vl)ltlUlhb 1'IJ'l flU Fe203 U{l~1i19.!'Vim'U'YI)ltlUll':h 1'IJ'lu91'hjiji'U'YI)ltl)~tJU'l flU x,o, pps

U{l~Ti02 ~'l11~lJ1w 'IJU'lc)f~ti'1 (Si02) lrlm.1 l'YI) ltJ1lljJl i 11vilu lJlJl1ciUml11'Vl'tfcimill mf~~

'" 'Y Y iYl 1Ij' '" y.d! • I'" '"tlW'tffllJ 1,530°C UlJlJl1{lOff1lJ1HllPll'U'Vll'Ufl11lJl0'U IPl IPltJllJlJn11U~f))11 9f'lullJ1W'lJtl'l9f
q OJ
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iI 'J/' <JJ

1tl~uilil~tl~".iiJ~iJ'W:lJl U(;'j~\lf)~~'Vll:lJlnlJ't'il 1~mU'Vll~ih't'ili11tY"l !GJ5'Uul-i't'il1'\1-3 ~ U~~

Ul-iJllJ~ ~-3!~'W!mri~fhiJ~'Yl i''Vlmn~li)) :lJ'lf1~~n'1l~lJlru:lJlf) 'I11f)tl1lJl)tltl!1~lJ'r:I~11~:lJ '1~
~ 'i)~ntl 'lM'!f)~ ~'r:If)'j~'Yl1J'Yll-3!f1')fj:q f) 'i)tl~1.:J:lJlf)1'i5iJJ ~!'Ylfl'

Gl!V !V t I v
U~~ !'W~1'Wfl11:lJfllJfllI'Wf)1Jr:1~'Yl'W~1£J• •

I cl dQ.l 9) & ~ ~ Q Q ...:1 Q,%
tl1'W ils ~!~'W 'Yltr.:J191tJ-:jfl'f)fj ltl f) fltl tJ'Ylli'Vlr:1'Yl'i)~ in ~ '\I 1,1'i)If) lill9l ~ tllJ Ur:1~'\11,11~ '\ItJ-3.

nsl£J~li~'r:Il'itJ-:jl'W'I1ritJ'lfU ~l'il-:j"l ~~'\I 1,11~~ tl1l~ U'r:I~lil~~tl:lJ '\I~H'Yl) l(Jul-iJ l~ 't'iun 'i)rn ~'WJl

H'r:I~\9ltJ'U'1lm£J'\ItJ-3Hl-it!l 'i)~ij.u'tlUI9lf)l'il~n'W ~W)Qn1JJ ~U~V11-3U'r:l~~'U~~t!l~~'Vll '1'I1~ Hl'W 'i)~n

"" I'
!~lUlJ'U Ur:1~!V1t'h1r:1'11~ !'VlJ l~u~t!'W ~~fl1Jijf)1)Vi 'ill) t\!l(i~~r:1m~'YllJVi 'il::::Lf)~n1Jir~u J~li'5lJ

" " .
~-3t!'W f)1)l11U1JU'I1rimtlfttlf)tlllJlHl '1~119l0~lJ'Yl~H'Yl'Wn'W '1Jl1 ~(J '1~V1'nm!lhh1'\1-3Vi•

m'W~tJ.:J5'W'1.JllJl'l~'1 'Wf)1~l11U1JlJ'I1ritl'Yl~lm'1lft5f) (Shell Mould) 'Yl~U'Yl'W'YlJl£J'Yl~!r:1'1Jl'il~ ~

"!vi In 1,1U~~ij'\l 1,1l~ iJ~lf) fl!~(J.:JnlJ%'W.:J1'W'I1ritJ '\ItJ.:J'Yls1(J~ ~ CltJ-3

, "
4.5kg. dhrw 1';'W.:Jl'W'I1ri5IhJnJ~ (JlJrYi (Jufl1mUlJ 1 ~'I1~'I1~5UUlJ u1JlJVilJvf'1~'\I'W1~t!~q'1lil.:J
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Robert Maxwel1.Mould& Core Material for the steel foundry. England: New York, 1967.

RYangand et al."AlIoy development and shell mould casting of gamma TiAI",The Journal of

materials processing technolog)'.135: 179-188.2003.

QQ a" Q cv d
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~ "
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~ "
ff~tll 1"lfflff1ff~. fl15Rfl'l:llf111lJLlI'W~ltll~flWU1'Vl51(JU1hh'lJ~'lJ11~vhmJ'U'I1citl1~tl11i·
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, "

ffmU'W'W\Pl.I'Wltll9lffl'11m 5'lJ!fl5 tl~~mfl~m'l:: h'l1::fl15 J'Vlfl1'Wi~Ufl15 H~lPIm~f)'I1citldjtl~¢{'W ..

" "~1'Wfl15'1~nu mwftmn: 'Vl51t1",lflUlh.ll1 '\J~U~::m.hjl'lJ~.1 m ~fl151~tlflru::

f~iYmflcJ1.1as .mlji~tlflru::1'VltllfflffIPl1 :lJ"n1'Vl £Jl"tlj 1"lfIi~fJ'U~5 l"lf1ilU, 2555.
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, "
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" ,!iI "" 'lj,l ...lcv QJ t dYmt(lflflUUU Interval 'I1u'jUI'1'lfll Interval Time 1'11lJl1l'1el.:lf11'j

constant,interval variable.

• Micro Interval approx. 4500 vibrations / minute, amplitude

constant.no interval.

• Micro Permanent approx. 4500 vibrations / minute, amplitude

Interval control variable

• Interval approx. 3000 vibrations / minute, amplitude variable,

no interval control

• Permanent approx. 3000 vibrations / minute, amplitude variable.

, "~ Q,1 c:lG') 'J) ~ QJ .cs
4. Function switch : (lf11:lW~f)1'jfflJ:IJ bmm)f1 4 UUU ~.:l'U

"3. Interval Time: 'If'J'l1,h:l'\Jfl'ln(l1f11'jiY'U ffllJ1'jmi)flf1lli'ulll'i'l'l'lu1i I - 10 1'U1Vl

Position "0-60" = Sieving time 0 to 60 minutes
• "I !ilq!il '"f1TI1'U~!l1 !GJfnrll 15 'UTYI IilllJlJWI'jJl'U'\Jel.:l AFS.

2. Set Amplitude : fl'Jl:IJ~'UUH'\Jfl'lf)1'j~'UI~Y~tVifl'U'l'UU'U'J~'l ffllJl'jmi)flf111'i''j~tI~

~ I & ~ " 11 Q" ~'vf111:IJ1;j'l I'1'lHI'1 0.5 tl.:l 3 mm. t'j:IJl'1lJ'illf1 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mm. f1I'1Um'il~mflf1 GJf

2.0 mm.

Position" on" = Continuous operation

I. Timer : position" off" = off

SI I It"

f1l'~lli'ul'i'.:lfhf)1:nhn'\.Hl'\~fl':I'&'UVlHH'lflTUfllJ lj1JlJ'~t~flfll'Uf)1'jlli'ul'i'.:l 4 mh.:l ~el• •

ci~ ,
U't'l8 FRITSCH lOU Ibratory sieve shaker analysette 3
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o ~ Q,I QI

tIllflVUJV'I '\l'll1'J\Pl'Wm'YfWlJ48000

1Vllffl'l'vl (042) 511484

~ Q.I .:::::.."

1Vl tJl'~mVlfl 'WfI'lJ1UU'VI~

m"116 ffl'IJ1~1'W 1~11~f)11

iVltJl~m'YIfllJfI'Wm'VI'WlJ lJ1111Vltll~tJ'Wm'VIUlJ

m'IJ~ 214 111i 12 f1'W'WlJI'l1tJ ~l1J~l1UV~illl~
'" u

d' Q ~

'VI.ft. 2546-2548: m"l'WLLN'WntVlfl'WfI'VI'Will'W..
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