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Abstract 

This research is to study the recycle process of hard materials, high hardness type, and cemented 

carbide produced by press forming and sintering process included cemented carbide mixed with 

tungsten carbide, cobalt, silicon, titanium and others. The research aims to recovery tungsten to 

use it again. It starts in cleaning and ball milling materials for resizing from length 12-25 mm., 

width 10-15 mm and thickness 2.5-8.0 mm., then disintegrated with the electric-chemical process, 

filtering metal powder, cleaning and drying. The result of dissolved materials with electric

chemical process in 85% condensed HCl, 6-24 volts and 3-10 amperes. The solution heats up 180 

degree Celsius is found that material will be 550 11m of W03, the same as usage of Phosphoric 

Solution. The result of the study in dissolved materials by using the conductor of electricity is 

found that usage of cobalt is the best to disintegrate tungsten carbide, better than tungsten carbide 

and stainless steel 10-15%. The result of this research is found that the best practice of tungsten 

carbide recovery is dissolved materials with electric-chemical process in not over 7N condensed 

HCl, 6.00 volts and 3.00 amperes. The metal powder will be almost 100% pure tungsten carbide 

and particle sized distribution is 34-360 11m. After ball milling for 24 hours, particle sized 

distribution is less than 60 11m compared with the imported metal powder. It is concluded that the 



recycle of cemented carbide into tungsten carbide powder qualified for sintering work and 

produced to the durable hard materials. It ensures that this research is useful for the related 

industry and the approach for production of tungsten carbide which was instead of the imported 

metal powder. 

Key word: Electrolysis, Recycling, Recovery, Cemented tungsten carbide scraps, Particle Sized 

distribution, Hard materials 
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~'Wn'I.J 0.1 M citric acid tt~~ 0.4 M ammonium chloride; 4, ~'Wn'I.J 0.4 M 

ammonium chloride 39 
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anodic current with time for the electrolysis of 0.1 kg scrap Cs20 at (1,3), 0.6 and 

(2,4) 0.4 V
SCE 

in 1 N HCI solutions without (1,2) Or with (3,4) 0.1 N citric acid.) 39 
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'l'JI.,
(b) fIltJ llVltl Hfl'W 

1vJvht'W'lh..:l 0.4-o.611~~ 41 
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lfltJt~fll'jtttJfl~1lJlflij1vJrh(A flow sheet suggested for the recovery ofW 
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fIl'Vl~ 2.21 tvJ 1:1'1fltl~ttf1'.i1J'lJ tl..:ll1..:11:YtIVl'Wfl1fl'I.J~n'I.J 1fl'I.JtlCl~~tlUl'l1f1iJ 1425°C 
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(The isothemal section ofWC-Co phase diagram at 1425°C) 43 

fIl'Vl~ 2.22 BVlli'VlCl'lJtl..:lf1'.ifll'W1Vl~fllVitl'!J'j dYVlTlfll'Vl'lJtl..:lf1'.i~tt1:1'1 vJ rh (Effect of nitric acid 

concentration on current efficiency) (current density10 kA m-2, 28°c) 46 

fIl'Vl~ 2.23 fl111J'I1'W1Ull 'W 'lJ D..:If1'.i ~ tt 1:1'1vJVhtlCl~'!J 'j ~ EVlTlfIl'Vl'lJ tl..:l f1'.i~tt 1:1'1vJ~l 

(Effect of varying current density on current efficiency.) (electrolyte 10% HN0
3

, 28°c) 47 

fIl'Vl~ 2.24 qUI '11 iJiJttCl~'!J'j~EVlTlfll'Vl'lJtl..:lf1'.i~tt1:1'1vJ~1 t 'Wfll'jVtltJ lCl'l1~~1tJ 1vJ~1(Effect of 

z
temperature on current efficiency) (current density 10 leA m- electrolyte) 47 



fllW~ 2.25 LT"l'IJtl'Jm~1JTU fll'j'Vll'JLflillvJVllU"l~lh~ iY'Vllifllw'lJtl'Jm~u~l vJVll t 'W 

~l'j"l~"lm~ 1'W~1f1~28 °c (Effect of time of electrolysis on current efficiency) 
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(current density 10 kA m- electrolyte 10% HN03, 28°c) 48 

fllW~ 2.26 mlm~1J~'W'lJtl'Jlf11Jtl"l~~tlfll'jLfl~tltlf1~L~i''W'lJtl'Jl1'Jm\PI'WfI1flml(Effectof cobalt 
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concentration on the oxidation of tungsten carbide) (current density 10 kA m-

electrolyte 10% HNO) 48 

fllW~ 2.27 m'J~'WlvJVll~tl'U'Wl~'lJtl'Jm:::H~lvJVllt'W~l'j"l~mrJm~1'W\PI1f1~ 28° C (Poteniostatic 

polarization curve of 87% wc-13% co in 10% HN03 solution. Stirred 28° C) 50 

fllW~ 2.28 HH~'UlvJVllHW:;ml1J'l1'W1LLtl'W'lJtl'Jm:::H~lvJVll(Cyclic voltammograms of 

(a)W1023 and (b) 30% w1023IKC.) 50 

fllW~ 2.29 Cyclic voltammograms of: (a) NiW 1023 and (b) 30% NiW1023IKC 52 

fllW~ 2.30 m:::u~lvJVll~tlllH~'WlvJVll(Catalytic performance of I-V curve and power density 

curves of: (a) in-house MEA of 20% Pt/C electrode and (b) 30% Wl0231KC) 52 

nJ~ 2.31 tltu'l1.f1iJt'Uf11':i'Yhrn{1Jl'jCJf~tl'IJ'U1~'lJtl'Jm~u~lvJVll (The Hor activity, power density, 
cu q cu cu 

and the current density for several: (a)30% W/KC and (b) 30% NiW/KC catalysts 

compared to the performance of 20 % Pt/C. (-) Percent performance when compared to 

the 20wt% Pt/C.) 54 

fllW~ 2.32 ~\PI'jlfll'j~~f1i''U'lJtl'Jh'l1~l1''Jm\PI'Utl1Jm{1Jtl'W(Rate of reduction of calcium tungstate 
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fllW~ 2.33 1'l"lf11'j\PITHI~tl1J EDX l.1''Jm\PI'U (EDX spectrum of the outer layer of 

a scheeliteparticle after reduction for 8 hour at l500K under an argon atmosphere. 

Only W Was prescnt in the outer layer.) 54 

fllW~ 2.34 l'l"lfll'j\PITHI~mJ EDX Ldl1'J~L\PI'W'l1"'Jfll'jlh~~f1i''Wdj'WL1m8 i'111J'J 

(EDXspectrum of the edge of the core of a scheelite after reduction for 8 hours 
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d QI Q.I rI, ~ I QI Q.I rlCJ}

fllWYI 2.35 f1111J~1JW'U1i'j:;;'l111'Jtltu'l1.f11Jfll'jrJtlrJ1~~LL"l~fllHYf1~1f11Jtl"l\PI~1rJ 6 N HCl "l:::mrJ ... .
 
Lil'WL1"l1 24 i'111J'J(Relation between hydrothermal treatment temperature and amount of 

extracted Co ion Specimens are treated in 6 N HCl aqueous solutions for 24 h.) 55 
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fll'VrVl 2.36 mll1ffll'V'l'U1i'j~'fnl.:Jml:lJ!'\JlI'\J'U'\Jtl.:Jffl'jJ;l~mtlHCI ~tltl~'jlf11'jUtifl J;l'l1~ 

lfl'UtlJ;lI91(Relation between concentration ofHCL and amount of extracted Co ion. 

Specimens are treated at 110 °C for 24 H.) 56 

fll'V'l~ 2.37 Ufffl.:J!f1'£J lJ;l'l1~'t1.:Jff!~'U~Hl'Uf11'j~tltllfltl11i'B lfl'j!'Vltl{lItlJ;l(Appearances of 

hydrothermal-treated WC-Co cermets chips hydrothermal treated in various 
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l1.:Jff!~'U lfltl~H(Appearrances of the recovered and virginal WC powder. 

(a)Recovered WC powder and (b) virginal WC powder.) 57 
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pressure of different tungsten oxides at 1000 °e vs. humidity; at a certain 
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1~tJt,*m~uj;Y~1.59 Ufl1JUtJ{ 169 

m~~ 6.2 mlvJUj;Y~.:.Jfl111JbYJJ~'Wi'j~'Hl1.:.JflW'H fl1J'Ufl.:.J j;Yl'j(l~mtJU(l~UH!fl~fl'W 1vJ~l· ..
 
l~tlt,*m~uj;Y 3.38 Ufl1JUtJ{ 169 

m~~ 6.3 mlvJUj;Y~.:.Jfl111J-ffJJl1'Wi'j~'H11.:.JflW'H fl1J'Ufl.:.J j;Yl'j(l~mtJU(l~m .:.J!fl~fl'W 1vJ~l· ..
 
l~tJl~m~ll{l' 5.59 llflllmH 170 



· " . 
f1l'Yffi 6.4 ml'VJm,.~~ml1JihJ'vr'W£':i:tw;h~!Tt'll11~::::ihrnJflfi~m'l~'\Jfl~ll~'W~~ 

W m:tm,.''VJ~wll~''l ~ (1.59 A, 3.38 A, ll~:t 5.59 A) 170 

f11'~~ 4-5 ml'VJllff~~fil'\JfllH'\J~iflq~ 174 

fI1'W~ 6.6 ~~l1~m~'WfI1flu~'lh~l 174 

fI1'W~ 6.7 '\J'Wl~!~~!m'W'\Jflm~l1~m~'WfI1flu~Ul!~l '\JtI1t1 150 L'YIl 175 

.d d QI ~ ~o 'j/ ,

fI1WYI 6.8 '\J'Wl~!1J~!m'W'\Jfl;J~~'YI~m~'Wfln !U~'W1!'\Jl '\JtI1t1 1500!'YI1 175 

fI1'W~ 6.9 ml'VJllff~~~~fl1':i'YI~ffflU~~11~m~'WfI1flu~umrl~1mfl~fl~ SEM 176 

fI1'W~ 6.10 ml'VJllff~~~~fl1':i'YI~ffflU~~11~m~'WfI1flmlUl!~1~1mfl~fl~XRD 177 

fI1'W~ 6.11 ~~ i~'H:t~'~'iJlflfl1':i'YI~~fl~ 177 

fI1'W~ 6.12 '\J'Wl~!~~!m'W'\Ja~~~i~'H:t~'~'iJlflfl1':i'YI~~fl~ '\Jtllt1 150 L'yh 178 

fI1'W~ 6.13 '\J'Wl~!~~!m'W'\JtN~~ hm::~'~'iJ1flfl1':i'YI~~fl~ '\Jtllt11500 !'Yh 178 

fI1'W~ 6.14 ml'VJllff~~~~fl1':i'YI~ffflU~~~'~'iJlnfl1':i'YI~~fl~~1mfl~fl~ SEM 179 

d "I dll) 'JI 'JI ~ 
fI1'W'YI 6.15 mll"1llff~~~~fl1':i'YI~ffflU~~'YI ~~'iJlflfl1':i'YI~~fl~~1mfl':ifl~ XRD 180 

· " fI1'Wfi 7.1 ll~'W!JiJllff~~fl1':i Iill t1UfitlUfl111Jll~~':i:t'HiN9f'W{h'Wl1~m~'WfI1fl ml 
183 

· " . 
fI1'Wfi 7.2 ll~'WfliJllff~~fl1':i1illtlufitluUlmJflfi~~~~':i:t'Hil~m~fl:tc)f~f1:m~ ig i~':i-

'" iJ , iJ I 

f1~fl1fl:Ulfl'tl'Wll~::::m~'VJflff'VJfl1fl: m~ igi~':ifl~fl1fl: Ulfl'tl'W 184 

· ". 
fll'Wfi 7.3 ll~'WfliJllff~~fl1':i 'U~t1U!fitlUUlmJfl~~~~m ~t1':i:t'Hil~m~fl:tc)f~f1: m~ igi~':ifl~1fl: 

'" JI I JI I 

Ulfl'tl'Wll~::::m~'VJflff'VJfl1fl: m~ igi~':ifl~fl1fl: Ulfl'tl'W 184 

· " fI1'Wfi 7.4 llf.l'WfliJllff~~~~l'il~'\Jfl~flW'Hf1iJi 'W fl1':i'YI~~ fl~lll'i~:tfli' ~ 186'" . '" · " " fI1'Wfi 7.5 ll~'W!JiJllff~~~~1'i l~'\Jfl~U lmJfl 'I,'Wfl1':i'YI~~fl~lll'i~::::f1i'~ 186 

· " " fI1'Wfi 7.6 ll~'WfliJllff~~f.I~l'il~'\Jfl~UlmJn 'I, 'W fl1':i'YI~~fl~lll'i~:tfli' ~ 186
'" 

d i 'JIfI1'W'YI 7.7 ~~fl1':i~':i1'iJffflUrN ~'H:t~1t1 X-ray fluorescence 189 

d i 'JI "''''' fI1'W'YI 7.8 ~~fl1':i~':i1'iJffflUf.I~ ~'H::::~1t11ti X-Ray Diffract meter 190 

.d ~ ~ i
fI1'W'YI 7.9 ~~fl1':i1!ml::::'H'\J'lJ1~ll~::::fl1':im::::'iJlt1'\Jfl~fl'WfI1f1~~ ~'H:::: 191• 

192 

192 

195 
I I jI jI 

.od Q,I' 0 Q,I ~ 

fI1'W'YI 8.2'lf~'W1'H'Wn'lf'W~1'W 195 

· " 
fl1'V'l~ 8.3 th~'U,nuldl'U Barrel 195 



'JI 
l'i'tJl 

d 0	 ~~ ~ 
.fl1'Y'l'Yl 8.4 'tJl Barrel Hil~CJUfl';jW'Yl~l'i1JflCJCJfl'illflm	 196• 

, " 
.fl1'Vll1 8.5 tll~'tJ~l'tJ1J1!ihit1'mr~	 196 

· " ," . 
.fl1'Vll1 8.6 tll~'tJ~l'tJ1J1i~Yiltlll'iUfll1YiltJl U	 196 

· .fl1'Vll1 8.7 UtJfl~~ 1ill'i ~~ltJfl1';j~l~i 'tJHCJilflCJ ~CJ~Hil~';j CJ'il'tJ \9lfl\9l~flCJ'tJ 197 

.fl1'Vl~ 8.8 ~~~l~!~CJtJ~l111f1'tJml1J~CJ'tJ 197 

d ... 1 'JI 11) 'i 'JI "" .1.fl1'Vl'Yl 8.9 fl1Hl'tJ~~!1JCJ fl'Wfll11J';iCJ'tJl1J mflflfl1';ju~l'J	 197 
I "	 ," 

.fl1'Vll1 8.10 ~~l11~djCJ1fl'tJml1J~CJ'tJ!YlCJ'riml1J~'tJ	 198 

198 
I I	 1" 

.fl1'Vll1 8.12 ~fllJW~'\JCJ~fHfil~'illflfl1';jiHml1J~CJ'tJ!YlCJ	 198lrifll11J~'tJ 
· ." 

.fl1'Vll1 8.13 i~tl1l'ium.l~lJ';j';j~~~	 199 
• I" I 

.fl1'Vll1 8.14 i~tl1l'iUfl~~l11~'illflfl1';j'YlflilCJ~	 199 

·	 " .fl1'Vll1 8.15 lJ';j';j ~~~ i 'tJ.fl1']fl!~llCJ~n'tJfll11J~'tJ 199 

.fl1'Vl~ 8.16 ~ilfl1';ji!fl';jl~l1~ltJXRD U';jlfl~rh1ill'i~~~~\9l!~'tJ"'~m\9l'tJfl1flml(wc) 202 

.fl1'Vl~ 8.17 XRD ~CJtJil~fl';h 991ill'i~!~'tJ"'~i1'!\9l'tJfl1flmlijfl1{lJCJ'tJUil~SiC ~i1'1J!~mrCJtJ 203 

.fl1'Vl~ 8.18 XRD ~~ 1ill'i~']fiJfl"'~i1'!\9l'tJfl1flml(WC) 204 

.fl1'Vl~ 8.19 ~ilfl1';j\9l';jl'ili1'CJlJ'\J'tJlflfl1';jfl';j~'illtJ'\JCJ~~~1ill'i~"'~i1'!\9l'tJfl1{1lJ~RECYCLING 206 



31
l1'Ul 

I9l1'.iN~ 2.1 Uamm~fltJfli'~!nfl~'UU~nW~1 'vJ~l..f.:J(;H).:J (;1'iU!n'Ufl'.iOht1 'U'~~.:Jrl' 24 

· , " . " 
I9l1'.iNli 2.2 l!(;1'fl.:J'UtJ.:J'lfUflii4r1 'vJ~lfiuuan~mli!nfl~'U 24 

d "'''''''' d '" J '" d i lIJ .. I ",,,j i 31~ lIJ ••1 ..
I9l1'.iN'Yl 2.3 l!(;1'fl.:J~"U{Jfl'HJ1'Yl!flfl'U'Ui'U(;1'1'.itJl"fl 'Yl'.i ~"19l19l1.:J'lf'Ufl!lltJ 'If'U1l!fl'.i n''i19l 28 

I9ln N~ 2.4 (;1''.iU ~"fll'.i'YlflmJ.:Jl!Ufl(;1'mu~'U ff1'U!fl~tJ.:J~m,ifl'lfUfll!~'UijfllPifll1.:Jml9l'U mflul91' 30• 
do .e:, cI cI... 1 ,..:I QI i d\f)91QI

1911 'jl.:J'Yl 2.5 l! (;1'fl.:J ~"fll 'j 19l'.i Til1!fl'.i 1~11 tJ.:Jfl u 'j ~'UtJ.:J l!~'U llfll9lfl flU~.:J "11~'Yl ~ fl 'illflfll 'j 'Ylfl" tJ.:J 32 
I 

"111,rt1 2.6 tll1fftiflVltJ~!!fl~ 36 

19l1'.il.:J~ 2.7 !UtJ1!~'Ufll'.itnflimvJtJtJtJfl;!fl~'U 36 

19l1'.iN~ 2.8 fl1111(;1'11J1'.if:) i'Ufll'jfiflfl~tJ'U'UtJ.:J'YltJ.:Jl!fl.:J 36 
d QI I QI I 

19l1'.il.:J'Yl 2.9 19l1tJUNfll'.iflflfl'.itJ'U'UtJ.:J'YltJ.:Jl!fl.:J 37 

19l1'.il.:J~ 2.1 0 ~"fll'.ififlfl~tJ'Ufl1ui~!itJ'U' 'U~~Nfi'U (8A) 37 

19l1'.il.:J~ 2.11 ~"fll'.ififlfl~tJ'Ufl1ui~titJ'U''U~~Nfi'U (9A) 37 

· '" I9ll'.il.:J'Yl2.12 Composition and grain size of the cemented tungsten carbide scraps 38 
.cd QI.lC::\.c:I cI~cI, 

I9ll'.iN'Yl2.13 (;1'llUI9l'UtJ.:JC)f!ll'Ul9lfl1'.i ~UI9ll!I9l"~!fl'.ifl(Properties of representative grades of 

cemented carbide) 44 

19l1'.il.:J~ 2.14 (;1'll~~'UtJ.:J i"l1~mflul91'l(;1'fJ i"l1~U'.i~(;1'l'U(Properties of refractory metal carbides 

and binder materials) 44 
d 

19l1'.il.:J'Yl 2.16 Columbic ratio-anodic corrosion: cathodic reduction of corrosion product 46 
" I cI 

19l1'.i Nli 2.17 fll'.i!U~U'U!t1J" ~'UtJ.:J fl'j~!!(;1" vJ~l!VJtJfll'.i,,~mU i flUtJ"I9l(Variation of 

current efficiencies for cobalt deposition with current density) 49 
d 

19l1'.il.:J'Yl 2.18 Effect of additives on the cobalt deposition 49 

19l1'.il.:J~ 2.19 fl1111(;1'11J1'.if:)'hm1'.i"~"lU'UtJ.:Jl(;1'fJl!~"~'lfUfl (Anode performances of 

tungsten and nickel tungsten carbides and oxides and the percentages of 

anode electro activity compared to that of platinum catalyst) 51 
· ~ 

19l1'.il.:Jli 2.20 fl111111'U1l!t1 'Ul!"~(;1'll~~'YlNfl"'UtJ.:J~'U ff1'U11.:J ml9l'Umflml(Density and 

mecechanical properties of sintered bodies.) 57 

19l1'.il.:J~ 2.21 Uamm'UtJ.:Jl1~ml9l'UfiU(;1'lnl~mUfl'.ifl!!~"~'lfUfl(Reaction of Tungsten 

Metal withAcids and Alkalis.) 59 

I9ll'.i N~ 2.22 fll'.i ~l'U'Yll'U'Yll ~!flij'U tJ.:Jl1.:Jml9l'Umflul91'~tJfll'.iYhuamm i 'U (;1'1'.i"~"lU 
, '" 

U~H'l~G)f'U~(Resistance to chemical attack of tungsten carbide in various media.) 63 
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f1l'n~~ 2.23 'lfUfl'tltJ'Hfflll1'HHfI'U(Typical tungsten scraps materials.) 65 

.d 
f1l'nn'l 2.24 Direct recycling of Tungsten scrap 67 

.d "" 0' _1_1
f1l'nn'l 2.25 fl1'J'Hml~'I1f1dl11lllJ'JlJ'J1'U 68 

.d 91 
f11'Jl-:.lYl 2.26 f11'Jl-:.lfl1'J~'Jl-:.l Anova 69 

f11'Jl-:.l~ 3.1 U~fl-:.lfl1111U~-:.l'U tJ-:.l~'Uri1'U11-:.lmfl'UfI1rt'U~'lfUfl~l-:.l"l 73 

f11'Jl-:.l~ 3.2 ml11U~-:.l'UtJ-:.l~'Uri1'U11-:.lmfl'UfI1rt'U~'I1'l.btJ~ti'HRA 

(Hardness Rockwell scale A) 74 

d d Idcv ~o' 
f11'Jl-:.lYl 3.3 f--Hlfl1'JYlfl~tJ'Ufl1111U'U-:.l'UtJ-:.lUH'Ullflmmfl'UfI1'Jl'UfI (Insert) 75 

· ~ 
f11'Jl-:.ll1 3.4 H~Ylfl~tJ'Uri1'UH~ll'UtJ-:.l~'Uri1'U11-:.lmfl'UfI1rt 'U~ritJ'UtJ'UU~~'I1~-:.ltJ'U 76 

· f11'Jl-:.ll1 3.5 U~fl-:.lf1W~ll'lJ~'IJtJ-:.ll1-:.l'i;llfl'U (Tungsten) 77 

f11'Jl-:.l~ 3.6 f1W~1l'lJ~'UtJ-:.lH-:.l11-:.lmfl'UfI1rt'U~'UtJ-:.l'U1liYlBuffalo Tungsten Inc. 77 

f11'Jl-:.l~ 3.7 f1W~ll'lJ~'UtJ-:.l H~l1-:.lmfl'UfI1rt'U~'UtJ-:.l'U1liYl AT! Alldyne 78 

f11'Jl-:.l~ 3.8 f1W~1l'lJ~'UtJ-:.lH'l11-:.lmfl'UfI1rt'U~'UtJ-:.l'U1liYlCB Carbide 78 
· .~ 

f11'J 1-:.ll1 3.9 ~'J1J H~fl1'JYl fl~ ()'llWf)~m tJ~'U ri1'U1f11 tJ'lijm,ifl 'lfiAflu~'Uii fllPlfl 79• 
80 

(Hardness Rockwell scale A) 87 
· .~ 

f11'Jl-:.ll1 3.12 'lJ'UYif)H~fl1'JYlfl~tJ'lf)'jfltJ~9f~f1:f)'jfl ieJ lfl 'JfI~tJ1f): Ulf)~'U 96 
· .~ 

f11'Jl'll13.13 'lJ'UYif)H~fl1'JYlfl~tJ'l f)'jflrJtJ~rJtJ1f): f)'jfl ieJ lfl'JfI~tJ1f): Ulf)~'U 97 

f11'Jl'l~ 3.14 'lJ'UYif)H~fl1'JYlfl~tJ'lf)'jfl i eJ lfl'JfI~tJ1f): T1 (60°C) 97 

f11'Jl'l~ 3.15 'lJ'UYif)H~fl1'JYlfl~tJ-:.l f)'jfl ieJlfl'JfI~tJ1f): T2 (lOO°C) 98 

f11'Jl'l~ 3.16 'lJ'UYif)H~fl1'JYlf1~tJ-:.lf)'jflieJlfl'JfI~tJ1f):T3 (120°C) 98 
· ,~ do Q,I.c9 Q,I do 

f11'Jl'lYl 4.1 'U'UYlf)H~fl1'JYlfl~tJ-:.l 6V. f1HYl 1 107 

d cv.c9 ~ d 
f11'Jl'lYl 4.2 'U'UYlf)H~fl1'JYlfl~tJ-:.l6V. f1HYl 2 107 · .~ do Q.I..c9 Q.I d 

f11'JNYl 4.3 'U'UYlf)H~fl1'JYlfl~tJ-:.l6V. f1HYl 3 108 
d Q,I.c9 ~ d 

f11'Jl'lYl 4.4 'U'UYlf)H~fl1'JYlfl~tJ-:.l6V. f1HYl 4 108 · .~ d Q.I.c9 Q.I d 

f11'Jl'lYl 4.5 'U'UYlf)H~fl1'JYlfl~tJ-:.l 6V. f1HYl 5 108 · .~ d Q.I.c9 Q.I d 

f11'Jl'lYl 4.6 'U'UYlf)H~fl1'JYlfl~tJ-:.l 12V. f1HYl 1 109 · .~ d Q.I.c9 Q,/ d 

f11'Jl-:.lYl4.7 'U'UYlf)H~fl1'JYlfl~tJ-:.l l2V. m-:.lYl 2 109 · .~ 
<:\ '" ~ '" <:\

~111-:J'Vl4.81J'U'Vlm-HH111mH'H)-:J 12V. fl1-:J'Vl3 109 



"
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<do· QI~ QI<d." . 
1'l1~1~'V1 4.9 'lJ'U'VImHlf11~mH'l'tl~12V. f1H'VI 4 110 

<do· QI.di QI" <do. 
1'l1~1~'V1 4.10 'lJ'U'VImHIf11~'VIf1J;jtl~12V. m~'V1 5 110 

<do· QJ ~ Cl.I" <do. 
1'l1~1~'VI4.11 'lJ'U'VIfl~J;jf11~'VIf1J;jtl~ 24V. f1H'VI 1 110 

<d.· QI e!i QI" <d.. 
1'l1~1~'V1 4.12 'lJ'U'VIfl~J;jf11~'VIf1J;jtl~24V. f1H'VI 2 111 

<do QI e!i QI <do· " . 
1'l1~1~'VI4.13 'lJ'U'VIfl~J;jf11~'VIf1J;jtl~ 24V. f1H'VI 3 111 

.cS· QI e!i QI" <d.. 
1'l1~1~'VI4.14 'lJ'U'VIfl~J;jf11~'VIf1J;jtl~ 24V. f1H'VI4 111 

do· Qle!i Qld" . 
1'l1~1~'V1 4.15 'lJ'U'VIfl~J;jf11~'VIf1J;jtl~ 24V. f1H'VI 5 112 

· 
1'l1~1~'V1 '" 4.16 ~J;jf11~'VII'lJ;jtl~ 6V. 112 

d 
1'l1~1~'V1 4.17 ~J;jf11~'VII'lJ;jtl~ 12V. 112 

d 
1'l1~1~'VI4.18 ~J;jf11~'VII'lJ;jtl~ 24V. 113 

I'l1~H~ 4.19 ff1tl~J;jf11~'VIl'lfltl~ 113 

.d ~ tI "'",I ' do QI ,. dl1JjIQI 

I'lnl~'VI4.20 llffl'l~~J;jf11~1'l~1111Ifl~1~'Htl~f1u~~'\Jtl~1l~'U:lJl'll'll'lfl'lJ~~ ~J;j'H~'V1 ~I'l 

115 

117 

117 

· ...::1 QI I .cS 

1'l1~H'VI 5.3 ~J;jf11~'VII'lJ;jtl~l'lltltll~'V1 1 (Electrolysis in 12 M HCl (300 mI): Anode; 

WC rod =245.244 g and Cathode; WC plate) 118 

..::1· Q.,I I ..:s. 
I'lnl~'V1 5.4 ~J;jf11~'VII'lJ;jtl~1'l1tlrJl~'V12 (Electrolysis in 15 M RN0 (500 mI): Anode; 3 

WC rod = 221.983 g and Cathode; WC plate) 121 

..::1· QI I J::I. 
I'lnl~'V1 5.5 ~J;jf11~'VII'lJ;jtl~1'l1tlrJl~'V1 3 (Electrolysis in 85 % H3P04 (350 ml): Anode; 

WC rod = 233.952 g and Cathode; WC plate) 124 

ct · Q.,I I do. 
1'l1H:l'VI 5.6 ~J;jf11~'VII'lJ;jtl~1'l1tlrJ1~'V14 (Electrolysis in 12 M HCl (400 mI): Anode; 

WC rod = 183.449 g and Cathode; Co rod) 127 

do· Q.I , d . 
1'l1~1~'V1 5.7 ~J;jf11~'VII'lJ;jtl~1'l1tlrJ1~'V1 5 (Electrolysis in 15 M RN0 (? mI): Anode; 3 

WC rod and Cathode; Co rod) 130 

· ...::1 QI I d 

1'l1~1~'V1 5.8 ~J;jfln'VIl'lJ;jtl~l'lltlrJ1~'V1 6 (Electrolysis in 85 % H3P04 (400 mI): Anode; 

WC rod = 171.514 g and Cathode; Co rod) 
· ...::1 QI I ..ct 

1'l1~H'VI 5.9 ~J;jf11~'VII'lJ;jtl~1'l1tlrJl~'V1 7 (Electrolysis in 12 M HCl (300 mI): Anode; 

131 

WC rod = 211.147 g and Cathode; 304 Stainless steel sheet) 133 
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· .
911'j1~l15.10 ~Hlfll'j'VIfl~tI~v1';ltJ~1~l18 (Electrolysis in 15 M RN03 (500 m]): Anode; 

WC rod = 192.174 g and Cathode; 304 Stainless steel sheet 136 

· .
911'j1~l15.11 H~fll'j'VIfl~tI~v11t1~1~l19 (Electrolysis in 85 % H3P04 (350 m]): Anode; 

WC rod = 208.511 g and Cathode; 304 Stainless steel sheet) 139 

911'j1~~ 5.12 H~fll'j'VIfl~tI~'U tI~fll'jfffl'lJ1fll'j~m.J'n~ffl9l'UfIlfl 'IJ~''UmwVllfl'EJ 

~1Jn:1I1w 110 DC (Electrolysis in 12 M HCI (400 m]): Anode; 

WC rod = 159.565 g and Cathode; Co rod = 13.609 g) 142 

d ~ (/'j) QI I d 
911'j1~'V1 5.14 'j1'IJ 'j11JH~fll'j11m1::::'11 'Utl1J~ 'il1flfll'j'VIfl~ tI~911t1fJ1~'V1 1 146.. 

d ~ rig) QI I d 
911'j 1~'V1 5.15 'j1'IJ 'j11J H~fll'j 11fI 'j1:::: '11 'U tI\!~ 'il1fl fll'j'VIfl~ tI~91 1 tlf.J1~'V1 2 146 

d .<::lo o'j,J QI I d 
911'j 1~'V1 5.16 3 147'j1'IJ'j11JH~fll'j11m1::::'I1'Utl1J~'il1flfll'j'VIfl~tI~911t1fJ1~'V1.. 

d ~ 0'91 QI I d 
911'j N'VI 5.17 'j 1'IJ 'j11J H~ fll'j 11fI 'j 1:::: '11 'U tI 1J~ 'il1flfll 'j'VIfl~ tI~ 911t1 fJ1 ~'V1 4 147.. 

d .<::lo rig) QI • d 
911'j1 ~'V1 5.18 'j1'IJ 'j11J H~ fll'j 11fI 'j 1::::'11 'U tI \!~ 'il1flfll'j'VIfl~ tI~ 911 tlfJ1 ~'V1 6 148 

d ~ rig) QI I d 
911'j1~'V1 5.19 'j1'IJ 'j 11J H~fll 'j 11fI 'j 1:::: '11 'U tI\!~ 'il1fl fll'j'VIfl~ tI~91 1 tlf.J1~'V1 7 148 

d .<::lo alii QI , d 
911'j1~'V1 5.20 'j 1'IJ'j11J H~fll':i 11m1::::'I1'Utl1J~'il1flfll'j'VIfl~ tI~911t1fJ1~'V1 8 149.. 

d ~ rig) QI I d 
911'j1~'V1 5.21 'j 1'IJ 'j 11JH~fll':i 11fI 'j 1:::: '11 'U tI\!~ 'il1fl fll'j'VIfl ~ tI~91 1 tlfJ1~'V1 9 149 

911'j1~~ 5 .22 H~ fll'j11m1:::: t1~tI\!~ fll'j'VIfl~ tI ~fll'j ~tlf.Jl1'~ ffll91'U fIl flufi' 

, 'U mwVllfl'EJ 'il1flv11t1~1~fll'j'VIfl~tI~~ 4 m W~m'IJfl1JtlW '11 fin.. .. 
"! "! d. 1

l'I1'UtI~fllfltlflm'j~::::mf.J'VIlJ'j::::1I1W 110 DC 150 

d .<::lo ~'j) • QI ~ d'G] t:S 

911'j1~'V1 5.23 H~fll'j11m1::::'l1'UtI\!~fll'j'VIfl~tI~fll'jf.Jtlf.J'VI~ffll91'UfIl'j1'IJfll 'U mw 

Vllfl'EJ 'il1flv11t1~1~fll'j'VIfl~tI~~ 4 mw~ ,~,,*m11Jftl'U~1Jff1'j~::::mf.J 150 

· ".
911'j1~l15.24 flln1'IJ'j11JH~fll'j'VIfl~tI~'I1mf.J'1 f1i'~ lflf.Jfll'j111fhmi'if.Jll~:::: . 

o , d 

fll'j f11 'U1W111ml'IJf.J~ I'IJ'U 111191 'j!1'U 154 

do 'j) dlJ] 'j) ~ tI'j) d 'j) 

1911'j1~'V1 5.25 'Utl1J~'VI1fl'il1flfll'j11m1::::'I1'Utl1J~'VI1~lfl1Jllm 159.. .. 
d ., <9 d'] 9J lLI_~ .1 ~ 

911'j1~'V1 6-1 'IJ'U'VIflH~fll'j'VIfl~tI~'VI1'lfm::::llff1l"ll"l1 I.591ltJ1JlllJ'j 164 

d ., <9 d'l9J lJL.L~ .I~ 
911'j1~'V1 6.2 'IJ'U'VIflH~fll'j'VIfl~tI~'VI1'lfm::::llff1l"ll"l13.3811tl1JlllJ'j 166 

d ., <9 d'l 9J ILL~ .1 ~ 
911'j1~'V1 6.3 'IJ'U'VIflH~fll'j'VIfl~tI~'VI1'lfm::::llff1l"ll"l1 5.59 lltl1JlllJ'j 167 

lSi, I I 

911'j1~l16.411fffl~U1'11'l!fll1~fl~~'UtI~m::::llff'vJ~ll'i~i'if.Jl11.59, 3.38, ll~:::: 5.59 168 

, dd · 
1911'j1~'V1 6.5 H~fll'j'VIflfftl'IJIlN'U1Jfl 171 



"
 

·
 ,
~111'1l1 6.6 ~Hlfll1'Yl~];HJ'It~\,)f1l'U1WANOVA 

d "" tI I A I

~111'1'Yl 6.7 1tfl11~'Hfl111Hll1lJ1TU(ANOVA) 

d Q,I ~ "'0 'jI 0 'jI tjJ .Jt 
~111'1'Yl 6.8 f'-Hlfll1'Yl~{Y\,)11~~'Yl'l{Ytl'l'UfI1111J~'U11'IJ1'U1t'ln~1mfl'H)'1SEM 

d d\f) 9J 'jI ~ 
1'l111'1'Yl 6.9 mlfll1'Yl~{YtJ1J~'1'Yl1~~lflfll1'Yl~];ltJ'I~1mmtJ'ISEM 

d d ~ I 'di ~"I
~111'1'Yl 7.1 ml1JIt'IJ'I'lJtJ'I"Jf'U'Il'UfltJ'UtJ1J 'H'U1£J'Yl "JffltJ HRA (Hardness Rockwell scale A) 

.cd d ~ Q,I dGi 'jI~I
 

1'l111'1'Yl 7.2 f1111J1t'IJ'I'lJtJ'I"Jf'U'I1'U'H];l'ltJ1J 'H'U1£J'Yl ~"JffltJ HRA (Hardness Rockwell scale A) 
· .. . 

~111'1l1 7.3 {y1tJ~];lfll1'Yl~];ltJ'Im~tJ~9f~f1:m~'~1~1f1];ltJ~fl: UlflJ:1'U•· .. . 
~111'1l17A (y1tJ~];lfll1'Yl~];lD'Im~vJtJ{YvJtJ~fl: m~'Bl~1f1];ltJ~fl: UlflJ:1'U• 
1'l1'il'1~ 7.5 ~];lfll'i'Yl~];ltJ'I fl'j~'~1~1f1];ltJ~fl : Tl (60°C) 

1'l1'il'1~ 7.6 ~];lfll'i'Yl~];ltJ'I fl'j~'~l~'ifl];ltJ~fl : T2 (lOO°C) 

~111'1~ 7.7 ~];lfll1'Yl~];ltJ'I m~'~l~'ifl];ltJ~fl: T3 (120°C) 

.d ~ "'.. l~ 'jI.c::::.
~l'il'1'Yl 7.8 fll'i1tml~'HlJ'iJJ1W'lJtJ'Ilill9J~1m'Ylfl'UfIX-ray fluorescence (XRF) 

.cd .c:::::r. ", .c:::), 'jI.c::), 

1'l1'iH'Yl 7.9 fll'i1Iml~'HtJ'iJJ1W'lJtJ'Ilill9J~1m'Ylfl'UfIX-ray fluorescence (XRF) 

.cd. ~ rI.Jt .::9 "'... 1 9J
1'l1'il'1'Yl 7.1 0 ~];lfll'i1tml~li t'rWffflfjltJ'IfllJ'i~fltJ1J~1£J X-Ray Diffractometer (XRD) 

.d ~ ", , 
1'l1'il'1'Yl 7.11 fll'i1lfl 'il~'H 'IJ'U l~It];l~fll'im~ ~l£J'lJtJ'ItJ'UfI1f1 ~'1 ~ ];l'H~• 

d '" "'i II) 'i "" ~ ~ 0
1'l111'1'Yl 8.11J'U'Ylfl~];lfll1'Yl~];ltJ'I: m~ ~B ~~1f1];lmflfl111J1'IJ1J'IJ'U 1 N / 004 v /50 C 

d '" "'i II) 'i "" ~ ~ 0
1'l1'il'1'Yl 8.2 1J'U'Ylfl~];lfll'i'Yl~];ltJ'I:fl'j~ ~B ~~'ifl];ltJ'iflml1JI'IJ1J'IJ'U 1 N / 004 v /60 C 

d '" "'i II) 'i "" ~ ~ 0
1'l1'il'1'Yl 8.3 1J'U'Ylfl~];lfll1'Yl~];ltJ'I:m~ ~B ~~'ifl];lmflml1JI'IJ1J'IJ'U 1 N / OAv /70 C 

~l'il'1~ 804 ~];lfll'i'Yl~{YtJ1J'IJ'Ul~It];l~fll'im~~1£J1Pi1'IJtJ'I~'11];l'H~'lJtJ'I1Pi1tJtil'1 1 A 

172
 

173
 

176
 

179
 

182
 

182
 

183
 

184
 

185
 

185
 

185
 

187
 

187
 

188
 

188
 

200
 

200
 

201
 

205
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II 

, 
.e:t 

Ut1'Y11 

o 
U'YI'lAl 

QI Glfj} OQl fj} QI QI t::!t,QI J ... IQI
'j i'lJ1(;l ~ l'ifll1'JJbYlf1l1jfll'W flWVW1J'Ul1bY~ ~~(Powder) f11'j ~(;lmbY~~~u(;l~f11'j'U'U i UlbY~ 

~~lfl'U m ~'Ul'W f11'j ~~I'l~ihl 'Wl1U''JJ~<f1J'WlbY ~'JJ1f1tdfJ~ 'iJlflii.u'fJ~l'ii:l1tJIJ'j ~f11'j t'lf'U IJ'j~l'i VfllbYfl.~ . ~ 

i otl'n'UlbYfl '~l'i i:l1tJ'lfWfl lfl him~'Ul'Wf11'j fifJl'lbYll'i m 'j 'JJf11'j ~~I'l i 'WIJ'j~l'VIffl otl't 'Wf11'j ~~I'l'JJ1fl~'W 
I 'j/ • 'j/ 

.e:. .c!l .c!l 4 "Ifj), fj} '.c:!l ~ fj} ~ ~QI 0 

bYl'JJ1'j (1~(;ll'ltflH)~'JJfJVi'U ill'W ~flfJtJl~fI'JJfI11 'WfJ~'iJlf1t'U'W lbYfll'l'W'U l'UfJ~f11'j ~(;ll'l t 'WfJl'lbYll'i m'j 'JJ 
dlI q q q
 

I ,'j/ ,
 

~fJti1fJ~~'W '1 ~l'Wl'W'JJ1fl ~~1!'W 1'l1'JJIJ'j~f11ff'UfJ~flW~flnmhtbY1'JJf11'j(;l~lJ'U (BOI) fi 7/2546 (;l~ 

l'U~ 16 1'li:l1f1'JJ 2546 tQVil~nll'ihlfll,riif11'jbY1!'UbY'W'WU(;l~ri~tbY1'JJi,riif11'j(;l~'VI'W~1h1f11'j~~1'l
~ ~ . 

f11'j~~I'l~'W ril'W~~ l(;ll'i~flfl;U'W 'jIJ (Sintered Product) lfl'WfJl'lbYll'if1'j'j'JJfii,rfll1'JJ1ilritlll~'WvhffEl 
~ . " 

,~ t::l ... 1 c'.c!lQl 0 QI QI.c9 d. lI'J 0 d. Glfj}c;v 
U(;l~bY~lbY'j'JJf11'j~(;ll'lfJumWl'i'jmbYflbYll'i'j'U~l'W flfl fl(;l~ l'iJl~ l'iJtJ'j~ rw U(;l~'VIltfl(;ltJl t'lffl'U 

, ., • 'j/ 

lfl~fJ~~mfl(;lfiiiml'JJtfitJ~I'lH~~(High precision) (fi'JJ1 : BOI) IJ'jlfl!]il f)~il'iJ~~'W.w~(;l~l'Ui~tJ 

t~fJ~<f1J'Wl~~l'lilWct1 U(;l~f11d(;l~'VI'W i 'WfJl'lbYll'im'j'JJ~~flcil1iiU'fJtJ'JJ1fl ~~lil'W f11UfftJ lfJf11bYi 'W f11'j . 
~<f1J'WllbYflfiiifJdi 'WIJ'j~t'VIffl 'W 'jIJ'UfJ~lbYfll'i'JJflfJ1tJf11'j i otl'~1h1U~iifll1'JJl'i'fJ~f11'jbY ~ ~~1!

~ 

'W f11'j
q qJ lU q q qJ 

tbY'WfJ~l'Wi~m~fJ~<f1J'Wl~ill'ltlW ct1~~flcil1 l,rbYl'JJ1'jtlUlfl~'U'JJ1ioNimj'iJ~tfl'W f11'j iotl'lbYfl•i 'W 

IJ'j~l'VIffU(;l~U,j~<u'W '~'JJ1fl~hI i'U fJ'U lf11'l lfltJl~ffflEll.u'fJ'JJ(;l~'W ill'W ~~hriill' ~lt~l 1'l1'JJIJ'j~t~'W 
~.. " 

~ 

I ... "" 

1'l1~ '1 fl~'W 

'1 '1 "" ,J _I'" 'I _I 11) ~ 0 "'" ,J '1 0 3J... "'" 
t 'VIfI ~ 'W ~ (;l tJf11'j 'U 'W 'j ulbYfl ~~ t 'W u'j~l 'VIff ~ 'VI m'j 'JJ'VI1f11 'j ~(;ll'l 'JJ1fl'U'U ~ fltJ'Wlt'U 111'ltl fl'U 

~ . . 
QI I' ~ d. c' ~ d' QI (lfI rI 
1'l1fJtJl~t'lf'W f11'j~(;lI'lC)ft'JJ'Wl'lfl1'jl'Ufl (Cement carbide) U(;l~mbYtl'l'WfI1'j l'Ufl (Tungsten carbide) 

o QI .t:::\ ~ I t!\.c!l .c!l d d 
bYll'i 'j 'U fJl'l bYll'i m 'j 'JJf11 'j ~(;l 1'1 'If'W bYl'W U(;l~ lfl 'j fJ~ 'JJfJ'JJ VA 11'JJU'U ~U 'j ~ bY ~ A11'JJU'U ~U(;l~ml'JJ 'VI 'W 'VIl'W. ~ 

bY ~flilll'i~flfl~l 10 -100 nil ~'Wti'Uf11'j~ill'l ~~~l'll'i'fJ~Ult.u'11I'ltl~mr~l'i'JJfll~wi l1'~bYll'l'W~~ 
~ ~. 

~I ..:::9 ~I QI 0 fj) --=9 
~ 

I I ~ 
(Tungsten powder) 'iJlflu Vl.ff. 2544 'iJ'Wtl~ u Vi.ff.2548 fJl'l'jlf11'j'Ul1'UlbY~'U'W 3.15 1'VI1 bYl'U lfl 

~ 

rI Glfj}o QI d QI QI 0 9J J QI d. 

'UfJ(;lfl (Cobalt powder) t'lfj,1'll'i'j'Utll'Wl'llIJ'j~bYl'WfJl'l'jlf11'j'Wlt'UlbY~'U'W 'W'U'iJlfliJ Vi.ff.lfltJl'l(;lfJfl 
~ 

~ . 
2545 f)~ Vi.ff. 2548 fll'l'jlf11'jUl1'l11~~~'W 4.79 t'vh Ul1'l11l'JJ~'U~1!'JJ~~(Molybdenum powder) 

t 'W'lfl~iJt~tJlnmil'l'jlf11'jU 11'l11bY ~fl';h 6 tVh U(;l~IJ'j~I'VIffl 'VItJU11.u'111~bYtl'l'WfI1{1 'Ufl'lfUflUYi~ 
~ 

ctc:v 0 fj} J j} d QI 

(Bars and rode) 'JJfJl'l'jlf11'jlJ1l'Ul ~~'U'W 'jfJtJ(;l~ 55.86 ('VI'JJ1 : f1'j'JJf1(;lf11m m~'VI'jl~f11'jA(;l~) 'iJ~ 

d ltIiI' d. 0 fj} el, d dt ~ d.' ~ ~ <JJI 

ll'i 'W tfl 11'JJ f11'j 'Wll'Ul bY ~'U'W fJ I'Jl~ 'j lfll'jl1'W fJ~ 'iJ lf1tlJ'Wt'VIAl 'W1(;l tJ i l'i 'JJbYl'JJ1'j tl ~(;ll'l 'If'W bYl'WIfl 
~ 



2 

d QJ I ~ 'j) QI t!I 0 QI ~ d d 1

nfl!lluCl~1Jl~'HtJflfnlf1lllJ'U~1JflltJf1l'H'lfl!\Hl'U (Machining) 'ffl'Hl'U6)1'U~l'U'YImllJU'\l~~~ !6)1'U 

d I & 'l 'l~,J """, 'l _I II)d. 

mllJW\J~'ff~nl1 800 - 2500 HV C)f~ !'Utl'Ulfl\9llJf1ll'UllJl !6)1lJln'IJ'U f1ll~Cl\9l1'ff\9l~~ !'UlJl~!'YIft !'YItJ'" . 
.,;. 0 "" II)~ I d ~?I ~ 
!llJ'YIlf1ll~Cl\9l !\9lun ~~mClnmn !lJ'U\9l'U 

o j} .a a Q.J ~ 'j) IQ ~i Q a a .... 1 r:IQ 

f1ll'U 1!'IJ1!mtl~lJtl\9l\9l!'U tl~ 'illn~~Cl\9lUlJ'V'llJ'V'l Cl'H~ ~Cl\9l!flltl~lJtlUCl~tllJmW'" . 
~'l~.-l "'!"''l_' do I .'l~i ~ '_I II)

(~!6)1!mtl~lJtl\9l\9l) !'UlJl~!'YIftlJ'il1'U1'UlJlnn112000 lltJ 'YIl!'H \9ltJnlJUCll'V'l'Ul1lJl~!'YIft !'YItJ 
'" 

tJl!,rl!fl~tl~ijtl\91\9l~1'Ul'UlJlm6Jf'U !fl~tl~ijtll9l\9l 1'U~1'U!'ill~UCl~l11!n~tJl (Drilling & Tapping) 

.. IQ , :t t;;tl 'j) ~ i .d. QI' j} .a .a0 

lJllJlWlJlnfnl 9.11 U'ff'U6)1'tJ1'UlJ 'V'l.ft.2548 UCl~U'Ul i'UlJ'1J~'IJ'U f1tJlJ\9l1tltJl~tJtl\9l'Ul!'\Il!mtl~lJtl 

I9lflU~Cl~il~l'Ul'UlJln ~~l1J~ 1 UCl~ 2 (~lJl : mlJftClf1lm m~'YIl1~f1llfl"~)UCl~!fl~tl~ijtll9l\9l'" . 
o Q,I .t:9 Qldo 

'ffTl1l'U~l'UnCl~ ~1'U n\9ltln'ill'Ul'UlJln 

155,000 
151,947 

iJ 2546 iJ 2547 iJ 2548 

150,000 

.q~ 145,000 
;;: 
l"" 
;;:,... 

140,00001;> 

135,000 

130,000 

.r:::t _t= 0 v 4. 4 Q.J ~ 

iIl'Yf't11.1 lJ~'lllWfll'rUl!'Ul!fl'n),nU1YlYl'lfUYl Tools for tapping 

780,000 

fl2546 fl2547 fl2548 

759,787 
760,000 

740,000 

"";;: 
~<l~ 720,000 

a,... 
700,000;:; 

~ 
680,000 

660,000 

640,000 J

<:i """" 0 vil1'Vft11.2 i;YflYlf)l'iUWUl Tools for drilling 
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3 

f11:i~ilI'lU"~U'Wl lUll 1'Wfl~ll~~ill'l!fl~fl'Jijfll'ifl 2 fl~ll111tY '~uri Cutting tools U"~ 

tools holder ff1l1i''Umv1'WtJ:i~!l1rYUll~1J''Wii~1'Wl'Wfl';h10 :i1V u,,~~bjij~~ill'l:i1V1m.J1!fl~fl'Jijfl 

l'if!1~m~'lflj;jmJ1 1~1 mJ u~H'Ui1!~lJiiH'~fl1111ffflmcll'd'rWmY'Jflflfl1!Nu~1~'J:i1m~1mmJ1111.. . 
~ Iii.'I iI.1 II) '" • iI II) iI 

l'V'llJ1.d"mfllVf11:i Recycle 1l~111 !l1lJ:i~ll1rY ~l1m:i1"flfll'l:i1f11'i'W1!'\J1~fl 
~ ~. 

tllfll'Wh Vf11'i ~~I'l~'W ril'W 11 1fllfffl ~'J 1'WtJ'i~tllrY' l1V !~lJiifll'lffll1m:ilJf11'i~ill'l~'W ril'W~lV 
~.c:I & .t:6~ ~ QI Q,lj}~~, Q,I

m'ilJl1ifl1.I~'Wfl (Sintered) C)f'J!lJ'W m~'Ul'Wf11'i'\J'W:itJ1fffl~'J U"~UlIlI'U'W~~"I'lGJf'W ffl'W 1l1f1dfffl cu q q <u q 

~ 

~'J1'WtJ:i~!l1rY'l1V ii~1'W1'Wfli1 6 'i1V U~tJ1l,r11ff~lmh1'Jl1lJfl 

QI~ Q,I Jt <!!t Q,I j} 0 3J .0:::), Q,I t!Q,I ..c::::....c:t Q,I Jt <!!t 
fflJ 'U1'l'\Jfl'Jlfffllfl 'i fl'JlJfll'lflU" ~1'l'W 11'W fll'i'W 1!'\J 1 ~"I'lfl WC}1 lfffl ~'JGJf'Wfl!fl Vlfl'U!fl:i fl'JlJfl 

l'if! ~'Wril'W!fl~fl'J~mfl"u,,~mJ~lJ~ !~'Wlfffl~iifflJ1J'~~1'Wm1lJU~'Jff'J '~uri l.1''Jff!I'l'Wmfl1J~.
 .. 
el d • d iI d I ~ "'el 

lJfll1lJU'lI'J1;!'Jf1d1 1,700-2,500 HV m"flflm:ifl'U1;!'Jfll1lJU'\J'JlJ1flf1d1 860-940 HV lJll~'U'WlJ 

:i1mU'V'l'J tJ1!.,r1~lV~'W11'Wff'JlJ1fl '~uri ~'Jl.1''Jml'l'Wmfl'U~(wc Powder) 'i1mtJ:i~lJ1W. .. 
4,691.28-10,551.112 'U1111fil"fli'lJ ('1l'i1lJ~1'\J'Wri'JiY'W~lu,,~mii~"f11m) U,,~mfl~fl'Jf11'i 

W iJ iJ iJ 

~'W'J1'W11'Jml'l'Wmfl'U~ (Solid part) ~'Wl'J'W1;!'J !GJf'W ~'W'J1'W'\J'W1fl ~ 0.50 oWl V11 12 oWl 'i1m 

tJ'i~lJ1W 4,000- 5,000 'Ul'\il ('ll'illJ~l'l1'Wri'JiY'W~lu,,~miimm) 1111,rH'~ill'lull~lJ~l'ifl ~~I'l.. 
!fl~fl'Jijflu"~fltJmtU1 'W f11:i ~fl ii~'Wl1'Wll'lj;)~'Uff 'JlJ1fl1'WUllll1J''W 

q q q <u q 

o Q,I Jt <!!t Q,I QI Gl9IGI • ~~I 0 3J j} 

f11:i'W 11ff~!fl:i fl'JlJDl'lflfl"'UlJ1 ~GJf ~ l1lJ !lJ'W f11:i"flf11:i'W ll~mW~ff1lJ1HI"fll'l'Wl'J'W f11:i
 

.et, 9J Q,I ~ ..c::::....c:t Q,I"l9J"l'9/ Ij} 0 j} ~
 
~"I'lf!l'WlI'lQfl'UGJf'Wfl!flVlfl'W~fl ~lJ'WflVf1dl'iflV"~20 -40 1l~1111mJl'lff111m:ilJ'V'l'Wi1'W'lIfl'J 

tJ'i ~ ll1rY~'W 11'W ~ 1"'Jri'J~" ~~ fl fll'l ff111 m:ilJ ~ m dfl'J I fl VI fl:i 'Jf11:i1~Vii'ril'Wl1rt'J ~fl'J f11:i tJ 1 

it "I '" '" "'lIJ del. 'I iI iI I I iI ~ .1. 
!fl:i fl 'JlJ fll'lfll1'J ff!1'l 'W m:i ~ 'U ~ 11 ~1'W f11:i ~ GJf'J1'W UmlJ1 ~1'W m~'Ul'Wfll'i VflV111!lJ'W ~'J U"~'lI 'W 'i tJ'W 1.. 

~ ~ 

flj;j'UlJ1 1~'J1'W 1111l mfl~"'J1'W1~Vff1!~1l tJ'i~tllrY' l1vii I flf11ff"flfll'itJ ll.,r111'JiffflU"~~'W'J1'W• 
tJ:i~!fJl1t~Vlfi'W ,~ 

I • ~ 

!fl~fl'Jijfll'iflYi ~1'W f11:i 1~'J1'W 1'WU~,,~1J'illJ u~lii~1'W1'Wfli1 1.9 ~1'W~'W (lJmi1tJ1!.,r1GJffl.. . 
it "I '" ~ iI 'I ~I ~I '" iI el

!fl'ifl'JlJfll'lflff'J1I'J 5,747 m'W'Ull1 ~'WlJ 'V'l.rY. 2548) !lJ'Wl1'Jml'l'W'iflV"~50 (11lJ1 : mlJrY"f11m.. .
 
m ~11'i l'Jf11'ifl j;j'J) 

. ~ 

m'V'l1:::u~'WiiflYi~1'Wf11'i1~'J1'W(Insert tools scrap) ii~1'Wl'WlJ1flfli11,000,000~'W u,,~ii 
'iil.l " el,

U'Wl ~'WlJff'J'\J'W lJ1flf1d1 3 l'Yl11'l"flfl 5 11~1'WlJ1.. 
~ . 

f11:i1~Vij~fl'Jfll'itJ l!fl~fl'Jijfll'ifl1~U~lflj;j'UlJ11~1111l (Recycle) Iflv~ill'l!~'W~ill'lfiw~ 
~ ~ 

1111l '~uri ~'JU,,~u'l'i'J~'Wnw (Solid Part) 1,rff1lJ1'i1ltJ1itJ~ill'l~'Wri1'Wl'Wfll'lff111m:ilJ'~uri• 
Punch & Die l1~fl Wear resistance part l1~fl Cutting tools !~'W~'W 

~~I ~3Jj} Q,I~ , oj} ffjJ Jt j} 0 

!lJ'W f11'i~"l'lfllVI'l'W 'VJ'W 11'l Qfl'UiJflf1d1f11'i'W ll'\J llJ1flf1dl'iflV"~ 70 - 90 l'W fl'J1l1fll'l t1'J'W 1 

4 l!l d , ~ 91 ~ 91~ ,di ~ IQI QI 

lfl'HI~lltl\9lfl'VIH1'Ufll'J !6)f~l'Ufl~1Jlll!6)f mllC)$~mlfll('Jf1ml.. 
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~ '" '" 0 ~ '" 0 d .1 ",,,,.1 ,~ 
lJ'il~t1'WlJtltI~'Wl!'lJl'Vl~m~lHm':i'ililJ(Bars and Rode) lJtI~n~~'IJ'Wfnl ':itltl,,~ 55.86 

\!"fil'\.h~l U':i~mW 24.811l1'Wtll'Yll'WU2548 '\.h~l~N'l1~m\9'l'W (Tungsten powder) ij\!"fil 
" ,j} CiJ ~I .c:1 Q,I .e9 1 <JJ ~ d Q,I ~I 

126.50 "1'W1J1'Y1 l'WlJ W.ff. 2548 lJtI\9'I':ilff~'IJ'Wfnl':itltl"~300 !lJtJ!'Y1t1t1fltllJ W.ff. 2544 
'" 

,.j "'I '" '" <1'lIJ <I 'I ~I "" .;, <; ~ <; ~ 
!mtl~lJtI\9'I~'Y1~ff!\9'I'Wfl1':i !t1~ l'WlJ 2548 lJ\!"f11':i1lJ'Y11 l"fl 350,000 "l'W1J1'Y1 U'W1 I 'WlJ 

.1,liI 19/ ~ ~Q,I'c\ d <JJ d I~" I 

~ ~'IJ'W lJ'W t1t1fnl ':i t1t1,,~ !m~!f1':itl~lJtI\9'I~'Il''W~!l''''flfl''l':itltl~20 ~lJ\!"fl1'Y11 l"flmflfnl 

~ '" <;~.1 I ~ d 
125,000 "l'W1J1'Y1lJU'W1 l'WlJ~~'IJ'Wmflfnl ':itltl,,~ 15 ('Y1m: Sandvik Annual report 2005) 

" .
U':i~!'Y1ff' 'Y1m~t1 1\9'11 'W t1\9'1ffl'l1fl'j':ilJfl1':i f-j~\9'I91'W ff1'WU"~U1.i'WlJl{t1~1~~tJ!U t1~ ijlJ"filff~ . '" '" 

I Jt j} CiJ do d 1-C\ c(lI) d'Q,I ~ 
fl11 5 'l1:lJ'W"l'WtI1'Y1 l'Wil2547 ('Y1m : ffmf1lJtI\9'Iffll1fl'j':ilJUlJWlJW !'Y1t1 Ui:'l~ffmtl'WtI1'WtI'W\9'I) G)f~•" . .
!~'W.w'Wil'Wfflfity'IJtI~~\9'Iffll1fl'j':ilJ~tJ!Utl~~'W "l ~flmfl 

Scra~ 

Tool wear 

Insert carbide 

Carbide tools 
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..... _I <4 
1.2 lVltJ1J":i~tHfl 

I "," 

1.2.1 !~tlffnEl1!!~~l~\l1ll'W1m~'Ul'Wf11'HjtlfJ';'W ,:j1'W lh:::!fl<mfl~mjjtlll~:::tli'lHh'W h'l1 :::tl'U 

. " di .d. ~3J 9JG]9J?1 tq9J I 4 .t:!I QI -Clo' 
N'Wn (Sintering) 'VlN1'Wf11'i !'1i,:j1'Wll~1 !mu'WN,:j (Powder) lfllln !mtl,:jlJtll9lflll~~'1i'W1,1l'W 

d 'JI <!I '" <l'iJt .. 
m~nn~l'itl'U1,1,:j 'I1'itlm1,1!I9l'WfIl'i !'Ufl.. 

1.2.2 ffn1J 111~~19l'i 1 ~ -1fl fI W~f1E1 W~~ ~lf1tU'IJ tl,:j-11,1fl~ H1'W f11'i VtlfJ1,r!~'W fH ~ tlf11'i 111. ".
 
n~'UlJ11~1mj 

1.2.3 ffnEl1f11'i-W\l1ll'W1-11,1flN,:j~ln-11,1flm~tl1~ !~'W-11,1fl1m,i1,rij1,1lJU~m:lJ1~1,1lJ~tlf11'i 
, " 

Hill9l11"~!~tlHill9l!~'Wll'V1,:j';'W ,:j1'W (Solid part) 

.l!:i 'j) tQl 4.4!1Q1 ,I, d 91 4 
1.3.1 ffn1J 111~ ~f1'WYY 1m~'Ul'W f11'i fJtlfJl1,1fl!m tl,:jlJ tll9lflll ~~'1i'W 1,1l'Wm ~ n nCl1'i tl'U 1,1,:j '11 'i tl. .. 

'" o'1J1 ..,,; I '1'1J 'JI"; ~ '" <!I 'I 'JIll) , 'I 'JI. I i o'IIJ 'JI 'JI 'I 'JI
'Vl,:jtl!I9l'WfIl'i !'Ufl'VlN1'Wnu l'lf,:j1'Wll~1 ('VlnCl1mu'Wl1,1flm~tl!'1i llJ1,11:1J1'if:1 !'1iu'i~ fJ'1i'W !fl!L~l) m• 
L~'W-11,1fJH,:j (Powder) 

~ '"l ..\ I '" I '" • I ~, d 'JI";.1
1.3.2 !u'Wf11'iffn1J11'Y/tlfJtlfJl1,1fJll'Vl,:j (Solid part) 'lllf1d1,1fJU'i~!fl'Vl'1i'W 1,1l'W !'I1~nnCl1'Vl'IJ'W 

'iU~ltJ 
'1'J1?I '" 0 '" 11).1.1 .I'JI "'"'''''' II)'JI

m~'Ul'Wf11'i Sintering lmu1JH,:j~:::WfJfl 1,11:1J1'if:l'W1n~'U lU'IJ'W'iufl1fJm'ilJl1HfllJ lfl 

. " Qev ~ 'QI G]9Itqil
1.3.3 m~'Ul'Wf11'i11'Y/\9lJ'W1'IJ'W1,11:1J1HWtlfJl1,1fJl'l1 lfl'IJ'W1fl (Grain size) 19l1lJlJll9l'ii1'W 

'IJ'W1fl'IJtl,:j i~'I1~H,:j ~1,11:1J1'if:11111UHill9l~'W1;h'W tlUmwll~:::!f1~tl,:jjjtll~• 
~ QI o'QI d. QI eK J Gl jI..::! tq ,'j) '~iI 0 9J 4 -=S QI~ 

1.3.4 H~l9lflWCV11nflH,:j'Vl'Y/\9lJ'W1'IJ'W 'W l'l1lJflWfll'Y/ llJfltltJf1d11,1'WfIl'W1!'lJ1 '11 'itllJ1,1lJ'Ul9l 

!l1 fJ'UA'yhiY'W 11111 1!.,rl~lfJf11'j ~\l1ll'W 111 'll ~fJf11'i Hill9l 

1.3.5 -W\9lJ'W1m~'Ul'Wf11'i VtlfJ 1,r!~'W m:::'Ul'W f11'i~'Wll'U'U 1,r1,11:1J1'if:lfh'l1'Wfl 'i1tJ~:::!~fJfl 
o A 4 ... 1 o'QI do A 

f11'11'Wfl!mtl,:jlJtl e.lumw ltffJ 1,11'i!f1lJ ll~:::tl'W "1 
. " 

1.3.6 m~'Ul'Wf11'i'Yi~\9lJ'W1~'W1mj ~tl,:j'Vl~~tl,:j 1l~~!~'Wll'Wl'Vl1,:j~1f1tU~tlf11'i1111UHill9l 
" 

1.3.7 !mfJ'U!l1fJ'U-1tfflH,:j~~\l1ll'Wl'llln-11,1flm ~tl 1~n'U-11,1fl11 1!.,r1'lllnI9l1,:jU'i:::mff 

1.3.8 Hill9l-11,1flN,:j (Powder) 'lllmfl~tl,:jjjtllPifl~ijflw~n1JW:::19l1lJ~l9l~lfl!1j1'11:1J1fJ~tl,:jf11'i 
1~9JO'j), 9J 9J 

U~::: 'i 1f1l\)nn l11,1'WfIl'W1! 'IJ1tlfJ1,:j'W tl fJ'i tlfJ~::: 20 
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"
 

. /AICOhOI 

~111
PoIM:ler prep;. ratbn 

r 
-

t_I.. 
CIP 
(cold isostatic press) 

~ . Is ostatic press in 9 

.....10 mi nutes 

o::.mRactin~ ~pre-sintering! /' s,t'':'iing ~~;'""t ..,,,,,,'n,) 

Water press ur e p re:s:sI~:~,i~:~~ 
! 

... Tungs"n caibldQ 

CIUTiCAL SPEED OF 
A BALL MILL 

CS.~] 

CS • CalTlCAL SPEED IN 
REVOLUTIONS PER MINUTE 

D • INSIDE MILL DIAM£1'Ea 
INFDT 

, 

.m'Wrl1.5 3.Jm.J'Ufl11'U~~·U.l Mechanical alloying 
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ill'ft~ 1.6 fl11'UVln'Um;nun~1:u~ (Ball mill is a grinder for reducing hard materials to 

powder) 

.,l 
ill'ft'YI 1.7 SPEX-8000 Mill (Applications: particle size reducing, blending or mixing, 

particle shape change) 
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II 

Tungsten carbide powder 

(f)) Insert tools ('tJ) Tungsten Pin 

" .
~1mh~fl1',H-lill9l~hJ~l'W i~wl 1'ff~~~li~ml9l'Wfll{j'lJ~ (Tungsten carbide powder) Yi~ 

,. '" '1 • .1 .1'" "" 
'tJ'Wll9ltm'W ~mJtm'HJ (Average grain size) ~'W'ln.:.l 0.15-12 J.lm 'ffllJ1Hl'tJ'W~U'YI{,lru'l15JlJ 1300-1600 

" . 
fJ.:.lfflt9HU9frm t'Wi'W'lJ1'HJ1Tl1ff'tJfJ.:.lif11fl1t'il'W (Hydrogen Atmosphere) tt~~tVilJmllJtt~.:.lttHttn 

'J/ I 

... II)!J/!J/ ~ <:l '" I <:l 
'If'W.:.ll'W Lflfl1fJfl11fJ'lJ~'Wf1'Y1qru'l15JlJ~.:.l (High sintering temperature) mf1f)11 2,000 fJ.:.lfflt9f~LCJW'ff 
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,I 

'JI ~ QJ ~ ~ ~ 0 ~ 
1'Wi'W'Untl1f11ff'IJU'l 131~':il1J'W f11l ~Hwll~flmlU~'IJ'Wluu[l~uml'W f)'W 'fflll1ltl'Yl11'WG)f'W.. 
'Untl1f11ff'IJu'l1'W Il'll!'iJ'W (Nitrogen atmosphere) f1tIN'll1'l'ff!I'I'W !GJ1'W~'iJWl1tJiJ 600 - 1200 U'lffl 

.c:\ ~fj} .4 'j) I ~ ,d 3J 
!Glm!ll]1fl'ff !'U'WI'I'W 'fflll1ltll'W'lJml'lJl'll'W'YI1'WI'IUf11l'fff)l1lU (Wear resistance) ll1f)f)Jlm[lf)f)m 

" 
O'l 100 !'vh 1l1I'1lil'W'lJU'l~'W'l1'Wl'WI'I[l1~il'iJ~u'W 1f1'un Mitsubishi Grade MF07 : 8.0Co% , 

92WC% , grain size 0.60 J.!m 
1) Hard metals ml1CJf11l1~'lJlm!1'W IS03327 'iJlf)f11l1~ Rupture strength = 3.9 GPa 

2) Hardmetals 'lJ11'1'j]l'Wf11li~ Vickers hardness ISO 3878 U[l~f11l1~'Hthfl HRA 1~ 

1l1I'1l~1'W IS03738 = 94 HRA 

3) Density 'lJ1l'1l!l'W ISO 3369 = 14.7 g/cm2 

1.4.2 'ff'lJ~~~1'WU[l~mU'UU'W1ml'lJ~~'lJU'llflHf11l1<ijfl 

.!\ ...... ,j/j/
!f1l U'l'lJUI'I~ 'Im[l1 (Recycle) 

o ~ ~ QI.dod QI~ rjJ d I ~ .d 
f11l'Wl!mU 'l'lJ UI'I ~'YI'lJ 'ff'lJ'U1'I ~1'W f111'lJ U'IJ 'lU[l~f111'lJ 'YI'W 'YIl'W 1'1 Uf11l 'fff)'I1l U~ 'l'YI 

, j/ j/... "" ~ ~ ....!\... l' j/ j/ 'j/
Nl'Wf11l1G)f'l1'W'lJ1U[l1f)[l'U'lJ1N[lI'l!'U'WG)f'W'l1'W11'jU!f1lU'l'lJUU'U'U 11'lJ ~1flf11l 'U~ Uflf) ~1flf11l G)f 

!'YIfll'W l[l~ Ul~!f1'Y1~l'l ., 1~un !'YIfll'W 1[l~f11l~Ufl Cutting tools scrap 'I1~U Processing of 

IIJ j/ ,

Tungsten scrap I~Uf) 

1) Hydromctallurgy : chemical method 

2) Melting metallurgy: melting method 

3) Direct recycling: Heating it in air to temperature 800 -1000 °c 

4) Semi direct recycling: dissolve chemically 

. "" 
"'1i 'I1'tn'WF-l'll1ii'ff'lJU~~ Uf11'n~'~'Wl 1Ufff11l~'WlU!~'W~t.! 'l1'W (Solid part) ij'ff'lJU~~f)11m~f)f)~1 .. .. 

.c:.." 1.d3J. I ~ 

U[l~G)f'W 'ff1'W 'YIl'll'W 'YIlt.! 1'1 t1f11l 'fff)'H l tI 

!f1tU'lijU~~~Hl'Wf)U i ~'l1'WU~1 i 'WUl~!'YIff1 'YIflii~1'W1'W'lJlf) l~fl~l'lfl'l'iJlf)flU~Ul!~l i 'W 

U~ [l~i1 ~ 'l!f1tU'lijU~~ 'iJ~ i ~'l1'W!~ 'Wl~'U~! 1Wf1'lJ ~~t~ t1f11l ~~ U~ 'l!'t'h,!t.!!rl t1f1'lJ~ ~t fffl'H lfl 

. " 
m~l1'll1'lJ~m~f11l i~'ll'W !'If'W f1'lJ~~iYf)'HlU'iJlf)f11l~~U~'l~'W'll'W 1li'ffl'lJ1ltli ~'l1'W 1~Vf) ff1'W 
. " . 

U'W (Body) l1'lU'U'U Solid tools U[l~ Insert tools 'iJ~f)[llmn'W'lJtI'lm~ui~l1'Wl1 !n'W1'ffCf.ll1i~ 

Ul~ lflG)f'W"'li1f1'Vf)~U1Uf)mm~'W!ff£lI[l'H~ U[l~~Hl'Wll11li'fflll1'jtlUl1Ui~'l1'W1f1' !~'W1'ff~•1liii

~ lJ] l.td 9J ~ ~ d QI 0 

'j lm!'U'W'lJfl~ 1'lJ'lJ1f1lI'lU'lf11l U[l~!f)~f11l'ff~'ff'lJll1f)'IJ'W ., f)mmtl'W1'ffCf.l'YIlmflfllf)U[l~1'W l~fl~ 

~ IIJ j/ do... 'I j/'1 ''1 ""?I .1 _I ~ .!\ ... 
tI11'iJ~t'U'W'lJ[lfl11~ l~ mf)'lJf11l'Wlf)[l'Ull1lG)f 111'lJ l~flN[lI'l!u'WF-l'lU[l~'IJ'WlU!'U'W!f1'jtl'l'lJU!m~.. 

_I 0''1 IIJ j/d ~ ~ 'I j/... 'I j/ "" _I '1 0' .1 dI ~ <v 

'iJumw 1'W'iJ1'I'ff1l1ml'lJ 1~t1f)f1H 'iJ~!lJ'Wf11llG)f1'ff~ lmf)~ul~ IflG)f'W'lJ1f)'IJ'W ll]1'ltlJ'Wf11l'WWl'Wl 
• 'JJ. 'JI I 

~ 4 .4!I...c:::..,.c:\ r I ~ I .c::::.. 1 .4!1. Q,I 

tfll U'l'lJ U l1l UG)f'W 'ff1'W 'YIl'H 'lJ1~ 'ff'lJ1'I t1ml'lJ'YI'W 'YIl 'W 1'1 tI f11l 'fff)'I1l tI !G)f'W G)f'W 'ff1'W!f1l U'l 'iJ m f)[l 

,:, _I '.!i i 3/"i.,:\ d .<!I '" d .!i .<!I QI 0 QI Gl 3/ Gl 
G)f'W ff1'W UUmW!f1l U'l 6)$'YI'lJfl11'lJU'IJ'lUH'ff'l l1lUN[lI'l!U'lHmU-:.l'lJUI'I'flffl'11 'i'U t6)$-:.lltJ ttJ . .. 
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II 

11131 I '" 'i ,,; '1 31 dI _I'" ., d'1 31 0" '" 31 
fl~ 'fflMm 'jlJ lfl fltJ1~!fllJ IfltJf<l'fflJn1~fl'U ml1lJ1~'fflJG)f~lJ'jlJ1W1'fffl'YI 'll''ff111 'jU f11':i f<l~~fl1tJf11'j 

" flUf<lUf) 1~mtimf't1J ~~ 1~ff'Ullltifl~1'fffllJ1f)U f) f11':ill1f)~UlJ1f<l~~ '111~u~111 1~flU1'fffl1J1~GJn1fl 
,., o'1IJ .. d 31 ?t 31 "'., 0 ?t 31 '131 _I "'1 '" 

!'ll''U mm~'UfI1'j !Ufl m~f)mn'jflu'ff~ !1J'UI'l'U m~U1'Uf11'j1utJu1!1J'U~fl~ 'll''jlJUUUf11'jf'tf)1J1!'ll'~ 
~ ~ 

~ j/ ..c::::.. , j/ <V oIC::lo QI ~ QI aid. ~ 91 QI 

1f't1m'j lJ tJfl 'U 'jfltJU~ ~1f't1f) 'j 'jlJ f1'lJ 'U1'Ufl1 'U1'fffl f)1'j f<l~~ U~~f)1'j'VWJJ 'U 1f<l~~ flW CVl 'YI f<l~~ fl1tJ1'fffl 
~. . 

~ I • ~ 

'll'U fl!~tJ1fl'U ~~ U'U f11'j'WIPJI'U 1!f11fl~i1fll'ifl~f)ri11i1~ih~'U f11'jU1f)~UlJ1H1'Um~U1'Uf11'j f<l~~ '1 11~ 
". I I' tjill] 91~ .c:S do do I ~ ~ '1 do 0" ~ QI' do 

'111 Ifl'll''U~l'U'YIlJfJWflWH'YIm n'YI1!f1H)~lJfl 'U ~~'fflMm 'j lJ'YI'U1!'lJ1U~~!'VW'YIflU 'YI'U1'ff~~1~ "l 'YI 

'fflJ,j~' f) ~!~ tJ~ fl'U !rJ 'U f11'j i:l fl f11'j 'lJ1fl ~~'lJ fl~ll 'j~!'YIf't'1 'U'j~ tJ~ tJ11 1fl mtlJ u1 f)f11'j fff)1J1 f)'j'j lJill 

f11':iVfltJ'1 ~!rJ'Uf<l~ fff)1J1fld1lJ!rJ'U 11l1~'1 'U f11'j f<l~~~1tJci1'Uf<l'fflJ\Pi1~fl'U u~~'WWJ'U 1\Pi fltJflfl!rJ'U 

ff'U 111~llJ ~1~1JI9ifl 111 
. " 

~lm1tJ~1'U USGS Science for a changing world !fitJ1flUf11'jU1;'U~1'U11~'ff!~'Uf)~um'1,* 

'111~ ff1'Hi'ull'j~!'YIf't(y'Hi'.!mlJ~f11 1fltJ Kim B.Shedd !tfl~ Tungsten Recycling in the United 
" 

..c::). Q,I do"I1Jl "?t ~ ~I I od,. ... I QI'.c:S '1 31 .,
States in 2000 f<l~f11'j1utJ'U lfltlf1!lJfl!f<lmlJfllJ 'W.f't. 2548 'WU11'YIlJ'j~!'YIf'tfl~f)~11'Uf11'j 'll''YI~m~'U 

~ 

ijU'U11UlJlJ1f)~'UU~~ffflci1'U f11'j '1,*~1'U 'ff ~f)';h1'fffl g'U '1 'U f)rilJ1'fffl~t11f)~UlJ1 '1'*'1'H~ ~1f) 
IV q q q 

'j1tJ~1'U(Y~1l11 ijffflci1'Uf11'j'1,*1'ff~11~m~'U~!~tJf)11 New scrap \Pifl Old scrap '1mj~'j1ci1'U 20 

\Pi fl 80 U~~!rl flYlu1'jW 1~flci1'U f11'jU11(y~!fh '1,*~1'UU~1f)"UlJ1 '1 '*'1'H~1l'j1f){]11!rJ'U1'ff~'ll'U fl 
. " 

11~m~'UlJ1f)f)11'll'Uflfl'U~fltJ~~ 66 'lJfl~1'ffflU1f)~UlJ1'1,*'111~11~'HlJfl '1'UiJ f1.f't. 2000•. " . 
(y'Hi'!mlJ~f11ijl1~m~'U~!rJ1J New scrap ~~i1~ 10,400 1'i'U ci1'U'1mlif<l~~!rJ'Ui'ff~f<l~U~~;'U~1'U~ 

d '1 '=1 ~ " dlQI 0
f111lJU'lJ~~~ (Hard metal) 'UlJ fl.f't.2000 (y11'j~mmf11'U1!'lJ1 Tungsten ,Waste and Scrap ~~tl~ 

" 993 1'i'U ~~~lll'j~lJ1W 248,000,000 1J1'Y1 flfl!rJ'U~fltJ~~ 81 'lJfl~l1-mlJfl 1fltJU1!'U1u1flll'j~!'YIf't~'U 

31 '" '1 " Q,I ~ " QI " d....'1 ~ '1 31 '" 31
'jfltJ~~ 25 !f1111~ ~U~~'j(Y!G)ftJ'jfltJ~~ 15 WmlJ'U'jfltJ~~ 8 U1lJ'U fl!mf11 ~U~~flG)f!Uf)'ffm'UH)tJ 

u • • 

~~ 6 u~~lI'j~!'YIf'tg'U "l f)11 14 1I'j~!'YIf't ci1'Ufl1'jf<l~~i'Uci1'U111mfltfl~i1fli(y~11~m~'UfI1flu~ 

(Heavy metal alloy scrap) lfltJm~u1'Uf11'j Direct recycling process m~U1'Uf11'jn111flflflf)1G)f~ 

31 31 d '" '" ~ 0'1 'U Scrap 1fltJf11'jflU '1 'Hfld1lJ'jfl'U'YI~W'HfJlJ ll'j~lJ1W 600-1,000 fl~f't1!G)f~!G)ftJ'ff u1f)'U'UUflU~~'YI1 

fId1lJ'ff~mfl U~~111 hydrogen reduced ~~W'HfJiJmlJ1~'fflJ '1'U'lh~ 800 -1,200 fl~f't1!G)f~!C]}tJ'ff 

u1m1tJ~1'U'lJfl~ International Tungsten Industry Association l1~m~'Uu~ij'fflJ,j~'1'U~l'U 

• 11) jI • • 3
~H"l IflUf) Atomic weight 183.85 gig atom f111lJ'H'U1U'U'U (Density) 19.25 glcm ~fl'H~fllJ 

(Melting) 3387-3,422 fl~f'tl\G)f~!C]}tJ(y u1m1tJ~1'U'WU11f11'jU1i'fffll'Ufl~'ff1'Hm'jlJf)"UlJ1'1'*'1'H~ 

(Recycling) ~1 1~fl ijl1~j;'fl~'UlJ1f)f)11~fltJ~~ 30 U~~'H1f)UU'j1lJf11'jU111~m~'Uu~~m~f)f)~1 

':iflU~~f)"UlJ1'1,*'1'H~f<l(ylJfl1Ji(Y~g'U "l U~1ijffflci1'Uf11'j'1,*~~i1~~fltJ~~ 60-70 u~~'1 'Uci1'U'lJfl~ 

l1~m~'UfI1flu~(WC) ci1'UlJ1f)f<l~~!rJ'Uf<l~ (Powder) 1fltJijfl1{Ufl'UU~'ff'YIt (Pure carbon 

"' , 0 y ~~ I 

• 
d ~ <:I 

Powder) i U'ff~'ff1U'YIm:lJ1~'ff:IJ 'ff1:lJ1'jtl'YI1fl1'jf-.lMl~1t.!~tu'HiJ:IJ!UGJI'1~ 900 -2,000 mf1WIHUGJft.!'ff 
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JI 

• ,sJ. 

H€lfl1'jffml1~'rmh~H~~Ultuct1'Yi~111UleJ1lJlPl€l11Pl1111€lf1~lJ~llJYiH~IPl~1eJH~11~mlPllJf}1{ 

i U~l€flPl~ijmJ l1ll~lJ~1t1'j~ €fllJ (Binder) l~tll~mnJ1j~l'H:IJ1~€funUfl1'j1i'~llJ ifJllf1 fflPlff1lJ• 
"31 d 31 'i"; 31 'i"

f}1'jUtI'W(C) 'jtleJ€l~ 3.8-4.1 l'H€lf1 (Fe) 'jtleJ€l~ 0.25-0.50 ~f1'jIUeJU (Cr) 'jtleJ€l~ 0.2 ~f1UtI€l1Pl 

iJ ~ I jI ~ ~ QI~ QI e1 d 
(Co) 'jtleJ€l~ 0.30 1l€l~til~tJ'W "1 16)flJ Ti+Ta+Nb 'jtleJ€l~ 0.2 6)flJ~llJ~~U€fUUIPl 1Pl~'W f111Ull'tl~ 

3
(Hardness) 2,000-2,500 HV f111U'l1lJl11UlJ 16-17 g1cm 'tIlJllPllf1'ilJ (Particle size:mesh) ij'l1€l1eJ 

'tIlJlIPl1Wlh~~1~nlJ i~llf1 10-20,20-30,30-40,40-60,60-80,80-100,100-200 llPleJ'tIlJ1lPllf1'ilJ 

";'i ' "" II) 31 I "'131 II) 31 II) 31 , "" ~ ,t I 0 ., _I " 
'VI ~1Plf111H€l1Pl ~1Plf1t1lJ €flU1Hlt1'j~~f11Pl 'b'~llJ ~1Pl'l1€l1eJllUU ~lPlllf1 H€llPlllJ'W'b'lJ €f1lJ €f111'jU'QlJf1'itu 

sJ , jI , 

~lJff1lJlfl1t1-:Jiitl 1lJ~llJ~llJ 'VIl'Wfl1'jfff1'l1'jtl~ -:J (Abrasion machine part) ~lJ ff1'Wlfl1t1~~f1'if1€l 
'jI , 'jI 

'l1'I!f1 tlt1f1'iW'tlIPlI~l~(Excavator) ~'Wff1lJlfl1t1-:J~f1'if1€lff-:Jtll"-:J€f-:J 1'lf'W IVltl~ €lf1~1Pl ~lJff1lJ1lJ 
q q cu cu 

• I I" I 

Ifl1t1~ 1i'lfl1t1~t1'j~~uYim'VI 'W i~llf1 ~lJ ff1lJ 'WTWfl1 'tItI~lrilJ Yill~~llH€f ~'VIlJ'VI1'W~tlfl1'jnlPlf1~ tI'W 
OJ 

"" ,,; ""., . "".,.1 ., 31 31 ,31
ll€l ~ H€l1Pl1 m tI-:JU tllPllPl(Cuttmg tools) ll€l~ fl1'j l€l tlf11€f1Pl H€fU 'tIlJ f1U fI11UIPl tI-:J fl1'j \PIllJ 6)f ~ llJ• 
'i 'i ,,~., _I";'" 1 ., I e!l 11 ?I 31 
~lPlm~'Yn~ ~f1UtI€llPlllJlJ1€fflu'j~€fl'W'VIfl€flmH1H€fU lJ€fIPl€f1lJ€f-:Jj,)~ ";jtleJ€l~ 20 IlJlJlPl'W 

q OJ 

•.~--;c-_ . ~-C-:::--.".~ .
~ 
;;;;;=r;z 

, • I 
.et Q"I , ,q 4CI, 

fl1'W'tl 1.11 'tl~tlUI'UUU'UI!WUUt1~UU'lHm~j;J!'tH1£I1J(Tungsten plates and square bars) [27] 
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JI 

......

.d Q.I ~ .. 

8ll'W'f11.13 !fl'll'f1~a!V1Ufll~ t'UVi [26] 

'Y111lfllfu i flf11ffl um~t1 11fttfl~ijfll9ifl1l1f11fffJl1~fflI9lUmfl1Jl91'lh~lfl'Ylflflf1nfl(End 

mills) ~1,*1l~1 iflrJ'Y111lft1 lf1~1Jml,*'~flf1 iflrJ'Vh hlf11~t111fffJl1~fflI9lUmfl1Jl91'~r.huf11~1,* 
~ ... 1;J!Gl 1..::1 I .::::),..::1 "l ~ I

.:J1UUi:l1f1i:11JlJl 'If!'HlJ lJm~1J1Uf11~mWffi:llrJ 4 1'6 ~flllf1 Hydrometallurgy, Melting metallurgy, 
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'" "' ...1.5.1 fll'HI'l'HJll'll'Ul!j;j~fll'j111tl 

1) ~~11T1I'lQ~U ..1'1 j;!'LI'l'Ufllflml (tfltmijtJl'ifl~~1'Ufll'ji,*'11'UU€l'1)111tJ• 
mgtltl€l'l'jtJU'Q;'I 111tlLm~'1~1'1 "1 ~ffli'lt1J 'l.h~tltJU~1{1 ~1'U'Vll'1j;!'lJ1flll~I'lj;!'111fl'j'jllU1J~1l'Vi'" 'Viti 

~1'U'Vll'lm11'u'U1'Vltl- WtJ'jiJ''U Uj;j~ tiuj;!'m'U'l.h~tltJUfll'jW m,*'11'Uifl t11'l 1'1 . " . . 
.& Q,f QI a <!!t QI d~ j} jJ ~ QI QI 

2) fl'tl£J lUj;j ~I'l 'j1111flfJW j;j mH'u~'lJtJ'ILm tJ '111tJl'l fl'Vl I 'If'l1'U Uj;j1t'VitJfl fl LWtlLLj;j ~11~ 

tl~ll 1-H~1t1~Vfll'j Recycle l~uti 1iJi1'1 'lJ'UlflUj;j~'lfiJflj;!'l'jLfl~tJUt~'U~'U 

3) LI'l1t111'1I'lf:l~U 1~uti fll'jVU~tJW11flij 800 - 1200 tJ'Ifl'Wlfj;jLCtltlj;!' Uj;j~fll'j111. . " 
1-HUl'ltl fll'j dtJm~tJj;jfl'lJ'Ulfl 'tJtJ'ILflttJ'IijVl'ifl1'*U€l'11-HLgtlj;j'ltitJ'UUl1iJ U~L~'UfN~tJ 1iJ 

4) ~\PJJ'U l'1t'1'fltfltV'IijtJl'ifl~~l'Ufll'j i ,*'11'U t~'U'1j;!'flH'I (Powder) 

& d 0 1JI tl ~ ~ 0 QI .0=::. d ~ 0 d 
5) fl'fl£J1U'U 1'Vl1'1'Vl11~'U 1 I iJ'lJ'U ~iJtU'U'If'U'Il'U j;!'111'jUHj;jl'ltU'U'If'U'Il'U mt 'j11 (Solid 

part) 

.& j} QI.e:t. 

6) fl'tl£J 1fll'j VtJtlLtU U!tj;j~'Vlfl j;!'tJU~ l'U j;!'llUI'l'Vll'lfl j;j 

7) fll'jiJ 'j~!1J'U fl Wfll'Vi'1j;!'fl H'I~ 1~111flfll'jHi11'l ~'U 11111 flU tl'Vl i tJ'IUj;j~iJ i'uiJ1'1 
Q q q q 

QJ ='1 ~ QI ,JQ.1 ~ <!!t QI .d GI jJ j/

8) 'Vl\PJJ'U l!u 'U Hj;jl'lflW CVl1j;!'flH'I111tlLfl'j tJ'IlltJl'lfl'Vl1111fl mtlfll'j I 'If~1'Utm1 

91 ~ 91~ j} ~ ,JQJ QI 

9) fll'jj;!''jl'1lJ1I'l'jjl'U'If'U'Il'U 1j;!'~H'I i 11 !U'UI'l'Ut!UlIHj;jl'lflWCVl 
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... v "" 
li;ltlfl'JI'IQVltl Recycling 

~ .
f1Wffll.14 Methodologies 

1.5.2 m~'IJTWnl'Wj;'l~nm~l!ihJf11'j 

1.5.2.1. ~~!~~mJl~t1~'IJU~~~n1'il1~H)'IJflWl'lf11IW~('lfiJ~ 'ilh\~ 'IJ'Wl~) 'IJ'tl~. . .. 
.,j "'~'131 31 

!m'tl~:JJ'tl~~1 ~ 'lf~l'Wum 

QI QI ~ ..!\ t!t ~ I. GJj/ j/

1.5.2.1.1 'ilflm1~t1~'IJ (!fl'j'tl~:JJ'tlU~~'lf'W ff1'W Hl'Wf11'j I'lf~1'WU~1)• 
IQI ~ t!tGJj/j/ 0Gtj/

1.5.2.1.2 tWnn'l:JJ1ff~ tm'tl~:JJ'tlI'lfUj;'l1U~~'Vl1I'Hff~m~ 

1.5.2.1.3 !~'tln'IJ'Wl~'IJ'tl~ Scrap ~m:JJ1~ff:JJ~'tlnnt11hJHil~H~ (Powder) . 
~ ~ I do 

1.5.2.2. ffn'l:l1U~~!~ 'tl nm~ 'IJ1'W nntHltJ'Vu'H :JJ1~ff:JJ 

~ ~d. 1 QI GJ j/ d jI d 
1.5.2.2.1 trl'tlm1if11'jtJ'tltJ1ff~ Im~n~~ ~1tJm~'IJ1'Wf11H'U'H:JJ1~ff:JJ 

1.5.2.2.2 t~'tlninf11mtJniff~ d'tltJiff~llf'IJ'W1~t~n~~ (Crushed) 
~ ~d. ~ lJl jI I jI

1.5.2.2.3 trl'tlm1iH~~H~ (Powder) I~un f11'j'IJ~~1tJ Ball milling 

1.5.2.3. 'IJ~dmJiff~ !'l1'W l1'~m~'Wfl1fl'IJ~ 
• ~ '1 3111)31

1.5.2.3.1 'lJVW'tltJ1ff~ I'H ~~ 'IJ'W1~ 3.00 - 5.00 nun 

1.5.2.3.2 'IJfI~'tltJllf'~ 'IJ'W1~!~n'H~'tl'1.hn'W 1.00-2.00 nun 

1.5.2.3.3 'IJfI!~'WH~ (Powder) t,r'IJ'Wl~ (Grain size) hhfl'W 10.00 11m 
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QI d. I , 

1.5.2.4. lVI~d'ilffD'Uflt\Hlf)'I:lW~'\JeJ.:jPowder 'Yl~l'Wf)l'HJeJtJ• 
1.5.2.4.1 lVI~d'ill~ Particle size & distribution '\JeJ.:j Powder 

1.5.2.4.2 IVIdd'ilffeJ'U Density 

1.5.2.4.3 n1l1'W~'\J'Wl~UCl~~U~1.:j'\JeJ.:jPowder l~eJf)l'millVl.. 
1.5.2.5. nl'Vi'W~ mlVl~1l1'Wlff~~.:jUCl~ff~U~Cl.:jl'W 

dO • • 

1.5.2.5.1 U~'UUHflW"f)'I:lW~'MnnJ1~mJ

1.5.2.5.2 n1l1'W~mlVl~~1'W 

.e::t d v
1.6 i:ffJl'UnnYl~ij.:lU~~m1J'\Jtl\!~ 

., . 
1.6.1 'U~,r'Yl tg'W til! fl'W~ff'Yli ~lti~ ~~ilIVlUCl~' oNtfl~eJ.:jijeJl'i~' Mf11~fft7'Uff'W'W~l'Wf11~.. . 

QI QI oC:l. a 
'il~ 'I11dIVlCl~'U t'V'l eJ'Yl ~ Cl eJ.:j• 

1.6.2. MeJ.:jUa~~f11~ Ui''UU1.:jffll~~'\JeJ.:jl'Vigf)f)~1~dtJmlll~eJ'Wmfll'lfllfl'dm~lIf11~~illVl 
~ tI QI '9' '9' do tj) ~ GI tj) <V tj) I 

flW~dfl'1m~1Ifl'lfflVl~ fftll'U'Wt'Ylfl ~'W ~CltJ'V'l~~'ileJlItf)m 'V'l~~'Wfl~l'Vi'WeJ ~'I1f11~ff'W'Uff'W'W~1'WIVI1.:j "1• 
11) 31 , 
~~Wl 

o QI d ~~ 
- tlVlleJ'U'lf'U!l'U'Ufftutulf11fl' (Vacuum furnace) ff1l1~'Uf11~'lf'Utt'\J.:j'Yl.:j'lf'W.:jl'W 

q q u u q 

- tlVll'lf'U• 

Jt • ddt d ~ 
- tfl~eJ.:j'Yl~1:1'eJ'Uff1'W~ffll'Yl1.:jlfllllfl~eJ.:j'Yl~ffeJ'Umllltt'\J.:j UCl~eJ'W "1 

1.6.3. fJ'W~l'Ylfll'W 1 Cl'Eilfl ~eJ.:j ~mf)Cl~1VI1 'WiT~ 1J'I111'Yltll"tll'Ylfll'W1 Cl'Ei~l'lf1J.:jflCl l'Yltlll'\JIVI'V'l~~ .. ., 
'Wfl~tm1tl 'Mfldlll~ dllijtl~ l'Wtfl~eJ.:j ~ml1t oN' 'Wf11~ IlVli tJlI~'W.:jl'WttCl~'Yl~fftl'U U~~f)tl'U~dtJ 

- lfl~tl.:jfl~-:j~1VI1'WiT~ (CNC Lathe) 

",I tj).a ~ QI d "lY' 
tU'YlHtlCl~'\J'W1~~dtllfl~tl.:j1ltl1~Cl~ltltJ~~~tlfl CMM , Measuring microscope, Surface 

roughness, Microscope UCl~~'W "1 

1.6.4. ffltJl'lflt'Ylfll'W lClfjlff~ flW~'V'l".:j.:jl'WtlCl~lff~ 1I'1111'Yltll"tll'Ylfll'W lCl'Ei'V'l~~'iltllltfl~l 

..<vb] QI ..:::t,QI d.d. tj) 

1.6.5. fftll'U'W ~'YltJ-WD'j1J'W tlCl:::'U~'I:l'Ylltlfl'lf'W'YllfltJ1'\Jtl.:j 
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II 

., , 

f.l"~l'Ui~t1i1 'iI~U 111J~fll'i'W\P1J'U 11fflOJf.l~I'i''UU'lJ'U (Prototype) 'il1mfl~tl~ijtl~~'Yi:lJ~m~fll'i 
~ ~ ""'1~c:! ";ollJ'" ""~ o~'11I

hf~1'UU"1 ff1:lJ1Hm"\9l ~mll'Uf.l~ U'W'U1 ~1JVl\P1J'U1\9ltltltl~!1J'U'll''U~1h1'fl~U'flhlfll'i'U1!'\J1 ~'U tlfllff 

_Clf' . " Q,QJ ... 1 f! QQJ ca jJQJ.etA' A " 
1.7 'U1HUJ'fI!ijij~ijm111lfJ (~'Ufl1tum111lfJ 1f'l1-3tJ1H'WU!lU) 

1.7.1 fl''U~!'Ylfll'U 1"'V!f1~tl~~mtlm)\9l1'U:W~ :lJ111iYltll"m'flfll'U l,,'Vn'll':lJ~f1" i'fltll!'\J\9lVl'i~.. 
.a GI 91 l.c:!l 91 .A QI dG) 'j/ -d ~ '" I 9J

'U fI 'i!'Yi 'U tl ~ 'Yi fI 11m1:lJ:lJ tl~ l'U!f1 'i tl~ 'iI mYl ~ 'll'1'U fll'i!\9l 'i t1:lJ'll''U ~l'UU"~Yl~ fftl'U lJ 'i~tltl'U~1t1 

- !f1~tl~tl~~-er\9l1'U:W~ (CNC Lathe) !f1~tl~tl~~ !f1~tl~ti~ !f1~tl~!~t1'i~1h1~h!~t1'U 

!f1~tl~ijtll~,,~!~t1~ 1~wi CMM , Measuring microscope, Surface roughness, Microscope u,,~
 
.,;
 
tl'U '1
 

1.7.2 fl'WJ!'Ylfll 'U l,,'Vh'Yi~!W~lff~Ul1~'ll'l~ d1um1'U'W\P1Jhl1i'fltllfl'lff\9l1!W~!'Ylfll hi 1,,'V.. . 
- !f1~tl~'U~ (Mechanical alloying) 

, 
'" '" - \9ln'ilfftl1Jfll'im~'il1t1'\JtlnfflOJf.l~ !W~tl'U '1 

1.7.3 M'tl~1Jfi~~fll'i 11 f'U1J1 ~ff:lJ~~'\Jtl~!'Yi~tltl~1~1t1m1:lJftl'U mfli'll'lifl'1m'i:lJfll'if.l~\9l 

"" "'" ll.c:l 9J .c:!lGfj} <LI 9J I
f1W~1fl'1m'i:lJfl'lffm fftll'UhI!'Ylfl hi "t1Vl'i~'iltl:lJ!tl"l Vl'i~'UfI'i!'Yi'Utl mfll'iff'U'Uff'4h1~1'U\9l1~ '1 

'~un 
o QI G ~ ~ 

- !\9l1tl'U'l1'UU'U'Ut1qjqj1fllfl' (Vacuum furnace) ff1'Yi'i'Ufll'i'l1'UU'\J ~'fl ~'ll''U ~1'U 

- tl1Jmrum'itl'U'll''U

~ , .c:I4 G Jt 
- !mtl~'fl~f1'tl'Uff1'Uf.lff:JJ'f11~!f1:lJ !f1'itl~'fl~fftl'Ufl11:lJU'\J~ U"~tl'U '1 

1.7.4 ff1t1i'll'1!'Ylfll'U l"~lff~ f1W~Vl"~~lh1 ~~U1~~tl:lJU"~lff~ :lJ111iYltll"m'flfll'Ul"'VVl'i~ 
~ "" 'iltl:lJ!tl"l1i'U 'l,l'i 

1.7.5 ff:lJ1f1:lJ ~\9l ff1'Yi m 'i:lJU:JVl:lJVl1'fl tI !W~'U ~lrYlW tl'll''U ~!~t11.,rtl ~ 

1.81tJ~~'l.1fl1w"um1'f1Y1t'1ij-31f11-3m1 

.,; 
1.8.2 !f1'itl~'U~ SPEX-8000 Mill '\J'U1~ 19 in. (48 cm) x 14 in. (36 cm) x 18 in loNdmf'U 

(Applications) particle size reducing, blending or mixing, particle shape change 

1.8.3!f1~tl~tl~~ (Lathe machine) !f1~tl~ti~ (Milling machine) !f1~tl~!'il1~ (Drilling) !W~ 
.,; "" IIJ

~f1'HNt'iltld::; ~h! (Grinding machine) 
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1.8.4 !f11fl~tifltilPll'WiJ~ (CNC Milling machine) !f11fl~tl~~tiIPl1\JiJ~ (CNC Lathe) 

"j ." <; 91 ILI_~ ",,,j d lIJ
1.8.5 !fl'ifl~tlfl ~r;'l11::;fl1t1 11"fYll (EDM) l1'ifl!f1'ifl~!'iltI'i::: 1\J 

d d t:!tW' QJ'''QJ'~ 

1.8.6 !lPll'lf'I.JU'lJ~ffUi UJltl1fl'm'I.JfllJtl1'i'lf'I.JU'lJ~Ur;'l:::tl1'ifl'I.JfI\J1Pl1U'I.J'l.JfllPl I\JlJlPl 
q qVU q q 

1.8.7 1fffl~\J~1\J ~TYlhl ~~IPl!f11fl~jjfl~flffl:lJ1'itl ~flm iA'41t1 iA'Ufl m~tltl~1!f11fl~jjfl• 
Q 91 ." "'lIJo''''d 0''''lIJ0' 

mr;'ltltlCl1'ifl'Uff~Ur;'l:::'Vl~mlPl'WfI1'i !'l.Jfll'I'ifl GJf!lJ\JlPlfl1'i !'l.Jfl 
'" . . 

t:!t QI 0 Q,I QI

1.8.8 tfl'ifl~'lf~\Jll1'Wtl 1/10000 mlJ 

"j '" 1.8.9 XRD, CMM, Measuring microscope, Surface roughness, Microscope Ur;'l:::!f1'ifl~lJfl 

"j ." '" d91 <; 0' _10'
1.8.10 !fl'ifl~1fl Multimeter 'If\Jfl Clamp t1l1fl Digicon 'lJ\J1fl 1000 n"lPl, 2000 UfllJUlJ'i 

1.8.11 tfl1fl~tJ'i:::~ ivJ~lt11'fl Super 'lJ\J1fl 24 11,,1Pi' 30 UVlJutJ{ 
di ~: d d 9J ~,. Q,IQ,I 

1.8.12 !mV~'lf~\J1l1'WtlU'I.J'l.Jt'lJlJtll1V Mariellato 'lJ\Jlfl 2 tl l"mlJ 
j/ j/ I j/ 

1.8.13 ~fl"lJ~~~\JU11'VHatari i\JBF-753M l'I.J~fl'lJ\Jlfl 16 i11 
"j Q 

1.8.14 tfl'ifl~'Vlflfffl'I.JmllJU'lJ~ Hardness Rockwell 

1.8.15 !lPllfl'I.Jqtytyltl1fl' 

1.8.16 tlPllV'l.JivJ~l t11'fl Linn 'lJ\J1fl 1300°C 
I j/,j/.

.l!!l Q.lO QI.et.~ dog) I QlO QI QI

1.8.17 !f1'ifl~'lf~\J1li\Jtlfl'illPlflr;'l t1l1flAND 'i\JHR-200 'i'I.J'Wll1\Jtlff~fffl 210 mlJ. '" . 
d ." 

f111lJ":::tVtlfl 1/1000 mlJ 

1.8.18 tlPllivJ~lW\JtltJ'i:::ff~l'i't11'fl Kando~\J KOF-1000 'lJ\J1fl1000 watt• 
~, "l9J I 

1.8.19 ffl'i":::"lt1mfl'lf\JfllPll~'l IflUtl 

1.8.19.1 mfl i~ 1fl'ifl"V~tl (HC!) 

1.8.19.2 mflvJflffvJfl~tl (H3P04) 

1.8.19.3 mflfl:::~~tl (C2H 4 0 S ) 

0' '" 1.8.19.4 Uflr;'ltlfl~fl'i'lf\Jfl Ethyl Alcohol
 
"'. ~
 

1.8.19.5 Ultli:l\J'I.J~ff'Vl~• 
_I 0' d lIJ 91 I

1.8.20 ~lJmtl!tl1'i'Vlflr;'lfl~'Vll~tfllJ IflUtl 

1.8.20.1 l1Clflflflflffl'i!f1lJ 
d 

'" 
1.8.20.2 tJ'iV'Vl1flfltu'l1fliJ 'lJ\J1fl 0 - 200°C, 0 - 300 °C. '" 

do'", 
1.8.20.3 'l.Jfl!tlfl'i ('If\Jfl Pyrex) 2000 ml, 1000 mI., 600 ml, 100 ml, 80 ml, 25 m!. 

d 0' .et. .<::l 

1.8.20.4 'l.Jfl!tlV'i'Vlr;'l1fflPltl ('If\Jfl PP) 1000 ml, 250 m!. 
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1.8.20.5 'lJl'fl'VHnff~tl (6J1U'fl PP 'IJ'W1'fl) 2000 mI, 1000 m!. 
~ 

1.8.20.6 'lJl'flUm 'IJ'W1'fl 500 m!. 
.. 

.d. QI ~ 0 

1.8.20.7 f11J 'iJ'lJ6J1'W~1'W'VI1'il1tlffu~'W11:Iff 

jI ~o QJQJ .d. 

1.8.20.8 6J1{J'W'Vlmf'l'~tlff1'\1'j'lJ~tlffl'nf11J 

.1 0' I 

1.8.21 ~utl'iW~W'l 

1.8.21.1 1!':ltJ~ 111 {J~ ti'W ff1'j'j ~I'\1 (J 

1.8.21.2 mY1mtlll{J~ti'W ff1'j'j~!'\1 (J 

"I <V 

1.8.21.3 m:IJtltl'Wtl'i'fl• 
.: 0' 

1.8.21.4 IffDtl'i1l'fl
 

.1 0' .'1 i ~ ~
 1.8.21.5 QlJtl'iWIU1 '\1f111:1J'j{J'W 

o d 0 

1.8.21.6 ffl1:1, tl'i~'fl11l'VI1f111:IJff~m'fl
 

~ QJ ~ <J'd i ~ ~
I

1.8.22 If'I'll6J1'W~l'W'VI~ffl~'Wfll'j1'lJ~'VI~l'Wm'j 6J1~l'Wum 

.. 
1.9.1 ff1:1J1'j tlomJlf'l'll;'W ~h'W l1~ff!~'Wfllfl 'lJ~~lUtl'i 'j:IJin 'VI11f1 ij1vHh
 

~"'d i~.l 1 o'~ <V 1 d.1 '
 1.9.2 ~TIifl1'j 6J1 u'i~ U6J1'W 'IJ{Jf11'j'j~1~ 'VI1l'IJ{J~ff1'j1f1:IJlJ'j~!fi'VItl'i'fl~1~'l 

'jJ I d ~ QI ~ tit . Q.I 

1.9.3 ~ ffl'W ~ff:IJU1:I ~ f11111U'IJ ~'IJ {J~!f'I'll6J1'W ~ 1'Wm ff!~'W fll'j I'lJ~'V1 ~tl{J'W {J'lJ U1:1~'\11:1~ {J'lJ 
'j/" ,'j/ 

1.9.4 ff1:1J1'j tl ~~'W ~ {J'W m 'j {J'lJ;'W~1'W fI1U i~'il'fl '\11:1 {J:lJ1'\1 m'IJ{J ~;'W ~l'WYi{J'lJ 
'II • .. . ..

::'t ~ "I i ~ &I "I ~d i ~ d&l ~ ~ <V

1.9.5 IU'W 'IJ {J1ql1:l'Vl'tJ.;I 1'W '\1 'W
<V

tlf'l'tl1l1'\1 'j{J ~'V1 ffU 'il'VI1~ 'fl1'W U f'l'tl1l1f1'W f1l1U1:I~'Vl Wl'W 1fl1'j 

'VI'fl1:l{J~19i{J1U 

~1IJ ~:t1 d '" J I

1.9.6 ff1:1J1'jtlUtl I 'lJutllm'VIlf)'fl'IJ'W 'j~'\1l1~fl1'j'VI'fl1:l{J~ 

1.9.7 1~fl~'W l{]~ i 'Wfl1'jvh~l'W':h:IJti'WIU'W tl~:IJ fl1mff'fl~f1l1:IJ;J'fllit'W'IJ{J~fl~:lJ 

1.9.81~tl NU i'W m 'j ~{Jffl'jti'lJ'\1 '11 lU ~1 'W ~'W ~ l'j11U ~'fl19i {J 'IJ{J f1 11:lJ"lhm'\1 ti{J'VI1 ~~1'W lfffJ 

~Utl'iW u1:l~'VIqlla~I~(Jl~O~ 
tqjl Q.I ~ I QI ~ ,J 

1.9.9 1'fl~~'VI~ff!~'W'il1fltl'i~'lJl'Wm'j'VI'fl1:l{J~6J1'Wfflumffl~'Wf11'j 1'lJ~ 

1.9.10 ff1:lJ1'i mwtl N~11~ff!~'W{J{Jtl'il1flffl'j1:l~mU1~ 
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"" U'YI'YI 2 

2.1 'U't1'1h 

1l1nnnflmlll! 'W1'Vll ~mj U11bY~!flttJ~ijtJl91~~'W bhml'1 m~'WfIl{i'lJ~ ~ ~1'W nn1~'I1'W• 
U~1nbl'lJ1Jll ~ll1 ~ 

1 ~ tlmj Yl1 mj flml111 t)1:l a~ !~tI 1~ tJ 'I tl'lJ 'I1'W i<ijtI i ~n ~ 11~ 'Ifl111J l11Jl tI'll tJ'I 11'I m~ 'W fl1{ 

" hl~ (Tungsten carbide) u~~t'W'lJ'VlU~'In~11~'I nn~~~ l~tlmjtJ'lJ~Wn (Sintering theory) U~~ 

m jUtIfibHll tI'Vll 'I!fI iJ i'YHh 
" " 

1~tI'Vlt)1:la~N''l!l1 ~lU~tJ'IU 11Jll~i!m l~Ml'W nnfln1:l1'll'W~tJ'W nn YlN1'W1'W 

~ QJ t1 0 Q.,I 

2.2 Umtli'lft't1j,flf\ty(6] 

2.2.1	 l1'1m~'WfIl{iu~ (Tungsten carbide) ~tJ 1bY~~Yl11l1nmj~bY1J Carbides 'lltJ'I 

"" & 0 "" .1 .1 ~ ~ "" 1 'l~
Tungsten U~~ Titanium l1'jtJ Tantalum CJf'l1l~'W11JltJ~'ll'W~U!'ll1~1t1n'W !~tI !'lfm~'lJ1'Wmj'VlN 

jI .do ~.d,d, dl	 ftrl rI e:.'Il.rJ3J do QI.::=:t. , 

fl111J1tJ'W !jtln1Ti'W11 mHJ'lJ~~fl (Sintering) fin 1'lJ~ (Carbide) 'V !~ll~1JfJrubY1J'lJ~ 'Vl'W~tJmj 

do.do I 9I.d .co do ~ 1 ~.d, d I ~ jJ 

!bYtI~bY 'Vl'W~tJfl111J1tJ'W'VltJUll1fl1JbH1Jfl111JU'll'l1Jlfln11 70 HRA CJf'l1JfI111JU'll'lbY'In11!l1~flflm 
q qJ '\I	 qJ 

" jtJ'lJ~'I (High speed steels) !l~~bY11JlHli''lJUHa~ i~~'I~'I 7xlO IO UtJ'W~~tJ~nWU1 (PSI) 

& <!I ~ d'l ~'l .,;
2.2.2 mjtJ'lJ~'Wfl (Sintering theory) fltJ m~'lJ1'Wmj'Vll'lfl111J1tJ'W'Vl!'lf !'Wmj!'lftJ1J 

, 
~ ~ "" """"'" II) ~ & dt .1"".1 """" , <!I

tJ'Wfllfl!'ll1~ 1t1fl'W bY1J 'lJ ~'Vl I~ 111 flmj tJ'lJP-ll.l m 'lJ'W mj u j 'lJ uj 'I bY1J'lJ~ 1l1fl bYtll'W~ fltJ Wp.j1l1 j tJ bYtll'W ~ 

fl~'W (Green state) ~~m~'Vl'lJ1l1flfl~ifl	 t 'WjU'lltJ'IU~~m~'lJ1'Wmj~!~tl1tl'lJmjtJ'lJ~WflUbY~'I
" ,	 

OJ 

, 
tJ~~tJ1J 'V'l~tJ1Jl1'1tJn'lJltlmj IU~tI'WuU~'I'lltJ'Ilf1HbY~N~'V'l~'W lfltJ!t!'W!l1l9Jmjwei1'lJ~tJ'W~ 1'1'1 Vi 

!~tl1tl'lJmjtJ'lJ~Wfl 1~tJ!Q'V'l1~mjtJ'lJ~WflU'lJ'lJiJ!'rlbY'lltJ'I!l1~1 (Liquid phase sintering) U~~1tl<ijm 
I jJ, I jJ	 I 

jJ ~ QI ~ & .a. iJ QI	 d I 

'Vl1'1f1111J1tJ'WtJ'W'1	 'll'W~tJml 1 mjtJ'l.J~'Wmj1JI'I'W1l1fl'll'Wl'ltJ'Wmfl (Initial stage) 'VlfltJfltJ~j~l111'1 

.do ~ 1 d ~ d , d I~ 
tJ'4fllfl1Jmj!'V'l1J'll'W1~tJtlNj1fl!j1 'll'Wl'ltJ'W'Vl 2 I'ItJ1Jl!'Wn11'll'W~tJ'Wflm'l (Intermediate stage) 

" , 
1 flj 'IbY~1'1~'V'l~'Wj1'lJ!~tI'lJ~'W u~~iJmj!~tJ1J~tJtl'W'lltJ'I~'V'l~'W!~'Wblfl1:lru~m'Im~'lJ tJfl (Cylindrical 

I jJ	 j/ I 

nature) 'llru~.yjbY1J'l'J~'lltJ'Itjf'W'I1'WiJmjTIrJJ'W1 'll'Wl'ltJ'WVi 3 !flflmj 11'1'lltJ'I!m'W (Grain growth) ci'l~~ 

'1 ~ '" '1 ,.1 ~0 

!l1!m'W1J'll'W1~ Il1ty'll'W U~~1l1'W1l.l!m'W~~'WtJtI~'I 

2.2.3 fmtl~fljt)'U (Corrosion) 1l1tliJ{JllJ~llJlJ1~'jjl'U DIN EN ISO 8044 tl1'jn~tl'it)'U 
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II 

lUJl{JilnJ nn~{Jl'j~ 'Wh:j1tY~rl1J~'J!I1~~t111~,rU11Urifll'j !@t111tYfI1l'l'tltl'J1tY~J'U"l Un~V'Jr-Hlt ~ 
~ q lU q I 

, ~ 

fl1111tY111 n tl t'U fllnl1t1U111'tltl'J 1tY~~'J tlci11!ff{J1 U Ufin~ {Jl~'Jtlci11tY1m'jtl!~'U l~l1'Jufin~ m 

!fl~ Ufin~{Jl!fl~1vJ~111~t1uBn~{Jl'Yl1'Jfll{JfI1l'l'tltl'J lnl1~ 

2.3 'vh~mlij (Electrochemistry) [4] 

1vJ~1!fl~!~'Ufll'jflm,j1!~{J1tl1Jufin~{Jl!flij~.yht~!n~m~utY1vJ~1 m~UtY1vJ~1111t~ 

!n~ufin~ {Jl!fl~mtl t ~fll'jU 1CJ!'Yl ~h~tll'l 'jtl'U!~'U!mu cnU~1 ufin~ {Jl!fl~mj'J!~U 2 U'j~!Jl'Yl 

ufin~{Jl~~tlnU1m'l'1 e- !1{Jtli11Jfin~{Jl1~t1tlCJf (Redox reaction) 

ufin~{Jl~1li~fll'jU1m'Yl e- !1{Jtli1Ufin~{JllJu1~t1tlCJf (Nonredox reaction) 

... 1.<::::\t,.<:::lt..Q C! cI ~ 

u{)tlnl1'j~t1tlC)f (Redox reaction l1'jtl Oxidation-reduction reaction) 

ufin~{Jl1~t1tlCJf 111l1{Jil'J ufin~{Jl~!~{J1tl1Jfll'jU1m'Yl e-

1'i1mh'J !rltl'\.J1U~'U1nl1~'YlmU~'J (Cu) ~lln'JtUtYnn~m{J'tltl'J AgNO) l'l1Ji1~U~'U 1nl1~ 

Cu ~'tltl'J!!~'Jff'tl11U'U!'Yl11l1Im~t1~un~!rltJ111111!fl1~'iJ~l'l1Ji1lnl1~ Cu !n~tlwiYtltl'itl'U ri1Uff 
" 

'tltl'J tYnn~m{J AgNO) O'iJ :;;!U~{JU 'iJ 1tlttY1li~ff!~'U i1~1 fll'j!U~{J'U!!Url'J~!n~~'Uift1Tl1J1{J 1~i1 

fll'j~ lnl1 ~'Yltl'Ju~'J!n~fll'jiYtltl'it1'U!~U!l'l'j1~1nl1~'Yltl'Ju~'J (Cu) !n~fll'j !i1{J~!~tll'l'j t1'Utlmm~'U 
d d d _~ "j ., "" '" 'JI ~ 'i "" I d I

CU2+ C)f'JlltYl"llUn~!lltl Ag+ 'j1JtI!ntll'l'jtl'U!'tl1m'iJ~tlmm1J'U Ag (~nl1~!'JU) 11l!fll~t1~'YlUf-.l'U 

1nl1~'Yltl'JU~'J 

, ~ ~ 

ufin~{Jll1!n~~'U t~fJ'Ut'U tUtYllfll'j 1~~'JU 

Cu(s) -----. Cu2+ (aq) + 2 e-

Ag+ (aq) + c- -----. Ag(s) 

I I iJ I 

e- l1U1m'YlI'1t1'J!'YhtllJtYllfll'j !flijl1!n~~Ul1U l1' 'iJ ~ 'J1'1t1'J!~'U 

Cu(s) -----. Cu2+ (aq) + 2 e

2Ag+ (aq) +2 e- -----. 2Ag(s) 

, ~ d d ~ 

Ufin~ {Jll1!n~~U t W.!~n~tYllfll'j!1 {Jtli1flHUfin~ {JlC)f'Jfll'j !n~ufin~ {JlU1m'Yl e- 'iJ~!n~~'U 

i~ ~ll\!lWn~~H~el~el~tJ If)~ ~tliln~ £JlJ~blel~ll1':iJlln'U !;[J'U!n'Ublllfl1':i1~~~if 
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Cu(s) + Ag+ (aq) --... Cu2+ (aq) + 2Ag(s) (U GiWrJl1fl t1tleU) 

"'IIJ !II I """ I"""''''' '" "'!II" I IIJ" I !II
{Y~ u ~fl11tll'J ItlflU!lfl':i tI1'Jfl t1tlC}ftl~\Oltl'lu 'J~tltl'lJ ~ ufl1t1
 

{y1'J~tM e- 11t1tl';hlOll1~heU InflUGn'itl1t1t1tleJflfli'u (Oxidation reaction)
 

{y1'J~1'lJ e-11t1fY,hIOl1t1t1tleJf1fleU InflUGn'itl1'1f1tli'u (Reduction reaction)
 

'il1tlUtl1lJ\OlllJlJ1\Ol'Jj1U DIN EN ISO 8044 tll'Jt1fltl1t1U (Corrosion) fitJuGn'itl1'J~'I'I'J1'1 

1{y~t1'lJ ~ '1111fl~t1lJ~'1U11U~tll'J l~tJlJ{yf11'V'l'UtI'I1{Y~JU"l ll~~iJ'I~Hl t Mfld1lJ{Y1lJ1'Jtl t U tll'J'Vl1 
. " YiU111'UtJ'I1{y~~'1tlci111~t11 u uGn'irJlf1'1tlci11{Y1lJ1'Jtll~U1$l11'1UGn'itl1IfllJ uGn'i t11lfllJ ll'lvh 

'Hj't1UGn'itl1111'1tlltlf11'V'l'UtI-:Ji ~'H~ 
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JI 

" " .
uBn~ rJ1tflij1J1'l'lfiJ?) hibY11JTHHn?);iu 1~ ttl '1 t'liu uBn~ rJ1fll'JbYmrJI'11'\Jtl'lihrwtl hn~ 

"" "" "" I/) 1 '" """""" '" 1 '" 1/)",9 'I ~I/) ~1HflbYtltlfl'lft'ilUU);I~HflbY ~B ?)''H'ilU 'I1'JtlUumrJ1fll'JbYmrJ'\Jtl'ltmw C)$1?)rJ1Jfl);ltl ~'J?)rvw ~'11~?) );I'I1~ 

" 
1C)$1~rJ1Jlm~UnbYfl);l tl~U mh'lh n~l1J u iin~ rJ1~'lfli'il1bY11J l'Jtl1111M'ln?);iu 1~ 1?)rJtl1ftrJ 

H'J'l f'Hlf1~U 'il1f1'W~'l'llU 1vJ~lf11rJU tlfl (Electrical energy) 1,j'1'li1lJ m ~'IJ1U fll'JVtlrJbYmrJbYl'J tflij~ 
" . , 

l'i'tl'l tllftrJ'W~'l'llU 1vJ~1fl1rJU tlflU ijGjfm~rJf)11 fll'J111~lJfifl1'Vl'Ji!9ibY (electrolysis) 1 ?)rJbY1'JVi'il~ 

U1m111fll~fI 1 'Vl'Ji!9ibY1~l'i'tl'lI~U bYl'J fll~fI 1 'Vl'J 1);11'1 

2.4.1 1C)$);I~fllfifl1'Vl'J '1);11'1 (Electrolytic cell) 

u'J ~ 1rJ'lfu'\J tl'lIC)$);I~fll~fI 1 'Vl 'J 1);11'1 fll'J111'Vltl'lU?)'ltM''IJ~bY'Vlt 1?)rJufl~'Vltl'lU?)'l~ 1~'il1f1fll'J tl);l'l. . 
iYUU~'il~ijfl111J'IJ~bY'Vlt1~ln'W~tlrJ);I~ 99 ~t'l1iimtluE'lt~tluu1~uri m~fI I~U 'Vltl'lU?)'l H'W);IYlU1J• 

... '" "'l?1 'I ~ 0 I/)n.L~ 0 'I ~ "" 'I ~ .."" ~ 
H);I~bY'lfl~bY 'il'lluW·j);l !'I1'Vltl'lU?)'lU1 nn"ll);1?));I'l t'J1bY1m'Jtl'Vl1 ~'I1'Vltl'lU?)'lmb!'Vl1i 

d1?)rJ ~'lfIC)$);I'ltlmfl 

dI d d " 

1m 1);11'1 C)$'ltll'ilIWfltltlflm'\J1rJ'I1~ tl1111M''IJ~ bY'VlTJ~tl 1U fll'J111'Vltl'lU?)'l 1M' 'IJ~ bY'VlTJ1?)rJ1THj 'il~ 1 ~ 
, d 

'Vltl'lU?)'lViijm11J'IJ ~ b!'VlTJ()'l 99.95% fll'J ~i!~ 1);I'I1~ tl~~iJIUrJ1J ~1 1,*1~ fll'Jtl'l'liYuu~ ~1rJm11J 

~tlU 'il~tilrJfi1t,*~lrJ~'lmfl Icttl'l 'il1f1'1111'11~~bi'~1'11m~ bY1J MrJ1ml);l~ iYuu ~'IJ tlfl 1C)$~ij~?) 
" 'I1);1tl1Jl'l1);11~'lfl 11 2000°C 1l~~l~bY1JiYUU~'IJtlfl1C)$~ti''IJiYUH~1fl'j1tl1);11'1 '\Jtl'l~bY1JU'il~ij~?) 

'I1'ltl1J1'I1 'l1~1'l'lH);I~U 11vJ~l 1~ ~'lbY1m'Jtlt ,*m~'IJ1U fll'J fll~f11m i!9fbYIWfI1 'l'l1~ tl~);IiJIUrJ1J.. 
I/) ~ "" 1 '" '" , 1 d .d 0 ~: .Jd QJ 1G)

tltlflm~?) fll'J~);I~ 'l'l1~U1JflUIC)$rJ1J U'I1'l'l 'l'l1~H1JfI'WIC)$rJ1J'VlbY1flru fltl 'W1'Vl~I);IC)$'ltlrJ ~U'JU'\Jtl'l 
u .. .. 

z
Mg + IrltlU1J1'Vl~I);Iml'11 1M'l ~UI'lJbY'il~ 1~~~fltlu'\J tl'l Mg(OH)z U~1U1ml'11UBn~rJ1ti''IJm?) 
1/)1 "" o'l~~ I/)~ d?1 ~ .,j'l~ ~ 
~B ?)'Jfl);ltlm IW~'Vl1 !'I1l1m'il~ ~?) MgClz 'VlluU'\Jtl'lII'\J'lI1Jtl ~'I1m1mtlU'ilU MgClz 'I1'ltlW'I1'l1 

1I~1~lUm~lIbY1vJ~l);1'l1 U'il~ 1~h'l1~H1JflUI9frJ1J Ifll~~Ufl 1 'Vl?) Im~ 1~n1C)$fl);ltl~U~Utl 1U?) 

fll~fI 1 'Vl'J ~9i'l 1~<um~'IJ 1Ufll'J ~lU m~lIbY1vJ~l);1'l1U bY1'J fll~fI 1 'Vl 'J 1 );II'1U~11111M' 

In?)uBn~ rJ11flij I~ tltM'1~bYl'J ~i!~fiw Cl1~11J~1'i' tl'lfll'J 1?)rJtl1ftrJ'ltm~Umru~ij~m~rJfl11 1C)$'l~fl 
~1 111 "did' dOQJ QJ.J

mfl 'Vl'J ~);I~ C)$'l1JbY1UU'J~flU'IJ'VlbY1flru?)'lU 
u 

2.4.1.1 U'I1~'l~lrJW~r'l'llU1vJ~1'il1f1f11rJUtlfll'liU 1I'IJ~I~tl~ 'I1~tlll'l1~'lfhiJ?) 

1vJ~lm~UbY~H (DC generator) 

2.4.1.2 ~11vl~1 (electrode) I fi.. ~111'11l!1~I~U~1'IJ1f1U'l~~1'l'IJ ~'ltll'il111m'il1f1 
" ~U 1);1'11~'I1~tlu'I'i'lum1vJl'1 

2.4.1.3 bY1'J 5tfifl 1'Vl'J 1);11'1 (bYl'J~ijflW bYmr~U 11vJ~l) tll'iltlvtU 'JUbYl'J);I~mrJ'I1~ tl.. .. .. 
bY1'J U'J ~ fI tl'IJ~'I1);1 tl1Jl'11);11 

"" ~ 1 I/) .. dI 0 ... d?1 ... 0 I/) ".I_~
2.4.1.4 fI1'lfU~bY1'J'IJ'J'J~m);lfl 'Vl'J ~'l~ C)$'l'Vl1'il1f11bY~'VlI1JU~1'W1 nfvn 
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,'I 

(LO"UI1;Lf\;1l) ij9tUfI UAl)lfl (\n,,;lntu) 
t ~ t t :'UUJ (LytfltJlin1J~'U)(LmtMnU''1\J')n)''U111 

fI1 Vi~ 2.2 f11'HWmYl'it{';WlvJvh (Electrolysis) 

2.4.2 f11'illtlf1ff1'it{"WlvJvh (Electrolysis) 

o "" d i IrJ .. "" J IrJ 'JJ 'JJ ... d ,I 0' 0'"" d i IrJ 0''] 'JJ 'JJ d'

f11'i'Yl1tll(lf1 ~'Yl'i ~(l\Pl'il~If1~'t/'U ~~\91eJ~lI~I\91'itlUeJumWIC)f(l(leJl(lf1 ~'Yl'i ~(l\91 ~'l1'Vi'ieJUlfftlf1eJ'U• 
>I 

1~tlf11'i U1'1l11 vJVl1 (ff1H juri~ H1'U BI~f1\91'i eJ'U )l'ieJl.lJ1tlUII'l1ri~~1t1'Vi tl~~l'U I vJVl 1f1'i ~ll ff\91'i ~ 1I1f1 
'j) I 'j) 'j) 'j) I 

fI1t1'U eJf1 l~ tlf1'1l11 vJVl111~eJtlU'Il1U1f1't/eJ~1l Hci~~lt1'Vitl~~l'U I vJVl111 'Il1U1f1 II(l~l~ tlf1'1l1IvJVl111 
'j) jI jI jI 'j/ 

~eJtlU'Il1(lU't/eJ~1lHri~~lt1'Vi rl~~1'U I vJVl111 'Il1(lU 111m:)"!.) ~~~U'Il11 vJVll'l'1~ffeJ~ (l~ 1'Uff1'i BI~f11 'Yl'i• 

• >I >I 

f11'i l11BI~f11 'Yl'i l(ll'l I~UI'i''U1I1f1f11'itl~1~1I'i 111'm~ll ffl vJVl-II H(lH1'U 'Il11 vJVll'l'1~ffeJ~ (l~ 

I tl1 'U BI~f11 'Yl'i l(ll'l ~~lI~d~H(ll11'1eJeJeJ'U ~1~"l (~ij eJ~l 'U ff1'i BI~f11 'Yl'i I (ll'l) 'Vi1tl'UlfJ~eJ'U~ 
>I • >I 

U1~~'Il11 vJVl111ijtl'i~~\91H.lJ lutl1J'ln1~'t/eJ~ I tl eJeJ'UU'U l~tI't/w~tliin~ tIlihtl~~hiJu I tl leJeJeJ'U (lU 

dt d 3J G) 3J~ d , ~ 3J e:. d ,Jd d. d ~ I lI] ~~ 
1I~1 fJ(l eJ'U 'Yll 't/1U1 ~ HeJl(l f1\91 'i \J'U IIf1't11U 1f1 II(l1eJl(l f1\91 'i tl 'U 'U f111~ IfJ (l eJ'U 'Yl1l1f1't/1U1f1H1'U 1~ 11 'i ~ vJm 

~~eJm;fI1t1'UeJf11 Hm.lJ1ri~1 ~Ull(l~BI~f1\91'i eJ'U~~1(lU~1I~()f1~1t1111'tlu I eJeJeJ'UU 1f1~lfJ~eJU~I.lJ1 
~ ~ ~ 

, , 'j/ 'j/ 

IueJ~ 1I1f1tliin~ tIlyilfi~~'U 1'U 't/W~l11BI~f11 'Yl 'i ~c11(l ijl1~f11'i 111'1l(l~ i'uBI~f1\91 'i eJ'Utl'i~ f1eJU 
'j) I 'j/ jI 

eJ~ ~~U'Utliin~tIlyilfl~~'U'lWf11'il11BI~f11'Yl'i~c11(l ~~l1~lrl'Un~tIl~ ~eJf1qf 1~tlGlf'I1~'t/eJ~'Il11 vJVl111~ 
• >I >I 

tJf1tl1H'U~t{1t1'l1iJ~'t/eJ~tliin1 tIll1ln~~'U U~!dW 'i eJU"l 'Il11 vJVl1ltJ'U ff1f1t1:!1l(l~1I1f1tlm:IW~f11'i 

ci1t1l'YlBI~f1\91'i eJ'U~lfJ~eJ'U~ I H(lH1'U1~ 1I'i I vJVl1~~~eJmjfl1t1'UeJf1rl'leJ~~ri~H(l111'ijm~1l ffl vJVl1 
~ 

>I 

In~~'U'iJ1f1fJ':i 1J1~1I'i 1'U tliin'1til 
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I , <jI <jI <jI ,<jI 

19l1'Jl~ll 2.1 1Jfin~vlhHlflCJ1yhnfl~hm~nw<U1l'Vh~ll1~bHl~ ~~1J&Ufl'HU111l1Jl~~~u 

. " "'''' 'Yl'U11J1fl 

1 "" ~ 1 1 0' '" "" ~ 'l 'J/ ~ "" '" <NtHHl'U bl1J'Utl-:J ~l'j tlWfl Y1 'j bll9l ~~l~Vtllblfll9l'j tl'U 'l1'U11J1fl!flfl~1'j'l1 'j tlUfl~'U tl~ 

" " " 
1 tlt1{J'U bl1J l~ Vfl<U11J1fl~!nfl1Jfin~ mtltlflclflfli''Uu ';h <U1utll 'Ufl 

." "'''' 'Yl'U1bl1J 
1 tltltl'Ubl1J'U D~~l'j o!~fll 'Yl'j lbl~ 

'j/ ~Qd ~.Ql 
~ ~ l'Ul11 l'J 1J tltbl fll9l 'j tl'U ~l fl'U1bl1J lflfl bl'l1 ~ 'U tl~ 

" " " 
lDDtl'U1J1fl l~Vfl<U11J1fl~lnfl1Jfin~vl~~fli''UU';h<U1Uf11'Ylfl 

I • j/ , 'j/ 

I9ll'jl~ll 2.2 U~fl~'Utl~'lfiJflll'!hl'VH~ltl1J1Jfin~mlllnfl~'U 

'" <N
~1'j'l1'j tlUfl~'Utl~ 

ltltltl'Ubl1J 

~lfl~mh1mU~1il ~1'j1J'j~fltl1J~UlmUVfl~bllv~1Vl'VHh ~fl~l~'U~1'jol~f11'Yl'jlbl~ 
" " , 

!'VllU'U ~~U'U! 'jl~~ 1~~lmH1Ul!tlfl~1'j1J'j~fltl1JlllrJ'U'Utl~U~~m!Wfl~bllV~1V l.wrh l~lflvl9l'j~ 
fJ/ I ~ d 11] ~ rI Id ~ ;f 

u1l1lmv'l 'U ~l'j1J'j~fltl1J'U'U \)~ II1 tltltl'U1J1fl!!bl~ Itltltl'Ubl1J!1J'U tl~f11J'j~ fltl1Jtl~fll9ll11'Yl~'Ul'W'j l~ 
iJ I , t 'j/ 

1 tltltlWmhu ~~I9l~~mitl1Jll (1~~lm'jmf1~D'Ull l1Jm1~) ~-:JU'U fll'j !Wfl~bllV~l'J1J'j~ fltl1J... 
'j/ 'j/ 'j/ 'j/ 'j/ I 

!'l1 rilU ~~!nfl~'U 1 ~ #Itl~ Ul~l'JU'U mHl'U <U'U 191 tl'U fll'jl1l~l'J 'l11''l1bltl:lJ!'l1m'l1j tlU 1mbl~ bllVUl rWtl 

l1lbllVm ~eifl!'l1 tiV1'j~'l1il~ 1. tltltl 'Umv'l 'U1m~1'l~fl!ftvritl'U l'W'j l~ ~~l1l 'l11'1 tltl tl'U~~ mimv'l 'U 
" . . ... 

1f1'j -:J I'l~fl! 'l1rilUtlfl!Wfltltlfl~lfltl'U ~'U~ O~'j~ 'l 'U fll'j !f1~tl'UllHl'U l1JmmEI'l W9Iblbl1.wvh ... 
'J/ 1t) •• L~ , ,;:11.1 "" "" d 1 It) 0' '" 

fllmVfl~bllV~l'Jfl1VIYfnl !!mtltlfl!u'U2 u'j~Lf1'Yl I9ll11'lf'Ufl'Utl~"'l'JtlWfl 'Yl'j Ibll9l f1tl 

2.4.2.1 fll'j!Wfl~1'j~'l1bltlll!'l1m~1Vm~u~I.wYll(Electrolysis of a Molten Salt) 

d 'J/ 1t) •• I_~ '" '" , '" 1 '" 
fllmVfl~1'jbl~mVY1t1bltlll!'l1mfl1Vm~u~ ll"fnl llfl~!'lf'U fll'jlWfl~mmflbltl 9I!flVll 

It) 0' dI d "" d dl dolt) _~ It) ,It) 'J/ '" ~, 'J/ I 

f1bltl l'jfl (Nacl) 9I~'Yl~m1~1Jfll9l Nacl !t1'Ul'lblfl'Utl~U'U~ 'Ul l.wrn l:l.l Ifl fl~'U'Ufltl'Ul'Ul~ ... 
""dl Q..:::l. cS'3J 'l'31 fj} I oCt <Cl ... 1 dI'l'J/dl

m~1J1'Ufll'j tltblfl 'Yl'jbl9lbl 1J~l9ltl~ 'l1f11lm tl'UUfl~l'j\)'UlltlW'l1 f111~ ~u'j~mw 800 !'Wtl 'l1l'lblfl. ... ... 
" .

!fliitlUlnflfll'j'l1bltlll!'l1bl1~'Uflmm~'U 191!~Vllf1bltll 'j~!'l1 m(molten Nacl) 1l~f1W~:lJ'lJ~Ul1.wYll• 
!dtl~\)lflil~l91!~Vll ltltltl'U (Na+) Ubl~f1bltl h~ltltltl'U (CO ~~~lm'jtl!f1~tl'U~I~1J'j~fltl1Jtl~ 

o ""~ 1 """" <!. 'J/ , 1t) •• I_~ ""~ 1 It) o'd. 1 'J/ +
fll'j'Ylltltblfl 'Yl'jbl9lbl !'jlll9l'Ulllflfll'jl'll'Um~u~ Il"lTIlbl~~l'Jtltblfl 'Yl'j Ibll9l'Ylu'j~fltl1Jfl1V Na llbl~ 

cf lflv~uY]~f11{1Jtl'U (um'Ul.w~) l1lmj'1~lrJ'U~11.wYll ~~'UW~l1l0l~fll'YJ'jil9lbl~~'W1Jil~ 
Q-Q-Q oCt Q J Q ~ 11] _~ ~ oCt (pJ oCt J.d ~ d 

1J{]mmlf111!flfl'U'U1J'jnW'U1 I.wTI1Y1~~tl~ lflVll.wtl~Ufl~f1bltJ'j'U (Cl) ~fl'U'Um'Yl'U11J1fl Ubl~ll 
, " <:I <:I""i (l'l1~i 9IlflV1J (Na) m;ntllfll~'Yl'U1J;j1JeWVlJ;j{lflnm... 
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:1 

_ Battery _ 

~--':.-II ~ 

I !.Inert
'+' "I.~~lrodes (-I 

Cathode 

N" liquidCJ~ /lUll 
form~form;; 

ill cathodeat ano·de 

, iJ 'jI 'jI 

fI1~Y1 2.3 Uilfl~V1tfli:ilfl~~'WU~l1ru,j11'VHhtl'HH)'l 

t11'HU~V'WUU~'l~'lf1ri11 lfl~UilfWV1t111'lM' - i'UBl~tl\9l1tl'W'\Hl'llm)tl'W'1'W lC)fl~V1Jfl~tl 

hl'1m~1 1~Vfl~tlhI'11tltltlW (CO 'iJ~lfl~tl'W~1,r11J1~~1U1tlt~mlUJtilVBt~tl\9l1tl'Wri1'W~lfl~1J1.. " 
~ '" &"1'''' "'dl9J ...... ~ 

tlmmu'W tl~\9ltl1J'IJtl'lfl~tl1 'W (Cl) C)f'l ~1JlbHW1 tl~\9ltl1J'lJtl'lfl~ m 'W 'iJ'l\9ltl'l'i 11J\9l1tl'Wltl'l tlmmlJ'W 

"I <;'/ ..\ '1 91'" '" ,1 '1 "'... '" ~'" "I "I
~1Jl~~~'lJtl'llltlblfl~tl1'W (CI:) t~tl 'I11Jfl111JlbltlV11J1tl'IJ'W 'W'lJW.~t~V1tl'W ~C)ft~V1J ~tltltl'W (Na+) tl 

'iJ~tfl~tl'W~1,r11J1~~1~U t~tli'uBt~tl\9l1tl'Wri1u~'\J1~mvlu tlmmrJ'Wtl~\9ltl1J'\Jtl'lh'l1~ lC)fl~V1J 

(Na) 

trltl111Jfl~'lUilfl~mvr'l bltl'l 1~vtl1ilvmltlt111ri1m'l'1Bl~tlmtl'W '1M'rvhti'W 'iJ~ ltluilfl~ m~ 
" .

lfl~~'WfI1V'l'WlC)f~tl-wvh fh~Vtl11 Uilfl~V11C)f~rl' (Cell reaction) ~'l~'1Jt111 

2Na+ (aq) + 2Cf(aq) ------+ 2Na(s) + Cl (g) = 4.07 volt2 P cell 

J'Wfitlt111fhBl~tllmilc}fb1NaCI 1'I1b11 'iJ~tfl~uilfl~mtltltlc}ft~i'W'1M'H11blflbltl~'W (CI2) ~ 
I 'jI i1 , 

Utll'W~ Ubl~lfl~uilfl~m~~f1i'W'lM'lbl'l1~ lC)ft~V1J (Na) 1J1Q1Ult11~ViUfll'1'1~ l1'lijm~llbllvl~lVi'1~ 

~tl'lij~lfl111J~Niltl6bl'ltl11 4.07 bbll'1 ~'l'iJ~lfl~t1111U~V'WUUbl'l~'ltlri111tl.. 

2.4.2.2 t111 tWtlblbl1Vbl11~~mvtl1vm~llbll-w~1 (Electrolysis of solution) 
I I I )/ 'jI 

tl'l 'iJ 1tl tl T:i tWtlbl11 Vi '11 bl tl1J I'll bl1tl1Vtl1 ~ Ubll-w~ 11rJ'W In Vi iY'WlU~ tl'l~ 1'1~~ 1V1J 1tl~'l ir'WtU
"l 'j/ 'j/

mf)blT:i'l'1\9ltl'lf)T:iUVtlblbl1V~1V 
IJL.L3l 
tl1TI1 

d '" d '1' Ii] ",,,ld -: Ii] 'JJ 
tU'Wbl11tlWtl ~'1'11 tb1\9l'l'11J'iJ~mH)lJl'mnbl~lm~b1~(l1tJ'W1t~ 

q .. 
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:1 

" ~lm!~1 tl1'.ifl~mtl1:Yl'.ifl~11!ihU~1~~~tlmWfl1:Yl'.ifl~mtl~1t1m~!mIVHh 'iI~yhl~1:Y~~1flfl11 

Ufl~!fftl~l 1oN~lt1U' tltlfl11!~ 1J 

" " 
11.iI~ii!'Q 'V'll::: 1 tltltlU U1fl'Utl'J lm'l~ufl~ Itltltl UflU'U tl~ tl hl1 ~!vhuu u~v~ m1J!flflfl'Utl~U1• 

, 9J Q,I ~ a ~ d ...::::::r....::::::r. ...::::::r. d d' ~ ltJ 'j/Q,I :l.h ~fltlUtltl~ 1t1 ~~U U tl1'.i 'VIltlLflfllm flC)ffl1:Yl'.ifl~mtltl!flfll 'VI '.i 1 fll'l 'iI~ tl1 'iI !~ '.iUfojflm~'VIU 'illflUl 
OJ 

~! llu19l1Yl lfl::: m til~ !dtl ~ 'ill Tl~ !llu 1:Yl'.i ~ 1:Yl1Jn tltl fl1~1Cl1l1~ tltl flB tlflelfl~Cl11~!iu tlU 
OJ OJ 

tl1'.iYll~h~ fll 'VI'.i~elffl1:Yl'.ifl:::mtlfl!~fll'VI'.i Ifll'11~tll oN,!11~Vll!~tltl !iU um 1 ~I'1U Un1tI1~ 
...::::::r. J ~ t _~ d ...::::::r. d d' ~ : d 9J ~ e.:J Q,I

!fl~'Uuu'.i!1W 'U 11~TIltl1'i1!t1U'U tl~1:Yl'.i tlLfl fll 'VI'.i 1 ~1'I'I1 '.itlU lfll~ mu'Uu flUf1111J 1:Yl1J1'.itllU fln 

" " & 
tl fl1 ~ 1Cl1'11 ~ tltl fltl tl flelfl ~ Cl1'U '0 ~ 1:Yl'.i tlUU1'UU C)f ~ 1'1'B~~ 'ill'.i W1'illfl ~ lffmfl~Vll'U tl ~ 1:Yl'.i f1111J!,j'1J'1j'U 
OJ OJ 

." 
Uun1t11tltlflelf!~i'u~h'l1Utll U~ 

2Cf(aq) ----. CI2 (g) + 2e 

." 
Uun1t111l9lfli'U yh'l1Ul'll'V1~ 

EO = -2.71 volt 

EO = -0.83 volt 

I 'iJ I 'iJ Iii' 

foj~'Utl~Uun1t11'vhnf1~u!ijtlYllfl!~fll'V1'.i~elf~fitliiWl1:YleJ l~'.i!'ilU (H
2
) !n~~u.yj,j1!!1'l1'V1~ 

u~~iiUti1:Yl'l~tl1U (CI2 ) 'I1~tlUti1:Ytltlflelf!'ilU (02) !n~~u~'!1UtllU~ J~if'il~!lluuti1:Y'l1iJ~l~tfu 
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~ I QI 'jJ 'j} Q.I ''J/ ?t" 
'IJ 'W m/fl Ufl11lH'IJ 1J 'IJ 'W fl Uff1'.i n~~ 1t1 u~m!1J'W.. 

'J/ 'J/ l1J 'J/ ClI 
ff1'.i~~mm'IJ1J'IJ'W'iI~ lflUflff Clz 

t::Sd 'j} ~ .d tI 'j) 'jJ tI I ~ .C:t, JI .d

fl·HUYlhff1'.i~~mtllG)f!f1t11Jfl~t1hfl!'lJ1J'IJ'W'VHlfl1'j !"1f'W I11Jm'j 'iI~'VlU111JUflff Hz !flfl'IJ'W 

~~1UfllYlfl U~~Utlff Clz !nfl~'W~~1UtI l'Wfl ~,nJiin~tl1~!nfl~'WJ11t1t'Wfl!~fllYl'jl~lPi'ff11J1'.itl 

U11J1!Wfl!~tI'W!1l'WUIPiU~~fl~ ,aJiin~m l~~~if 

, " 
l1~'hUtI l'Wfl : 2cf (aq) -----. Clz (g) + 2e

, " 
l1'll1UI'11Ylfl : 2HzO(l) + 2e- -----. Hz(g) + 20H-(aq) 

, " " 
Uiin~tl1l1!nfl~'W'il1flfl1'.iYhfl!~fllYl'j~91~ff1'j~~mtl NaCI !~1J~'W 1 l1Jm{ !nfl~'Wl~ 

" 
miHh t1nU1t1l~~~i1 

d~ d ~ ~ J : d GJ ~d lI]'jJQ.I 

Yl'IJ1UfllYlfl : 1JUflff Hz !flfl'IJ'W !'Vl'j1~'W1 (HzO) 1Jfl111Jff11J1'jtll'Wfll'j'jUtlmfl~'jtl'W lfl 

, " 
~fl'<h 1 G)f!~tl1J ltltltl'W (Na+) !i1t1~ 'il1flU l~ffflVl wfhj~fl'l1'W 1J1flfl';hlG)f!~tl1J ltltltl'W 

~~1UtIl'Wfl : ~Utlff Clz !nfl~'W !'Vl'j1~fl~t1hfl1t1t1t1'W (cO !iltlfl!~fl~'jtl'Wl~~fl';hJ1 

(HzO) !~t1~'iI1flUtlfffl~t1j'W~ffflirlwfhtn'WI'11~1fl'<hutlfftltlfl91!'iI'W (u~'<h Clz 'iI~~~1 P 1J1flfl11 

~ 

Oz fl~l1J) 
I I iJ iJ 

djtlVl'il1'.itl! 1uiin~tl1Yi!nfl~'Wu~ntl!'ll1 lWfh 'iI~'VlU11 Na+ llil~~ff1'Wi11J i 'Wfl1'.i 
" , ,

!nfluiin~ tl1'IJtI!~'t11fl!~fll Yl'5 ~91~ff1'.i ~~ir 'W 'l 'W ff1':i ~~ mtl~~V~fl~~ Na+ !fliltl'Wl1l~miHflff'j~ t1~ 
'j1 I 'jI , 

'l'WU 1 U~~ff11J1'jtlYhuiin~tl1'.i11J1"11tlU OH-l1!nfl~'W'il1flUiin~tI1 !U~tI'W 1U!ll'Wff1'.i U'j~fltlU 
, " 

lG)f!~tl1J l~f1'jtlfllG)f~ (NaOH) l1~~mtlt'WU1 
, " 

uiin~ tI1'j11Jl1!nfl~'W 'il1flfll'5 111fl!~fll Yl'j ~91~ff1'.i~~ mtl NaCI !~1J~'W~~!1l'W1~~~ff1Jfll'j 

2NaCI (aq) + 2HzO (1)-----. Cl z (g) + Hz (g) + 2NaOH (aq) 

!rltituj tlU!l1t1Ufl1'.i'jil1fl!~fllYl'j~91m~'tdHlG)f!~tl1Jfl~t11'j~'H ~tl1JmmtlUff1'.i~~mtl 

lG)f!~tl1Jfl~tl h ~ 'VlU':ilH~~ l~'il1fluiin~ tI1~!!~flIPiHtl'W 1 f1t1fl1'.i111fl!~f11 Yl'j ~91~ff1'.i~~mtl 

1 G)f!~tl1Jfl~t1 1'j ~'iI~ lliff11J1'5 t1!wfll ~'H~1 G)f!~tl1Jtltlfl1J1l~!!1Pi 'iI~ i 'I1Utlff1 G)f!~tl1Jtltlfl1J l!!Yl'W 
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!I 

~h~tlll'1'j~ci(l " 
'll1uflll'1~ 

" 
'll1utll'W~ 

NaCI 'I1(ltlW'I1 (l1 lm'l~ Na 
r:J 

Utltl Cl2 

"l 
tl1'j(l~mtl NaCI Hltl'll'1 

r:J 

Utltl H2 

r:J 

Utltl 02 

tl1'j(l~mtl NaCI !'ti'lJ'ti''W 
r:J 

Utltl H2 

r:J 

Utltl Cl2 

tl1'j'¥hfl!~tlll'1'j~ci(l NaCI '11 (ltllJ!'I1(l1 'l~t1tlU11J11'l1''l.h~ lt1'11tJ1'Wtll'jtltl~!Wtl1i1\Pl'" . 
1C}I!~tllJU(l~f1(ltl~'W tl tltl'llmfl~tl'l1 (l tlW'I1 (l1 l~ (1 'Wl'11'1U UU~iJtlU1!tl~tl'l1 (l tllJm(l1Ntlm 1lJtlU 

uflmtlftllJfI(ltl h~ !~ml~'l~11(ltllJm(l1'lJtl'l!tl~tl)~h'Wtl1'j'vhfl!~tlll'1'j~ci~tlll~~mtlNaCI• 
'jI 'jI ~ I 'jI .Q lfJ tI lfJ 0 G) 3/lfJ 'jI & 

!'lJlJ'lJ'W'W'W 'I11tlU~tltll'l1tl1Hl~mtlm~tlll'1'j !~\Pl'j~!'I1t1tltltl !U 'l~l'11!'11 !~ NaOH \PltlN~mWtl 

tltltl1J1 U~~ tl11J1'jtlU1!t111J11'*1'W tll'j N~lP'ltl1'jU'j~tltlU1C}I!~tllJ l3~'j tltll C}I~ !~ tll '*1 'W 

m~u1'Wtll'jl'11'1tllP'ltl1'l1mnJ~tll U• 

2.4.3 tll'j'l!U h'l1~~1tll'Vlvh (Electroplating) 

1'W1'1tll'jtllP'ltl1'l1m 'jlJ l~ijtll'jU1!t11'11 ~tltll'jl~hfl!~tlll'1'j ~citl1J11,*U'j~ lt1'lnrtl'W tl~l'1• 

1J1tl1J1t1 ~'1l'11'1~1'W!1P'l~ tllJ tlll ~~~1t1U1~l'1t~W'l tll'j111Un~'11 ~ 1l1'U1 ~l'1t U~~ tll'j'l!1J!f1~tlU 
f:b 1(l'l1~ !~mi''W 

" 0

tll'j111fl!~tlll'1'j~ctltll~tll'l1''ll1l'VlyhVil~itl'll1 !'If'W Ul'l~YJUlJ 111t1Uml'VllPl' 'l~l'lUi1 
" . " 

'll11'Vlyh~'1tlri11111'11'WU1Yi~.~! ~l'l1~ tllny '1N1'W fl!~ tllP'l'j tl'W!l'hU'W(llJij ~h'W 'j1lJ 1'W tll'j 
• )I I ' iI)I 

!OflUU01t11) u~'I11mu~tI~!1J11,*'ll1 l'VlyhYiitl'll1!'lf'W1 ~11~~1'1"'] U~1 'l~l'lU'-.il'll1 l'Vlyh!'l1 ri1U 

tl11J1'j t1!'ti'11J1ijri1'W'j 1lJ1'Wtll'j !n~Uun1 tl1'lJW~111fl!~tlll'1'j ~citl~1t1 

tll'j'l1U1~'I1~~1t11 'Vlyh !1l'W m ~U1'W tll'j'l1U h'l1~~1t1'11lJ ~'I1rt'l~1t,l (l11 dltl'l1lJ~11 rt'l 
" " 0

u~!n~!~'Wi'W 1J1'1"'] !f1~ tlUtl ~~1t1tl'W 1~tlt11fttli1itll'j111fl!~tlll'1 'j~citl~1t1'll1 1'VlyhYiitl'll1 
'II 

~'1!'lf'Wtll'j'l1U1tl~~1t11m!ij tllJ!~tl1l1'ijm1lJiJ'W11Jtl1t1'11lJ U(l~ tlll'l1U1(l'l1~m ~tl~1t1~Um~tl 
q q q q 

fltl'ltl'W tlll !n~tllJlJ'lJtl'l!'l1 ~ fl !~'W ~'W 
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l1~fH;ilfitu'\Jtl~f11)'lfU 1~11~$I'.lUlvJYh titl t'l1'1~11~~t~'lfUI~'U~1U1tl ri1'U 1~11~~... . . 
~tl~f11'j'lfulil'U~1~u 1f1UhHY1'j~~~lU~I~tl1 'I'l'j l~~J'U~tl~ij ltltltl'U~ij1~11~'lfiJf1I~U1tlU 1 ~11~• 
~t ~'lfuu'j ~tltlUtl~ ~ ~ m ~U1'Uf11'j'lfU 1 i'l11 ~ 'iI~lnf1~'U l$1~1Vi tllrltl~ tl~ ~,h'Um ~ll {flvJyh~~t 'U... . 

'" d 1 "J rI 9J I Q.J 17'.d ~ 1 d ~ 
{fl'ji'l~ mutlli'ltl 'I'l'j 1i'l\91 f11Ufl11lJ\9Il~fftlU'l'l'Wtlll1m~\9IllJ'lf'Uf1'\Jtl~ i'll1~'I'l\9ltl~f11'j'l1U 

~1tl~1~f11'j'lfUN1'lJtl~ 1i'l11~$I1ulvJyh ijfi'~I'lf'U f11'j'lfU~tl'UiJlni'l (Ni) $I1U hl1~I~'U. . 
(Ag) ~~lnf1~'U l$1lrltl t 'I1'1l'l'i\l1 i'l11~1~'U'\'1111U'1~lilu~1U1tl (lltl1 'Uf1) 1l~~~tlU~~tl~tl1'j'l1ulil'U~1 

i'lU (llrl1'1'lf1) 1f1uij{fl'j~~muc)fm1tlflC)fU11'Ufi' (AgCN) Yi111U'1~lil'U{fl'j~I~tl1'1'l'jli'l~f11'j'l1u 

1 ~11~ 'iI~lnf1~U lrlm1ll1'l'i ~ 1 i'll1~I~'Ulli'l~~tluiJlni'lmlVi tltlUlll1 ~~ ~lU 1vJyhm~ll{f\9l'j ~1ltl'1~lJi'l~• 
" t'U{fl'ji'l~mU AgCN t'l1''iIlJ 'il1tliru~~~1'Um~llfflvJrlll'U'l1ut'Uffl'ji'l~mU f11'j'l1u~b 1i'l11~'iI~ 

",J 1 ~ .d9J Q~ .ttii G]9J GJ ~.d9J QlQd Qd
Itlf1'\J'U f1U'\J1~U'I'l'lftlU 'Ultl ~'iI~f1~~f1 111 Ag+ I'U {fl'j~~ i'llUlrli'l tl'U'I'lI'\Jlm'j Utlli'ltl\9l'j tl'Ultlf1IU'U 

1~11 ~1~'U ~nUlf11~ tl~~~tl'U ri1'U~~1U1tl'\Jtl~ 1 i'll1~I~'Ulrltl t 'I1'~I~tl\9l'jtl'Ulltl'1 ~'iI~tlmUlil'U Ag+ 

IGJ 'jJ ~ .d"J .... I<V 'jJ ~ Q.J ~d 1 111 ... 1 ~ ... 1 1 "J'jIGJ9lo Qd 
i'l~mtl~ l'Uff1'ji'l~mU llmlfl~tl'U'I'lIUU~'lftlUI'WtJ'jUtlli'ltl\9l'jtl'U\9ItlIUC)f~111tlu~tlU 11111'1'lltlli'ltl 

I 'jI 'j/ I 

1'1'l'j li'lc)fffiJ~m~hiJ'U~tll U 'iI~'WUil'~ll'l'i~ 1i'l11~1~'Uir'Uijf11'j~tll1'j tllnf1~'UI~tlU"l t'U'\JWd1~tl'U 

iJlni'l~'iI~ij1i'l11~1~'Um~lUlfl1~11U1~'UdtlU"l l'lfUnU 1f1UU~mW~m~lUlf11~'iI~I~Ufff1ri1'U 

1f1U\9lHnUU~mWlvJrll~t~'l1u 1 i'l11~ \9IllJfl11lJfflJ'W'U11 ill 00 Q tl~11titl ~l'l1U hl1~I~'U 
'l~ lIJ~ ~ 1 d, J 

I1m'U1U"l1li'l~ l'lfm~ll{fmtl"l 'iI~ lf1mllJl1Ul'\Jtl~'lf'U ~l1~I'WlJmtl'\JU 

Q It 

Q u~mwlvJrll (11'I11Ul~'U rl~tllJ1r).. 
m~ll{flvJrll (ml1Ulll'U lltllllIU{) 

.d'1 91'1 0 '" d t '" '" ,dj '" .:l
T I1m'l'lI'lf 1'Uf11'j'l'lltll~tll'l'l'ji'lC)f~(mnUlU'U 1'Ul'1'l) 

I 
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• >I 

uan~ tI1~ilnf)~u 'iJ ltlfll'i,!!1J~Du'I1ln~~1t11~l1 ~11ul~U ~'HnJfll'i 

~UD 1Uf) Ag(s) -----+ Ag+ (aq) + e- (lnf)Uan~tI1DDtl9l1f)iU) 

~Ufl1Y1f) Ag+ (aq) + e- -----+ Ag(s) (lnf)Uan~tl11~tliU) 

Uan~tli'i1lJ Ag(s) -----+ Ag(s) 

" . 
2.5.1 fffl1l1fll'i IWflbYmtl~hIri1Ulfl~D'lJjDI91f)'lf'l1f)U~UJJf)I91f)l1'lm\91Ufllrt1J~~1t111iIflJJ 1vll'll 

• >I • 

\911'i 1'll1 2.4 bY'i U~~fll'iYlf)~D'lUtltlbYmtl~U ri1Ulfl~ D'lJjDI91f)'lf'l1f)U~UJJf)I91f)l1'lm\91U mrt1J~• 

uH~u1vll'l1 

(V) 

m~llbY1vll'l1 

(A) 

"" DWl1mJ• OJ 

(OC) 

or • 
o ... d 

U l'I1UtlYl~f)~'l 

(g) 

6 0.11844 36.8186 5.2577 

12 1.0943 42.01 11.5395 

24 5.8738 79.93 

'i1lJ 

114.8706 

131.6678 

6+------------------------- 
5+------------------- 

7 -r------ ------------------- 
5.874 

4+------------------- 

3+------------------- 
2 +-------------1.-09---4-----

1 +-------.0~.1:;-::1...8:------ 

0-1-------------.-
6V 12V 24V H~mi'W'1'VlYh (v) 
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90 ..,..-------- ------- 
79.93 

80 +------------------- 

704------------------

604-------------------

50 4--------------"'21I"-1tt-----
36.82

40 +----------- 

30 +--


20 -+--


10 +--

0-+--

6V 12V 24V
 

. 
,111n10 (g) 

140 -------------- --------------------- --- -- ------------------------ ------------------------------ -------------------------------- ---- .---------------

114.87120 +----------------------- 

100 -f----------------- 


80 -j----------------- 

60 -j----------------- 

40 -f------------------ 

20 -f-----.............------.....I.J~_-----

0+------=-----,----
6V 12V 24V 

• >I 

fI1TI l1 2.7 UHhI fI iJUff ~ ~ ~"ahHnhtnJ fl hHl1':i'Yl~ [H) ~ [ 6]
OJ • 

>I 

2.5.2 H(I flll 'Yl~ ~H)~ fll'HltIfl ffmtl'lJ tJ~ UHhI ~~1'1~ 11~ ffll9lhl fI1f1u I'll~ t1~.u' tJfhtl hi~ ~~ il 

IIH~hlhHh 611(1~ 12 l1(1l'1lm~24 11(11'1 mlm~11ufl1h1 120 ':itJU/hlll1l1m 24 
• >I >I 

i11:IJ~ t~m~yJtJffyJtJ~flHl1JJflU111tW)19l111hhl 5: 1 fitJ yJtJffyJtJ~fl 500ml.111 100m!. 11:IJflhll;l 

dllJ ~"I
600 m!. H(lflll'Yl~m:m'1 ~~f10 

" >I 

flll'Yl~(ItJ~l1l'\!jm~ff:IJ IW~~l1ff~ fitJ UH~hllyJvh 24 11(11'1 H(lfitJ 111'tnJfl 114.87 fli':IJ tJWllfliJ 
• • OJ 

79.93 °C m~ll'fflvl~l 5.8738 wnJll1H 



• • 

32 

llHU llJij~l'1~ ml91UfllfllJl91 fH 1~'H~~1~111tlt11'J'Vl~~tl~ 

I 
tl~ l'l'lh~ tl tllJ 

'JJ 
'Jtlf.J~~ tl~l'l'lh~tltllJ 

'JJ 
'Jtlf.J~~ 

1'Vl1'Vl!ijmJ (Ti) 58 1'Vl!'Vl!ijmJ (Ti) 36 

l'1~mI91U (W) 29 l'1~mI91U (W) 34 

tl~iJlijmJ (AI).. 7 9f~fltlU (Si) 2 

1 fllJtl~191 (Co) 4 1fllJtl(ll91 (Co) 0.2 

9f~fltlU (Si) 1 
d 

m~tl (Fe) 0.2 

~~~tlcil11J1.,jN~mfU l1~!~U t11'J ff~UH~~N"l ~ 1~111tlt11'J 'Vl~(ltl~ 1 ~f.J\l~ij HmJtJ~tl1';i ., ., 
'Vl~(ltl~tU!!~(I~flf~l'1~'HlJ~ 9 ']j'~ !!1j~tltlfl!~U 3 tlcilJ;itl 611(11911211(1191 !!(I~ 24 11(1191 tldl~~~ 5 

, , ., 
']j'~ !'Vltll1l1~'\.h1J1 H~t11'j!U~ lJlJ!l1f.JlJ'lJtl~t11'J 'Vl~~tl~ 1U!!~ (I~flf~'lJtl~t11'J'Vl~(ltl~ 'H~tltl1';i 1!fl'J l~M• , , ., 
'H m(l t11 'J 'Vl ~ ~tl~ l1 ~ l1 ~~ !!(I~ Utltl 11 ltlUU f1~ij t11'J!ill f.JlJ fo.l(l'IJ tl~ tl~ l'lU 'J ~ tltllJ 'lJtl~ 1i llPJ ~ N"l 

'J~'H':iN!!HUij~~~ (Insert tools) tllJ fo.l~ 1(1'H~~l~\lltlt11'J'Vl~~tl~111tlfo.l(l~1~11~!l1u·-.ilU~1J1tu'IJtl~ 
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2.6.1 fl1'j'ul~rrlrVi'~m~'U1J11~1'l1~~lml1fliJflfl1'jlHHJ:IJ (W-Scrap Recycling by the Melt 

Bath Technique) 

Heavy metal scrap 
(large pieces) 

Dissolution in carbon-saturated
 
Fe-or co-Melt Menstruum Process
 

WC-Fe-C WC-Co-C 

I Acid dissolution ofNi, Fe, Cu I I Zn process I 

Solution 
Containing 
Ni, Fe, eu 

Recover 
Metal val ues Coarse, faceted Direct use in 

WC powder Hard facing 

(Flow sheets ofW scrap recycling by melt bath techniques) [16] 
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,JI 

·········
 
~~ ..... -.. . -.-......... .
 ...-..- ~--- . 

. . 

~\iiJ v ~~l~Qi

I I 
I
I .... 

I
I 

I I 
I 

STEP 1 STEP 2 STEP 3 STEP 4 
I
I STEP 5 STEP 6 

I I 
Basic Fe-C : Addition of Conversion: Settling 01 : Decantation 01 Disintegration of 
melt formation: W scrap :of W scrap: WC mass : liquid above WC the residual WC

I snd csrl!.on I to WC 
I I 
I I 

I in the melt 
I 
I 

I 
I 
I 

mass Fe mass prior to 
line powdering 

I 
1 

I 
I 

I 
I 

I 
t and leaching 

1 I I I 

Temp. 
[OCl 

9 11 20 23 25 

TIME [min] (not to scale) 
, , 

do Q.I Q,J QI do .<:::::t. I Q,J 

f1TV'l'1'l 2.10 llHlJH'l'V'll'1JlJlf11JlH'l()lJlff'l:J'Vl'l'(H~lJ'VlfJWl1.fJlJl'l1'lf1lJ(Schematic time- temperature 

diagram indicating the steps in the process of recycling tungsten scrap.) [16] 

o Fe - Fe.W. - M.e 
o W - Fe.W. - M.e 
o we - W - M.C 

CO> Fe - Fe.C - we 
a fe· we - M.C 

....",c. L~_~-I.~~"":::::-'-:l'- __X-__~__-->'--__~_ 

Fe x. -

.d "i 'J/ "i <I d '" "" 0 '" '1'J/1 ' 
fIl'V'l'Vl 2.11 ~flHff'jl'l ~1:l11~fl1nWlJ-m1:lf1-'Vl'lffl~lJllff~'l1J'jnWlJ1f11:l1JlJ1~']j' l1lJ (Projection of 

the liquid us surface of the C-Fe-W system according to Jellinghaus. The shaded zone 

indicates the working area of the recycling procedure.) [16] 

30 
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88 

II 

2.6.2 Chloride Assisted Hydrometallurgical Copper Extraction 

"----
~----

1'8 

rti-tt1rt1i=~::;::::=~==:::;---lOETP 

.... 
ELEMENTIt. SULPHUR 
PRODUCT 

'- .. FIW. EFFUJENT 
TO POND 

___~... R£F'INED COPPER 
10 MMKET 
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,:1 

. 
f11'jl~Yi 2.6 fl1'jLYn~'VHl~H~~ [11] 

Copper extraction for tests Example 1 and 2 

Feed Copper Residue Copper % 
Example 

Dry wt. Dry wt. Extraction 

%Cu gCu %Cu gCu 
(g) (g) 

I 

1 150.0 40.19 60.2 96.2 2.52 2.42 96.0 

2 153.7 40.19 61.8 110.9 1.65 1.83 97.0 

I 

% Sulphur oxidation 

Example 
% Sulphur Oxidation 

Sulphur Balance Method Acid Generation Method 

1 28 n.a 

2 9 9 

Results of Acid Addition 

Example 

Acid in feed 

(g/L) 

(Stream 8 and 

60 combined) 

Cu in Fi1t. 

(g) 

(Stream 8 and 

60 combined) 

Cu in Filt. (g) 

(Stream 6) 

Gain/Loss in 

Filtrate 

(g) 

pH 

Flit 

3 27.3 4.1 9.7 5.6 3.2 

4 22.5 7.0 10.38 3.3 3.7 

5 24.0 8.1 7.1 -1.0 3.3 

6 23.0 6.7 4.0 -2.7 3.6 
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, 
19l1'JVlli 2.91'11tJ~Vlf)l'Jnl'ltl~tJ'U'UtJ.:j'VltJ,ml'l.:j [11] 

Copper Extraction for Examples 3-6 

Example 
%Cu 

Extraction 

%Sulphur 

Oxidation 

3 97.2 6.73 

4 95.4 7.39 

5 97.7 5.64 

6 98.0 7.36 
I 

Flow rate 

(mllmin) 

FEED 186 

DILUATE 171 

CONCENTRATE 15 

Result of Example 8A 

Assay (giL) 

Acid 

20 

8.9 

168 

Cu 

0.89 

0.76 

2.57 

Cl 

1.1 

0.8 

4.1 

Acid 

100 

41 

68 

Distribution (%) 

Cu Cl 

100 100 

79 67 

23 30 

Result of Example 8B 

Flow rate 

(mllmin) 

Assay (giL) Distribution (%) 

Acid Cu Cl Acid Cu Cl 

FEED 163 20 0.77 1.42 100 100 100 

DILUATE 152 9.5 0.26 0.89 44 32 58 

CONCENTRATE 11 169 7.32 8.17 57 64 39 
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2.6.3 f11'H~eJflfll'HjmJlflueJ(;jI91'\I1mfl''I:l9h1J'W191'11~b1'l\9J'Ufl1{'ul91'(Selective dissolution of 

the cobalt binder from scraps of cemented tungsten carbide in acids) 

\9I1'jl~~ 2.12 Composition and grain size of the cemented tungsten carbide scraps [13] 

Sample 

Co 

Composition 

(wt %) 

WC 

Grain size 

(Il m) 

I 

CS6 6 94 2 

CS14 14 86 2 

CS20 20.6 79.4 3.55 

CS22 22 77 4.5 

1 

i/A.-2 

fll'V'l~ 2.14 mlvJ!lb1'fl~nl~~lvJYh~eJm~l!b1"vJyh1'W b1'l'j(;j~m(l~mu'H fllJ 25°C l~eJfl1'j veJmfl''I:l. .. 
'" <fIIJ'
'Y1~b1'l\9l'WfI1'j IUfl CS14 (Anodic Linear sweep voltammogram of tungsten carbide scrap 

CS14 in various acid solutions at 25°C) [13] 

o 

~ ~_---oItT-""NII(---.....---r--r---""T""-"""'~-" 

-200 

-1000 -s:x:J o 500 1000 1500 2ODO 25m 3lXX) 
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II 

"t2(lD 

1GOO 

IKIO ... 
i ,4QO 

2DD 

0 

-2ID 

-«lO 

~ 0 

- 'i ..... --. 
'~"o _ 

- 0 ~. o_.~•. _- ."" ~~ .. -
_-o-.:-,;

........  . j""._0-

i/'-'o'l 

fI1'Vl~ 2.15 f1~'UltH~'U1vJ.yht'U~l'H'l::mtl!flEJl1'HYl\VI'UfI1{l'U~CS14 i'U~l'Hl::mtl2 M H3P04 ~ 
"	 " tlW'HfliJ 25°C; 1, lhlflulfHYlHl::mtllflii; 2, ~'Uti'U 0.1 M citric acid; 3, ~'Uti'U 0.1 M . .. 
dI" '" citric acid It'(l:: 0.4 M ammonium chloride; 4, 'tI'Uf)'U 0.4 M ammonium chloride [13] 

I"A 
~.6 r----- ---- 

1.4 

1.2 

.. 
, 0.8 V 

2 00. V 
0 .• 

3 0 .• V CIT 

.. OoC v CIT 
0.6 

0 .... 
4
3 

0_2 2 ... 
oL..--_---L -'- -'--__	 _'____.J:......---J'--__~ 

o	 8 20 28 

Tinae/h 

anodic current with time for the electrolysis of 0.1 kg scrap Cs20 at (1,3), 0.6 and (2,4) 

0.4 VSCE in 1 N HCl solutions without (1,2) Or with (3,4) 0.1 N citric acid.) [13] 
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Cabalt concentra'ton,gdm:~ 
20r------------=----------- '----, 

(a) 
4 

3 

2 

1 

0.8 V 

0.8 V CIT 

0.4 V 

0.4 Iff CIT 

6 - 1 

-+ 2 -.- ~ 

-e 4 

0 ~ 8 12 16 20 2 .... 28 

Tirne/h 

500 

400 

300 

100 

- 1 o.e v 
2 0.8 V CIT 

~ 3 0.4 V 

-e 4: 0 .• v CtT 

(b) 

8 12 16 20 24 

4 

Time/h 

.d JJ ~ i rI ~ ~ OJ

flWfVl 2.17 mllH'lJ:U'lJ'U'lJt!~ fl'Ut!MI(a) H(l~fl11W'lJ:u'lJ'U'lJtl~'Yl~1:1'l\9l'U (b) [13] 
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JI 

Cobalt concent,..tion/gdm·~ 
14 ~----------=-------------, 

1 

3 

4 

2420 

1 0.8 V 

-+ a 0,4 v 
~ 3 0.8 V· N; 

=Se 4 0.4 V • AC 

l_.-l----------r 2 

18128 

6 

8 

.. 

(a) 

10 

12 

28
 

Time/h 

(b) 

250
 
3
 

200
 

160
 

AC 

100
 

50 2
 

1
 

28
2412 1& 

- 1 0.8 V 

-+- a 0.8V AC 

~ 3 O.4V 

-e- 4 0 •• V 

Time/h 

fllW~ 2.18 mltJt,j'tJ~'U'tJ~FJ hnJfl~~(a) tt~~mltJt,j'tJ,j''U'tJfl,nl'Hn~'U (b) fllvhi'Hl 'J~'U i'YHh 
t'UGJf1'J 0.4-0.6 i1~~ [13] 
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I Cemented WC scrap I 

CleaningI I 

I 

"I r-Selective Electrolysis in IN HCI + 0.1 N citric acid at 0.2 - 0.6 VseE 

.. .. 
I Anode residue (WC) I I Electrolyte (Co salt) I 

I Cleaning I 
I Cathode deposit (Co) I 

I Concentratin I 

I Grinding I I Electrowinning ofCo I 

1 ~ , 
I Screening I I Co deposit II Electrolyte I 

I 1 
Undissolved Fine WC pH controlled 

scraD Dowder and additive used 

I 

ml'l~ 2.19 UH'W~-:jm~1JTW fll'j H~~l1':Hn~'W!l~~1f11JtJ~I'11l1mf1fj~!1J'W 1'111-:jm~'W m{11JIP11~tJ 

'l~fll'j !Wfl~1mf1:iJI'Vl~1 (A flow sheet suggested for the recovery ofW and Co 

From tungsten cemented scraps via selective electrolysis.) [13] 
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,lll 

2.6.4 'Ul i'Ulm'U'tItl,nrHnl'l'UfI1rl1J~lI'l~ifl1Jtl'l~ (Nano-grained Tungsten Carbide-

Cobalt) 

moss-V. C 
o 2 ) (. S 6789 

)000 

1600 \W i 
u 
!. 

fJ .cGo 2200..
 
o.. 
~
 

~ 1800 w.f1'£ 
GIl 
~ 

11.00 1250°C 

W.6-WC 
'000 .£.0---.------.....---...........--....11.... 

'0 20 30 1.0 50 60 
W ot Y. C 

flTW~ 2.20 I'Vh1"~tl~IIf)'HJ'tItl.:Jl1.:JbHl'I'UfI1rl1J~(The WC phase diagram) 

Co 

--4 

(The isothemal section ofWC-Co phase diagram at 1425°C) 
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~l'n:J~ 2.13 "l'l.J'lj'~'\J~.:JI~lhlJ'U~fIlflml!!~~~!m~(Properties of representative grades of cemented 

carbide) 

Cemented 

carbide 

Room 

temp. 

hardness, 

HY 

Modulus 

of 

elasticity, 

GPa 

Transverse 

rupture 

strength, 

MPa 

Coeggicient 

of thermal 

expansion, 

1O.6/K 

Thermal 

conductivit 

y, W/mK 

Density, 

3
g/cm 

WC-20 wt%Co 1050 490 2850 6.4 100 13.55 

WC-I0 wt%Co 1625 580 2280 5.5 110 14.50 

WC-3 wt%Co 1900 673 1600 5.0 110 15.25 

WC-I0 wt%Co

22wt% 

(Ti,Ta,Nb)C 

1500 510 2000 6.1 40 11.40 

.d "'''' 1 "'lIJ 0'", 1~l~l.:J'VI 2.14 "l'lJ'lJ~'\J~.:J ~'Vi ~fIl~ !'lJ~1"l'~ ~'Vi~lh~"l'l'U(Properties of refractory metal carbides 

and binder materials) 

Meterrial 

Hardness 

HY 

(50kg) 

Crystal structure 

Melting 

temper 

ature 

eo 

Theoretical 

density, 

3
g/cm 

Modulus 

of 

elasticity, 

GPa 

Thermal 

expansion, 

Ilrn/mK 

WC 2200 Hexagonal 2800 15.63 696 5.2 

WzC 3000 Hexagonal 2777 17.3 - -

TiC 3000 Cubic 3100 4.94 451 7.7 

YC 2900 Cubic 2700 5.71 422 7.2 

HfC 2600 Cubic 3900 12.76 352 6.6 

ZrC 2700 Cubic 3400 6.56 348 6.7 

NbC 2000 Cubic 3600 7.8 338 6.7 

TaC 1800 Cubic 3800 14.50 285 6.3 

Cr3CZ 1400 Orthorhombic 1800 6.66 373 10.3 

Co <100 Cubic/ hexagonal 1495 8.9 207 16.0 

Ni <100 Cubic 1455 8.9 207 15.0 



d "''''' '1 '1 <I "" <I '" <lit) <I •
m11~l'1 2.15 'ff:lJ'UI'l'U'eN 1"'H~H'ff:lJ Ifl'UeJ"I'l'UeJ~C)ft:lJ'UI'll'1~ml'l'UfI11 t'Ul'l (Properties of representative cobalt-bonded cemented carbIde grades) 

Nominal 

Composition 

Grain size 

(in micron 

size) 

Hardness 

HRA 

97WC-3Co Medium 92.5-93.2 

94WC-6Co Fine 92.5-93.1 

94WC-6Co Medium 91.7-92.2 

94WC-6Co Coarse 90.5-91.5 

90WC-IOCo Fine 90.7-91.3 

90WC-lOCo Coarse 87.4-88.2 

Density, 

g/cm
3 

15.3 

15.0 

15.0 

15.0 

14.6 

14.5 

Transverse 

strength, 

MPa 

Compressive 

strength, 

MPa 

Modulus of 

elasticity, 

GPa 

Relative 

abrasion 

resistance 

CTE< 

ppm/K 

CTE< 

ppm/K, at 

1000°C 

Thermal 

conductivity, 

W/mK 

1590 5860 641 100 4.0 - 121 

1790 5930 641 100 4.3 5.9 -

2000 5450 648 58 4.3 5.4 100 

2210 5170 641 25 4.3 5.6 121 

3100 5170 620 22 - - -

2760 4000 552 7 5.2 - 112 

~ 
VI 
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2.6.5 Electrochemical and Chemical Corrosion of Tungsten Carbide (WC)
 

\PI n N~ 2.16 Columbic ratio-anodic corrosion: cathodic reduction of corrosion product [14]
 

Sample(AEQ WC) 

(g) 

0.49 

0.224 

0.125 

0.5 

0.5 

(aJ
Anodic carrion

(coulombs) 

15.2 

7.61 

5.32 

32.9 

17.6(c) 

"" ., i 0' 

(b)
Cathodic reduction

(coulombs) 

0.806 

0.377 

0.246 

1.65 

0.437 

., o'IiJ 0'., 'l~'l . 

Ratio 

(A:C) 

18.8 

20.2 

21.6 

19.9 

40.2(C) 

2.6.6 fll'HH'l\PImm\PI'Ul!i:l~ fl1Jtli:l\PItllfHfl'ElmbH\PI'UfIl':i t1J\PIf1i:l1J:lJl!'If lUJ (Electrolytic 

Recovery of Tungsten and Cobalt from Tungsten Carbide Scrap) 

10 

9 

8 ~ 
r • • Tungsten 

0 Cobalt 

~ 
~ 

~ 
tI 

:~ 

~ 

7 

fi 
t: 
::3 
[JI 5 

4 

60 

concentration on current efficiency) (current density 10 leA m-2, 28°c) [17] 
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10 • 
• • Tungsten 

o Cobalt 
8 

~ 
>. 

708 
-!! 
'0 

S 60'0 

"E 
~ 
::r 50 
'0 

406 20 

curren-t d ensi-ty 1"'1- 2 ) 

current density on current efficiency.) (electrolyte 10% HN03, 28°c) [17] 

10
 

90
 

• Tungsten
80 o Cobalt 

~ 

~ 70s::: o
·0 
~ 
~ 60 ..... 
5.... 
~ 50 o 

o 
40 

30 

Temperature °c 

m'W~ 2.24 ~Wl1.tJfi!l~~lh~ff'Yl1im'W'Utl~fl';j~!lb1'hJvhh..Ifl1'.i~tHJhl1~~'";ltIhJvh(Effectof 

temperature on current efficiency) (current density 10 kA m-
2 
electrolyte) [17] 
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• 
• Tungsten 
o Cobalt 

'#. 
>. g 70
4)

-Q 

t§ 60 -
Cl -
~ 

~ SO-
u 

lime in minutes 

fll'V'l~ 2.25 !1'l1'IJtl'lm~'U1'Utll':i 'Vl 1'1 IflU1vJ~l!!'l~th~ iY'Vlfifll'V'l'IJtl'lm ~!!t1'1 vJ~l i 'U t1'1':i'l~ mm~ 

1'U \Pl~f)~28 °c (Effect of time of electrolysis on current efficiency) (current density 10 

-2
kA m electrolyte 10% HN03, 28°c) [17] 

100 

90 

80 

• • • 
o 

Tungsten 
Cobalt 

~ 
>. 
0 
Q 
<lJ.... 
0 

!i=l
Ci-i 
(I) 

i:! 
(I) 

~ 
0 

70 

60 

50 

40
0 2,5 

combait in solution % 

fll'V'l~ 2.26 f111lJl,rlJ,r'U'IJ tl'l1fl'Utl'llPll'itltll':i ln~ tltlf)C)f1~4'U'lJtl'l11'1m\Pl'UfIll1 ml(Effect of cobalt 

concentration on the oxidation of tungsten carbide) (current density 10 kA m-
2 

electrolyte 10% HN03) [17] 
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efficiencies for cobalt deposition with current density) [I 7] 

Cathode current Cobalt in Current efficiency (%) 

-2
density (kA m ) 

-I
solution (gl ) lOa 7

a Sa 

3.0 10 3.95 8.6 11.4 

2.5 5.9 11.4 18.48 

2.0 7.2 12.8 20.96 

3.0 15 6.67 7.05 8.6 

2.5 9.5 10.14 11.78 

2.0 10.16 16.14 23.34 

fll':il~~ 2.18 Effect of additives on the cobalt deposition [17] 

Bats composition (gfl) pH 
Current 

efficiency (%) 
Appearance of deposit 

Co20 0.4 17.64 
Dull,streaked, 

poor adherence 

Co 20: 

citric acid,40: 

ammonium au1phate.1 0 

0.45 13.56 
Smooth deposit with 

metallic appearance 

Co 20 : 

citric aeid,40 (NH4)2S04' 15: 

sodium citrate,S 

0.50 16.88 
Bright deposit, 

very sticky 

Co 20 citric acid 20 0.6 23.42 

Bright, poor adherence, 

with code position of 

cobalt oxides 

Co 20 citric acid ,40: 

(NH4) 2S04,10: 

boric acid,20 

1.2 30.0 Bright with metallic lustre 
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~ 
'E 10
~ 

10" -

16' 

ICY' -

-0.4 ( I 0.4 O.B 1.2 
E (vs_ see) iI1 volts 

1.6 

polarization curve of 87% wc-13% co in 10% HN03 solution. Stirred 28° C) [17] 

tungsten carbides as anode EJectrocatal) 

4 r--- ---------------------; 

-+-Ar 

--H2 

3 

2 
....5 1 

~ .s 0 

C> -I
';n 

~ -2 

C -3 

§ -4 
U 

fIl'Vl~ 2.28 llHfi''Ui'VJvhml~mlll'l1'W111'l.hJ'\JeJ~f)'j~llbYi'VJvh (Cyclic voltammograms of 

(a)W1023 and (b) 30% w1023/KC.) [15] 
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\PIl':iN~ 2.19 fl11:lJ'ffltJ1':ifll 'W'fflHl~CI1tJ'\JtI~1'ff~H~{I~'If'U\PI (Anode perfonnances of tungsten and 

nickel tungsten carbides and oxides and the percentages of anode electro activity 

compared to that of platinum catalyst) [15] 

Catalyst 

30wt% W-oxidelKC 

30wt% W873IKC 

30wt% W973IKC 

30wt% WI023/KC 

30wt% WI023NC 

30wt% WI073/KC 

WI023 

30wt% NiW-oxidelKC 

30wt% NiW823IKC 

30wt% NiW873/KC 

30wt% NiW923/KC 

30wt% NiW973/KC 

30wt% NiW 1023/KC 

30wt% NiW/KCI073
d 

Curr. 

density 
a 

2
(rnA/cm) 

0.7 

1.5 

1.3 

5.0 

4.2 

0.7 

0.6 

0.4 

0 

6.5 

5.0 

2.0 

4.5 

2.6 

!-V(V) RDE 

PDb 
• 
c 

Pt Pt Curr. Vol. 

percent mW/ mAl percent density /curr. 

(%) 2 
cm 

2 
cm (%) (%) (%) 

0.8 2.4 17.7 2.1 4.9 0.7 

1.7 1.4 2.9 1.3 5.6 0.8 

1.5 1.3 3.1 1.2 3.8 0.5 

5.6 6.4 15.2 5.7 0.7 0.1 

4.7 4.0 8.6 3.6 3.0 0.5 

0.8 0.8 1.9 0.4 1.1 0.1 

0.7 0.8 1.9 0.4 1.1 0.1 

0.5 0.3 0.7 0.3 6.8 1.0 

0 6.6 22.1 5.9 4.9 0.6 

7.3 8.2 19.0 7.3 2.8 0.4 

5.6 7.2 16.1 6.4 5.8 0.8 

2.7 2.4 5.5 2.1 1.0 0.2 

5.1 4.4 9.6 3.9 2.3 0.3 

2.9 4.1 9.8 3.6 4.5 0.2 

a Current density at 0.7 V. 

b Voltage at maximum power density.
 

cPower density.
 

d Carbon was physically mixed before the carburization ofNiW-oxide
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J...... 

-0.2 

-1.0 '--_..1.
00 

...I.

U2 

Voltage 

---l. 

Q4 

[V vs. SCE] 

'-

0.6 

..J.... 

0.8 

....I-_~ 

1.0 

. 
fil'Yf¥l2.29 Cyclic voltammograms of: (a) NiW 1023 and (b) 30% NiW1023IKC [15] 

9 

8 

7 

re 
~ 
<: 
.§.. 
a 
.~ 

8 
E 
~ 
::::l 

c:...,. 

6 

5 

4 

3 

2 

1 

0 

-I 

-2 

-3 

-4 

(a) 

--+-- Ar 

• H2 

-0.2 0.0 0.2 0.4 0.6 0.80 1.0 

Voltag.e (V vs. SCEJ 

1.5 

1.0 

0.5 

0.0 

~ 
u -0.5 

1.0 

0.8 

0.6 
~ 

J 0.4 

0.2 

0.0 

(a) ~...... -...' -.,.
~ '" - .. 

.,.~\ 
" DaDa

• Co ~i \Oo"'fi 

L~_.._ ,_ .. 
o o I 00 200 300 400 500 

(0) 
-+-A 

• H~ 

120 

Current Density [m Alcm2 ] 

mTI~ 2.30 m~uff'vJrh~t1!lH~'W1vHh (Catalytic performance of I-V curve and power density 

curves of: (a) in-house MEA of 20% Pt/C electrode and (b) 30% W1023/KC) [15] 
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10.0,-------------------------, 8.0 

~ 

.-~ 8.0 
6.0 

~ 
..§. 6.0 

4.0 

4.0 

2.0
2.0 

0.0 ........-"-- 0.0 
1073Oxide 82J 873 923 <J73 1023 

Car!>urization TClnperature [KJ 

1.0 

0.8 

~ 0.6 
-a
"g 
~ 
§: 04 

0.2 

0.0 

7.0 

..... 6.0 -s::: 
~ 5.0 
..§.. 

4.0.i::;o 
'u; 

~ 3.0 ......, 
~ 2,0 

ce 
1.0 

0.0 
Oxide 873 973 1023 

(KC) 

<:'-al burization Teluperature 

7.0 

6.0 ..--..... 
E 
~ 5.0 ~ 
..§.. 

4.0 .2:
';;;; 

~ 3.0 8... 
u 

2.0 
e==eL

/.0 

0.0 
0 10 I" 20 25 30 

C'un·ent Density [mA/cm2 ) 

. 
fiWlfi 2.30 (~tl) 

1023 1073 
(Vel 

[K] 

tU~ 2.31 ~W'HfJ:iJ1'\.Jf11';j'f11m{\!h9f~tl'lJ'\.Jl~'lJtl~m::::mYl~vh (The Hor activity, power density, 

and the current density for several: (a)30% W/KC and (b) 30% NiW/KC catalysts 

compared to the performance of20 % Pt/C. (-) Percent performance when compared to 

the 20wt% Pt/C.) [15] 
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2.6.8 fll'j't11m{'lJ 1'jc119fi'U'lJtl~lli;1{l'V1 (Direct reduction carburization of scheelite with 

carbon) 

••-• 

20 

80 

60 

40 

100 T------=~:::;;::::;;.;:4i-;:::ii--=:::::;;-.------------------1 

o -~.-t---f----t-+----+--f----t-----t-__-+-t---+----t--t----t--f---+---lf---+--1 

o 30 60 90 120 150 180 210 240 270 300 
TUnc,. min. 

1--- reduction by carbon --- rcduction by CO 

mTI~ 2.32 er~'jlfll'j~~fli'U'lm~ im1~'t1~m~'Utillm{1Jtl'U(Rate of reduction of calcium tungstate 

with carbon and carbon monoxide at IS00K.) [10] 

1600
 

1400
 w
 

1200
 

1000
 

.~ 

i 800
 
..a
 

c. w800 

400
 

200
 

0
 

0 2
 

BBers)" (IcYE) 

mwfi 2.33 H{lfll'j~n'iJ'fftl1J EDX 't1~m~'U (EDX spectrum of the outer layer of a scheeliteparticle 

after reduction for 8 hour at IS00K under an argon atmosphere. Only W Was present in 

the outer layer.) [10] 

10 
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1600 

1400 - w 

1200 -

1000 -

.~ 
;g 
~ 

800 -

600 

400 

-

-

w 

1'---..--J1'-'. ....V",'-_-"' ---' 

200 -

0 
0 2 6 8 10 

Energy (kvE) 

of the edge of the core of a scheelite after reduction for 8 hours at 1500K under an argon 

atmoskrere. Ca is still present.) [10] 

2.6.9 m~'l.J1'Wfl11't11 WC-Co fl~'lJmloHhnhi·:w1lilell~1!'VltJ{m:m(Recycling process of 

WC-Co cermets by hydrothermal treatment.) 

..--... 
en 
en 200 
E •-s= 
.2 

0 150 

80 

•u 
-::;;J 

.B 
<.) 100 -~ 
' 
x
 
Q.) 

'+
0 50-s:: 
==' 0 
E 
-< 120 140 160 180 200 

TTeatment TenlpenltuTe ee) 

d~I'W!1m 24 ~'11H.:J(Relation between hydrothermal treatment temperature and amount 

of extracted Co ion Specimens are treated in 6N HCI aqueous solutions for 24 h.) [10] 
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III 

..-.
 
eJ) 
~ 200~---------------, 

E

.2 
o 
u 
~ 
co. 

g 
~ 

X 
co 

e.
o 
. 
§ 
o 
E « 

Concentration of He) (equiv./L) 

o 1 2 3 4 5 6
 

(Relation between concentration of HCL and amount of extracted Co ion. Specimens are 

treated at 110 °C for 24 H.) [10] 

(a) 

1 em
 

hydrothermal-treated WC-Co cermets chips hydrothermal treated in various 

concentrations ofHCI aqueous solutions.) [10] 
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I,ll 

flWI~ 2.381m<Hyrl'l'iHlfllflCU'tl'l WC-Co (Microstructures of the surfaces of original and 
q 

hydrothennal treated WC-Co cennetchip. (a)Original WC-Co cennet chip and (b) 

hydrothennal- treated WC-Co cennet chip.) [10] 

flWI~ 2.39 ~'l'l1'lm~'Umfl'lJ1P1~ ~l'Ufll'j utJflffmtJflt;l'lJill1~1lnjU1:l~ ~'l'l1'l m~'U ~ffn~ 1I1mli 

'l1'lm~'U 1~W~H(Appearrances of the recovered and virginal WC powder. (a)Recovered 

WC powder and (b) virginal WC powder.) [10] 

. ., 
~1'j 1'll1 2.20 fI111J'I1'U 1Utl'U !l1:l~ff1J1J~'Y11'lfl1:lCU'tl'l~mY1'U'l1'lm~'U mfl'lJ1P1(Density and 

mecechanical properties of sintered bodies.) [10] 

WC powder source 
Density 

3
(g/cm) 

Rockwell A hardness 

(HRA) 

Transverse rapture 

2
strength (kgf/mm ) 

Virginal WC powder 13.72 84.3 267 

Recovered WC powder 13.40 83.1 213 

Recovered we powder 13.35 82.6 267 
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fl1'V'l~ 2.40 1fl'j'H,.h~hl1~'\'1'HnlPl'W-1mH:l~IP1(Opticalmicroscopy and SEM-EDS images of the 

etched surfaces of the recovered WC-Co cermets chip. (a), (b) optical microscopy of the 

etched surface, mapping image of Tungsten, (d) mapping images of carbon.) [10] 

2.6.10 l1'H1'lIPl'W(Tungsten) 

.......1(' 

• wattrlINti 
.. ........... I•.,.. cttrN.t 

• tN"ltft~-='lo 

fiZ)-'>n-'
LJ-plIt
~""'icfold ,yStefM 

• MfIDIOic<MnoIok: 'old 'Y''''''' 

t1TW~ 2.41 tl'H~~ll~l1'Hn~'W lUtl~"~iJnfl1fl(Principal tungsten deposits and mining districts.) [9] 
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I'InN~ 2.21 Uilf1~U1'\JtJ':I'Yi''11:HI'I'Utl'lJffTH'l~mUmfl!!~~~'lfiJfl(Reaction of Tungsten Metal with 

Acids and Alkalis.) [9] 

Reagent 

Temperature 

20 DC 100-110 DC 

HF None None 

HN03 Slight attack Oxidation 

H2SO4 None Slight attack 

HCL None Slight attack 

H3P04 None Slight attack 

HP2 None Dissolution 

NHpH None None 

NaOH None None 

HCL+HN03 Oxidation Dissolution 

HF+HN03 Dissolution Dissolution 

KOH+HP2 Slight attack Dissolution 

40 YEARS 

GROWTH OF 
THE 

TUNGSTEN TREE 
, ........, w•• ( ...... , ..... ,..",..... ,,,. 

( 
r 0flE D 

(40 years of the tungsten tree.) [9] 
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60~------------------------------, 

50 

-
~ 

..- 30 
o


20
 

10 

- 0 +---+---+---+---+---+---+---+---+-----1 
1910 1920 1930 1940 1950 1960
 

year
 

fI1'V'l~ 2.43 U~1J1Wf11m~~Vi"Hn~'I..nt1 hlni'U'lh:JU 1910 -1996 (Tungsten world production 1910

1996.)[9] 

1970 1980 1990 2000 

WBLUE OXIDE WOn W0272 W02 

d ea b c 

10 p.m 

~tytylf11fY(Morphological changes associated with the hydrogen reduction of tungsten 

blue oxide under ncar industrial conditions (1000 °C) by courtesy ofwolfrarn bergbau 

and huttenges.) [9] 
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fl1'V'l~ 2.45 flTH'I~tJ~lJ1WeJeJfl~I'il'U''U ~JtJfl1'jeJU''Ul~m!tyqj1fl1r1(Transition W02.72~ W02 

(left) and W02~ W (right). Note the gap which fonns between the reacting particles. 

It is characteristic for the CVT growth of the phases in case of tungsten, small singles 

crystals are fanned.) [9] 

0.0020 I 

_··_··-"-WO~ 

------- WOu 
·············W°:a.n
 
-._.-.-.-W02
 

0.0015 

----w 

0.0010
 
35 vol % H.O
 -." 

0.0005 
."  -
-


.*""' ........ -.-.:'•• "" •. 
0.0000 40lIl;..:-:-::..,-.,:•..:•••;.- • .::-::.;;;._-=~-+------t-------+------&.........:;.


o 20 40 60 80 
Percentage of H 2 0 (vol %) 

fl1'V'l~ 2.46 fl1n,~tJ~lJ1W""'Hnl'l'UeJeJfliC}1~~ 1000 °C (Calculated W02(OH)2 partial pressure of 

different tungsten oxides at 1000 °C vs. humidity; at a certain humidity (e.g.,35 vol % 

H20) the phase with the lowest wo2(OH)2partial pressure is the stable one (e.g.,w).)[9] 

100 

http:40lIl;..:-:-::..,-.,:�..:���
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Ul 

W transport via vapor phase 

I H H 0 removal \
W deposition ~z 2 WOz dissolution 

WOz(OH)z + 3Hz ~ W + 4HzO 

Ap causing transport 
N by diffusion-::c o-0
N

D. 
~ 

.fll~~ 2.47 ll'i,1'~~1JBn~Vll'f1iJ'j~l1'hnl'HYlll'Ull(l~l1~'i,1'I\'l'Wm)f)iGJfIP1(Chemical vapor of transport 

of tungsten via the volatile (W02(OH)2; schematic presentation.) [9] 

W02+ 4H+ + 4e-~ W + 2Hp E = -0.119-0.0591' pH (1) 

Wps + 2H+ + 2e-~ 2WO: + Hp E = -0.031 - 0.0591 . pH (2) 

2W03+ 2H 
+

+ 2e 
-
Wps + H2O E = -0.029 - 0.0591 . pH (3) 

2 - + 2 
W0 4 +2H ~W03+HP log (W0 4 ) = -14.05 + . 2 Ph (4) 

2 WO ~ - + 8H+ + 6e- ~W + 4Hp E = 0.049 - 0.0788 pH + 0.098 (log WO 4 ) (5) 

2 wo ~ -+ 4H+ + 2e- ~W02 + 2H20 E = 0.386 - 0.1182 pH + 0.0295 (log WO 4 ) (6) 

2WO ~ - + 6H+ + 2e- ~WPs + 2Hp E = 0.801 - 0.1773 pH + 0.0591 (log WO ~ ') (7) 



63 

~l'n~~ 2.22 fl1'j~TW'YITW'Yl1~!f1ihJtl,nrHH~'Wmflml~tlfl1'jl'11Uamtili 'W ffl'j(l~mm!~(l~'lfi1 ~ 

(Resistance to chemical attack of tungsten carbide in various media.) [9] 

Insoluble residue 

(%) 

2 h at boiling of the medium 

HCL(density 1.19) 

24 h at 20 -25°C 

48
97
 

92
HCLO:1) 96
 

H2S04(density 1.84) 1
91
 

H2S04 0.4) 96
 95
 

HN03(density 1.43) 63
 1
 

HN03O:1) 72
 10
 

H3POidensity 1.7) 91
 93
 

H3POi1:3) 96
 90
 

HCL04 40
98
 

HCLOil:3) 98
 93
 

H2CP4 (saturated solution) 95
 95
 

HCL + HN03(3:1)
 28
 3
 

H2S04+ HN030:1)
 92
 42
 

HN03+ HF(4:1)
 0 0 

H2S04+ H2CPi1:1) 95
 70
 

H2S04+ H3POi1:1)
 96
 93
 

20% solution 98
 98
 

10% solution 97
 98
 

20% + bromine water(4:1)
 70
 60
 

20% + HP2(4:1)
 88
 87
 

20% + K3[Fe(CN)6] (solution)
 68
 68
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I,ll 

2.4 

2.0 

1.6 

1.2 

0.8 passivation> 
0.4 corrosion 

W 
0.0
 

-0.4
 

-08
 
immunity 

-1.2
 

-1.6
 
-2 o 2 '4 6 8 10 12 14 16 

pH 

fll'V'l~ 2.48 Theoretical regions of aestivation, corrosion, and immunity of tungsten at 25°C. [9] 

Creation, sorption, and crushed hard metal scrad 

Reaction in molten zinc (900-1050 °C;Ar/N)I I 

+
 
Vacuum distillation (1000 -1050 °C) 

~
 

I Crushing, ball milling, and screening of "cake" I 
~ ~ 

I -200 mesh powder 
I +200 mesh powder I I 

I + I 

Vacuum distillation I I
 
I

Balmily, screen, blend, c-adjust I I 

~
 
Powder (-200 mesh) for use 

chart of the zinc process for cemented carbide reclamation.) [9] 
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. 
~1'il~fi 2.23 'lfUll'tlfJ~!ft'l:ll1~i:Yl~'W(Typical tungsten scraps materials.) [9] 

NO. Scrap type %W Group 

1 High-purity w ;::: 99 

Hard scrap 

(solid pieces) 

2 

Oxide dispersed w 

alloys (tho2, zro2, 

Ce02, Lap3) 

96 - 98 

3 

Hard metal pieces 

(also containing Co, 

Ta) 

60 - 97 

4 Heavy metal w alloys 92 - 94 

5 Tungsten-copper 60 - 90 

6 Pure tungsten powder 98 -;::: 99 

7 W grinding sludge 30 - 60 

8 W cutting sludge 70 - 80 

Soft scrap 

(fine particles, 

powder, dust, timings, 

sludge) 

9 Hard metal powder 60 - 95 

10 
Heavy metal grinding 

sludge 
15 - 60 

11 Heavy metal powder 92 - 97 

12 Heavy metal turning 92 - 97 

13 
W-Cu powder and 

green compacts 
50-90 

14 
Floor sweepings 

(dilferent sources) 
40-60 
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Primary tungsten 

scheelite/wolframite 

Ore concentres (66%) 

Total tungsten demand 

(66%) 

~ 
Final products 

I 
l 

Scrap originated 

(1%) During processing 

~ ~ 
(10%) 

I 
Loss Scrap from used parts 

(66%) (24%) 

+ 

1 D'~ ~ 
IscarDissipation d Recycle & dilution
 

(26%) (30%) 00%)
 

. '" 
flwrYi 2.50 H'HYll~,:j,j'UI'IB'Uf11'jHi11'111,:jffll'l'U1l1f1!lil1,:jffl\'l'U(Tungsten flow chart for primary and 

secondary raw materials.) [9] 

(a)
 

centers of the atoms; the black circle is tungsten, the white circles oxygen. (b) atoms 

shown in full size; the tungsten atom is the small circle.) 
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Hard metel scrap 

Sort scrap by grade 

Etch to remove brazes, etc. 

Chill 

Blast against target 

Classify 

Mill and blend 

Analyze 

Return to tungsten hardmetal process 

(ready to press) 

. ., 
1tJVi 2.52 ;r'Ul'lfl'Um'jH~I'lIl1J1J cold stream process (Flow chart of the cold stream process.) [9] 

. 
d 

1'l1lH'Vl 2.24 Direct recycling of Tungsten scrap [9] 

process product scrap 

Zinc 

Hard metal powder Sorted Hard metal pieces 
Bloating/crushing 

Cold stream 

Oxidation/reduction 
Heavy metal powder thoriated 

tungsten powder 

Heavy metal turnings thoriated 

tungsten pieces ,turnings ,powder 



• • 

• • 

•• • 

68 

"'" <f _. _. 0 "" 

2.7 fl1n!fI~l~'t'ifllll1H'U~'U'.il'UIm'l.Hl1H'Uf)'t1H!~Un(One-way anova) [2] 

f11'jilfl'j l~l1fl111JUU'jU'j 1U U'IJ'IJii 1 1'11U 'j~fHJ'IJ t ~rimf'lJ'YI~m)'lJfl111JU~f)~ln~l'rh~ 
I I tJ tJ I I 

~llu~rJ (Mean) l11t{1l1f)tlrl:IJI'1TtlV1~I'1~ll~ 3 tlrl1J~'WIU (fl111J1l~~U~1 O~U~--j11l~1~'W~lm~rJl1lt{ 

1l1tltlrl1JI'1TtlVH 2 tlrl1Jnt~ ilfI'J l~l1fl111JllU'jU'j1'W 'YI~fftltlfl11Wll'ltl~1~'j~1'I--jH~lm~rJ It{ U~ 
~ '1 j/ d ,.dt I ~ ~ ?I '" I1 Q.I Q.I I 

m 'I1f11'j'YI~fftl'IJ fI1'Y11l~ff~~1tltl11) ITItll'l'j11lfftl'IJ111'l1UU'jtlff'j~ 1 1'l1 GJ1~H'IJ~tltltll'U'W k u'j~If1'Y1 

ll~ri ~mllll'ltl~Htl'W 1'1~ tllli i~rJll~iitlrl1J1'11tlV1~k tlrl1J ~1'W1'W ff1J1~tl t 'WU~~~tlrl1JfI1'j 1l~ l'l'iltl'W 

1'1~ tlttl~l~rJ~tlU 1'11tlVHl'l1'W ~tl~f11'j lU~ rJ'lJll1rJ'lJiif11'j fftl'W 3 i1H1iifl'YIiTI~~m-l~f11'j l~ rJ'W ~'Utl~
OJ 

" 
tlri1J 1'11tlV1~U~~~ tlrl1J Hl'ltl~l~tl'W1'I~tllli 'l'W 1'11tlVHU 1l~iitlrl1J1'11tlVH 3 tlrl1J U~~~tlrl1Jll~iio;IeI q q q q 

o ~, 0 ~ ~ \J1 j/Q,I ~..::::s '.<::It.d Q.I j/ d do Q,I do j/ 

1l1'W 1'W ff1J1'11tltl~1l1U1'W 1'1 'W~ GJ1~ !~'j 'lJ11i fftl'Wlll'l ~~11i 1'I~~1l1tlfftl'Wll~1tlll~1Jf11'j1~f11'j l'j rJ'W ~ 

'1 t ~ <!\.<!l d ~ '" ~ "'II] ~ "'" 0' <!\ _I0 0 

I ~ rJ '111fI 'j tl~:IJ tl f11'j ltl'IJ 'j 1 'IJ'j 11J'U tl:IJ~'YI1'H 1J1~ ff1Jll~ 1'W1H~'Y1 !~1J 1'Y11f11'j 11f1 'j 1~1'I lTI tl111 H~ ff'j U 
OJ • 

~tll utUl~tl~'Utl~f11'jilfl'j1~ 11'fl111J11U'jU 'j1'Wll 'IJ'IJii 1 1'11U'j~tltl'IJ 1l~I~rJ1 ~tl~tl'IJ 1'1111U'j~ 
o ., ""'.<!l" _I "" ., di l?t _I I ~ I _I .% 11]_1

ff1f1ty 2 'I1'W~fltlI'l111u'jtl~'j~ 1 1'l1 GJ1~Uml'U'Wu'j~If1'Y1l'll~ "l 1'l~lll'l 3 u'j~If1'Y1'U'W!U (K 

... I d Q,I ... I Q,I t Q,I , j/ j/ e%d Q.I ... I .0=:::,. Q,I .4:!1 ~d .J I?I 

u'j~If1'Y1) 1l~~1J1'l11Iu'j1'l11J 1 1'l1 'W1'l1tlrJl~'UHI'l'W'W1J1'l111u'jtlff'j~ 1 1'l1 fltl11ifftlU GJ1~ll'IJ~I'U'W 3 

in U~~1'111IU'j1'l11Jii 11'11~t1f:-l~f11'jl~rJ'W~ 
OJ 

" 
2.4.1 'Ii'Wl'ltl'W'l'Wtll'Jl1fl'j1~11f111:IJIlU'jU'j1'W1l'IJ'IJ~111'Wtl'YIHI~rJ1(One - way anova) 

,I 

, "" I ""I "" 
tl~1J'YI ktl~1J'YI I tl~1J'YI 3• • 

T 

N 

x 

Iiitl~ 1l1tltll'Jilfl 'j 1~11fI111J IIU 'j U 'j1'Wl~ 'W tll'J lWtlfl111JllU 'jU 'j1U ~~ 1'1 1J~ tltltll'll1J ff111'1 I'l• 
~vh t M'ln~fl111JllU'jU'j 1U ll(l~ t 'W'YI~fftl'IJff1J1J~! 1'W ll~IU~ rJ'lJll1rJ'lJfl111J11U'jU'j1'W 'j~1'I--j1~tl~1J 

" 
tl'IJfl111JIlU'jU'j1'WfllrJt 'Wtl*J ~~,:r'W~~ ~11rJ'W~tl~ii1'W 1W.111~ 1U'j~1J1W. fI111JllU'jU'j1U (Mean-

square) 
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., 
2.7.2 ~'H"1J1J~~l'W 

-F- a(k-l,N-k) 

2.7.4 f11'W1Wl11~1{Y(l~~i~'l'Wfll';i'Vl~HH1'lJ{y1J1J~~1'W 1~llfl SST, SSTr, SSE, MSTr, MSE 

..\ 0 lIJ" I 'JItl'Hl'Wl ~u{Y';iNI9ll';iVI Anova 

k n 2 

( ~~Xn 
CM=---'------------'--

N 

SST =IIX~ -CM 

SST = II(xlj -XY 
., 

SST ~tl fl111JUU';iU';i1'W (ml1J~'WUU';i) l1'1'Vi1JI9l'Utl'l~tl1J~ 
'U 

'JI
2.7.5 fll';i{Y';il'l19l1';il'l Anova 

d 'JI
19l1';il'l'Vl 2.26 19l1';il'lfll';i{Y';il'l Anova [2] 

Source 

Treatment (Between group) 

flltli'W Treatment 

..\ 
(ml1Jflml9ltfl~tl'W : Error) 

"" iNf'fl tl {Y ';i ~ 

Df 

k-I 

N-k 

o <V 

~~'lJ 1flfll~ 'I {Ytl'l 

SS 

SSTr 

SSE 

I .c::s 0 QJ 

mm~t1fll~'I{Ytl'l 

MS = SS/df 

MSTr 

MSE 

F 

MSTr/MSE 

';i11J(Total) N - 1 SST 

2.7.6111'Utl'lJt'UI9l'Utl'lfll';itltl1Ji''lJU~~U5t{y1iHo 119lmtJ19l19l1';iN F ttJl9l~ Fa, VI, V2 119ltl~ a 
~ QlQJOQl t!i I t!i 
fltJ';j~I9l'lJ'WtI{ylfl\lJ VI fltl df 'Utl'l Treatment = k - 1 {Y1'W V2 fltl df 'Utl'l Error = N - k 
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MSE 

SSTr =I-'T 2 

-CM 
n 

SSTr = In; (X; - XY 

SSE = SST - SST,. 

SSE =II(Xij -Xi) 

MSE= SSE 
N-k 

MSTr = SSTr
 
k -1
 

F= MSTr
 
MSE
 

2.7.7 f11'HU~fJ1Hl1fJ1J~1!'Q~fJ 
. " 

f11'j 'Yl~ ffil1J 'j ~ ,.'rh:.J rl 11:lJ U\PIfl~ 1'.1 'Yl~ \PI!:lJ 'U ~11 ftflfJ 1i ~ (Ii ~~ 1 F 11'U!1:1 'U f11'j 'Yl~ ffil1Jfl 11:lJ 

" .
U\PIfl~1'.l'Uil'l'Yl~ \PI!:lJ'U ~l1,mri:lJl1ftflfJl';hijml:lJU\PIfl~V.l tl'U 11 ~il i~ U~i~ffl:lJ1'jtl1Jilfl i~11'Yl~\PI• 

d'GJ I QJ.:::! a":;'j jJ d I dt 0 ... I.:::! .:::! ,.d .:::! o'.:::! 
!:lJ'U \PI !~ U\PIfl\PI1'l fl1J'Yl 'j \PI!:lJ 'U \PI !~1J1'l 1l~'Yl'j l1Jfl\PIil!:lJ il'Yll f11'j!u 'j fJ1J !'YlfJ1J fIl!'iHW'Uil'l 'Yl 'j \PI!:lJ 'U \PI 'Yl i:l~ 

~\PI1:lJ~ff'U i 11 ilf.J1flll~!m fJ1JlVifJ1Jfl'Ylii'V'li:l'Uil'l'Yl~\PI!:lJ'U~~ff'U i 11 11~ il!U~ fJ1Hl1fJ1J'Ylfl~'Uil'l'Yl~\PI.. . .. 
!:lJ'U~ ilif11'j!m fJ1Hl1fJ1J~m~~fJll~ijl1i:l1fJili ~iJfJ:lJfiil 

. " . 
ili Least significant difference (LSD) f11'j!U~fJ1Hl1fJ1J~lm~fJi~fJiliih1:l'Uilil1~lfJ Ui:l~ 

" .
ff~~lfl i 'U f11'j i ~U~~ij,j'il~ltl~fiil ilif11'jij 1l~ i ~tl1Jf11'j! U~ fJ1Hl1fJ1J i 'U f11'jftflfJll1'Yl~ \PI!:lJ'U \PI1~:lJ1fl 

t.i'1'Yl~\PI!:lJ'U ~:lJ1flll~Yll1 M'~l'U'J'U~'Uil'lf11'j !U~ fJ1Hl1fJ1Jij:lJ1fl Yll tM'f11'j !U~ fJ1Hl1fJ1J~lm ~fJij i ilf11ff .. 
"" Ii] ~ .1 
1'l~'V'li:l1~ !~:lJ1fl'U'U 
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t'W lJ'VI if~ Hnunl~nri l'"J~ ~ fl11lJ lnntJ'Hl~ihff'Vnlml~'VIt)EJ ~~!~lrJ.,rfl~nlJ ~ 1'Wl1itJ ~~ 
~ 31 dO"'.1 0 i"j \I] '1 \1]31 I 

!lJ 'W 'U fllJ 'I 'VI 'fflflUlu 1" ~ nfllJ f111" f1111 'W ~ f111" 'VI~Hlfl~ ~ tllu 'W 1~ !~tJ'W !'U ! 'W f111" 'VI~ 'ItJ~ !~ Hil.. " 

'ffU 'I~'I ltJill~']j'iA~~H"l ill ~H'fflyJrh HH~'W IyJrh H'I~~W 11lJiJ~toMnlJ 'ffU'l~ 'I ltJnlJ~~ 
• 1 .. i "" .. i 31 ""'" 

~u illW f111"'VI~ 'I tJ~ f111"'VI~t1'tJlJH~ '111 ~ f111" 1!f1l 1~11 H~ '111 ~~1tJ11i X-Ray Diffractometer 

(XRD), X-ray fluorescence spectrometry (XRF) H'I~f11Hl1"111'fftJlJ'U'W1~'UtJ~H~ i'l11~!!'I~f111" 
d 9J.& oQoQJ 4 tI'jI oQoQJ d I 1Jl 91 0 G);:

m~ 1I1tJ !1I'W1Pl'W tll1"fl'ilEJ1H'I ~1'W 111ml'l~1Im l~11'UtJlJ'I tll1"111tJ'VIH1'W1Il !~'W 111lU1" ~ iltJlJ ! 'W lJ'VI'W.. 

mon
Stamp



, 
"'" 'lJ't'I't'I 3 

3.1 'lnnh 
., 

i'W'lJ 'VI U'il ~ miT1fi~ fll'.i ~ It'W 'W ~ 1'W ~,;ltIitifll'.i 'VI~ f:1 tl~ ~ W'l '.i 111fi~ fl'.i ~'lJ1'W fll'.i 'VI ~f:1 tl~ 

Uf:1~ffflEJ1U'W 1'Yl1~fll'.i'lllttl1tfl'EJiff~'t1~fftl'l'W fI1fl 'Ul'1 (Tungsten Carbide) H1'Wfll'.i i ,*~1'W i,rdmJ 

ffm tI Uf:1~t ~ tlffflEJ1 ffll1J'~ '\It) ~ H~ 't1~ fftl'l 'Wfl1fl 'Ul'1~ H1'W fll'.i dtltl~ tlfll '.i 'Il1fl~'lJ:lJ1 i ,*i '11 ~Uf:1~ Vi 1 

fll'.i tff'W tl U'W 1'Yl1~Un" '\11:1 UJ'I11 
u 

I ~'U~H)'Uf11':i~ll'ih.J 1f1Hf11':i I 
I 

I 
~ , 
fff)1J1~'IJ1'lH11':i VeHJ~HmJ 

I 
Iffmnf111lJU ~~ I I 

'--------,---------' 

I 

I 

I 

f111lJutJ':i'I.h1'UU'IJ'IJ 

I .1 
"I 

I 
I 

I I
 

I • I
 

•
 
I I 

. ., 
m~Yi 3.111~~~,j't'!\Pltl'Ufll~~ll'U'Unu 1flHfll~ 
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~ , ~ 

;rtJ 11 tI tJ flll ~ 11UtJ flll 'H ~'I '11 fl flll ff fl141 ;JtI :lJ ~ Ifi v1 tilJ ~ tJ '11 tJ 't1'I ~ 111 tJ ~ 1{ilJ IPlII ~ ~ 
'" 

illl1 tJ~f11l'Yl~~ml~mwl~tltI1 tJ ff1tJ~rilfiwl~tJflnffflm~11:lJi1:lJ~tJ.fil~'H11'1fln ffflWJ tlWUtI'I . " 
~ 

~tJ ff1tJ 't1'I ~11ItJ ~ 1{ilJ IPlII (j ~11~1';1 oN1 tJ flll VtI V~~lV 1~ V~.f11'W fl II ti~ fl~ tltJ 1Il:lJ ~fl14 W~ '\ItI 'I 
I • 'JJ 'JJ 

~n ~~ mv,;loN'Yl~ ~tllJ l1~lVil oN1tJ f11l VtlV~~ lV~tJ ff1tJ't1'Iffl1ltJ~l1ilJlPl '11m!tJ11m 1~ 11p.j~ f11l 

~~ 0 ~ ~ ~ rjJ .el rjJ rjJ rjJ 0.di rjJ 

'Yl~ ~tI 'I'Yll'l ~f:l1I f11l ~ 11tJ tJ ! ~Hf11lll :lJ'Il flf11n 1lJl1:lJ'\ItI:lJ ~'Yl ~ 'Ilflf11lfYflm'\ltl:lJ ~'\I1'I1I tJ 'Yll
'" '" 

~ 

M1;JtlIP'iW'l ~'IlP'itliuu 

~ 

3 .2.1 ~11:lJll~'I'\ItI'If11l'Yl~~tllJ~tJ ff1tJ't1'1 ffl1ltJ m1ilJlPl 

. ~ 

1Ill1'l'; 3.1 II ~~'I~11:lJII~'I'\IB'I~tJ ff1tJ't1'1 ~11ItJm1i lJlPl'll'U ~1P'i1'l"l 

Material! 

ISO Code 

NO. 

Density 
Hardness 

HRA 

AVE 

T.R.S. 

kg/mm2 

Application 

GO3KlKO3 15.20 93.0 150 
TURNG HARDEN STEELS ALLOY STEEL 

CAST IRON 

GX25/P05 11.80 92.0 175 TURNG ALLOY STEELS.CARBON STEELS 

GIOKTA/ 

KI0 
14.85 92.0 180 

TURNG & MILLING. CAST IRON CARBON 

STEELS ALUMINUM 

G6F/K05

KI0 
14.80 93.0 280 

TURNG & MILLING. CAST IRON CARBON 

STEELS 

G15M/M2 

0 
12.40 91.4 190 

TURNG & MILLING. CARBON 

STEELS.STAINLES STEELS 

G20H/K20 14.50 91.5 289 
END MILLER.NOSE-END MILLER. CAST IRON 

CARBON STEELS 

G12XF/KI 

0-K20 
14.10 93.0 317 

END MlLLER.NOSE-END MILLER. CAST IRON 

CARBON STEELS HARDEN STEELS DRILLER 

GHA/KlO 14.80 92.0 220 TURNG AND MILLING. ALUMINUM ALLOYS 
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1 

" 
3.2.1 rrn:JJtl~'J'Utl'J,jh.jff'n...1 't1'J~I~'UfI1fl u~ritl'U tlU 

"III
 
i 

• 'jI 

fIl'Vll1 3.2 'Vl~~tlUflJl:JJII~'J'UeJ'J~'UffJ'U't1'Jm~'UfI1flu~ 

,'jI • 

~1'jl'Jl13.2 f1Jl:JJtl~'J'UeJ'J~'UffJ'U't1'Jm~'UfI1flu~'l1'I..htll1'H HRA (Hardness Rockwell scale A) 

, 
d 

'jI • .tlH'Vlf1~ 
• d'" d

'If'U'Vl fI1l'lH'ltI
(kg/f) 1 2 3 

60 90.7 90.4 90.7 90.6 

d'J/
tI'l1 eJ Kennametal 

2 60 90.9 91.0 90.0 90.6 

d'J/
tI'l1eJ Donner 
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.," d . ., " d , 
flH'YI flH'YI 

"" 
" 

d
, I d

mmmJ6)l''W'YI 
32 

913 60 90.9 91.1 91.1 

";'JJ 
mit) Cut Right 

4 60 90.1 90.5 90.9 90.8 

";'JJ 
t1'11V Sandvik 

I ., 
flV'WVlJ 'I11:1.:1VlJ 

111.:1 

fl~ 
" I 
., d 

flH'YI I 

m 
" ., d 

flH'YI1 I 

m 
nJII~'Wii~~~.. 

(kg/O 
,,; 

m1:ltl 
. 

d 

m1:ltl 
l1.:11:1'11'l'WmfllJ~ 

2 3 2 3 

150 79.2 79.5 79.8 79.5 60.3 52.8 59.8 57.63 
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150 

150 

I '" lHl~tllJfHJ'WtllJ 

HH 
>I 

'" d , 
>I

, ';iUH~'Wijfll'1fl'" d flH'Vll ..flH'Vl 
fll mnfl 

d d l1'~mlPl'WmfllJ~I 

(kg!£) mmJ mmJ 

1 2 32 3 

73.5 74.0 74.0 73.83 71.6 72.5 71.9 72.0 

77.7 78.0 78.0 77.9 70.1 66.2 68.4 68.23 

, >I 

3.2.3 ffn~ lri1'W r-.l);y1J'YhY1 flty'U tl~ ~'W ri1'W 11~ mlPl'WfllfllJ ~ti tl'W tllJ U"~'I1 ~~tllJ 

• >I 

IPll';i Nl1 3.4 r-.l"'Vl fl);YtllJri1'W r-.l);Y:JJ'U tl~ ~'W ri1'W 11~ mlPl'W fllfllJ ~titl'WtllJ u,,~ '11 ~~tllJ 

>I 

ri1'Wr-.l);y:JJ'Utl~~'W ri1'W l1~mlPl'WfllfllJ~titl'W tllJ 
>I 

ri1'W r-.l);Y:JJ'U tl~~'W ri1'W l1'~mlPl 'W fll';i1lJ ~'11 ~~ tllJ 

tl~i'i'U';i~ntllJ 
~ 

';imm~ tl~i'i'U';i~ntllJ 
~ 

';im.m~ 

1'Vl!'Vl!utJ:JJ (Ti) 85 1'Vl!'Vl!UtJ:JJ (Ti) 91 

l1'~mlPl'W (W) 1:W'VllJ l1'~mlPl'W (W) 1:W'VllJ 

"" d
tl~:JJ!'WtJ:JJ (AI) 1:W'VllJ c1ii1fltl'W (Si) 1:W'VllJ 

1fllJtl"~ (Co) 12 1fllJtl"~ (Co) 7 

c1ii1fltl'W (Si) 1:W'VllJ 
d 

m"n (Fe) 1:W'VllJ 

d 
m"n (Fe) 1:W'VllJ tl~iJ!UtJ:JJ (AI) 1:W'VllJ 
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. 
~l'jl-:1Yi 3.5 ltff~-:lflf.lHllJU~'\IO-:ll1-:1m~'W (Tungsten) [20] • 

Tungsten 

W 

74 

183.84 

3410.0 °C (3683.15 K, 6170.0 OF) 

5660.0 °C (5933.15 K, 10220.0 OF) Number of 

protons/Electrons: 74 Number of neutrons: 110 

Classification: Transition metal 

Cubic 

3
@ 293 K: 19.3 g/cm 

~ >J..I.e::t. QJ ~ tI 
3.2.3.2 fff1'l:llfJW fflJ'lJ~'\IO-:lH-:I'Y1-:1m~'Wm'j ~ 'lJ~ (Tungsten carbide powder) 

Type 
Particle Range 

(~) 

Carbon Total 

(%) 

Free Carbon 02 

(%) 

WCO 0.80-0.99 6.10-6.18 0.07% Max 

WCI 1.00-1.99 6.10-6.18 0.07% Max 

WCII 2.00-5.99 6.10-6.18 0.07% Max 

WCIII 6.00-8.99 6.10-6.18 0.07% Max 

WCIV 9.00-13.99 6.10-6.18 0.07% Max 

WCV 14.00-24.99 6.10-6.18 0.07% Max 

we VI 25.00-50.00 6.10-6.18 0.07% Max 
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Type 
Particle Range 

(Jl) 

Carbon Total 

(%) 

Oxygen 02 

(%) 

° 0.5-0.99 6.10-6.16 <0.28 

I 1.00-1.69 6.10-6.16 <0.20 

II 1.70-5.99 6.10-6.16 <0.18 

III 6.0-8.99 6.10-6.16 <0.01 

IV 9.0-15 6.10-6.16 <0.08 

V >15 6.10-6.16 <0.08 

Type Particle Range 

(Jl) 

Carbon Total 

(%) 

Free Carbon 02 

(%) 

Oxygen 02 

(%) 

CB-06 0.5-0.75 6.10-6.20 0.1% Max :::0.40 

CB-08 0.7-0.95 6.10-6.20 0.1% Max :::0.30 

CB-I0 0.9-1.3 6.10-6.20 0.1% Max :::0.20 

CB-15 1.3-1.7 6.10-6.20 0.1% Max :::0.20 

CB-20 1.7-2.5 6.10-6.20 0.1% Max :::0.20 

CB-25 2.5-3.0 6.10-6.20 0.1% Max :::0.20 

CB-30 2.9-3.5 6.10-6.20 0.1% Max :::0.20 

CB-50 4.5-5.5 6.10-6.20 0.1% Max :::0.12 

CB-60 5.5-7.5 6.10-6.20 0.1% Max :::0.15 

CB-90 7.6-10.0 6.10-6.20 0.1% Max :::0.12 

CB-120 10.0-14.0 6.10-6.20 0.1% Max :::0.12 
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•• • • t

•• • t• • 
" • •• • " 

.olI , 

3.3 flmH fl~:::1.J1UflTUmmnmJ 

3.3.1 fl1 'j lltl fHHmJ~';w hJvh 

nJil1'1'lilll'M m~1J1ltfl1~flU'l'l1Ji~ 1I'lfl\lfl,fhJi
1M1m 1'hu'1~u1I'1Yk11 

Calhodo 

1iti1,11"'HI~1iI,n Titamum 
1'i~1I'IflUtm11Jtl~ ~ 
'Il11fl;);)fl~mlfnll'Hiifl 

m'V'l~ 3.3 fl1'jlltlfl!;'l'l'j~';whJYh (Electrolysis) [6] 

1)1 )1)1 ,)I 

uamrn~~'f)fl91'yhn~;j'lJ1J~I1W'\l11YHhl1,:j!;'l''f),:j!;'I'lUI~'Wfl'jW111lul~~,:ju 

)I , )I 'j/ 

'U'f),:j 1'f)'f)'f)mI1J l~rJfl'\l11J1flyhn~uan~rJ1'f)'f)fl~I~i''WU11 '\l111'f) ! 'W~ . ~ ~ 

2) 11'\l1~1J 1'f)'f)'f)'W~1J'U'f),:j!;'l'1'Jvl~fllml~~ 'il:::1,j1:JJ1~1J~l!~flm'f)'W'il1fl'\l1~1Jln~ !~'H::: 
)I I 'j/ )I 

'U'f),:j 1'f)'f)'f)'W 1J1fl l~rJfl'\l11J1fll1ln~Uan~rn~~fli''WU11 '\l111f1!'Y1~ 

. ,~ 

\PI1'j Nl1 3.9 !;'I'~ UH(jfl1'j'Y1~(jtl ~lltlfl!;'l'mrJ~'Wri1'W1f11'f),:jij'f)~~'l1'l1~ 1l~'W ii~lP1~ [6] 

llH~'W1YHh (V) fl'j~ll!;'l'hJvh (A) 'f)W'Hfii1 eC)
• OJ 

~ 

ihmrfll1(j~(j,:j (g) 

6 0.11844 36.8186 5.2577 

12 1.0943 42.01 11.5395 

24 5.8738 79.93 114.8706 

'J1l.l 131.6678 
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.9 
'1ft! '" ff\PI'HmJ 

'U 

I 

mllJl'Ih!111hl hi 

3
(g / cm) 

<!! 

~f1lflt!f1 

(0 C) 

lJ'HlllJlJ;lfHl
q 

(g/mol) 

... 
J;lfl'llW~ 

'Ut!'lll'l J;l11ff1~ij 
~ 

flJ;lhl 
Phosphoric [18] H3PO~ 1.685 158 98.0 

Acetic[19] CH3COOH 1.049 118.1 60.05 
'Ut!'lll'lJ;ll 1~ijff 

<!! "'l 
l'I'it!HJ;lfl 

Hydrochloric[24] HCl 1.18 110 36.46 

'Ut!'lll'l J;l11ffi~ij ff 

lhlnJu~ff'Vlf it! 
'U q 

'j/ 'j/ 

f111lJl'UlJ'Uhlff'l 
'U 

. . 
H] : ijfilll!~tJt!ti1'l'UmJ 1 ~ViIPiNtlhl 

fl1l'lhlfl a , k, n 

CT 
n 

SST
 

SSA
 

SSW SST -SSA
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... Jil 
3.5 l!f111~l'i'Uij\lt1 

ei 0 ,: '" ei ei 91 91 ei "J 91<!1 i 91_ I <; "''I 
'01 flfll 'j '1'1 'U 1I'U tl111'IJ D'I '1'1 tj'lJ{J '1'1 IfltJ1'IJ tl'l II {'l~ 'IJ tl\J {'l '1'1 !~ fl'fl'lJ un 'll'u'j ~ !tJ'll''U !'U fIl'j '1'1 ~ {'l tl 'I 

ffl11 i''IJ i 'U fl 1'j 61'1 fl'l 11 ~fl fl 1';j II{'l ~ ill fl 1'j 111 '11 'U I~ tl~ 'O~ tl i''IJ tl 'j•'I fl 1'j '1'1 ~ {'l tl 'I i M'i fl til~ tJ 'I tl'IJ ff f11'Vl 

,:It '" 0 'I 91 ei "J 91'" J ~I "'., '" '" d "J 91
fl11:JJ IlJ'U 'OH'I'11 !11 f-!{'l fIl'j'l'1rl fttl'l'l'1 !~:JJI'U tl'l1 11u'Ull 'U 1'1'1 1'1 I~ fJ1fl'IJ'I'1tj'lJ{J llft~ 'Olfl'l'1 tj'lJ{J lI~!'I1 'U !~ 

I dGi jiG! ~ d ~ .a d 
11ffl'j{'l~mfJ'I'1!'ll' !'UfIl'j'l'1~{'lD'I'U'U:JJ 3 'll''U~f)'j~ fltl Phosphoric, Acetic, Hydrochloric 1I~!'I1'Ufl11:JJ 

I 0 QI .c:::. " " 
lll'l fll'l N'U I'll 'U fl'IJ tl'l 'll''U 'Il'U 

~ d' d d' ~~ dt d 

fIl'j 11fl n~ 11 ff1';i ft ~ f11fJ '01 fl'l'1 tj 'lJ{J 'IJ tl 'I tl1111'j fJ 'll'lfl 'j 'O1~ 'Vl ffi 1i 'j l'j tl 'I fIl 'j IW f1l1:JJ 'IfIl 'U ff 

d "J "''I <; 'I 91 '" "J <; '" "'<; "J 91 "J 91 I 91 91
llft~I'I1{'lfl1l1flfl{'ltl !'j~ !'Uf)'j~ !~fJ !'ll'I:JJ'I'11ift !tl !C}f\!'I'1{'lfl !1'l'U (MIBK) !~'lJtlfl !111fl11:JJI'IJ:JJ'U'U HCI 

~ ,<; 9191 "J<; ... .1 "'d"'., .1 I",,,j
I'llfl11 !:JJm'j l:JJtlfl11:JJI'IJ:JJ'IJ'U'lJtl'lf)'j~!~ !~'jflfttJ'jflff'l'U'U!tltl'jIC}f'UI'lf11'jfffl~Fe3+1I~ff'l'IJ'U 1'll''U 

OJ OJ 

~fl11:JJI~:JJ~'U'lJtl'lf)'j~ i~ 1~';j f]fttl1fl 3.5 l:JJm{lI~i~ltltl{I~'UIPlf11'jfftl~74.16 % i 'U'IW~~~fl11:JJ 
91 91 <; '" "'oj '" ., ~ J,:lt ei 91 91 <; '" 

I'IJ:JJ'IJ'U 4.0 !:JJ{'l1'j Itltl'jIC}f'UI'lf11'jfffl~I'Vl:JJ'IJ'U!lJ'U 92.88% ll{'l~'I'1fl11:JJI'IJ:JJ'IJ'U 5.0-6.0 !:JJft1';i 

_I '" d '" ., <!1 0 ., '191 d <!1 <; 91 "jI 

IUtl'jIC}f'UI'lf11'jfffl~~'IfI'I96.33 ll{'l~ 98.88% m:JJm~'IJ llff~'I !'H!'I1'UfI'Ill'U1 !'U:JJ111:JJtlfl11:JJ 

I~:JJ~'U 'lJtl'l m ~ i ~ 1~ 'j fl{'ltl1 f1l~:JJ ~'U Itltl{I~'UIPlf11'j fftl~~ i~I~:JJ~'U ~·tl'U ~ NU tlfJi 'U 'lf1'1fl11:JJ 

91 91 ~,<; ",.1 "J_I<!1 "J9I"I 91 91 <; '" '191'1 
1'IJ:JJ'U'U'Utl'l HCII'l'llll'l 5.0 !:lJm'j'IJ'U !u'O'I !~I{'ltlflfl11:JJ!'IJ:JJ'IJ'U 12 !:JJ{'lum!'ll' !'Uf11'j'l'1~{'ltl'l 

1'Vl 'j ldl~tl'l f11'j tl~ flj tl'U ~ 'I I~tlft~ 11mi'U f11'j dtlfJffmml{'l~1I1fl'l'1tj'lJ~ I~ tl'l ~fl'lJ1f11'jIWflffmfJ 
" , , 
~'U ff1'U Ifljtl'l~tl~~'ll'U~ ll~'U]J~~1fJ111Ifl]J i vJ~l f-!ft f11'j'l'1~ft tl'll1 i~ ¥itl i oNm~ i~ 1~'j fl{'ltl1 fl 

llH~'UivJ~l 24 bftrl'f)'j~mrivJ4 lltl:JJU Jl11trfl~{'l~{'l'l 1.9377 fli':JJ ~'IlrI'Uf-!{'l~~fl11f)'j~~'U ¥itl 

. , " 
f)'j ~ ~'I i~liitlfl i oNf)'j~ i~ 1~Jflfttl1 fl (HCl) I~'U f)'j~11~f1lI{'l~m~~'UI~'Uff1'U f-!ff:JJ'jtl'l1~tJl1]Jt11 

1~'U ff1'Utl'j ~fltl'IJi 'U fIl'j'l'1~fttl'l 

fIl'j1lfl'j l~tlf)'j~1Iffl vJ~11 Ift~ll'j 'I~'U i vJ~l'Olfl'l'1tj'lJ~l'i'lffll'l'U II {'l~l'i'l ffll'l'U Uf1ln{'lfll{i 'lJ1Pl 

l~tlfll'j111fll~fl 11'l'j iml111f)'jtl~ 2.28 'O~!!ff~'IllH~'Ui vJ~lll{'l~ml:lJ11'Ul11t.i'U'Utl'lf)'j~!! ffi vJ~l~ 
'U 

'" _lei "J_.I_~ I ., "J_.I_~ & 91., ""'" 
lf1~ 1I1flf11'j'l'1~{'ltl'lll{'l~tU'l'12.30 'O~ II ff~'Im~ II ff !TfY'lll'ltlllH~'U !TfY'll C}f 'I 'O~fftl~flft tl'l fl'IJ11if11'j 

'I'1~{'ltl'l~'O~'I'1~fttl'l~tlitl 

fIl'j1lfl'jl~tll1mi 'Ufl1';i'l'1~{'ltl'l 'Olf)'jtl~ 2.32 'O~!! ff~'I51'l'jlf1l'j1~fli''U 'IJ tl'l h11~l'i'Iffll'l'U 
OJ 

tl'IJfl1{'IJ tl'U~'I 'O~ltl1 fJ'lJll1mJ tl'IJfIl'j1~fli''Utl'IJI1ftl~'I51'l'j lf1l'j1~fli''U 'O~ff 'I~ ff~1 '¥i ltl'IJ 120 'U 111 
OJ • 

<!1 "J 91 "I "''I" 
11'1 !~I{'ltlf1l1m'U !'UfIl'j'l'1~fttl'l 

fIl'j1lfl 'j l~tlfJW111Jii 'Olfl'l'1tj'lJ~f)'j~'lJ1'UfIl'j111 WC-Co fl~'IJ:JJ1i oNi 11:J~1fJ111 i~ 1~'j l'I'ltl{ 

:JJtl{'l1.tl~ 2.35 fl11:JJff:JJ~'Un"j~'I11NfJW'l11Jiifll'jdtlfJlff~1l{'l~fIl'jfftl~lfl'IJtl{'lIPl~1fJ HCI ft~mfJ 

1~'Ul1m 24 i'11:JJ'1f1l'j dtlfJ~J1'Htrflff 'Iff~I'¥iltl'IJ 110 tl'lfl'llC}fftl~tJff~'I i~liitlfli oNtlW 11 f1ii'j~'I1 11'1 eu q q eu 

'" "I '" "j?1 91 _I 'I
110 tl'lfl'llC}fmC}ffJff fltl 60,100,120 tl'lfl'llC}f{'lIC}ffJff 1'Vltl!u'U'lJtl:JJ{'lu'j~fltl'IJ !'UfIl'j'l'1~{'ltl'l 

OJ 
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3.6 66flU'U'Ufll"lflYlt16\1 

~ :t 
I
 'YI~~H)UmllJH~~6)f'Unw
 

~ 
'"" ~ UU6)f'U ~ l'U W:ltl!~ l~tlJtlJlf11ffI 

~ 
" UU~'U~1'U~1t1!~llvJfhI I 

~ 
"" !~'HJlJf11':i'YI~1:lU~I 

~ 

I ~lliJ'U f11':illtltlbYmtl~1t1 1vJfh 

•1 1 
I HCl I
 

CH3COOH: HCl: HzO H3P04 : HCl: HzO
I II II Tl (60°C) T2 (lOO°C) T3 (l20°C)I I I1 1 .I. .I. + 
" . 

flr~fi 1 

" ,
'" '" flH'Vl2 

" , 
flr~fi 3 

" ,'" '" flH'Vl4 

" .'" '" flH'Vl5 

" .'" '" flH'Vll 

" ,
'" '" fl':i~'Vl 2 

" ,
'" '" flH'Vl3 

" . 
flr~fi 4 

" .
'" '" fl':i~'Vl 5 

" .'" '" flH'Vll 

" .'" '" flH'Vl2 

" ,
'" '" fl':i~'Vl 3 

" ,
'" '" m~'Vl4 

" ,
'" '" fl':i~'Vl 5 

" ,'" '" fl':i ~'Vl 1 

" ,'" '" fl':i~'Vl 2 

" , 
flr~Vi 3 

" .'" '" fl':i~'Vl 4 

" , 
flr~fi 5 

" ,
'" '" flH'Vll 

" ,
'" '" flH'Vl2 

" ,'" '" fl':i~'Vl 3 

" .
'" '" flH'Vl4 

" .
'" '" flH'Vl5 

I I I I I 

lltltlbYl':i1:l~mtlUUtl'illmNI I 

I 

~':i1'ilbY1'U~bYlJ~U~~NI I 
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'"" 'j/
3.7.1 'tl1J'lf'U'Jl'U~1UlI'11~U1U11fl1i'1'." " 

,--------------------------------------~~
m8Cslr8lT18nl: 08021904 slar!: 19.02.08 19:29:34 - end: 20.02.08 

...

14:35:51 

TEIlf'ER 11 OOc 4hr vaccumm all 

0C 1j
1400 I 

'~:~arj

1000 

0:00:00 4:C ):00 12:00:00 16:00:00 h 

1 I-£ATING_SETPOINT 5 LOArLACTLJAL_VAlLL3
 
2 I-£ATING_ACL VALUE 6 GASPRES~E_SETPOINT
 

:3 lOAD._ACTLJALVAUJL 1 7 GASPRESS_ ACLVALlJE mbar
 
4 LOAD_ACTlJALVALUE_2 8 rlNEVAClU,LACL VAL mbar
 

TEMPER: (1) TEPPER04 STAto«:lARD _ 

. " 
fllYll1 3.5 1'lJ'j llmllll~~'Jfl1'j'tl1J;'Uri1'U 11'J crtl'1'U f11fl1JlPll 'U11'11~U1U11fl1i'1'." " 

, " 
fIl'Y'll13.6 ~f)flw::;mnl~~Ih.Hll'h!l'i,HH~h!fllrhJ~ ntlh!tAl!'Ul!~l 
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. " 
fll'V'lYi 3.7 f11'jul~'Wbi1'W'Yi~m~'Wf11fl1JIPll.u'11'W1~ltJtJtltytylf11ff 

, " 
fll'V'lYi 3.8 f11'jul~'W"h'W'Yi~~I~'Wf11fltJlPi'tJtJml1fll~ltJtJ~WWlf11ff." " 

, " 
fill'll; 3.9 5flfjW~~\Hll'l.nl'Hnll'UfIlflm1115~u1J~lm1l1fftutulfl1ff 

• " OJ 
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... 
N 
o o 

QCVI . 
o 

20 60 20 60 20 70 240
 I1tll/'\.!lYl'" 

, ~
 

.fl TVft1 3.10 hh IIfl'HHI 'ft~~ l'HmI€l:;; ~ W'I1.l'J ~ fll'j"eJ 1J ~hI ri ';l'I.n1-HYl~ hi f1l'rtmilwl~ 1f) 1J ivHh
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· ., 
m rrVi 3.12 ~f1 El tu ~ 9flHY-;l'l-n1-HYlIPl 'Wmflu~ '11 ~\I flU ~') fJlm flU i rHh 
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(Hardness Rockwell scale A) 

, '" ,'" , '" . OJ dQJ dOJ dd .flH'YlflH'Yl flH'YlUH'YlfWl'" . • d 
"" d pJ~'U '" 

ffTU..1,:nHI9I 'U fl1 rt1J 1'1flWiHW'lfU'Yl 
(kg/f) 2 3 

78.2 78.3 77.860 77.1 

d~ 
t'J'l'I tl Kennamelal 

2 60 78.478.4 78.3 78.3 

d~ 
tJlltl Donner 

60 78.8 78.9 78.9 78.83 

d~ 
tJlltl Cut Right 

4 60 78.4 78.678.5 78.5 

d~ 
tJlltl Sandvik 
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, I II II 

mvrYi 3.15 ~\I'lhl1 '11fl '\J tl \I:Jfu ffT\.Jl1',HY!1Pl u fIlfl1HPlri tlu 'VI fH'l tl \I 

. , .. 
flll'ftb.16 'i~llll1ir fl'\JtJ~U'Yi~l1~bH~'Ufl1fl mfritJ'U'VllltHN 
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I~
 

/1--

I'---L - -

6 rrJ I'l, 

16r-IM, 

,.-r - -

-+I----+-
\L _ 

lOMM, 

200tvltvl, 

. " 
m'Vft; 3.17 fll'H"l eJ tl UlJ lJ eJ 11 tl'HUlllJV~ ~'\.,!'ri1 'W 11~ m~l'l,..! fl1 flml• 

. " 
m~~ 3.18 ml~1Jnll~'Urhln1~m~'Ufl1fl1J~ritl'UmlYl~HH)~ 
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., 
;'UriTUl1~ffl\Pl'Ufllflu~ 

, ., 
fl1'V'lYi 3.19 llff\Pl~fl1'j~UV\Pl;'U~l'Ul'Ufl1'j'Vl~nH:J~ 

. ., . 
..et cv d ..::!I..et 0 

Jll'Vn'l 3.20 ~ ~H~ 'Wllyru 'VI 'Vl1 fI1 'j 'VI ~Hltl ~ 
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" 3.7.5 ,]'W ~ tl 'W fl1 J 'VI ~Hl tl.:J 

" '" GJf'lHl'W 

I I iI jI 

fll'V'll1 3.21 oH.:Jun'i'lrtl;'W.:Jl'\.n1.:Jm~'Wfll'fl Ul91titl'l.j'VI~fltl.:J 

I I jI jI 

fllWYi 3.22 oH.:JUTl'i'lrtllt'Yi.:JfIlflUI91 (,]'Htfll'V1~)titl'W'VI~fltl.:J 
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., 
., .,u'Vi-:Jm{iulPl (,j'mfll'V1~) 

U'IJ'UllU~'UH\.J (,j,:lt!fll'U~) 
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• 'j/ 'j/ 

fll'VfYi 3.28 'lhnhl1'l!n~'W ':11 tn1.:j ffll'! 'Wmrt1HPl'11".:j fl1 'j 'f1 ~HH).:j 

• 'j/ 'j/ 

fll'V'll1 3.29 'lhnhl1'l!mb'vi.:jl1~ffll'l'Wmrt1HPl ('l1'J!!fl1'f1fl)11"~fl1'jmHHN 
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>I 

3.7.6,J'UlPltJ'Uf11lUtlflrl'l!€l11::::tJtJf1'illfHYTH1::::mtl 
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:11 

• • >I 
d 191 91 "l\l]' "l

fll'VfYl 3.33 fll'j 'Hfll1lJHI'UI'V'HJ !~f111lJ']j''U 

. . 
d ~ d~~ 

fll'VfYl 3.34 ~flflW~'tJtl~H~'Y1 !fl1l1flm~1Jl'Ufll'j'Y1fl~tl~ 
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, ., 
fll'V'lfi 3.35 fll'lfhl~ 1rifol~il~~n'tJfl111J'ilu 

.., . 
o Q.I.c:9 iJ .d."l9J QI iJ <r d, iJ 0 <j) .d.lJ] 9J 0 

111 f)l'j 'UhI 'YI fi'IJ ~ 1J (l 'YI !~ 'illfif)l'j 'YI~ (l~ ~'IJ hi 191 hi ! ~ tI(l~ I~tI~ !t(l1h11'IJ~1J (l'YI ! ~ 1J1'Y11 f)l'j
'" '" 

_I'" '" "i '1~ "j ... ";1~1 ... <!l _I'" '" _I ...
Iu'j tI'U l'YItI'U !~tI !'IfIm ~ ~1J ~'YI 'If hi f)l'j 'il~ 'U hi 'YI f1! I(l ~t U'j tI'UI 'YI tI'U U'j ~ fi ~ 'Ufl ~ 

... <!l "i 0 ... <!l "j 1~1 ~ 
3 .8.1 19I1':il~ 'UhI 'YIfi fol1'lf)l'j 'YI~ (l~~ ! ~ tlf)l'j1111911'j 1~'U hi 'YIfi fol(lf)l'j 'YI~(l ~~I'V'l~ 'If hi f)l'j lfi'U 

.,r~\! (l ~1~"1 ~ i fi' 'ill fi f)l'j'YI~ 1'1 ~~ I~ ~~1 tI~tlf)l 'j Ul.,rtl \! (l1J1Yll f)l'j 11m 1~ MIl (l~I'tJ~ tI'UIfi tI'U I'll hi 
.., ., 

1911 'j 1~ Uhi Yifi.,rtl1J(l lf1t11n'Ufil 'j ff(llt1'IJ~~';hI ri1h1"'~ffll9l hi m{i'U 191'1 hi f)l'j 'YI~(l ~~!t~ (l~fli'~ 19I1'j 1~ 
I '"'j/ 'j/ 'j/ 

UhI Yifi fol(lf)l'j i~u I'llUf1!'tJ~ V'll llitl'Uul'l-n!fin~hI - '11 ~~ f)l'j rJ~tlffmtl';hI~1h1 19I1'j l~UhI Yi fifol(l f)l 'j 
., 

lltlfi ff(llt1'IJ~~';hI ri1h1"'~ml9lhlfll{i 'U I91'n'U ffl'j (l~ (l1t1 

. ., . 
19I1'jl~fi 3.12 UhlYififol(lf)l'j'YII9I(l~~m~~~c]f~fl:m~ieJl~'jfl(l~~fi: Ulfi~hI 

!tH~hli'YHh m~!!ffi'Y'Jyh 
0 " ... 

hiI'llhi fi 

., , 
... '" flH'YI 'tJi''U 

I 

I'll 

(V) 

... i ~ 
1~ ~ 

,,; 
liWtI 

'tJi''U 

I 

I'll 

(A) 

... i ~ 
1~ ~ 

.d 
tu (ltI 

"" ~W'l1fi1J• '" 
(C) 

I 

fi~hI 

(g) 

... 
'11 (l ~ 

, 
fol(l19l1~ 

1 24 18.4925 7 13.419 92 46.4280 30.1817 16.2463 

2 24 20.300 7 7.795 92.5 30.1817 16.3775 13.8042 

3 24 19.1875 7 11.4481 100 40.6941 18.8248 21.8693 

4 24 17.738 7 9.7115 94.8 46.0324 24.8460 21.1864 

5 24 19.856 7 10.279 102.5 24.8460 8.3375 16.5085 
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. ., .
 
1'l1'n~l1 3.13 'IJ'WYim'H'ltl1'j'VII'HHl~ m~vJtl{lvJtl~tl: m~ 1~ i~'jfH'ltl~tl: tA1ml'W 

., 
0 '" 'Wl'H'Wtl 

HH~'WlvJvh m~H{llvJvh 

'" 
(g) 

., . (V) (A) tlW'Hfl'lJ 
'" d • .. 

fl'j~'V1 

(OC) 

1H'U '" 1SI 1H'u '" 1SI 
1 ... . 

d~ ~ d~ ~ tltl'W ml~ ffi:'lI'lN 

. .d I .d 
f11 !mltl f11 !mltl 

1 24 18.4750 7 14.684 101.25 39.3966 24.7944 14.6022 

2 24 20.4320 7 15.231 105 24.7949 10.6504 14.1445 

3 24 16.7354 7 12.648 95 10.6504 1.5199 9.1305 

4 24 19.7980 7 13.784 100 21.8122 7.9939 13.8183 

5 24 19.6490 7 12.862 96 25.3881 12.5128 12.8753 

~1'l'jldd'WH{l'lJ 1:1:1 

HH~'WlvJvh 24 V 

tJ~'lJ1W {ll'ji:'l~mtl 300 m! 

m~H{llvJvh~1Uml~'H'lJlm1:'l'\J 7 
., . 

nmt'Wtl1'j'VI~1:'Itl~ fl-r~1:'I~ 3 oMd i'lJ~ 

H'j~~'WlvJvh m~!!{llvJvh 

(V) (A) '" ., . tlW'Hfl'lJ 
'" d • .. 

flH'VI 

tJ-rlJ '" 1SI tJ1lJ '" 1SI (0C)
d~ ~ d~ ~ 

I .d , . 
d 

f11 !iWtI m !i! 1:'1 tI 

1 24 8.25 1 14.40 97.5 

2 24 8.41 1 14.09 91.66 

3 24 7.62 1 23.40 97.5 

4 24 8.76 I 23.22 97.77 

5 24 6.72 1 19.1 93.33 

., 
0 '" 'Wl'H'Wtl 

(g) 

I I'" tltl'W 'H1:'I~ H1:'II'lN 

112.8036 103.6404 9.1632 

77.2310 64.5074 12.7276 

103.8559 91.2171 12.6388 

67.0587 56.7920 10.2667 

112.7651 100.1538 12.6113 

tJ~'lJ1W{l1'j1:'l~mtl300 m! 

nmllHll'j'YI~Hltl~ flf~ft~ 3 il1lJ~
 

HH~'WlvJvh 24 V 
" . 
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m~!!fflyh~h 
: ... 

'Ul'WUfl 
m~fl'Ulyh~h(v) 

'" " . (A) tJWl1f1lJ (g) 
... '" . '" flH'VI ... 131 ... 131 

1.H'1J lfl fl 1.H'u lfl fl caC) . I 

d d fltJ'U mi~ rlM1N, , 
m I'iHW m mm) 

1 24 7.78 1 17.26 108 75.4832 62.7585 12.7247 

2 24 8.366 1 19.58 106 43.4254 30.7630 12.6624 

3 24 8.41 1 20.4 105 30.7630 19.2746 11.4884 

4 24 8.48 1 17.10 106 19.2746 7.8881 11.3865 

5 24 8.27 1 19.88 108 37.5842 28.7877 10.7965 

1J~lJ1Wffn~~mtl 300 rn1 

IIHfl'U hHh 24 V 
" ,

l1mi'Ufl1'j'VIfl~tJ~fl-r~~~ 3 'iflilJ~ 

IIHfl'UlyJyh m~llfflyJyh 

" ,... '" flH'VI 

1Jfu 

(V) 

... 131 
lfl fl 1Jfu 

(A) 

... 131
lfl fl 

, . 
'" . . 

'" m m~tI m m~tI 

1 24 7.95 1 21.48 

2 24 8.07 1 18.82 

3 24 8.35 1 19.25 

4 24 8.391 1 22.93 

5 24 8.33 1 20.14 

'" tJWl1f1lJ• '" 
(OC) 

106 

103 

108 

108 

108 

I 

fltJ'U 

40 

28.1887 

21.6346 

103.6238 

90.0325
 

" ihl1'l1fl 

(g) 

... 
11~~ 

I 

rl~1lN 

28.4813 11.5187 

21.6346 6.5541 

14.8380 6.7966 

90.0325 13.5886 

79.5632 10.4693 

1J~lJ1Wffl'j~~mtl 300 rn1 

IIHfl'UlyJyh 24 V m~llfflyJyh~11Il1tl~11lJ1t1l~'tI 1 
jI , 

l1mt'Ufl1'jllfl~tJ'1fli'~~~ 3 i1 ilJ'1 
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9J d. 0 d QJ ~ 0 -=::to -=::to tI'j) IV 0 ... .1 tI 
'illn'tltJ:l.Hl'Yl'Yllfll1"lnlJIJ'U'Yln 'il::::fl1 l'U'U fll1" 1ll'll 1:::: '11 'tItJ:l.Hl H~:::: 'ilfl'Yll HIJUri tJnJllt1~l'Uf·r~ 

~ ~ 

"j 'l!ll'l 0 

fll1"'Ylfl~tJ~ l'V'ltJ ~"lf ~'Ufll1"'Ul1bY'UtJf-l~fll1"'Ylfl~tJ~ 
"i '.::11 
~fltlllIJ~lu'U 

"l
411IJIJ I'ItJ 

II 1 iI iI 

3.9.1 1"lt1~l'Uf-l~fllHn1'ilfftJIJtJ l'11trn l~tJl'IJ~ t1IJlfitlIJ~'Uff1'U l1~m\PI'UmflIJIP111IPi~::::l'If~ 
., 

t'U 1" 'IJllIJIJ'tItJ~ \PIl1"l~ \PI1"1'il fftlIJtJ I'll trn 
~ 

3.9.2 1"lt1~l'Uf-l~'tItJ~m::::llff! vJYI it'U fll1" 'Ylfl~tJ~ 11~f-l~ ll\PInlPil~tl'U lvh lflll~:::: l'IJ~ t1IJ lfitlIJ 

'I11f-l~'tItJ~ m:::: Hff!vJYlllPitJ'tI'U lfl fll1" tlfl ni tJ'U 

~d. ~ JIG) I ~.dt d d 
3.9.4 1"1 t1~1 'U f-l~'tItl ~ tJw 'I1fl:lJ 'Yll nfl'tl 'U 1" ::::'I111~ ~ 'U fll1" 'Ylfl ~tJ~Il\PI~:::: 1'1 H l'V'l tJ l'IJ 1" t1IJ l'Yl t1IJ.
 ,., , 

~ 

'tI'Ulfl'tltJ~tJW 'I1fliJfilnfl~'U t 'UlllPi~::::I~tJ'U! 'tI. ~ 

I iI iI I 

3.9.5 1"lt1~l'Uf-l~'IJiln~ til H~::::1J'UVi n.fl1'V'lfi lnfl~'U 1":::: 'I111~ ttl fll1" 'Ylfl~tJ~ lllPi~:::: I'If~ l~tJ 
,., . 

1m t1IJlfitlIJ'IJiln~tI1filnfl~'U1'UlllPi~::::I~tJ'U! 'tI 

., 
fll1" ff1 'IJ f-l~ fll1" 'Yl fl~ tl~ 1fl til'IJ~ t1IJlfi t1IJ fl\PI 1" 1nl1" tlfl n i tJ'U 'tItJ ~lf('ll ~'U ff1'U 11~ ff 1\PI'U 1'111!IJ IP1 

mtlt~ffl1"~::::mtl"lf'l1fllPil~tl'U tJW'l1fliJ~lPil~tl'U lW::::HH~'U!vJYll~ 24 11~1P1 t,rflm1fll1" tlfl nitJ'U . ~ ., 
l'l1 ij tJ'U '11 ~ tJ II \PI nlPi N tl'U f-l~ fll1" tlfl ni tJ'U ~ 1 til1'1 ~! vJ Yll1 ~ 'U II 'U 1'Y11~ 'l1''U ~'U IPi tJ f11n~' \PJJ'U 1'11 ~ tJ !:l.i 

II Iii, 

'U tJ n 'ill ntr'U 'Yl fl fftJIJ ff:lJ:lJ ~] l'U 'Y11~ ffi1~ fi 11 'il ~ t1't1 tJ~ tJ I'll trnfi~ fl ~ ~ ~ f-l~ 'ill n m::::ll ff! vJ Yll '11 ~ tJ 
... 11] • .I_~ "l 11] I I 11] dJ d 1I]!lI I "j 11] 0 • I'" "'.::II """j I I 

llHfl'U nrfll'111"tJ ~:lJtJtI1~ ~ 1"C}i~f-l~'Yl ~flll\PI~::::I~tJ'U ~ 'tI'il::::'U lmlu1"t1IJl'Yl t1IJlu'U llf-l'Ufl:lJl'V'ltJ~lt1\P1tJfll1" 
~ 

1mt1IJlfit1IJ 



• • 

• • 

I 

""lI'YI'YI 4 

4.1 lI'YI'lh 

iI I iI I I 

i 'Wu'YI'W 'il~L~'W f11'j!! fffl.:l ~'i'lf11'j~1!'l1 'Wf11'j 'Yim~'l1l\PI1:IJtU'W\PI fl'Wfi.:l'Yi f1~ l1:IJ 1U~1 i 'W U'YI'Yi 3 
'j/ 

1m.JUU.:l~'i'lf11'j~1!'W'Wf11'jflflm~'W4 "h'W 1~uti ~'i'lf11'jUfiU~.:Il'W U'i'l~tU'W\PIfl'WIPiN1m.J'il~fln1J1fJ 
iI JI iI iI 

~1fJfl1'V'l ij 3 tU'W\PIfl'W fifl oU'W\PIfl'WL\PI~fJ:lJU~'WijfllPifl tU'W\PIfl'W!\PI~fJ:lJflUmW tU'W\PIfl'Wf11'j'YIfl'i'lfl.:l• 
'j/ 'j/ 

U'i'l ~ tU'W \PI fl 'W f11 'j LWf1 ~.:I1 'i'l '11 ~ 'ill f1 ffU 'i'l ~ 'i'll fJ ~ 'i'l 'U fl.:l f11 'j LWf1 ff'i'll fJ i 'W f1U 'YI fl 'i'l fl.:l i 'W ulPi 'i'l ~ fl i'.:I 
'j/ • 

i 

ff'j U~'i'lf11'j'YIfl'i'lfl.:l'Ufl.:lUHfi'W1 vJ.yhulPi'i'l~'j~fiu ff'jU~'i'l'Uflnhrn:rf1'Yi 1~ 'illf1f11'j'YIfl'i'lfl.:l ~'i'l 'illf1 

'JJ "" .. .1 .1 "" dt "! i .1'" '" .1'" '" f11'j 'lff11'j1Lfl'jl~l'ifl1l:IJUu 'J u'j1'W:IJ1LU'WLfl'jfl.:l:IJfl 'W f11'j Lu 'j fJU!'YIfJU ~'i'lf11'j Lu'j fJU!'YIfJU'Ufl.:l f11'j 
'j/ • 0 

'YIfl'i'lfl.:l i 'WulPi'i'l~fli'.:I f11'jiLfl 'Jl~Ml'i1~'i'lf11'j'YIfl'i'lfl.:l'Yi~'Yifffl U'i'l ~~'i'lf11'j\PI'j 1'ilffflUflWff:IJU~ 'Ufl.:l~.:I 

., 
4.2 fHH)l'jtJijiWi-:.llUU~~;rU~0U~H9 

iI iI iI I 

i 'WulPi tU'W \PIfl'W f11'j Ufi U~.:Il'W U'W 1 ~ijf11'j L~1J.fll'V'llPil.:l"l IPi.:lUIPiL~:IJ~'W f11'j L\PI ~ fJ:IJ~U m wi 'W 
'j/ 

f11'j'YIfl'i'lfl.:lf11mfJf1ffmfJ 'il'U 'ilUm~U1'Wf11'j'YIfl 'i'lfl.:l 1~~.:I1'i'll'i~:IJ1un f.J1m~'W 'jU fi.:lu
'" 
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do QJ'd. IdQJ" O'j} 

flTVfVl 4.2 fl11 'il~ 11 tJ~lHfU 11 ~IOI ~fltl 'W hill 'IJ111011tl1J "Itytylfl1rY 

. " 
fllVll1 4.3 fl11Ul~'W~1'Wl.u'1t 'W 1101 1tl1J "Itytylfl1rY 

, " 
'" 0 ""flTVfVl 4.4 fl11 hIl GJ1'W ~ 1'W tI tI fl 'ill flllOll tI1J 'ilillill1fl1 rY

• u u 
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..," '" ~ I " 4.2.2 'IJ'Wl9ltJ'W!I9l'H.JlJOlJf)'HU• 
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'" 4.2.3 '1llJl9lfllJf11':i't1f1I;HJ'J 
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d I .c:s. QJ I 0 0 

fIl'Yi'YI 4.14 H~'lnlfl~flm)'W'WleHlmJ1'Yllfll11J{Y~elWI 

. . ., 
fIl'Yiri 4.15 f11'j!tllH~'Wijfl~fl'MHM~riel'W'l11hJ~,nhwwf1 

. . ., 
fll'Yiri 4.16 H~'W ijfl~flriel'W'l11'u~~'l11l"1'IJf1 
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" 
4.2.4 ,j't..l\P1'e:)'Uf1ljIWflH~1~'I1~\I1fHnj~~~ltl 

d
. 1 I 0 \1].1 0 'I 'iI 'iI 1 'iI \I] I a " 

mV'!'Vl 4.18 H~ ~'I1~fW)'W'Ul !lJ'Vll !'I1ll'l1~ f1t1f1ld9llJ !~fl11lJ'lf'U 
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., 

4.3 f.ltl"0~fll'iUtlfHJtll[J'Ufll'i'YI~iU)~'UU~tl~rl'r~ 

. " ,d Qle:9 Old 

~111~'Yl4.11J'U'YlfW.Hlf111"'Yl~m)~6V. flH'Yl 1 

l1"n(i111J~) llH~'UivH11(V.) m~ll~'vl~l(A.) tl W11 flike)
• OJ 

: QI d 
'U111 'U f1'Yl~fl~~(g.) 

4 6 0.0378 32.875 0.1832 

8 6 0.0223 36.50 0.1910 

12 6 0.0460 36.50 0.1772 

16 6 0.0393 32.375 0.2167 

20 6 0.0609 37.25 0.1138 

24 6 
, .d 

fI1lQmJ 

0.0447 32.625 0.1073 

0.0418 34.68 (1"111) 0.9849 

, " ,
d Q,I e:9 QJ d 

~nl~'Yl 4.2 1J'U'Ylf1H~f111'Ylfl~tl~ 6V. flH'Yl 2 

I1m(i1111~) llH~'U 'vl~l(V.) m~ll~'vl~l(A.) tl W11 fl iJCOC)
• OJ 

: QI d 
'U111'U f1'Yl~fl~~(g.) 

4 

8 

6 

6 

0.2734 

0.5339 

38 

38.25 

0.3614 

0.1444 

I 

12 6 0.4613 37.75 0.3313 

16 6 0.0268 33.125 0.1811 

20 6 0.2642 38 0.1344 

24 6 
, .d 

fI1lQrW 

0.2371 

0.29945 

38 

37.19 

0.1227 

(1"111) 1.2753 
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r:n'l1(GJ1'11m) UH~'WlvJVh(v.) m~my'yJYh(A.) BW'H fliJ(oC)
• OJ 

: Go' d 
'W l'H'Wfl'YH1~~~(g.) 

4 6 0.0354 36.66 0.1318 

8 6 0.0329 36.22 0.0817 

12 6 0.0395 36 0.0954 

16 6 0.0349 36.22 0.1272 

20 6 0.0210 36 0.2318 

24 6 

I '" fl1!lHltJ 

0.0358 36 0.1425 

0.03325 36.183 ('nlJ) 0.8167 

, " ..at QI& QI.at 

1'l1'Jl~'Yl 4.4 1J'W'YlflH~fl1'J'Yl~~B~6V. flH'Yl 4 

nm(GJ1'1llJ~) UH~'W'yJYh(v.) m~my'yJYh(A.) BW'H fllJ(OC)
• OJ 

: QI d 
'W1'H'Wfl'Yl~~~~(g.) 

4 6 0.0790 38.00 0.1331 

8 6 0.1009 38.16 0.1636 

12 6 0.1068 38.08 0.1356 

16 6 O. 1500 38.00 0.2631 

20 6 0.1125 38.00 0.2351 

24 6 

I '"fl1!l'WlJ 

0.1144 38.00 0.2656 

0.1106 38.04 ('J1lJ) 1.1 96 

, " ..at QI& QI.at 

1'l1'Jl~'Yl 4.5 1J'W'YlflH~fl1'J'Yl~~B~ 6V. flH'Yl 5 

nm(GJ1'11m) UH~'W'yJ~l(V.) m~U'ff'yJ~l(A.) f.JW'H!JlJ(OC) 
: QI.d

'W l'H'W fl'Yl~~~~(g.) 

4 6 0.0901 37.65 0.1321 

8 6 0.1018 37.35 0.1961 

12 6 0.1047 38.00 0.1923 

16 6 0.1030 37.00 0.1363 

20 6 0.1095 38.00 0.1321 

24 6 

I '"fl1!u~tJ 

0.1335 40.00 0.1963 

0.1071 38.00 ('J1lJ) 0.9848 
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,-II 

.d.· QI e!l QI'" .d.. 
~l'nnl 4.6 lJ'U'VIflf:'H'lfll'j''VIfH'lV-:I 12V. f1H'VI 1 

I1m(i1111-:1) llH~'Ul'VH41(V.) fl'J~1l fflvJ~l(A.) VW'I1fl1J(OC). .. 
: QI.d

'U I'll 'U fl 'VI" ~H'l -:I (g.) 

4 12 0.7709 38.75 0.3022 

8 12 0.9534 34.625 0.1492 

12 12 0.4898 38.25 0.1317 

16 12 0.6886 38.50 0.1131 

20 12 0.7101 39.50 0.2725 

24 12 0.8397 39.25 0.4131 

I '"fIl!'iHltJ 0.7421 38.15 ('j'111) 1.3818 

· '" .d Qle!l QI.d. 

~1'j'1-:1'V1 4.7 lJ'U'VIm-H'lfll'j''VIfH1V-:I 12V. f1H'VI 2 

11"1(i1111-:1) llH~'UlvJ~l(V.) fl'J~llfflvJ~l(A.) VW'I1fl1J(OC). .. 
: QI.d

'U I'll 'U fl 'VI" ~"-:I (g.) 

4 12 0.8041 38.50 0.1811 

8 12 0.5065 38.00 0.0990 

12 12 0.6865 38.75 0.1639 

16 12 0.7096 39.00 0.2829 

20 12 0.9218 40.25 0.3004 

24 12 

I .. 
fIl!'QM 

0.6931 38.25 0.2134 

0.7203 38.79 ('j'111) 1.2407 

· '" ..d. Qle!l Qld 

~1'j'1-:1'V1 4.8 lJ'U'VIflf:'H'lfll'j''VIf'mV-:I 12V. f1H'VI 3 

I1m(i1111-:1) llH~UlvJl~l(V.) fl'J~llfflvJ~l(A.) VW'I1fl1J(OC). .. 
: QI d 

'U l'11Ufl'VI"~"-:I(g.) 

4 12 0.3908 37.33 0.3223 

8 12 0.3119 37.55 0.1527 

12 12 0.3875 37.11 0.1226 

16 12 0.3728 38.00 0.1685 

20 12 0.4758 38.00 0.2860 

24 12 
I .. 

fIl!'QM 

0.4544 38.22 0.0966 

0.3988 37.70 ('j'111) 1.0487 
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:11 

• oJ ,
do Q,I 01!:9 Q,I do 

f11H:J'Vl 4.9 tJ'W'Vlf1H~f11':i'Vl~~tl~ 12V. flH'Vl 4 

nm(i'11m) uH~'Wl~fh(v.) m~llbYl'VHh(A.) f,jwmJikc) 
: Q,I d 

'Wl'11 'W f1'Vl~~~~(g.) 

4 12 1.7964 40.00 0.8400 

8 12 1.5948 45.50 0.8402 

12 12 2.6083 47.16 0.8446 

16 12 2.6692 48.55 0.8422 

20 12 2.1313 52.97 0.5700 

24 12 
, , 

d 

m!'iWl'J 

1.4874 48.24 0.5748 

2.0479 47.70 (':illJ) 4.5136 

• oJ ,
do Q,I 01!:9 Q,I do 

f11':il~'Vl 4.10 tJ'W'Vlf1H~f11':i'Vl~~tl~ 12V. flH'Vl 5 

nm(i'l llJ~) llH~'Wl'Vh~l(v.) m~UbYl~~l(A.) tlW'l1 fi:U(OC)
• OJ 

: Q,I d 
'W1 '11 'W f1 'Vl ~ ~ ~ ~ (g.) 

4 12 1.3364 44.25 0.6870 

8 12 1.6957 49.76 0.4308 

12 12 2.9983 55.62 0.6812 

16 12 2.6348 50.03 0.4300 

20 12 0.5819 46.45 0.6884 

24 12 

I d 
m!QM 

0.1261 39.76 0.4375 

1.5622 47.69 (':illJ) 3.3547 

• oJ ,do Q,I 01!:9 Q,I do 

f11':il~'Vl 4.11 tJ'W'Vlf1H~f11':i'Vl~~m 24V. flH'Vl 1 

nm(i'lllJ~) UH~'Wl~1'~l(V.) m~UbYl~~l(A.) tlW'l1 fi:ueC)
• OJ 

: Q,I d 
'Wl'11'W f1'Vl~~~~(g.) 

4 24 0.9641 35 0.6209 

8 24 1.1384 40 0.6655 

12 24 0.6940 40 0.4002 

16 24 0.5918 40.75 0.6167 

20 24 0.9139 40 0.7171 

24 24 

I d 
f11!Q~l'J 

1.1646 40 0.7502 

0.9111 39.2916 ('j1lJ) 3.7705 
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. '" ,
d Q,I ~ Q,I d 

\9ll'H:.J'Yl4.12 'IJ'W'YlfWU'If)l'J''Ylrl'tHJ-:.I 24V. flH'Yl 2 

nm(i1111-:.1) llH~'Wi'YHh(v.) m~ll~iTIvh(A.) flW'H fliJ(OC) 
: Q.I d 

'Wl'H 'W f)'Yl~WI~-:.I(g.) 

4 24 1.1898 39.5 

• OJ 

2.1910 

8 24 0.9281 39 1.4974 

12 24 0.8077 38.25 1.0060 

16 24 0.6997 38.75 1.2485 

20 24 0.9332 39.75 0.5179 

24 24 3.5840 54.875 1.4190 

I .d 
flllQmJ 1.3571 41.6875 (111) 7.8798 

. '" ,
do Q.I ~ Q.I d 

\9l1'J'l-:.1'Yl 4.13 'IJ'W'Ylf)f.l~f)l'J''Ylrl~fl-:.l 24V. flH'Yl 3 

nm(i1111-:.1) m-:.I~'W iTIvh(v.) m~ll~iTIvh(A.) flW'HfliJ(OC) 
: Q.I d 

'W l'H'W f)'Yl~fl~-:.I(g.) 

4 24 16.5560 100 

• OJ 

2.2230 

8 24 13.6670 91.25 3.0550 

12 24 3.9693 68.75 3.9731 

16 24 6.5779 72.25 3.6628 

20 24 9.8667 106.25 8.0872 

24 24 

I .d 
fllLQM 

5.2916 82.50 2.9641 

9.3214 86.83 ('J'111) 23.9652 

, '" .
d Q.I ~ Q.I do 

\9l1'J'l-:.1'Yl 4.14 'IJ'W'Ylf)f.l~f)l'J''YlI'l~fl-:.l 24V. flH'Yl 4 

nm(i1111-:.1) llH~'WiTIvh(v.) m~u~iTIvh(A.) flW'HfliJ(OC) 
: Q.I d 

'Wl'H'W f)'Yl~fl ~-:.I(g.) 

4 24 8.4508 
• OJ 

96.08 2.3502 

8 24 6.7720 120 2.3453 

12 24 8.5308 82.69 2.4222 

16 24 7.7506 110.8 9.9600 

20 24 9.2510 116.53 10.9090 

24 24 
I .d 

flllQmJ 

10.2502 115 12.0304 

8.5009 106.85 ('J'111) 37.9206 
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nm(i'1111'J) !!H~'U i'Vh~l(V.) m~!!f\'hJvh(A.) BW'HfllJ(OC)
• OJ 

: QI d 
'ill 'H 'U n 'YI (l ~Hl 'J (g.) 

4 24 7.0025 118.665 10.7370 

8 24 8.5596 125.370 11.7072 

12 24 9.8258 129.290 12.7954 

16 24 10.5200 125.390 11.1405 

20 24 11.0063 120.720 12.1305 

24 24 

I d 
mmmJ 

8.7184 130.640 13.1375 

9.2721 125.01 ('j111) 71.6481 

I 

~l':il'J'YI '" 4.16 ~wm':i'YI~(ltl'J 6V. 

nm(i'1111'J) !!H~'UhJVh(v.) m~!!f\'hJVh(A.) tlW'HfllJ(OC)
• OJ 

" Ul'H iTnYi(l~ (l'J(g.) 

24 6 0.0418 34.68 0.9849 

24 6 0.29945 37.19 1.2753 

24 6 0.03325 36.183 0.8167 

24 6 0.1106 38.04 1.1960 

24 6 

I 
, 

'" mtl'WfJ 

0.1071 38.00 0.9848 

0.11844 36.8186 (':i111) 5.2577 

d 
~l':il'J'YI 4.17 ~wm':i'YI~(ltl'J 12V. 

nm(i'11m) !!H~'UhJY11(V.) m~!!f\'hJvh(A.) tlW'H fllJ(OC)
• OJ 

" Ul'H iTnYi(l~(l'J(g.) 

24 12 0.7421 38.15 1.3818 

24 12 0.7203 38.79 1.2407 

24 12 0.3988 37.70 1.0487 

24 12 2.0479 47.70 4.5136 

24 12 

I d
mlQ(l(J 

1.5622 47.69 3.3547 

1.0943 42.01 (':i111) 11.5395 
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. 
~11l-rYl '" 4.18 H(lf111'YlfHHl~ 24V. 

nm(i111J~) t!H~'Wl~Vh(v.) m~t!tll~vh(A.) tl W11 fi ikC)
• OJ 

" Ul11'UfrVi(lfl(l~(g.) 

24 12 0.9111 39.29 3.7705 

24 12 1.3571 41.69 7.8798 

24 12 9.3214 86.83 23.9652 

24 12 8.5009 106.85 37.9206 

24 12 9.2721 125.01 71.6481 

. , 
'"mmmJ 5.8738 79.93 (111J) 114.8706 

.. 
4.4 N~lfll1!mtl'l.Untl'l.J"0~fl11't1~tl0~luugjtl~fl1~"0~fl11't1~tl0~ 

m ~~'W l~vh(v.) m~t!tll~vh(A.) ~W11tJiJ(OC) 
: QI d 

'Wl11 'W f1'Yl (l fl (l ~ (g.) 

6 0.11844 36.8186 5.2577 

12 1.0943 42.01 11.5395 

24 5.8738 79.93 114.8706 

111J 131.6678 

8 

5.874 

(A.) 

2 
0.118 

o -+---~~::::::j::::----~---....j 

6V. 12V. 24V. 
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100 

tlW11fliJ(C) 50 
• 'U 

36.82 

O+-----+-----+---------l 

79.93 

6V. 12V. 24V.
 

150 114.87 

>J 100 
'l-J l11'Utl(g.) 

50 5.26 

6V. 12V. 24V.
 

, >J 

fllTIl1 4.23 m lvJU'fffl'J'ff':itJ fo.lJ;l'l-J 1'I1'Utl h.l tll':i'VIflJ;ltl'J• 

'illtltll':i'VIflJ;ltl'Jtll':i!wtl'ffmtlu~·h.lijfllP1fl (Insert tools) ~';ltIl1itlnUtltl'ffmtl~'wlvJ~11fltl 

" t ~mflvJtl'ffvJtl~tl fo.l'fflltlU'l-J lfl~':i lri'l'W 5: 1 (500 mI. + 100mI.) t ~tUtl1'W fl1111!~1 120 ':itlu/'W lVi 

!1J;l124 4111l'J ~1t1UH~'WlvJ~1611J;l1Pl 1211J;l1Pl UJ;l~ 2411J;l1Pl 

TI tl'il~ 'ff~tJ I ~ iltl n!tJ~ tlU!Vi tlU fo.lJ;l'VIflJ;l tl'J t 'W ~ 1':i N~ 4.1 0 UJ;l~ ~tJ~ 4.1 1fl tltl n t~ 

UH~'WlvJ~124 11J;l1Pl 'il~ijClW11fliJ uJ;l~m~U'fflvJ~l ~'ff'Jtli1611J;l1Pl 1211J;l1Pl ~'Jvht,rfo.lJ;l'IJtl'J 
• 'U 'U 

I '" ...

tll':i!Wtl'ffJ;llt1'IJtl'JUfo.l'WlIfl~fl(Insert tools) 
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" . 
f-HI1l1fifil11!fIl1::;Mfl11:lJU U1U11lHU1 t1'lJ!Yitl'lJ U1l1tJfin'lJU H~'U I vJVh 1~~1!'U tl~ 1l1fi 

. " .:!I I 0 d,I9./ I <V<V~ Q,I 

!'Utl~1l1fifl1 Fa 1l1fifilHl1'U1W 1.9798 :lJfI1'Utltlf111 F005(2.12) = 3.48 fl~'U'U1l~t1tlm'lJHa U~::; 

" . 
~n u';hU1l1tJfi 1 'U filnlfl~tl ~ fill Vtltlb1'mtlu~'Uijfll'ifll~u\PIfi~l~n'Ulh::;~'lJtJmYlfitu0.05

• u 

d 
(fllfl ~'U 1fi'YI ~) 

U~'U1'lJijfl ~~ lm"::;~I~1l1fifill'YIfl~tl~ 

tl~rlUl::;fitl'lJ 
9J 
ltltl~::; tl~rlUl::;fitl'lJ 

~ 

ltltl~::; 

1'YI!'YI!.wtl:lJ (Ti) 58 1'YI!'YI!.wtl:lJ (Ti) 36 

't1~b1'!\PI'U (W) 29 't1~m\PI'U (W) 34 
." ct 

tl~:lJ!'UtI:lJ (AI) 7 ~~fltl'U (Si) 2 

lfl'lJtl~1Pi' (Co) 4 lfl'lJtl~1Pi' (Co) 0.2 

~~fltl'U (Si) 1 
d 

m~fi (Fe) 0.2 
d 

m~fi (Fe) - tl~iJ!.wtl:lJ (AI)
'U 

-

60
 

50
 

40
 

U1:lJ1W1il\P1(%) 30• 

20
 

10
 

0
 

d • .1 Je! d. .e:t. cI a... I r d. Q,I Q.I <r d 
fll'V'l'YI 4.24 finY'lUb1'fl~fill n 1 t1'lJ!'YItltl ~~fill\PI111l1!fIl1::;l1 tl~fllJl::;'\Jtl~U~'U:lJfl\PIfl fi'lJ ~~ ~~'I1::;'Y1 

I ~1l1fifill 'YIfl ~ tl~ 

• Ti.W 
.AI 

.Co 

• Si 

• Fe 

U~'U''lJiJfl ~~ l~l1::; 
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4.7 t'lU 
• 'j) 

fi,rt1 mil'1:lJ1 ~1~ ~l-J !~ l-J f11'Hn tl f'Hl f11 'j VI fHl tl ~ 1 fl tI ij J:'Hl 'tI fl ~ f11 'j VI fl 'I tl ~ 11nnm 9 'Jl' fl 

HU~tltlfH1:J'W 3 fl~:lJ Atl 6lJ'I1'i' 12lJ'I1'i' U'l~ 241'1'11'i' tldl~'1~ 5'Jl'fl !~m.Jlf'm!U~t1u!YitlUf11'j 
'j) 'j) 

Vlfl '1tl~ i l-J u9i '1~fli'~'tI tl~f11 'jVlfl'ltl~ '11 ~ tl1lfl'j l~MH'If11'jVlfl'l tl~ l!'1~'U tlfl 'il1m1't..lfJ~ijf11'j!U~ t1U
 

H'I'tItl~tl~AU'j~flflU'tItl~1ill'J9il~"l 'j~W;h~UHl-Jijfll'ifl (Insert tools) flU H~ 1'1'11~~'~'iI1flf11'j
 
d I ... I~ QI d tj} ell '" Ie:. tj} 

Vlfl'ltl~ 'iJ~m'W'11u'j:lJ1W 'tI tl~ VI~ml'll-JVI!'jll'l tl~f11'j:lJunI1W 'j tltl'l~ 34 



• • 

, 
d 

lJ'tl'tl 5 

ft f)'l:lle'tliiVH161Jt) ~1ffVJ,r1' 'YHhflt)fll".iHtlf)ff~lm ft'l:ll~'t'i:::: 'tlH!f1i1, 'YHh 

.., "'I 

5.1 f)1l'lJ'W'YIfHl'l~l1m1lJfH'l 

5.2 mlvJllbY~.:jH'lf)1d'YI~'ltJ.:j 

bYll'l~'lltJm~ 
tJ'" 'J/ 'J/dmt\!fl11lJl'l] lJ'l] 'W 

HCI 12 M 

RN03 15 M 

H3P04 85 % 

"'l 

.. '" tJt\!'I1f1lJ t\! 'ilm~tJ~ (bp) 

50 DC 

120 DC 

158 DC 

"" '" 'Jj''W~1bY~ Diameter Length (~lJbYll'l~mtJ) - Area 

WCrod 1.5 em 10.0 (4.0 em) -

23.504 

2 
em 

Co rod 0.5 em 15.0 em (4.5 em) -

"" '" 'Jj''W~1bY~• width Length (~lJbYll'l~mtJ) Thickness 

WC plate 2.53 em 31.0 em (4.0 em) 0.31 em 

304 stainless sheet 6.51 em 33.0 em (3.4 em) 0.14 em 
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Q ~ I ~ 

f1l'H:i'n 5-3 f'H'lf11'jl1mU)'1l'llfltl1'111 1 (Electrolysis in 12 M HC1 (300 mt): Anode; WC rod = 245.244 g and Cathode; WC plate) 

l1~Hlfl'l 

" 0 

9$1 

" .... "" 'flHl1 

... 
'il1Hlm 

... "" 1J'U11f1 

('U1Wf11) 

: ... 
'U I'll 'U f1 WC rod 

." 
Yi,]'lIW1'U~ (g) 

Voltage 

(V) 

Current 

(A) "" flW'I1f1:lJ 
q OJ 

(OC) 
• I 

Bl'Um "" 'fftlJl'ffti 
OJ " 

ufmJ:lJ 
q 

I . 
Bl'Um ufmJ:lJ 

q 

. I 

Bl'Um 

11.30 lJ 6 0.86 3 4.76 55 

95 

96 

94 

99 

99 

95 

100 

11.40 'U 6 0.81 3 4.98 

1 11.50 'U 2.190 6 0.86 3 4.70 

12.00 'U 
243.054 

6 0.92 3 4.68 

12.10 'U 6 0.94 3 4.65 

12.20 'U 6 0.96 3 4.69 

12.50 'U 6 1.08 3 4.79 

13.00'U 6 1.05 3 4.82 

2 13.10 'U 
239.965 

3.089 6 

6 

1.12 3 

3 

4.67 101 

13.20 'U 1.15 4.67 100 

13.30 'U 6 1.22 3 4.69 100 

13.40 'U 6 1.13 3 4.70 98 

... ... 
f11'j 'ff '11f11'l(l f111 W~ f11 'j
 

Iu~ t1'UllU(l '1111'1 f11 t1f11'V'l
 

~:lJ WC plate (l'l'1'Um'j'rl::;m(J~
 
~ ~ ""~ ~4 cm 'ff1'j(l~mtll'j:lJ1 'U'ff 11'll:lJ, 

I11 'U 'ff ""~ "" """" ~ .J1fl:lJI'lltll, :lJ'ffl'll:lJ'Il'U 

.o!!t. 0 .c!.c!~ 9J 0 

lf1fl1J~l, 'il'U:lJ'ff 11'll:lJfl:lJ~1 ll(l~ 

~ "" I'l fl '1'fl fl tIll'l:lJ 'ff1 'j (l~ mtll'J f1"l 10 

"" 'U111 

~ ""~ ~ 0'ff1'j(l~mtll 'U'ff 11'll:lJfl:lJ~1 

~ "" II(l ~ I'lfl'l 'flfltlll'l:lJ'ffl'J (l~ mtll'J f1"l 

... "" "" 10 'U111"" flW'I1f1:lJll(l~llH~'UI'j:lJ 
q OJ 

"" I " ... .d 
'ff '1'1l'U 1lI'lm~1l'fftl'l'fl'l11 

OJ 

f1l'vnh ~ f1 fl1J 
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, , 

V1nHn 5-3 Hi;'lf11'j'YI~HHJ'J1Pl1mhrVi 1 (Electrolysis in 12 M HC1 (300 ml): Anode; WC rod = 245.244 g and Cathode; WC plate) (~tI) 

'Yl~i;'ltl'J 

" 9h 
" ,<V d 

f1H'YI 

I .ij'Unm 
" 

tJmUfl WC rod 

(mWf11) I til'U~l I t.rt1J!iYtJ 

<V .<!I 
'U'U'YIfl 

, " 
-vHhutl l'U~ 

14.00 'W 

Voltage 

(V) 

'1H''l.J1:J:IJ I til'U~l• 

6 0.95 

Current 

(A) 

ui''U~:IJ I til'U~l 

3 4.99 

"" tlW'I1 fl:IJ 
q OJ 

(OC) 

95 

flwiY'J!fllPl~mIW~ 

f11 'j!U~ tJ'UuUi;'l'J 'YI1'J f11tJfll'Vl 

~ d_~ 'JI 0

{Yl'j i;'l ~ m m1J 'U {Y1"l1!'U 1J tl1J fll 

fl1'VlU'j~fltl'U 

3 
I 

14.20 'U 

14.10 'U 

14.30 'U 
I 237.119 

2.846 6 

6 

6 
I 

1.24 

1.20 

1.22 
I 

2 

3 

3 

4.35 

4.50 

4.29 

98 

99 

100 
d <V <V 

'UtI'J WC rod 'YI{Y1JH{Y{Yl'ji;'l~mtJ 

'JI "" 
Ui;'l~ 1PIt1'JfI tlmlPl:IJ {Yl 'j i;'l ~ i;'lltJ'YI fl"l 
I, q 

d <!l 'I'l.l
10 'Ul'Y1 !:IJtlnmHl'U ~u 'Vl.'YI. 

14.40 'U 6 0.92 2 5.09 100 
rjJ .dl rjJ ~ ... I~ 

'U tltJi;'l'J 'il'JIPI tI'J 1'Vl1J u 'j 1J11P1 'j 'UtI'J 

14.50 'U 6 0.75 2 3.98 99 {yl'ji;'l~mm~'U 325 m1 

4 
I 

15.10 'U 

15.20 'U 

15.30 'U 

15.40 'U 
I 233.952 

3.167 

6 

6 

6 

6 

0.76 

0.96 

0.99 

0.94 

2 

3 

3 

3 

4.85 

5.03 

5.05 

5.03 

95 

99 

99 

100 

~ d_~ 'JI 0

{Yl 'j i;'l~mm1J 'U {Y'Y'l1!'U 1J tl1J~ 1 
, , " 

<!l 'JI "".<!I 
l:IJtlfI11mtl'UI'Vl:IJ'U'U m~u{Y 

~ .1 'JI"j 'ILl 
1'Vl:IJ'U'U~1tJ l:IJtlnmHl'U ~u 3 

, " , 
"" .<!I i d'll':IJ. m~U{Y'il~I'Vl:IJ'U'U 'U'UW~'Y1 

15.50 'U 

16.00 'U 

6 

6 

0.95 

0.98 

3 

3 

5.06 

5.33 

101 

100 

llHf1'Ui;'l~i;'l'J ~'J~tI'JfltltJUi''U~:IJ 
'.:::SrjJ fI d'd 

f11'Y1 1PI'll'1'j 'il U'UIPIIIPI m 'j I{y:IJ tI 
OJ 
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. 
.::l 

(1JTH3'n 5-3 
, 

Q,I , do I 

~H'lfll'j'tl~~tl'l\;rJtltl1'1'tl 1 (Electrolysis in 12 M HC1 (300 ml): Anode; WC rod = 245.244 g and Cathode; WC plate) (\PItl) 

'YI~~tl'l 
., 

911 
., 
... d 

f!'j'l'tl 

I <01Jnm 

... <ll 

1J'U'tlfl 

(lJ1Wfll) 

" 
-U1l1Ufl WC rod .., 

fj.,]'";Ill tll'U~ 

ri1'Ufi1 I ~t1!t~t1 

Voltage 

(V) 

ui'm:JlI I ri1'Ufi1 
q 

Current 

(A) 

ui'm:JlI I ri1'Ufi1• 

"" tlW'VI flll 
• OJ 

(OC) 

fll'jff'ltfl\PIr;lfllIW:i: 

fll'j tu~ t1'UllU~ 'I 'tl1'1 fl1t1fl1'W 

fll'WU'j:i:fltl1J 

16.20 'U 6 0.84 2 4.95 96 

16.30 'U 6 0.98 3 5.02 98 
='t d_~ 9J 0 

{1'1'j~:i: mtlt1J'U {1'Yi 1t'Illl tlll~ 1 

5 
I 

16.40 'U 

16.50 'U 
I 230.794 

3.158 6 

6 

0.92 

0.94 

3 

3 

5.04 

5.02 

99 

101 

9J "" 
1l~:i:\PI tl 'If! tl tIt\PIll {1'1'j ~:i: ~ 1t1'YJ fl'1 

d 

10 'U1'tl 

17.00 'U 6 0.97 3 5.05 100 

17.10'U 6 0.94 3 5.12 100 
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. , 
~ ~ ~, 

V11~H't15-4 ~H'lfll'j'Vl'fn'ltl~\WJtltlWYl 2 (Electrolysis in 15 M RNOJ (500 m]): Anode; WC rod = 221.983 g and Cathode; WC plate) 

'Yl'fnltl~ 

" 0

C)ll 

" ...... 
'flH'Vl 

... 
lIUldm 

... <9 
U'W'Vlfl 

(U1Wfll) 

: ... 
'W I'll 'W fl WC rod 
. " 

l'i'li'Hltl! 'W f1 (g) 

Voltage 

(V) 

Current 

(A) "" tlW'I1f1:U• OJ 

(OC) 

fll'ja~lflf1~mJW~ 

fll'j Iu~ tI'WllU'" ~'Vl1~ flltlfl1~ 

f1wnh ~ fl tlU 

I , 
m'Wm 

.. 
ffWlffti 

OJ .. 
ufuu:u• 

I I 

m'Wm ufuu:u• 
I I 

m'Wm 

10.40 't) 12 2.93 5 4.16 77 

95 

97 

98 

97 

110 

~:u WC plate ",~i'Wffl'j"'~"'lt1~ 
~ rJ .. !II4 em ff1'j",~mm'j:U1 'Wffff:U"l, 

rJ d 91 , dd 91
I 'Wffff:Ullfl, lI'W:Uffllf1WU:U 

10.50 'W 12 3.81 5 4.41 

1 11.00 'W 1.400 12 3.95 5 4.35 

1UO'W 
220.583 

12 3.96 5 4.38 

11.20 'W 18 4.61 6 4.24 

11.30 'W 18 4.61 6 4.21 

11.50 'W 18 4.59 7 4.40 84 

110 

~.. !II
ffl'j"'~"'lm 'Wffllf1WU:U 

12.00 'W 12 4.42 7 4.90 

2 12.10 'W 
218.049 

2.534 6 

6 

12 

12 

4.66 8 

8 

7 

7 

4.66 115 

12.20 'W 4.67 4.67 116 

12.30 'W 4.49 4.49 115 

12.40 'W 4.40 4.40 116 
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. 
.e::t

vl1'n:l'n 5-4 
, 

(500 m!): Anode; WC rod = 221.983 g and Cathode; WC plate) (I'1tJ) 

'Ylfl ~ tJ'l 

'" 0 

CIfl 

'" .... '" f1H'Yl 

... 
"tH1~1 

... "'I 

U'U'Ylfl 

('U1Wfll) 

13.05 hi 

13.15 'U 

3 13.25 'U 

13.35 'U 

13.45 'U 

13.55 'U 

14.25 'U 

14.35 'U 

4 14.45 'U 

14.55 'U 

15.05 'U 

15.15 'U 

. 
<:v , d 

~Hlfll'j'Ylfl~tJ'l1'11tJtJ1'l'Yl 2 (Electrolysis in 15 M RN03 

'" 'Ill'l1Ufl WC rod
 
, '"
 

Yi,j1UtJ h.!f1 

, I 

m'Um 

215.711 

213.498 

Voltage 

(V) 

Current 

(A) "" tJ tu '11 fl1J• '" 
(DC) 

fll'j'ff'l!f1I'1~mJtu~ 

fll'j IU~tl'UUU~'l'Yll'lflltlfll'Vi 

fl wnh ~ fl tJ U 

'" {Yrul~W 
'" " 

ui'UU1J• 
I , 

m'Um ui'UU1J• 
, , 

m'Um 

12 4.81 7 4.92 85 

112 rJ '" ~ {Yl'j~~mtJl 'Umlfl'lI'U1J U~~ 

{yl'j ~~mtl'j~l'I1 tltJtJfl '1 Ul~ 11Jlfl 

H'l ~ '1 ~f1fll tlfl'UH'l U'U ~ tJ1J ff'U11 
'" , 

'U'U• 

6 4.15 8 4.99 

2.338 12 4.40 6 4.63 117 

12 4.79 7 4.69 116 

12 5.39 8 5.00 116 

12 5.31 8 4.87 117 

12 3.66 5 4.68 100 rJ '" ~ 0
{yl'j~~mtJl 'U{YUfI'lI'U1JtJ1Jfll 

~ "" 
U~~l'1tJ'lfi tJtJll'11J{Yl'j ~~ ~ ltll'J fl"l 

5 ~'l 10 'UlYi IrltJl1m~1'U'1u 
"' ......

'Vi.'Yl. 'UtJ'l WC rod 'Yl{Y1JH{Y 

~ "'I ~ ~ 
{yl'j ~~ ~ ltl'U tJtl~'l" 'll'1tJ'lI'Vi 1J 

U~1Jl1'1'j{yl'j~:::mtJl~'U 525 ml 

12 3.72 5 4.88 118 

2.213 12 

12 

12 

12 

4.40 6 

6 

6 

7 

4.69 115 

4.30 4.46 116 

4.24 4.52 116 

5.16 4.72 116 
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, , 
.ct Q.I r do I 

Vll':iH't15-4 f-Hlfl1';j'l'l~HHl-:l\9l1tltl1-:1'l'l2 (Electrolysis in 15 M RN03 (500 ml): Anode; WC rod = 221.983 g and Cathode; WC plate) (\9ltl) 

'VI~H'ltl-:l 
., 
0 

CJf1 
., , 
... d 

f1H'l'l 

... 
'ilUl1m 

... & 
U'U'l'lfl 

('U1Wfl1) 

': ... 
'U 1'l1 'U fl WC rod 

,., 
11,J1lttll'U\9l 

, , d 

m'Um fftlllfftl 
OJ U 

Voltage 

(V) 

'lJi'ull1J 
, , 

m'Um• 

Current 

(A) 

'lJi'ull1J 
, , 

m'Um• 

'" tlW'l1 fl1J• OJ 

(0C) 

15.45 'U 6 4.55 9 4.60 73 

15.55 'U 6 3.56 7 4.54 117 

5 16.05 'U 

16.15 'U 
211.147 

2.351 6 

6 

4.36 

4.60 

7 

8 

4.42 

4.44 

114 

117 

16.25 'U 6 5.32 8 4.61 114 

16.35 'U 6 6.18 9 4.61 116 

... ... 
fl1';j ff -:llfl\9lflfl'l:JW::::
 

fl1';j 1'lJ~t1'UII'lJ fl-:l 'l'l1-:1 fl1t1fl1'rl
 

~ d 91 0ff1';jfl::::mtll 'Ufflt\9lW\J1Jtl1J\9l1 

fI1 'rl 'lh :::: fl tlU 
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, , 
q ~ I d 

V11'jl~'t1 5-5 ~flfll~'Yl~fltl~~1tHJ1~'Yl 3 (Electrolysis in 85 % H
3
P04 (350 ml): Anode; WC rod = 233.952 g and Cathode; WC plate) 

l1~fltl~ 

" eMl 
"... "" flH'Yl 

I 1l1Jnm 
... <!/

1J'U'Ylf) 

(WlWfll) 

" 'lhvit!f) WC rod 
, " 

ih'hwlh1 ~ 

th'U~l I '(;HUlfffl" ... 

Voltage 

(V) 

tJi'1J~:lJ I thhl~l 

Current 

(A) 

1H'1J~1J I thhl~l 

tlW'Hfl1J. " 
(OC) 

fllnY'Jtf)~~f)lJW~ 

fll~ ttJ~fl'UU tJfl'J'YlNfllflfl1'W 

fl1'WtJ~~f)tl1J 

1 
f------------11 

16.40 'U 

17.00 hi 

17.10'U 

16.50 'U 

230.237 
3.715 

I 

I 

6 

6 

6 

6 

1.30 

1.57 

1.61 

1.24 
I 

I 
3 

3 

4 

4 

I 

4.93 

4.90 

4.10 

5.03 

I 

I 

99 

175 

159 

145 

, 
<!I "" "" 

t1Jtl~W'HJJ1Jt'W:lJ Ufl~'(;1'l~fl~mfl 

~:lJ WC plate &l'J1mn'j&l::;m(J~ 
I , 

4 cm '(;1'1J&l~mm~1JtrJhlff~1~, 
I 
trJ'Uff~1'Jllti, 1lhlijff~1~tl1J~1 

17.20 hi 6 1.59 4 5.02 167 
dQ,l d tS 

1J flf)lJ W~t'H hi fl1'H hi ~ 

17.30 hi 6 1.57 4 4.96 173 

17.50 hi 6 1.64 4 4.49 157 

18.00 hi 6 1.80 5 4.66 144 

2 18.10 hi 
I 

18.20 hi 
I 227.537 

2.700 6 

6 

1.74 

1.57 

5 

4 

4.65 

4.75 

151 

163 

'(;1'1Jfl~mmrJhI ff~1'Jtl1J~lUfl~ 
, ",

dl/) jo'd add 

~'J'Yl t~1Jt'Utl'Ylfl~Wfl~ 

18.30 hi 6 1.74 5 4.89 153 

18.40 hi 6 1.79 5 4.76 158 
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. ,
.ct. QI I do I 

Vl11HfI 5-5 P.Hlfll~'Vl~HHl'J\WJfJtlN'Vl3 (Electrolysis in 85 % H P04 (350 ml): Anode; WC rod = 233.952 g and Cathode; WC plate) (\OIfJ)3

'VI ~HHl 'J 

" 911 
" ... d 

f1~'J'Vl 

I .ijUrHl1 
,oJ 

li'li1UfJ1'U ~ 

('U1Wfll) I fll'Ufil 

... <9 

U'U'Vlfl 

'" thVI'Ufl WC rod 

d 

~tlJlffti 

Voltage 

(V) 

Ui'U~ll I fll'Ufil 

Current 

(A) 

Ui'U~ll I fll'Ufil 

"'" fJW '11 fill 
• OJ 

(OC) 

fll~~'Jlfl\Ol~mIW~ 

fl n IU~t1'U UU(l'J'Vl Nfll t1f11'W 

f11'WU~~flfJU 

19.00 'U 6 1.84 5 4.71 156 

19.10 'U 6 1.72 5 5.06 154 

3 19.20 'U 
I 

19.30 'U 
I 225.093 

2.444 6 

6 

1.23 

1.29 

4 

4 

4.71 

4.27 

174 

159 

~n(l~mtll1:l'U ihh'JfJll~lU(l~ 
. ".dlJ] j}..::::t ~ d d. 

PN'Vl t~lll'UfJ'Vl(l~lfJtI~ 

19.40 'U 6 1.82 5 4.81 154 

19.50'U 6 1.36 4 4.95 166 

20.10 'U 6 1.36 4 4.62 163 
?I d' 0 

~n (l~(l1 tilu'U ~1l1'JfJll~ 111 (l~ 

4 

20.20 'U 

20.30 'U 2.811 
I 

6 

6 
I 

1.26 

1.35 
I 

3 

4 
I 

4.50 

4.45 
I 

172 

164 
I 

91 "'" 
\OIfJ'JflfJtIl\Olll~n(l~mtl'¥Jfl"l 15

• 
20 'U1lilijfJlJm~l'Uiu 'W.'Vl. 

20.40 'U 
222.282 

6 1.24 3 4.50 174 
d ...... 

'\JfJ'J WC rod 'Vl~llp.j~~n(l~mtl 

20.50 'U 6 1.85 4 5.03 165 
j) 01:9 fj) ~ '" I.c=::.

'U fJtI(l'J 'il'J \01 fJ'JI'Wll u ~1l1\O1 ~ 

21.00 'U 6 1.70 5 5.03 167 ~n(l~mtll~'U 400 m1 
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. . 
"'TiNfl 5-5 f-H'lf111flflJ;lfl~~1fl~1~fi 3 (Electrolysis in 85 % H

3
P04 (350 m!): Anode; WC rod = 233.952 g and Cathode; WC plate) (~fl) 

flflJ;lfl~ 
., 

cjf1 
., . 
... '" 'fIHfl 

I 11Ul1m 

... .g 

U'Ufln 

('U1Wf11) 

'" thtnrn WC rod . ., 
fi'l1111fll 'Ufl 

tl1'U~1 I 1;HutirtJ 
OJ " 

Voltage 

(V) 

lH'uihJ I tl1'U~1• 

Current 

(A) 

lH'uihJ I tl1'U~1• 

"'" "QWl'UJl.l 

(DC) 

f111 ff~ln~tlnllW~ 

f11 1ItJ~ tJ'U IItJ J;l ~m~ f11 tJ.f11'V'l 

.f11'V'ltJ 1~ nflU 

09.10 'U 6 1.54 4 4.62 167 

09.20 'U 6 1.30 3 4.52 165 

5 09.30 'U 

09.40 'U 
219.485 

2.707 6 

6 

1.74 

1.49 

4 

4 

4.45 

4.50 

168 

172 

1;1'11 J;l ~ J;lltJllJ'U irlJ 1~fll.l~ 1lW~ 
, .,. 

.et lIJ Y.et ~ C! C! 

fNfl !fll.lI'U flflJ;l~lfltJfl 

09.50 'U 6 1.30 4 5.04 167 

10.00 'U 6 1.69 5 5.06 174 
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. . 
V11'n~," 5-6 H(lf)l';j'Yl~(lfl-:l~,..ltlcil-:l.yj 4 (Electrolysis in 12 M HC1 (400 ml): Anode; WC rod = 183.449 g and Cathode; Co rod) 

'Yl~(lfl-:l 

" clh 
!II • 
... d 

flH'Yl 

I .ijlJ!1m 
• !II 

.yj'l11l!fl!'W~ 

('W1Wf)l) I ~h'W¥h 

... ~ 

lJ'W'Ylf) 

" '1.JTYllrf) WC rod 

d 

(l'UI!(l' tI .. ... 

Voltage 

(V) 

tJi'lJ~lI I ~l'W¥h 

Current 

(A) 

tJi'lJ~lI I ~lmh 

"" flW'l1 flll. .. 

(OC) 

f) Wff-:I!f) ~ ~f1EJ W~ 

f)l';j!tJ~ tI'W l!tJ (l-:l'Yll-:1 f)ltlfll'Vl 

fll'VltJ ';j ~ f) fllJ 

16.15 'W 6 1.82 3 5.04 89 

16.25 'W 

16,35 'W 

16.45 'W 
180.349 

3.100 

6 

6 

6 

1.81 

1.79 

1.76 

3 

3 

4 

4.85 

4.79 

4.63 

93 

95 

95 

~1I Co rod (l-:l'l'W(l'l';j(l~mtl~4.5• 
cm (l'1';j(l~mmrl'Wih;tl1~fl'W 

"" • .1 a 'lI 
!m~tf1~l1fl-:lfl1f)lfl'mf)'Wfltl 

16.55 'W 6 1.80 4 4.75 94 

17,05 'W 6 1.83 4 4.57 96 

17.20 'W 6 1.82 4 4.68 95 

2 

17.30 'W 

17.40 'W 

17.50 'W 
177.953 

2.396 

6 

6 

6 

1.84 

1.88 

1.89 

4 

4 

4 

4.69 

4.66 

4.58 

97 

97 

96 

!II 
~ d d 'lI ~ 

(l'1';j (l~ mmlJ'W m'Utl1!'U 1I'U'W 

,-=:to iI -=:to 

ml!~lI l!(l~~fl-:lflflm~lI 

18.00 'W 6 1.92 4 4.99 97 
d 

(l'l';j(l~mtl'¥Jf)"l 10 'Wl'Yl 

18.1O'W 6 1.91 4 4.49 96 
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, , 
.cl Q.I I .c=t I 

V1l'H-'I'YIS-6 H~fl1';i'Vl~HHl~\'l'H)tlVJ'Vl4 (Electrolysis in 12 M HC1 (400 ml): Anode; WC rod = 183.449 g and Cathode; Co rod) (~tJ) 

" 
'Vlfl~tl~ I ~'Un~l 'th'Vi\Jf) WC rod Voltage Current 

" 911 
.., <9 

'U'U'Vlf) 
. " 

Yi.,}'1UtJ l'U fl (V) (A) tlW11fllJ fl1nY~!f1~~mjW~ fl1 'Vl tJ ';i ~ f) tJ 'U 

" .., "" 
fI'j ~'Vl (UlWfl1) 

q '" 

(OC) f) 1';i!tJ~ tI'UUtJ ~~ 'Vl1~ fl1 tlflWl~1'U ~1 I \1ty!fftl 1H'U'!:J1J 
q 

I ~1'U~1 tJi''U1:l1J 
q 

I ~1'U~1 

18.25 'U 6 1.87 4 4.55 97 

Q.I I d 'j,I 

Co rod tlf)f)flmtl'U!~f)'UtJtI 
'" 

s't .cs.cs 'j,I

€1'1';i ~~mm'U'U ff!'Utl1!'U1J 

'" •.1 d 'j/
!f1fll"l tl ~tIlfl1fl'!~ f)'U tl tI 

18.35 'U 6 1.82 4 4.61 97 

3 18.45'U I 2.179 6 1.80 4 4.72 96 
I 

18.55 'U 
I 175.774 

6 1.85 4 4.58 97 

19.05 'U 6 1.82 4 4.53 97 

19.15 'U 6 1.89 4 4.54 96 

19.30 'U 6 1.78 4 4.64 95 

QI , d 'j,I 

Co rod tlf)f)flmtJ'U!~f)'UtJtI 
'" 

:II "" "" 'j/€1'1';i ~~mmlJ'U ff!'Utl1!'U1J 

'" •.1 d 'j/
!f1 fll"l tl ~ til fl1 fl'm f) 'U tJ tI 

19.40 'U 6 1.79 4 4.63 95 

4 
I 

19.50'U 

20.00 'U 
I 173.459 

2.315 6 1.79 4 4.45 96 

6 1.83 4 4.43 97 

20.10 'U 6 1.90 4 4.48 98 

20.20 'U 6 1.89 4 4.49 95 
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. . 
.c:I QJ I t::::! I 

~T'n~'YI5-6 ~Hlnll'1'l~HltJ.:j~Tt:lVVl'l'l 4 (Electrolysis in 12 M HCl (400 m]): Anode; WC rod = 183.449 g and Cathode; Co rod) (~tJ) 

'VI~HltJ.:j 
., 

GJ11 
., . ... '" f1H'I'l 

I ~1Jldm 

... & 
1J'U'I'lf) 

('U1Wnl) 

" 
'lJTVI'Uf) WC rod .., 

i1~dlltJ 1ml 

~1'U~1 I fftmftV 
'" u 

Voltage 

(V) 

'lH'1JiJ:u I ~1'U~1 
q 

(A) 

Current 

'lJi'1J~:U 
. . 

tll'UfI1 

"" tJWl1 fI:U 
q '" 

(OC) 

f111t1.:jlf)~~mjW~ 

f) 111'lJ ~V'U11 'lJ ~.:j 'I'l1.:j f) 1Vfll'Vi 

f11 'Vi 'lJ 1~ f) tJ 1J 

20.35 'W 6 1.74 4 4.92 98 

20.45 'U 6 1.71 4 4.98 97 
QI I d jI

Co rod \!f)f)flmtJ'UI~f)'UtJV 

5 20.55 'U 

21.05 'U 
171.514 

1.945 6 

6 

1.75 

1.74 

4 

4 

4.93 

4.98 

98 

97 

.:II '" '" 'J/
~n~~mmlJ'Um6IWdl'\J:U 

"" • .1 d 'J/
lf1fll"l tJ.:j tllf11ft'm f)'U tJV 

21.15 'U 6 1.69 4 4.93 98 

21.25 'U 6 1.70 4 4.95 97 
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· .Q ~ I ~ 

V1TiHfI 5-7 f-l'f1m':i'VI~'f1t1~~lt1U1~'V1 5 (Electrolysis in 15 M HN03 (? ml): Anode; WC rod and Cathode; Co rod) 

'Vl~'f1t1~ 
., 

cih 
., . 

flf~yj 

,)'l.mm 

1J''Wl1n 

('W1Wfll) 

., 
tJ1m!n WC rod .., 
yj'lil!ttl 1'W~ (g) 

thmh ffOltiYU cu t.l 

Voltage 

(V) 

11 fu Ull tl1'W~1 
q 

Current 

(A) 

l1fUUll tl1'W~1 
q 

(DC) 

"" t1W11flll 
q 'U 

fll':itl1~Ul..!!tl1'f1~'VI1~fllUm~ 

fll':i -d'~tn~~nllW~ 

'" ~ QJ' .c! I

vnl'f1 n(9l1flU1;J'\'l ~ f1 tl;J lJ! 'V'I ':i 1~ 11 

m~l1':i~ntlU 

f---------1If--------tI-------1I,---------tI-------11 

fll':i~ll Co rod 'f1~i'Wff1':i'f1~mU 
q ., 

u'W'iI~fhl1Bn~U1num~''W(9I~n 
~ d "" 

'iI 'Wtn~ tlJ'W 'VJ t1~ tI1n1rY'VIllfll':i 

!t(9lnm~'iI1U 'l1vtltm~iifl iu 
""~ <!!ffffll!tnllt'l1 'f1 t1~ tI t1n1J11J1n 
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. , 
d QJ I do 

V1l'n~'Y1 5-8 ~~m'J'Vl~~tJ.:.J1'l1tJtl1.:.J'Vl 6 (Electrolysis in 85 % H3P04 (400 mI): Anode; WC rod = 171.514 g and Cathode; Co rod) 

'Vl~~tJ.:.J 

" 911 
" ... d 

flH'Vl 

I <ounm 

... <9 

UU'Vlfl 

(\,llWm) 

09.00 'tl 

09.30 U 

09.10 u 

09.20 u 

" 
'l.JTtl'llfl WC rod 

." 
YJ'li1UtJ iu~ 

~hUfl1 I 1l\lHffti.. " 

Voltage 

(V) 

-I ui'u~1J I fl1U~1 

Current 

(A) 

ui'u~1J I fl1U~1 (DC) 

m'JtY.:.J!flI'l~mJw~ 

fl1'J!U~tlUUu~.:.J'Vl1.:.Jmtlm .... 

164 

135 

155 

149 

4.82 

4.50 

4.23 

4.35 

5 

4 

4 

5 

2.48 

2.17 

2.03 

2.076 

6 

6 

6 

. 
, 'I d 

'iJ1J Co rod {1"l11m1'){1~mtl'Vl
• 
4.5 cm ff1'J~::;mtl!~1J!1'1uff~1.:.J, 

!------jl----j-------j----j-I------jl 

!tlUi1~1.:.JUri, 'iJUiji1~1.:.JtJ1J~1 
I I I I "" d :v 

U~::;!fl~vJtJ.:.JmmrYmflUtJtI 
167.378 

I I 4.135 

m .... u'J::;fltJU 

09.40 U 6 2.07 5 4.86 169 

09.50 U 6 2.09 5 4.62 163 

10.10 U 6 2.19 5 4.52 168 

2 

10.20 U 

10.30 U 
I 

10.40 U 
I 163.745 

3.633 

6 

6 

6 

2.20 

2.20 

2.23 

5 

5 

5 

4.74 

4.57 

4.48 

175 

175 

167 

ff1'J ~ ~m tI!1'1Uff~ 1'1 tJ1J ~lU ~ ~ 
, ".d\J1 ~d ~ d d 'jJ 

~.:.J'VlI~1J!UtJ'Vl"~!ml~ U~~l'ltJ.:.J 

fltJtI!W1Jff1'J~::;mtl'VJfl"l 15  20 

10.50 U 6 2.18 5 4.43 167 
d 

Ul'Vl 

11.00 U 6 2.30 5 4.40 166 
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. . 
Q ~ I do I 

V1T'JHrl5-8 f·mf11'j'Yl~'ltl'J~,)tltll'J'Yl6 (Electrolysis in 85 % H3P04 (400 ml): Anode; WC rod = 171.514 g and Cathode; Co rod) (~tl) 

'YI~'ltl'J I ~'l.mm 
" thWUfl WC rod Voltage Current 

>I 

CIfl 
>I • 
... d 

fI'j 'J 'Yl 

.>1 

l1'l1')!!tl 1'W~
... <!/ 

'lJhI'Ylfl 

(hl1Wf11) I cilh1~l 'ffUl!fftl 
OJ " 

(V) 

'l.H'mJlJ I cilh1~l 
q 

(A) 

tJi'mJlJ I cil'W ~1 
q 

.,. 
tltul'lfllJ 

q OJ 

(OC) 

f11'j ff'J!fl~~mltu~ 

f11 'j !tJ~ tIhi !!tJ 'l 'J 'Yl1 'J f11 tI fl1 'W 

fl1'WtJ'j~fltl'lJ 

11.30 'W 6 2.66 6 4.68 160 

11.40 hi 6 2.68 6 4.92 158 

3 11.50 hi 
f------11 159.955 

12.00 hi 

3.790 6 

6 

3.41 

3.51 

7 

7 

4.67 

4.42 

159 

161 

?I do I 0 

'ffl 'j 'l~ mmUhi 'fflJ ')'J tl lJ~ 1!!'l ~ 

, ".dlJ'l ~d ~ ~ do 

~N'Yl t~lJ!hltl'Yl'l~!tltl~ Co rod 

12.1 0 hi 6 4.34 8 4.68 161 
.<:::::to d QI I 

!'j lJ'Yl'iJ~\Jflfl~mtlhl 

12.20 hi 6 4.55 8 4.66 164 

12.45 hi 

12.55 hi 

6 

6 

2.68 

2.81 

6 

6 

4.64 

4.60 

155 

154 

'ffl'j'l~mm1:l'Wff~,)'J tllJ~l 
. " , 

!jjtl!')m~1h11tJ Co rod ij.whll1 

4 
f---------11 159.558 

0.397 
~ QI QI fj/ 

~') 'fflJ ~ 'ff'ffl'j 'l ~ mtlhl tl tI'l 'J 111 fl 

c9 ... • 11]. I 
''If'Jflflfl~mtlhl tU 50  60 % 

OJ 

~ d & fj/ 

!l'I'ltlfnllJtll,)'Yl 9.27 cm 'iJ'J~tl'J 

" 
l'I~~f11'j'Yl~'l tl'J1hI~')mh'Ji1 
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. . 
Q ~ I ~ 

V111HfI 5-9 ~mfll';j'Vl~HHl~\91'Jtl£JWVl 7 (Electrolysis in 12 M HCI (300 mI): Anode; WC rod = 211.147 g and Cathode; 304 Stainless steel sheet) 

'Vl~HHl~ 
., 
0 

GJfl 
., , 
"" '" f1H'Vl 

"" 'illJnm 

"" <9
lJ'U'Vlfl 

(hI1Wfll) 

: "" 
'U1'I1'Ufl WC rod 

, ., 
Yi<Ul!!tll'U~ 

. I 

m'Um '" ~tum£J.. .. 
13.37 '\.J 

209.999 
1.148 

13.47 'U 

1 13.57 'U 

14.07 'U 

14.17'U 

14.27 'U 

14.54 'U 

209.559 
0.440 

14.55 'U 

2 15.05 'U 

15.15 'U 

15.25 'U 

15.35 'U 

Voltage 

(V) 

Uf1J1:J~• 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

, . 
m'Um 

1.53 

1.54 

1.53 

1.52 

1.52 

1.53 

1.91 

2.25 

2.27 

2.35 

2.35 

2.83 

Current 

(A) 

Uf1J1:J~• 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

. . 
m'Um 

"" 
~tlnHJ~ 

(DC) 

fll ';j ~~ !fl \9l ~fl'l:l ru ~ 

fll';j nJ~£J'U!! u" ~'Vll ~fll £Jfl1'W 

fl1 'W 1.h ~ fl tllJ 

4.56 85 
. 
~~ 304 Stainless steel sheet (l~ 

'l'U~l';j(l~m£J~ 3.4 cm 

~l';j(l~mm~~!~'UiMj£Jl!!(l~ij 
vJ 0 3i
tl~mfllff~lfl~l !!(l~\9ltl~f1tl£J 

"" '" !\9l~~l';j(l~mtl'VJfl"l 10 hI1'Vl 

4.63 86 

4.45 79 

4.51 75 

4.53 75 

4.50 87 

4.62 85 

11 d d d 
~l';j(l~mm 'Um'IJtll!!(l~~ 

vJ tl ~ m fll ffm fl 

4.49 93 

4.38 88 

4.55 97 

4.85 95 

4.57 97 
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, , 
Q ~ I do 1 

~l'H-'I'rI 5-9 f-mf11'i'VIfHltl~~1tltJWVl 7 (Electrolysis in 12 M HCI (300 m}): Anode; WC rod = 211.147 g and Cathode; 304 Stainless steel sheet) (~tl) 

'VImltJ~ 

" 0

C))'1 
" ..., '" flH'VI 

'" \11H1m 

'" "'i1J'U'VIn 

('\..!1Wf11) 

16.45 'U 

16.55 'U 

3 17.05 'U 

17.15 'U 

17.25 'U 

17.35'U 

17.50 'U 

18.00 'U 

4 18.10 'U 

18.20 'U 

18.30 'U 

18.40 'U 

'" lhrnrn WC rod 
, " 

Voltage 

(V) 

Current 

(A) "" tlW'I1 fllJ• OJ 

(OC)'" 'i:1'UH'i:1'tJ 
OJ " 

1Ji'1JUlJ• 
. , 

tIl'Um 1Ji'1JUlJ• 
r , 

tIl'Ufll 

6 1.90 4 4.86 75 

88 

92 

72 

75 

70 

77 

80 

85 

89 

90 

97 

6 1.50 4 4.60 

0.575 6 1.73 4 5.06 

6 1.72 4 4.83 

6 1.85 4 5.05 

6 1.95 4 4.70 

6 1.95 4 4.57 

6 1.87 4 4.87 

0.399 6 

6 

6 

6 

1.76 4 

4 

4 

4 

4.91 

1.79 4.71 

1.84 4.98 

2.33 4.89 

'" '"~h'httJ1'U ~ f11'i'i:1' ~!n~~nlJW~ 

, , 
f11'i!1J ~ tJ'UH1J~ ~ 'VI1~ f11tJfll'V'ltIl'Um 

~ do do 0 do 

'i:1'l'j~~mm 'Um'\JtJ1tllJfll!H'l~lJ 

208.984 
~ tl ~ til f11 ffmn 

'i:1'1'i ~~ ~ lm~'U ff!:U tJ1tllJ~ lH~ ~ ij 
208.585 

~ tl ~ til f11 ffmn 

fll'Vfl.h ~ n tl1J 
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, . 
~ ~ I ~ 

~1"jH't15-9 f-Hlfll'j'YI1Hltl~\9I1tlVl~'Y1 

'YI11 rl tl~ 
., 
0 

ClIl 
., . 
'" d'fIH'YI 

'" 'll'l.H1m 

'" <!I1J'W'YIf1 

('W1Wfll) 

19.00 hi 

19.10 hi 

5 19.20 hi 

19.30'W 

19.40 'W 

19.50 U 

: '" 'Wl'l1'Wf1 WC rod 
, ., 

'¥j,J1Utl1'W11 
,I 

t11um 

208.141 

Voltage 

(V) 

Current 

(A) "" tlW'I1fl:lJ• OJ 

(DC)
d 

rl'tulrl'V 
OJ " 

1Ji'1J~:lJ 
I , 

t11'Wm 1Ji'1J1J:lJ• 
, I 

t11Um 

6 1.89 4 4.54 75 

92 

92 

85 

87 

90 

6 1.85 4 4.98 

0.444 6 1.72 4 

4 

4 

4 

4.64 

6 1.79 4.89 

6 1.87 4.74 

6 1.74 4.84 

1 

7 (Electrolysis in 12 M HC1 (300 roI): Anode; WC rod = 211.147 g and Cathode; 304 Stainless steel sheet) (\9Itl) 

... ... 
fll'V'llh::::f1tl1J 

fll'j l1J~V'W111Jrl~'YI1~fllVfll'V'l 

fllH" ~lf1\91rlf1llW:::: 

~ dod. 0 do
rl'l'jrl::::mm Um'lW1tl:lJ1l1Url:::::lJ 

yJ tl ~ t11 fll ff:lJ1 f1 
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, , 
.e:I QI , ,::! • 

V111H'tl 5-10 ~H'lflll'Yl~H'lO-:l\Pll0fJ1-:1'Yl8 (Electrolysis in 15 M HN03 (500 m!): Anode; WC rod = 192.174 g and Cathode; 304 Stamless steel sheet) 

QI -: QI 

'¥l~HlO-:l 'ilunm 'W1'I1'Wfl WC rod Voltage Current 
" . " 

Clfl U'WYifl l1ilHO 1'W\Pl (V) (A) OW'I1f1iJ flll~-:llfl\PltlmIW~ f1Wnh~flOu. ..
" , , 

flf-:ll1 (tJ1Wfll) 01'W~1 tYillliYtJ '1HulhJ 01'W~1 '1HulhJ 01'W~1 (DC) fllmJ~tJ'Wll'!J"l-:l'Yl1-:1flltJfI1'Vl 
~ u q q 

15.25'W 6 4.52 5 0.05 105 ~1J 304 Stainless stccl sheet [1-:1• 

15.35'W 6 4.31 5 0.01 111 t'WtYll"l~mtJ~3.4cm 

1 15.45 'W 0.259 6 3.87 5 0.02 113 tYll"l~mm~lJlrJ'WiMlJ"l, 'il'W~iY 
191.915 • ~ "" 

15.55 'W 6 3.22 4 0.04 110 11~-:lOO'W H"l~\PlO-:lflOm\PllJ 

d 

16.05'W 24 16.04 9 0.03 100 tYll"l~"l1tJ'VJfl"l 5 - 10 'Wl'Yl 

16.15'W 24 16.40 10 0.11 113
 

16.40'W 12 4.03 4 4.08 112
 

16.50'W 6 3.22 6 4.92 112
 

2 17.00'W 2.156 6 3.35 6 4.42 110 tYll"l~"llm~'WiYH~-:lOO'WH"l~~ 
189.759 d ~
 

17.l0'W 6 3.18 6 4.61 110 yJO-:lI"lfl'WOtJ
 

17.20'W 6 3.29 6 4.78 111
 

17.30'W 6 3.93 6 4.69 112
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, . 
d Q.I I .ll::! , 

\>I111.:i't1 5-10 ~Hlfll'jl1~HH)'1\'l"Jt1fJl'll18 (Electrolysis in 15 M RN03 (500 ml): Anode; WC rod = 192.174 g and Cathode; 304 Stainless steel sheet) «(Plfl) 

'Vl~1:'1fl'l 
., 

CJ11 
., 
... '" f1Hl1 

I <il'UI1i:'ll 

... "'I 

'UUl1fl 

(UlWfll) 

]7.50 1J 

" Ul'I1tTfl WC rod .., 
iij,j1llfJ iu~ 

rilufil I ~\lJI@fJ 

Voltage 

(V) 

1lJ~'UiJlJ I rilufil• 

6 4.12 

Current 

(A) 

lJ~'UiJlJ Irilufil• 
7 4.59 

(OC) 

105 

fll'j ff'1lfl(Pl~ mlW~ 

fll 'j IlJ~ fJUlllJ 1:'1'1'tll'l fllfJfll'Vl 

f11 'VllJ 'j ~ fl fl 'U 

18.00 U 6 3.71 6 4.78 110 

3 ]8.10 U 

18.20 U 
187.621 

2.088 6 

6 

3.24 

3.34 

6 

6 

4.74 

4.43 

113 

115 

~I t=! I t::! 

ffl'j 1:'1 ~ 1:'11fJlu U ffll~ 'I fl flU 111:'1 ~ lJ 

• .1 d 91
l"Itl'll1:'1flUflfJ 

18.30 U 6 3.68 7 4.94 115 

18.40 U 6 3.79 7 4.58 116 

]9.05 U 6 3.29 7 4.80 112 

19.15 U 6 3.25 6 4.84 113 

4 19.25 U 

19.35 U 
185.513 

2.158 6 

6 

3.23 

3.67 

6 

7 

4.94 

4.89 

112 

114 

~I t::! I t=! 

ffl'j 1:'1 ~ m fJl u U ff II ~ 'I fl fl U II 1:'1 ~ lJ 

• .1 d 91
l"Ifl'll1:'1flUflfJ 

19.45 U 6 4.48 6 4.64 113 

19.55 U 6 4.04 7 4.56 113 
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= 

,.c:s 
~nn.:.l'Jl5-10 

. 
Q.I , do 

rH'lf11';j'YI~m)'1\P11tltl1'1'Y1 8 (Electrolysis in 15 M RN03 

; '" 
'W111'Wfl WC rod 

, " 
11 <tJ1Utl i 'W~ 

I . 
m'Wm 

183.449 

, 

(500 mI): Anode; WC rod = 192.174 g and Cathode; 304 Stainless steel sheet) (\PItl) 

'Yl~~tl'l 

" 0 

Clfl 

" . 
'" df1';j'l'YI 

'" 'lunm 

'" <9U'W'YIfl 

('W1Wf11) 

20.10 tJ 

20.20 'W 

5 20.30 'W 

20.40 'W 

20.50 'W 

21.00 'W 

Voltage 

(V) 

Current 

(A) '" tlWl1fllJ• OJ 

(OC) 

f11';j ff'1tf1\P1EflfjW~ 

f11 ';j ttJ~ tJ'W u tJM 'YI1'1 f11tJfll'W 

fll'W 'l.h~ fl tlU 

d 

fftutfftJ 
OJ " 

tJi'UtJlJ• 
, , 

m'Wm tJi'UtJ:u• 
, I 

m'Wm 

6 4.00 7 4.66 115 

114 

113 

113 

113 

113 

ffl';j~~mmil'W fftt~'1~tl'WtW~ij 

vi d 'j)
tl'lt~fl'WtltJ 

6 3.25 6 4.76 

2.064 6 

6 

6 

6 

3.31 6 

6 

7 

7 

5.01 

3.42 4.95 

3.92 4.70 

4.12 4.39 
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. . 
f11~Hfi 5-11 H(lf11'j'YI~(ltl~IPi,;ltl~wYi 9 (Electrolysis in 85 % Hl04 (350 m!): Anode; WC rod = 208.511 g and Cathode; 304 Stainless steel sheet) 

'YI~(ltl~ 

., 
0 

ClIl 
., . ... '" flH'YI 

... 
~lJllm 

... & 
tJ'W'YIf1 

('W1Wf11) 

: ... 
'Wl'11'Wf1 WC rod . ., 

fi.,j'ltltl i'W~ 

Voltage 

(V) 

Current 

(A) "" mumnJ• OJ 

(DC)
. . 

tll'Wm '" fftu! fffJ 
OJ .. 

tJi'tJU:lJ• 
. . 

tll'Wm tJi'tJU:lJ• 
. . 

tll'Wm 

08.55 'W 6 1.77 4 4.57 146 

140 

163 

166 

162 

165 

154 

174 

165 

172 

165 

170 

09.05 'W 6 1.65 4 4.75 

1 09.15 'W 3.776 6 1.59 4 4.81 

09.25 'W 
204.735 

6 1.65 4 4.77 

09.35 'W 6 1.65 4 4.75 

09.45 'W 6 1.67 4 4.82 

10.05 'W 6 1.96 4 4.51 

10.15 'W 6 2.33 5 4.67 

2 10.25 'W 
201.065 

3.670 6 

6 

6 

6 

2.31 5 

5 

5 

5 

4.65 

10.35 'W 2.32 4.52 

10.45 'W 2.25 4.67 

10.55 'W 2.31 4.82 

... ... 
f11'j ff~!f1~(lf1~W~ 

f11'j! tJ ~ fJ'W IItJ (l ~'YI1 ~ f11 fJfl1l1l 

. 
'\l:lJ 304 Stainless steel sheet (l~• 
t'Wff1'j(l~mfJ~3.4 cm 

~ ~ .e!.e! , 

ff1'j(l~mm'j:lJ! 'Wffl'llfJltltl'W 

0 "'''' . "" 
'\l'W:lJff:lJl~tl:lJ~l tl(l~!f1~ 

vJ ~ tl ~ tll f11 fl'l(l d f1 'W tl fJ 

~ .e!' 0
ffl'j(l~(llm 'Wff:lJl~tl:lJ~l11(l~ 

"" vJ ~ 
!f1~ tl~ tll f11fl'l(ld f1'W tl fJ 

fl111l1h~f1tltJ 
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, 
.ct 

V1l"n:ifl 5-11 

'Ylfl1:1B'I ~'U!11:11 
., 

GJ11 
'" &

'UU'Vlfl 
., . 
'" d

f1H'Vl (U1Wm) 

11.20 'l-J 

11.30 U 

3 11.40 U 

11.50 U 

12.00 U 

12.10 U 

12.30 U 

12.40 U 

4 12.50 U 

13.00 U 

13.10 U 

13.20 U 

Q.I I .e! I 

f'Hlm1'Vlfl1:1B'I~1Btll'1'Vl 9 (Electrolysis in 85 % H
3
P04 (350 ml): Anode; WC rod = 208.511 g and Cathode; 304 Stainless steel sheet) (~B) 

" 
UmUfl WC rod 

0" 

li;J1UB lUfl 

, , 
mum 

198.837 

195.877 

Voltage Current 

(V) (A) "" Bill'l1 fill 
q OJ 

(DC) 

m1ff'l!fl~~mJill~ 

m 11'1.1 ~ tlU u'I.1 1:1 '1'Vll'1 mtlfl1'1'l 

fI1'1'llh~flB'U 

d 

€YilllbW 
OJ " 

'I.1f'Uilll 
q 

, , 
mum 'I.1f'U~lI 

, 0 

mum 

6 2.57 5 4.82 159 

157 

162 

163 

165 

166 

€Yl11:1~1:11t1l~Ui1~1'1BlI~lU1:1~ 

"" vJ Q 'JJIflfl B'ImmfYli:1flUBti 

6 2.48 6 4.53 

2.228 6 2.48 6 4.56 

6 2.48 6 4.58 

6 2.49 6 4.54 

6 2.51 6 4.45 

6 3.75 8 4.95 162 

166 

167 

163 

162 

160 

€Yl11:1~mtllllui1~1'1BlI~lU1:1~ 

'JJ "" 
~B'IflBtIl~1I€Yl11:1~mtl'tJfl"l 15

20 U1lilrtB!1m~hu''I.1 'I'l.'Vl. 

d'" .., 

'\JB'I WC rod 'Vl€Y1If'j€Y€Yl11:1~mtl 

~ & 91 ~ 1J~ 
UBtl1:1'1l1'1~B'II'I'lll 1lJ1~1 

€Yl11:1~1:11t1lllU 400 m1 

6 3.42 8 4.94 

2.960 6 

6 

6 

6 

1.88 5 4.97 

1.79 4 4.82 

1.76 4 4.57 

1.84 4 4.78 
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. 
.::l QI I .c! , 

V1l'nUI 5-11 ~Hlf11':i'YI~HH).:I~1t1t11.:1'Y1 9 (Electrolysis in 85 % H
3
P04 (350 ml): Anode; WC rod = 208.511 g and Cathode; 304 Stainless steel sheet) (~t1) 

'YI~'(ltl.:l 
>J 

CJ11 
>J 
'" cs

i'l':i.:l'YI 

I <O'U!1m 

'" <!i
'U'W'YIn 

(UlWf11) 

>J

u1'I1un WC rod 
• >J 

~.,j1l!t1 i 'W~ 

til'W~l I ffW!ffti 
.. u 

Voltage 

(V) 

ui''UU:U I til'W~l• 

Current 

(A) 

ui''U~:U I til'W~l 

." 

t1W'Hfl:U. .. 

(DC) 

n1':i'ff.:I!f1 ~ ""n £I W~ 

f11':i!u~ t1'Wl!U'(l.:l 'YI1.:1 f11 t1fll'Vl 

fll'VlU':i~ntl'U 

13.45'W 6 1.74 4 4.76 159 

13.55 'W 6 1.68 4 4.92 170 

5 
I 

14.05 'W 

14.15 'W 
I 192.124 

3.703 6 

6 

1.68 

1.72 

4 

4 

4.88 

4.70 

168 

164 

ffl':i '(l~'(llt1!1l'W iY~ 1.:1t1:U~ 1l!'(l~ 
." _.I d 91 

!n ~ l"t t1.:1 til f11 ff! '(l n 'W tI tI 

14.25 'W 6 1.73 4 4.58 163 

14.35 'W 6 1.72 4 4.59 164 
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V11~H~ 5-12 fHltll1'Y1f!ml'.l'\JtI'.Itll1 ftfl£lltll1 dtJfJl1'.1~!\Pl'U'fl1fl'IJfl1'U m WVhfll'£I 'il1fl~1t1dNtll1'Y1f!~t1'.1~ 4 m W~f1l'IJfl1JtlW 'H fliJ'ilf!!~t1f!'\JtI'.I ~11 ~~~ lt1~'lJ1 ~mw 
q q 'U q 

110 °C (Electrolysis in 12 M HCI (400 mJ): Anode; WC rod = 159.565 g and Cathode; Co rod = 13.609 g) 

'¥If!~t1'.1 

" eHl 
" Q.' d 

f1H'Yl 

I ~'IJnm 
Q.' 6/ 

'IJ'U'YIfl 

('U1Wfll) 

" 
l1mufl WC rod 
." 

fi.ulUtI i 'Uf! (g) 

d 

bl'wmtl
'" " 

I • 

tIlUfil 

" 
l1mufl Co rod 

d 

bI'W!bI' tI
'" " 

, " 
fi.ulUfi i'YIf! (g) 

I • 

tIltJfIl 

(A) 
, , 

tIllJ fIl 

(V) 

Voltage I Current 

, I 

tIl'Ufil (OC) 

t1W'HfliJ. '" tll1~ '.I!fl\Pl~fl£lru~ 

tll1!'lJ~ tll! H11m'YI1;J tll t1fl1Vl 

fl1 Vl'lJ 1~ fl tI 'IJ 

13.55 'U 1.39 4.70 104 

1 14.15 'U 

14.05 'U 

14.25 'U 
I I 157.914 

1.651 

13.365 

0.244 

1.72 

1.83 

1.75 
f- I 

4.99 

4.73 

4.62 
I 

106 

109 

108 

~1J Co rod ~'.I1'U~11~~mtl~4.5 
I • 

cm ffl1~~mmrJ'UiY!~tlltitl'U 

!!~ ~! n f! yJ tI '.I til tll flI'm fl 

14.35 'U 1.32 4.25 105 

14.45 'U 1.89 4.74 107 

15.05 'U 1.65 4.92 106 

15.15 'U 1.38 4.33 104 
~ dd 91.1 

ffl1 ~~ m mlJ'U~! '\J tll!'\J 1J '\J'U 

2 15.25 'U 
f-------jl 157.523 

15.35 'U 

0.391 
12.714 

0.651 1.34 

1.34 

4.34 

4.33 

104 

104 

flil!~1J !nf!yJtI'.ItIltllfll'~f!~'.I 

91 "'" 
!!~~\Pl tI '.Ifltlm\Pl1J ffl1 ~~~1til';! fl""] 

15.45 'U 1.81 4.88 105 
d 

10 'U 1'Y1 

15.55 'U 1.81 4.94 105 
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V11~H~ 5-12 f-H'lfl1j'YlfH'ltl~'Utl~fl1jfff)fl1fl1j eimn1~m\9l1-Jmfl'U~i 1-Jm&~!fY'l:l'J1f)1P1';ltlei1~fl1j mHW~~ 4 m &~f11'UfllJtlWl1 flU 'J\9l!~tl\9l'Utl~ ff1HI~"'1t1~'l.l j~lJ 1W 
q q cu q 

110 °C (Electrolysis in 12 M HC1 (400 ml): Anode; WC rod = 159.565 g and Cathode; Co rod = 13.609 g) (l'itl) 

'fl\9l"'tl~ 
iI 
0

9$1 
iI • 
'" d 

m~ll 

'" 'J'Unm 

'" &'U1-J'Ylf) 

('tllWfl1) 

: '" 1-J1111-Jf) WC rod 
• iI 

Yi,T111tl!1-J\9l (g) 

: '" 1-J 1l11-J f) Co rod 
, iI 

Yi,T1ufI! 'Yl\9l (g) 

Voltage 

(V) 

Current 

(A) "" tlWl1fllJ 
• OJ 

(OC)
, , 

mum 
d 

~HU!b'I'tI 
OJ u 

, , 
mum 

d 

b'l'ill!b'I'tI 
OJ u 

I , 
m'tlfl1 

1 I 

mUfl1 

16.151-J 1.80 4.94 104 

16.25 1-J 1.89 4.77 105 

3 16.35 1-J 
156.883 

0.640 
12.135 

0.039 1.84 

2.01 

1.98 

1.96 

4.92 

4.72 

4.50 

4.39 

105 

16.45 1-J 105 

16.55 1-J 104 

17.05 1-J 105 

'" '" fl1jff ~!f1\9l"'f)'l:lW~ 

f11'j ,"1~ tl1-J l! 'l.l "'~ 'Yll~ fl1t1fll'W 

11 dd 9J 
ff1j",~mm 1-Jff!'Utll!'UlJ 

"" vJ!f)\9l ')Itl~mfl1ff1-Jtltl 

fll'W'l.lj~f)tl'U 
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~l1n:.t~ 5-13 ~mf11';j'VIfHlt1~'\Jt1~f11';jfffnJ1f)nrit1ITn,nY!\9lumf1lJ~h.!m&fitrnJ'illf)~';nlrhH1n'VIf1{jt1~~ 4 m&~i~ioHr111lJrt1U~lJffl';j{j~{jlrJ (Electrolysis in 12 

M HCI (400 ml): Anode; WC rod = 156.883 g and Cathode; Co rod = 12.135 g) 

'VI f1{j t1~ 

'jI 
0 

9fl 

.., 
'illJnm 

.., <'/ 

lJU'VIf) 

: .., 
UTHUf) WC rod 

• 'jI 

Yi'l11ttt11Uf1 (g) 

: .., 
Ul'I1Uf) CO rod 

• 'jI 

Yi'l11ttr11'VIf1 (g) 

Voltage 

(V) 

Current 

(A) '" mU'I1fllJ• OJ 

(OC) 
'jI • 

.., '" 
r1';j~'VI (UlWf11) 

. I 

t1l'um '" ffUllfW 
OJ " 

. , 
mUr11 '" ft'U1! ffrJ 

OJ " 

I , 
mum 

, I 

mh! r11 

17.48 U 

2.569 0.015 

4.67 

4.70 

4.72 

4.55 

4.71 

4.61 

45 

45 

45 

17.58 U 

1 18.08 U 

18.18 U 
154.314 

12.120 
4.59 

3.74 

3.61 

4.83 

4.64 

4.54 

4.05 

4.06 

4.50 

4.89 

5.08 

4.50 

4.60 

4.54 

5.03 

5.07 

4.31 

4.86 

45 

45 

45 

45 

45 

45 

45 

45 

45 

18.28 U 

18.38 U 

18.55 U 

151.832 
2.482 

12.117 
0.003 

19.05 U 

2 19.15 U 

19.25 U 

19.35 U 

19.45 U 

.., .., 
f11';j ff~tf1\9l{jf)£JW~ 

f11';j!1J~rJU !!11{j~'VI1~f11rJfl1'Y'l 

~lJ Co rod {j~iuff1';j{j~mrJ~ 4.5 

Um'\JrJ1t'\JlJ'\JU 

• 
cm ffl';j{j~mm~uih~rJ1tit1U 

~ .c! d. 

'jI 

rjJ,cg 
ffl';j{j~mm 

I '" 

f)11tf1lJ 

fl1'Y'l1.h~f)t1lJ 
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~ln~~ 5-13 ~~f11':i'Yl~~tJ~'UtJ~fll'jffm:11f11'Hh)tlli'HYl~'UfI1fl'lJ~hH1'Hl1fim~1l1fl~1mh~m':i'Yl~~tJ~~ 4 mw~hj'~fl11:lJ~tJ'U~:lJffl':i~~mt/ (Electrolysis in 12 

M HCI (400 ml): Anode; WC rod = 156.883 g and Cathode; Co rod = 12.135 g) (~tJ) 

'VI~~tJ~ 

" 0 

CJfl 

" .., '" 
flH'Vl 

., 
ll'l.Jl1m 

., .<!I 

'lJ'U'Ylfl 

(UlWf11) 

; ., 
'U1l1'Ufl WC rod 
." 
fi~11W 1'U~ (g) 

; ., 
'Ul'H'Ufl Co rod 
." 

fi~111fl1 'Yl~ (g) 

Voltage 

(V) 

Current 

(A) = 
tJW'Hfl:lJ. .. 

(OC)
I , 

OlUfIl '" bHUlfW.. " 
I I 

Dl'Um '" bl'WlbHJ 
.. " 

, I 

tll'U fIl 
, , 

Dl'UfIl 

20.00 'U 4.67 4.81 45 

45 

45 

45 

45 

45 

20.10 'U 4.65 4.85 

3 20.20 'U 
149.228 

2.604 
12.114 

0.003 4.08 4.61 

20.30 'U 4.02 4.53 

20.40 'U 4.09 4.50 

20.50 'U 4.14 4.58 

., ., 
m':iff~lf1~~fl~W~ 

f11':i !'lJ~EmmJ ~~'Vll ~f11t/fll'l'l 

rt ~~ g}
ffl':i~~mm 'U fft'Ut/11'U:lJ 

fllvnh~fltJ'lJ
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1:-11 

I Electrolysis in 12 M HCI : Anode; WC rod and Cathode; WC plate 

"0 

'VI ~H'l tl~ tJfl 
., , 

<V d 

f1H'VI 

: Q.J d 
, 

d 

'Um'Utl~ty!~HJ'lJtl~WC rod 'VI ., 
'l1111tll'U~ (Loss weight; g) 

Voltage 

(V) 

Current 

(A) 

"" tlW,l1 f):IJ
• OJ 

(OC) 

1 

2 

3 

4 

5 

I d -
fI1lQ~W(X) 

2.190 

3.089 

2.846 

3.167 

3.158 

3.065 

0.890 4.74 96.6 

1.125 4.72 99 

98.51.047 4.53 

0.930 5.06 99 

99 

98 

0.930 5.03 

0.98 4.82 

Electrolysis in 15 M HN03 : Anode; WC rod and Cathode; WC plate 

: Q.J.e:t d "" tlW,l1 f):IJ'Ul11'UtlbYru!tHJ'lJtl~WC rod 'VI Voltage Current
OJ u • OJ ., 

(V)'l1111tll'U~ (Loss weight; g) (A) 

1.400 4.18 4.29 99.4 

2 2.534 4.54 4.587 114.4 

3 2.338 4.81 4.85 115.6 

4 2.213 4.247 4.66 113.5 

5 2.351 4.76 4.537 115.6 

2.359 4.51 4.58 112 



Oee nllT,"",,11l1aD 
lllf4,",~ Kodak ",nollllll, 
IItbn4n (18&11) m~",,~"'" 

'I11furcllu",.tI"1",ot"u416Junl, u;nl1ChuI8ncrl1uuufii"8a 
• DWletlll" A4 50 lUI. 

• Iha A4 - AO deW18 
• chlln,=ti'V'..,."11 IIVUll1D\l'Ull'91,,,q/ 

* Plot Auto CAD A4 - AO (S(:aD to File) 
• .ho,,\l41e Ifllawtl'"h thIell\l unut.a I"DfI1lt\'\ltl1Yulfill 

* ,ilrnJ1l11CVlilwul Ibill tBlIIll/lilft\l4 (i1,nf"1I4) 

* IfllalnJtlfllfl ..,srne,ahlUlll1l1ftlll.. mIf.. ,i~'!1tY\l'e "fu'''' 
• ,Am<! ••ml1 «'IunvtJJLaser ScaD! +tJju,( 

* 1l"iln.fllvaa.a&I,ro ". .~. 
* fV4'\lIlIftll1,i\'181n1~ Plosm1t9l04!Jn,Q9l 

• tn, (en)· sssm3 • (O!l j • 057470!l 

1
 Irnnuie~
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1 
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tJWIl~n1fllf 1 1L'IJ,)4 \J'4~ . ~'IJ"\J,,,'tl 
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til 

Electrolysis in 85 % Hl04 : Anode; WC rod and Cathode; WC plate 

: 
'VI 11 i:'ltJ '1Clfl 

., 
... '" flH'VI 

':QI cI .d 
U111U fHHll!bY t1'\J tJ 'I WC rod 'VI 

'" OJ., 
'lllUtJ lulI (Loss weight; g) 

Voltage 

(V) 

Current 

(A) 

"" tJW'Hfl:lJ 
q '" 

(OC) 

1 3.715 1.48 4.82 163.8 

2 2.700 1.71 4.70 154.3 

3 2.444 1.54 4.75 160.5 

4 2.811 1.46 4.69 167.5 

5 2.707 1.51 4.70 168.8 

I d -
m!\'wtl(X) 2.666 1.54 4.73 163 

Electrolysis in 12 M HC1 ; Anode; WC rod and Cathode; Co rod 

: 
'VI 11 i:'ltJ '1Clfl 

., 
... '" 

flH'VI 

-: QI d .d 
'Wl'HUf1bHUbbYtI'\JtJ'IWC rod 'VI 

'" OJ., 
'lllUtJ lulI (Loss weight; g) 

Voltage 

(V) 

Current 

(A) 

"" tJW'Hfl:lJ 
q '" 

(OC) 

1 3.100 1.80 4.77 94 

2 2.396 1.88 4.68 96 

3 2.179 1.84 4.59 97 

4 2.315 1.83 4.52 96 

5 1.945 1.72 4.95 98 

~lm~t1(X) 2.387 1.81 4.70 96 
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1:11 

Electrolysis in 85 % Hl04 : Anode; WC rod and Cathode; Co rod 

:
'VI ~HH) -:J C)f 1 

.,
'" .,.

f1H'VI 

: QI d d 
'Wl'H'U f)~tylbHJ'\JtI-:JWC rod 'VI 

., 
'll1HtI i 'U~ (Loss weight; g) 

Voltage 

(V) 

Current 

(A) 

"" t1W'Hf}lJ• '" 
(OC) 

1 4.135 2.15 4.56 156 

2 3.633 2.22 4.52 170 

3 3.790 3.53 4.67 161 

1554 0.397 2.75 4.62 

5 - - - -

161 
I d -
fIlm~w(X) 3.853 2.66 4.59 

Electrolysis in 12 M HCl : Anode; WC rod and Cathode; 304 Stainless steel 

sheet 

: ': QI t::::t d "" 'VI~"t1-:JC)fl 'U1'H'Uf)~tylb1'tI'\JtI-:JWC rod 'VI Voltage Current t1W'Hf}lJ• '" ., . .,
'" .,. 

'll1HtI i 'U~ (Loss weight; g) (V) (A) (OC)f1H'VI 

1 1.148 1.53 4.53 81.1 

2 0.440 2.41 4.58 92.5 

3 0.575 1.775 4.85 78.7 

4 0.399 1.92 4.82 86.3 

5 0.444 1.81 4.77 86.8 

I d -
fIllQM(X) 0.465 1.89 4.71 85 
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Electrolysis in 15 M HN03 : Anode; WC rod and Cathode; 304 Stainless steel 

sheet 

: : ~ d d '" 'VI ~Hn) ~ 9$1 'U 1li'UfH"illl1:1't1'Utl~WC rod 'VI Voltage Current tlWlifllJ 
'U OJ • 'U 

>I >I 
'" d 'l1111tl 1'U~ (Loss weight; g) (V) (A) (OC)'f1':i ~'VI 

1 0.259 3.98 0.04 108.7 

2 2.156 3.5 4.68 111.2 

3 2.088 3.65 4.68 112.3 

4 2.158 3.66 4.78 112.8 

5 2.064 3.67 4.75 113.5 

I d -
'fIl1'iH'W(X) 2.117 3.69 4.72 112 

Electrolysis in 85 % H P04 : Anode; WC rod and Cathode; 304 Stainless steel 

sheet 

2
 

3
 

4 

5
 

3

" ,o Q/.::s do 

'U 1li 'U f)1:1'tlH 1:1' tI 'U tl ~ WC rod 'VI 
'U OJ 

>I 

'l1111tl l'U~ (Loss weight; g) 

3.776
 

3.670
 

2.228
 

2.960
 

3.703
 

3.267
 

Voltage Current 

(V) (A) 

1.66 4.75 157 

2.25 4.64 166.7 

2.5 4.58 162 

1.82 4.84 163.3 

1.71 4.74 164.7 

1.99 4.71 163 
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Electrolysis in 12 M HC1 : Anode; WC rod and Cathode; Co rod 

-: 
'VI ~Hlfl 'l C)f 1 

., , 
., '" 

fl'i'l'VI 

-: QJ .ct 

'W 1'I1'W fl~qjl~HJ (g) Voltage 

(V) 

Current 

(A) 

"" €lOA '11 fill• .. 
(OC)WCrod Co rod 

1 1.651 0.244 1.65 4.67 107 

105 

105 

106 

2 0.391 0.651 1.56 4.62 

3 0.640 0.039 1.91 4.71 

filll!~tJ(X) 0.894 0.311 1.71 4.67 

Electrolysis in 12 M HC1 : Anode; WC rod and Cathode; Co rod 

" : d0 QJ 

.. "" 'VI~~fl'lC)fl Voltage €lOA '11 fill'W 1'11 'Wfl ~ qj Iff tJ (g) Current • 
.,
., 

'" (OC)flH'VI (V) (A)WCrod Co rod 

1 2.569 0.015 4.34 4.72 45 

2 2.482 0.003 4.44 4.74 45 

3 2.604 0.003 4.28 4.65 45 

filll!~tJ(X) 2.552 0.007 4.35 4.70 45 
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1m 

5.1.2.3 

5 

,-.... 4 
~ 
0Ll 

"--' ...
..c:: 
0Ll 3

'0) 
~ 
"-' 
"-' 

..9 2
'"0 
0 
I-< 

U::: 1 

0 

~ d j/ Q ~ l' d j/ 1j/w -J
5.1.1 ~H'lfl11'Yl~fftl1J1ffl'J	 WC rod 'YlhHtJ'W'\I111tl 'W~fltl'W'Yl~(;ltl~ Ifl1J'\Itl\j(;l ~~~'W 

5.1.1.1 ~(;lfl11'Yl~fftl1J Scanning Electron Microscope; SEM 

5.1.1.2 ~(;lfl11'Yl~fftl1J X - Ray Fluorescence; XRF 

'" ""lII "d 'j/ 'j/", e1 
5.1.2 ~(;l'Yl~fftl1J~~'Yl~ffl~'WfI11 11J~ Ifl1J'\Itl1J(;lI~~~'W 

'" 
5.1.2.1 ~(;lfl11'Yl~ fftl1J'I11 Particle size 

5.1.2.2	 ~(;lfl11'Yl~CYtl1J X - Ray Fluorescence; XRF
 

-
~(;lfl11'Yl~fftl1J X Ray Diffraction; XRD 

3.853 

~{~{~{~{: 3.267 
3.065	 '

'...................
 
~~~~~~~~:..........{'

....
2.666 ' ............
 

Ilr 
S9 2.387 il

~'::,:::::,.'::,.":. 

~::(::(::(t· 

~~~~~~~~:.............. ,
' .. 
~~~~~~~~:............
..........................,
-.",.",."'.,................
 
~~~t~t~t: 

o ~mItIt ..............
 Cathode 

WC plate Co rod 304 Stainless 

.	 " . 
iIl'Wn 5-1 m1vJm11Jff1Jl~''U1h~1'1";h~tJ I'll Ufll1fftulffeJ'" .. 
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4.5 

4 

,-.... 3.5 
~ 
'-' ..... 3 
..s:::: 
OIl 
.~ 2.5:s 
'" 2..9 '" 

"0 
0 1.5.... 
U 

1~ 

0.5 

0 

3.853 

3.267 
3.065 

50C h.l HC],'.,'.,:., 2.666 
:/2(j7·359 2.387 
:.:....::.:.::; II 120 C h.l HN03 

~~)~ 158 C h.l H3P04 

1.0V 4.:>V 1.5V l.8V 0 V 2.7V l.9V 3.7V 2.0V 

WC plate Co rod 304 Stainless 

, " , 
.mown 5-2 OJ wJm111 t111 l~\l1h ~ whnlWIl!n-n bYUJ!iYVtl1JHH~U, vHh .., " 

3.853 

50C 'h.,l HC] 

II 120 C h.l HN03 

mi 158 C 1u H3P04 

3.267 

2.387 

3.065 

4.5 

4 

,-.... 3.5 
~ 
OIl 
'-' 3..... -a 
.~ 2.5
:s 
'" 2'" ..9 

"0 
1.50.... 

U 
~ 1 

0.5 

0 

4.8A 4.6A 4.7A 4.7A OA 4.6A 4.7V 4.7V 4.7V 

, 

WC plate Co rod 

" 
304 Stainless 

, 
.mown 5-3 tl11TIm111 t111'WU£1~ l'rh~'I.'h 11 t!nli bYtmiYVtl1Jtl1 ~!! bY'vHh .., " 
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4.5
 

4
 
,-.... 3.0653.5~ 
eo 
'-' .... 3 
~ 
.~ 2.5 
~ 

'" 2'" ..9 
'"Cl 
0 1.5 
l-< 

U 
~ 

0.5
 

0
 

98C 112C 163C 

WC plate 

200
 

o
 

3.853 

.-:;.-:;.-:)-:;
' . 

'
t~s~S~S~~. 

2.387 

o ~1~1~1~lj.............
 
••","",o,{'_ •.............
..",.",.",-. 

96C 0 C 16lC 

Co rod 

3.267 

• 'l'U~1n 

8SC 112C 163C 

304 Stainless 

158
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'" • 'jI cI
5.3 fl111!fl'n~'t'i'U8\1"'YIH!f1'll 

jI 1 jI I 

4.3.1 f11n1'Ul1lJf-.li:\'tIfl-:l'lhI1Ufll1 ~tul iYeJ\l1flf11l 'VI~H'lfl-:l '11 flltl'l fI i'-:l 1~tlf11l '111~ llQ ~tIlli:\~" .. . '" 
f11lfl1'\.l 1W'l11~ 11fltl-:ll'U'\.llJWIl!1'\.l f11lJfl1fleJ1-:l~-:l~fl ~hJw 

ci jJ I 

g)11H'YI 5-24 f11ll1'Ul11mi:\f11l'VI~i:\fl-:l'l1fllti"1 f1i'-:l1~tlf11l'l11~llQ~tIlli:\~f11lfl1'\.l1W'I11~1 

Ifl tI-:ll 'U'\.lmfll!1'\.l 

~ 
t'lH'I'l 

~lmh~'I'l 

1 2 3 4 5 mean 

(>0 
s 

1 - 3.089 2.846 3.167 3.158 3.065 0.039 

2 - 2.534 2.338 2.213 2.351 2.359 0.030 

3 - 2.700 2.444 2.811 2.707 2.666 0.042 

4 3.100 2.396 2.179 2.315 1.945 2.387 0.376 

6 4.135 3.633 3.790 - 3.853 0.093 

7 - 0.440 0.575 0.399 0.444 0.465 0.009 

8 - 2.156 2.088 2.158 2.064 2.117 0.003 

9 3.776 3.670 2.228 2.960 3.703 3.267 0.893 

, jJ jJ I 

5.3.2 ri fl'\.ll1 \I ~'\.hU' fllJ ClI1Jfl1 '\.l 1W 'I11~ 1~ NG"l U'\.l ~ 11rJ'\.l ~fl -:l111f11l fl~.,j' fllJi:\'\l fl -:lU 1'11 Ufll1 
" I " 

~t1!liYtI~~-:latlflflfll1J (~l~~'Um1m~mt'\.l 95%; 5% false rejection) f11lJ'VIt]EJat'\.l'lh.,j'fl~ 2.4.2 
jJ I , I 

5.3.2.1 flni~1J~mW'\lfl-:lU1'11Ufll1~t1!liYtll1Jt'\.lfl1fleJNl11 \I~I~i1~1 2.190 fli'lJ l1 
lJl ~ ~ d. ~ d ~ ~ I 9J .dsI 

!~ \l1flf11 l 'VI ~ i:\ fl-:l fI H 'VI 1 l'U '\.l fI1 'VIfl1 ~~C)f -:l'l11-:l \l1fl'tl fllJ i:\ fl'\.l. " 
Q = (2.846 - 2.190) 7 (3.167 - 2.190) 

Q = 0.67 

~1 Q ~lvllrlfJll1t1'Utl'U~l Q t'\.lfl1l1-:l~ 2.7 \I~ii~11Vhtl'\.l'l1~flmflfli1 
'" '" 

~-:lU'\.l ~1 2.190 ~lmltlfl~i1-:l flflfl\llflflrilJ.,j'fllJi:\ l~. " 
jJ, I I 

5.3.2.2 f11li~1J~mW'\lfl-:lU1'11Ufll1~tuliYtll1Jhlfl1fleJNl12\I~I~i1~11.400 fli'lJ l1" .. 
l~ \I1flf11l 'VI~i:\fl-:lflf-:l~ 1 l~ '\.l~l~~l~~~-:lti l-:l\llfl.,j'fllJi:\t'\.l. " 

Q = (2.213 - 1.400) 7 (2.534 - 1.400) 

Q=0.717 
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~1 Q ~1~ldml1mJn1J~l Q lU\9l1l1~~ 2.7 1l~~~m'hnUl1~tJ1I1f1fr;il 
" " ~~UU ~11.400 ffl111ltll91\9lY;~tJtJml1nn~1I~tJ\!J;11~ 

Q = (3.715 - 2.811) -;- (3.715 - 2.444) 

Q = 0.711 

~1 Q ~1~ldtJll1tJ1Jn1J~l Q 'U\9l1l1~~ 2.7 1l~~~ll'yhnUl1~tJ1I1nnil 
" " ~~UU ~1 3.715 ffl111ltll91\9lY;~tJtJn1l1nnrill~tJlIJ;11~· jI I 

.. 
, , 

5.3.2.4 f11l1\9lU~1I1W'tJtJ~t1111Unl1fftIJlilvIU1Ul91dtJ~1~l16ll~l~il~l 0.397 ni'lIl1.. " 

l~1l1nf11l'YI\9lJ;1tJ~flf~~ 4 I~U~l~~lff\9l~~Ml~ 1l1n~tJlIJ;1gu. .. 
Q = (3.790 - 0.397) -;- (4.135 - 0.397) 

Q = 0.908 

~1 Q ~1~ldtJll1V1Jn1J~l Q 'U\9l1l1~~ 2.7 1l~~~ll'yhnUl1~tJ1I1nnil 
" " ~~UU ~1 0.397 ffl111ltll91\9lY;~tJtJn1l1nnrill~tJlIJ;11~· .. 

jI I I I 

5.3.2.5 f11'j1\9lU~1I1W'tJtJ~t1111Unl1fftIJlilvIU1Ul91dtJ~1~l17ll~l~il~l 1.148 ni'lIl1.. " 

l~1l1nf11l'YI\9lJ;1tJ~flf~~ 1 I~U~l~ff ~ff\9l~~'11 N1l1n~tJlIJ;1gu.. . ..
 
Q = (1.148 - 0.575) -;- (1.148 - 0.399) 

Q = 0.765 

~1 Q ~1~ldml1v1Jn1J~l Q lU\9l1l1~~ 2.7 1l~~~ll'yhnUl1~tJ1I1nnil 
" " ~~UU ~11.148 ffl111ltll91\9lY;~tJtJn1l1nnrill~tJlIJ;11~· .. 

Q = (2.064 - 0.259) -;- (2.158 - 0.259) 

Q = 0.951 

~1 Q ~1~ldtJll1V1Jn1J~l Q lU\9l1l1~~ 2.7 1l~~~m'hnUl1~tJ1I1nnil 
" " 

~~UU ~1 0.259 ffl111ltll91\9lY;~tJtJn1l1nnrill~tJlIJ;11~· .. 
5.3.3 f11lf11UdW111GJ1d~fldll1l~mrU1l1n\9l1l1~1l~1~~lm~V(X) 1l"~~11~V~I1JU1I1m~lU 

" , ,... ..., jllr] 9J~q ~ QI .:~, 'jJ

(s) ll"~\9l~fldll111d~ll~ 11 I\9lClll\9lfldll1l'lftJlIU 95 % IUUtJV1~UtJV 
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5.3.3.1 'iJlf1~';n:Jth~'\'1~ml~111 ~l X= 3.065 

2 2 2 
!!~~ s = (((3.089 - 3.065) + (2.846 - 3.065) + (3.167 - 3.065) + (3.158

3.065)2) -7- (4 -1)) 1/2= 0.039 . ., . 
~ - ~ 0 QI C! 

u,m d = X - X !!~~ N fHl'iJl'Ul'UflH'\'1'\'1~~tl~ 
I 1 

I C! d I I QI 

fl1 t 'iJlf1I'l1l'N'\'1 2.6 :lJfl1I'\'1lf1U 2.78 

1/2
95 % Confidence Interval = 3.065 ± ((2.78 xO.039) -7- 4 ) 

j/ j/ I I I I 

f11l'f1l'U lW 'I1l~ l'Ul'U fli'~'lJ tl~f11l''\'1~~tl~CJ1l ll~~ l~tll1'iJ~i '11'~ m~ ~t111 hi' ..1 N 'iJ lf1~ l'iJ1 ~ 
I d/ dt ,d"j"lll)~i 'U'lfl~ 3.065 ± 0.054 \I~'iJ~IU'Ufl1'\'1I'lftl\ltl~~ 

- II) ~ 1/2
'iJlf1 Il- X = ± 0.054 'iJ~ ~~ ts -7- N = ± 0.054 

~l t ff1'l15U 95 % Confidence Limit 'l~~l z 11'\'1'U;;tl 1.96 

(N 1/2) = (1.96 -7- 0.054) x 0.039 = 1.42 
., ., 

'"l ~ 0 w 0 QI d QI

N = 1.42 - (~tl~'\'1lf1Ul~9fl"l f1'Utlf1 2 flH) 

5.3.3.2 'iJlf1~ltl~1~'\'1~~tl~112~l X= 2.359 

!!~~ s = (((2.534 - 2.359)2 + (2.338 - 2.359)2 + (2.213 - 2.359)2 + (2.351 

2.359)2) -7- (4 - 1) 1/2 = 0.030 
, ., , 

IJjtl di = Xi - X ll~~ N ;;tl~l'Ul'Ufli'~l1'\'1~~tl~ 
I C! ct. 'QI

fl1 t 'iJlf1ml'l~'\'1 2.6 :lJfl1I'\'1lf1U 2.78
 

95 % Confidence Interval = 2.359 ± ((2.78 xO.030) -7- 4 
I /2

)
 
j/ iI I' I , 

f1Uf1l'U lW 'I1l~ 1'UTi! fli'~'lJ tl~ f11l''\'1~~tl~CJ1l ll~~ l~tll1'iJ~i 'I1'~11'Q ~t111'~ ..1 N 'iJ lf1~ l'iJ1 ~ 
I d/ dt Id"j"lll)~i 'U'lfl~ 2.359 ± 0.042 \I~'iJ~IU'Ufl1'\'1I'lftl\ltl~~ 

- II) ~ 1/2
'iJlf1 Il- X = ± 0.042 'iJ~ ~~ ts -7- N = ± 0.042 

~l t ffl'115U 95 % Confidence Limit i~~l z !!'\'1'U;;tl 1.96 

(N 1/2) = (1.96 -7- 0.042) x 0.030 = 1.4 
., ., 

2!IJ 0 QlO We! QI

N = 1.4 (~tl~'\'1lf11l'l~9fl"l f1'Utlf1 2 flH) 

5.3.3.3 'iJlf1~lm;N'\'1~~tl~l1 3 ~l X = 2.666 

ll~~ s = (((2.700 - 2.666)2 + (2.444 - 2.666)2 + (2.811 - 2.666)2 + (2.707

2.666)2) -7- (4 - 1)) 1/2 = 0.042 

I dC!' I QI 

fl1 t 'iJlf1~Ul~'\'1 2.6 :lJfl1I'\'1lf1U 2.78 

1/2
95 % Confidence Interval = 2.666 ± ((2.78xO.042) -7- 4 ) 
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1',11 

'JJ	 'JJ I I I , 

flUf11'W1t\! 111~1'W1'W fli',:j'IJ 'el,:jfll:i 'Yl~'l'el,:jcJ11 U'l~!'w~l'Yi~~ 1M'l'llm3tJl1 1~ l1H ~lmll~~,:j 
'I I & ell I d"; "" 11) ~ 
!'W~1,:j 2.666 ± 0.058 fH~~!1J'Wfl1'Yl!~'eltl'el !~ 

- 11) ~ 112 
~lfl I.l - X = ± 0.058 ~~ !~ ts -7- N = ± 0.058 

fi1 t "hl1'hJ 95 % Confidence Limit l"*fi1 Z U'Yl'Wft'el 1.96 

(N 1/2) = (1.96 -7- 0.058) x 0.042 = 1.42 

'9J a IVa Q,Jd QI " " N = 1.42 - (~'el,:j'Yllfll:i1~CJf1"l fl'W'elfl 2 flH) 
, 

5.3.3.4	 ~lflIP11'el~1,:j'Yl~'l'el,:jl1 4 fi1 X= 2.387 

2 2 2 
U'l~s = «(3.100-2.387) + (2.396-2.387) + (2.179-2.387) + (2.315

2.387)2 + (1.945 - 2.387)2) -7- (5 - 0) 1/2 = 0.376 

, d d I I QI 

fl1 t ~lfl~l:iH'Yl 2.6 1Jfl1!'Yl1fllJ 2.78 

1/2
95 % Confidence Interval = 2.387 ± «2.78 xO.376) -7- 5 ) 

j/	 'JJ I' , I 

flUf11'W 1t\!111~1'W111fli',:j'IJ'el,:jflU 'Yl~'l'el,:jcJ11 U'l~t.w'ell1~~ 1M'l'llm 3tJl1 1~ 111,:j~lflfi1~ ~,:j 
'I I & ~,d"; "" 11) ~ 
!'W~1,:j 2.387 ± 0.467 tl,:j~~!u'Wfll'fU~'eltl'el !~ 

~lfll.l-X= ± 0.467 ~~1~ ts -7- N 1/2 = ± 0.467 

fi1 t -ff1l1i'lJ 95 % Confidence Limit l"*fi1 Z t!'Yl'Wft'el 1.96 

(N 112) = (1.96 -7- 0.467) x 0.376 = 1.58 

J 9J a Q,J 0 Q,J d Q,J " " N = 1.58 - (~'el,:j'Yl1fll:i1~CJf1"l fl'W'elfl 3 flH) 

5.3.3.5	 ~lflI'i1'el~1,:j'Yl~'l'el,:jl1 6 fi1 X= 3.853 

!!'l~ s = «(4.135 - 3.853)2 + (3.633 - 3.853)2 + (3.79 - 3.853/) -7- (3 - 1)) 1/2 = 

0.093 

I d d I 'Q,J 

fl1 t ~lflm:i1,:j'Yl 2.6 1Jfl1t'YllfllJ 2.78 

1/2
95 % Confidence Interval = 3.853 ± «2.78xO.093) -7- 3 ) 

'JJ	 'JJ I I I I 

flU f11'W 1t\!111 ~ 1'W 111fl i',:j 'IJ 'el,:j fll:i 'Yl~ 'l 'el,:j cJ11 !!'l~ t.w 'el l1 ~ ~ 1M'fi1t1~ 3 tJl11~ 111,:j ~ 1flfi 1~ ~,:j 
'I I & ~ I d"; "" 11) ~ 
!'W'lf1,:j 3.853 ± 0.149 fN~~!lJ'Wfl1'Ylt'lf'eltl'el !~ 

~lfll.l- X = ±0.149 ~~1~ ts -7-N 1/2 = ±O.l49 

fi1 t -ff1'11i'lJ 95 % Confidence Limit l"*fi1 z t!'Yl'Wft'el 1.96 

(N 1/2) = (1.96 -7- 0.149) x 0.093 = 1.22 

2 9J 0 Q,J 0 Q,J d Q,J " " 
N = 1.22 (~'el,:j'Yllfll:i1~9f1"l fl'W'elfl 2 flH) 
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HI 

.
 
5.3.3.6	 'illf1~1eHh:j'YIm'Hl~l17 fll X = 0.465 

2 2 2 
H"~ 5 = (((0.440 - 0.465) + (0.575 - 0.465) + (0.399 - 0.465) + (0.444

0.465)2) -:-- (4 - 1) 1/2 = 0.010 .	 ., . 
!i'jtl d 

I 
= X. 

I 
- XU"~ N tltl~nn'Uflf~l1'Y1f!"tl~ 

, 
I ..:::s..:::s I I Q,I 

fI1 t 'illf1I'1Ul~'Y1 2.6 :Ufl1!'YI1f1U 2.78 

1/2
95 % Confidence Interval = 0.465 ± ((2.78 xO.010) -:-- 4 ) 

!JJ	 !JJ, , I t 

f11 'j f11'U 1W'111 ~ l'U 1'U fI f ~ 'tI tl~ f11 'j 'YIf!" tl~ CJ11 U"~! ~ tll1 'il~ 1-M'fl 1m~ Ul11 ~ li N 'ill f1fl 1'il ~~ 
'I' CI'O'I ''';'';'''11)31
!'U'lf1~ 0.465 ± 0.014 tl~'il~!1J'UfI1'Y1!'lftltltl !f! 

- 11) 31 1/2
'illf1 ~ - X = ± 0.014 'il~ 1f! t5 -:-- N = ± 0.014 

fll t ffl'11-rU 95 % Confidence Limit 1'*fll z H'YI'Utltl 1.96 

(N 1/2) = (1.96 -:-- 0.014) x 0.010 = 1.4 
., ., 

2 9J 0 Q,I 0 Q,I..:::s Q,I
N = 1.4 (~tl~'YI1f1U1f!C)fl'1 f1'Utlf12 f1H) 

, 

5.3.3.7 'illf1~1eHh~'YIf!"tl~l18 fll X= 2.117 

H"~ 5 = (((2.156 - 2.117)2 + (2.088 - 2.117)2 + (2.158 - 2.117)2 + (2.064

2.117)2) -:-- (4 - 1)) 1/2 = 0.004 

, ..:::s..:::s I I Q,I 
fI1 t 'illf1~UN'YI 2.6 :Ufl1!'Y11f1U 2.78 

1/2
95 % Confidence Interval = 2.117 ± ((2.78xO.004) -:-- 4 ) 

!JJ	 !JJ, I , , 

f1Uf11'U 1W 'I11~ l'U 11J fI f ~'tItl~f11'j'YIf!"tl~CJ11 H"~!~tll1 'il~ 1-M'fl1m~Ul11~ l'i N'illf1fl l'il~~ 

1'U'lh~ 2.117 ± 0.006 f)~'il~llJ'Ufll~!~tlf)tll~ 

'illf1 ~ - X = ± 0.006 'il~l~ t5 -:-- N 1/2 = ± 0.006 

fll t ffl'11fu 95 % Confidence Limit 1'*fll z U'YI'Utltl 1.96 

(N 1/2) = (1.96 -:-- 0.006) x 0.004 = 1.31 
., ., 

::. 9J 0 Q,I 0 Q,I..:::s Q,I
N = 1.31 (~tl~'YI1f11'j1f!C)fl'1 f1'Utlf1 2 m~) 

, 

5.3.3.8 'illf1~1tlth~'YIf!"tl~l19 fll X = 3.267 

H"~ 5 = (((3.776 - 3.267)2 + (3.670 - 3.267)2 + (2.228 - 3.267)2 + (2.960

3.267)2 + (3.703 - 3.267)2) -:-- (5 - 1)) 1/2 = 0.893 

. 
I ..:::s..:::s I I Q,I 

fI1 t 'illf1~Ul~'Y1 2.6 :Ufl1!'Y11f1U 2.78 

1/2
95 % Confidence Interval = 3.267 ± ((2.78 xO.893) -:-- 5 ) 
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jJ jJ I' I I 

fll 'jf11 'W 1 W'tIl~ 1 'W 1lJ fI r~'IJ tl'l fll 'j 'Vl~ (l tl'l CI11 U(l ~ t~ tll1l1 ~ i M'fi ItQ ~ t1l1I~ 'til '1111 flfi 1111 'I 

, .di <i ,dd!~lrJ~ 
i'W'If1'1 3.267 ± 1.110 fl'lll::all'WfI1'Vlt'Iftlfltl !~ 

- lip" 1/2
1I1fl Jl- X = ± 1.110 11~ !~ ts 7 N = ± 1.110 

fil t ~l't1f1J 95 % Confidence Limit i'*fil z U'Vl'W~tl 1.96 

(N 1/2) = (1.96 71.110) x 0.893 = 1.58 
... ... 

''j) 0 QlO Qld QI 

N = 1.58 ~ (I'ltl'l'Vllfll'j1~911"1 fl'Wtlfl 3 f1'j'1) 

"" " 5.4 fll11m11~'t'iN"fll1't1~" eH 
QltjI,d ~tiJ'j)l a~ :d,;:'l I 'jJd 0 

111 fl'tl1'IJ tl'Vl 4.3 tll tl ! ~'If1'1 f111lll 'Iftlll 'W U(l ~ fll 'j'Vl~ (l tl'l911'VltuW,l(lU'W 'W tl'W U(l1 flll~ 'W 1 

'Ii'tlll(l~t~tli1 tll ~'IJ tl'lJ1't1 ufl~ ~rut fYtI i lhh~ fl tl1J flUf11'W1W 'til tll'l'j It~ 1 i'W fll'j tfl~ tl tl fl91t~oM'W.. .. .. 
... 

'lJtl'll1'1~tl'l'WfI1{[ml~tl il1~ ~il 

~ 
f1'HYI 

~lfl~l~Y1 

1 2 3 4 5 fll:i'l1~l'lfWihf1f~li mean 

eX)I 2 3 

1 - 3.089 2.846 3.167 3.158 3.105 3.093 - 3.076 

2 - 2.534 2.338 2.213 2.351 2.335 2.370 - 2.357 

3 - 2.700 2.444 2.811 2.707 2.703 2.684 - 2.675 

4 3.100 2.396 2.179 2.315 1.945 2.263 2.641 2.392 2.406 

6 4.135 3.633 3.790 - - 3.766 3.968 - 3.858 

7 - 0.440 0.575 0.399 0.444 0.475 0.455 - 0.465 

8 - 2.156 2.088 2.158 2.064 2.119 2.114 - 2.117 

9 3.776 3.670 2.228 2.960 3.703 4.127 2.622 3.382 3.309 

5.4.1 flU f11'W 1 W'tiTerI'l 'j 1 t~ 1 i 'W flU tfl ~ tl tl fl91 t~ oM'W ..1'1 fftl'l 'W fI1 {11J ~~fl fl n ~ fl i tl 'W tl ~N.. 
~Jlt~lltl~~1Utll 'W~ i'W ~1'j (l~mtl'lf1'1't1d'lJ'W~11l1'jflf11'W1W 'tI1Jl't1Ufl~~rutfYtlll1 'tI~tlt1m~.. .. 
i ,*i 'W fll'jn~fli tl'W i~l~t1 i ,*fltj'IJ tl'ltll'l'jlt~1'IJtl'll1Bfl1t11tltlfl91t~oM'W~U~~'1 i'W tl1'IJ tl'l 11 Bfl1t11t~'1 

... 
:iI .... '" 

t~'W~'1'W 
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liII 

." .
 
5.4.1.1 f11'j'VI~Cl'O'JIP1';nHh'J~ 1 ~~I~'h~'U'Jl'Utlnf1~nifl'Ulu1~mQ~v 3.076 ni'JJ~fl 

'" ," " 
~1 1JJ'J ~'JU'U'l11n~fl'Jf11H-l,nl'Jffll'l'Umll1J~l1n1JJ~ 1 nlCln1JJ ~~f11'U1Wf11'j1~nmf1~nifl'U 

" " ;'U'Jl'U~'J~fllUU 
,

"" "" IJJfl w = 1000 mJJ
 

kL = (X) / time = 3.076 n1JJ /411JJ'J
 

~ln t = w -;- k
L 

U'VI'U~l t = (1000 n1JJ x 1 411m) -;- 3.076 n1JJ 

= 325 411JJ'J 

!tCl~~l 24 411JJ'J = (g 11lJ X 1 411JJ'J) -;- 3.076 n1JJ 

g 11lJ = (24 411JJ'J x 3.076 n1JJ) -;- 1 411JJ'J 

g 11lJ = 74 n1JJ~fl1'u 

"" " ~'JUUH'Jl1'Jffll'l'Umfl1J~l1'J'HJJ~ 1 n1Cln1JJ ~~1~nmf1~nifl'U;'U'Jl'U~'U'I1JJfl 1UldCll 325 
, " 
~11JJ'J '11~ flfl11JJfflJJ1'jO 1'U f11'jf1~nifl'U;'U 'Jl'UIVhf11J 74 n1JJ~fl1''U 

," , 
4.4.1.2 f11'j'VI~ClB'J1P11mh'J~2 ~~I~';h;'U'Jl'Utlnf1~fliflulu1~mQ~v 2.357 fl1JJ~fl 

'" ," " 
~1 1JJ'J ~'JU'U'Hlfl~fl'Jf11m'Jl1'Jffll'l'Umll1J~l1'J'HJJ~ 1 n1Clfl1JJ ~~f11'U1Wf11'j1~nmf1~flifl'U 

" " ;'U'Jl'U~'J~flhlu 
,

"" "" IJJfl w = 1000 mJJ
 

kL = (X) / time = 2.357 fl1JJ /411JJ'J
 

~lfl t = w -;- k
L 

U'VI'U~l t = (1000 fl1JJ x 1 411JJ'J) -;- 2.357 n1JJ 

=424411m 

!!Cl~~l 24 411JJ'J = (g 11lJ X 1 411JJ'J) -;- 2.357 n1JJ 

g 11lJ = (24 411JJ'J x 2.357 fli'JJ) -;- 1 411JJ'J 

g 11lJ = 57 n1JJ~fl1''U 
"" " ~'Ju'UH'Jl1'Jml'l'Um{'l1J~l1'J'HJJ~ 1 n1Clfl1JJ ~~ 1~nmf1~flifl'U;'U'Jl'U ~'U'HJJ~ 1unm 424 

, " 
'1h1JJ'J 'H~flfl11JJfflJJ1'jtl 1'Uf11'jf1~flifl'U~'U'Jl'UIVhf11J 57 fl1JJ~fl1''U 

." . 
5.4.1.3 f11'j'VI~Cltl'J1'i1fl~1'J~3 ~~ l~il;'U 'Jl'Utlnf1~flifl'U I u1~mQ ~V 2.675 n1JJ~fl 

'" ," " 
~1 1JJ'J ~'JU'U'Hln~fl'Jfllm'Jl1'Jffll'l'Umll1J~l1'J'HJJ~ 1 nlClfl1JJ ~~f11'U1Wf11'j1~ldmf1~flifl'U 
" " 
;'U'Jl'U~'J~fl "UU . 

"" "" 1m) w = 1000 mJJ 



161 

:m 

kL = (X) / time = 2.675 f1111 / ~1 111~ 

1I1f1 t = w -;- kL 

1l'Yl'W~1 t = (1000 f1111 x 1 ~1 111~) -;- 2.675 f1111 

= 374 ~11m 

1l~~~1 24 ~1 111~ = (g IlU x 1 ~1 111~) -;- 2.675 f1111 

g llU = (24 ~1 111~ x 2.675 f1111) -;- 1 ~1 111~ 

g llU = 64 f1111~tr)'W 
'j/ 'j/ 'j/ 

~~trmNl1~m~'Wf11fl'IJ~l1~'I111~1 fn~f1111 lI~li'nmn~f1';'ll'W~'WHW'il'W'I111~ i'Wnm 374 
• 'j/ 

otl11m 'I11mnl11LYlm'jtll'Wf11'jn~f1';'ll'W~'W~1'WI'Vhn'IJ64 f1111~'ll1'W 
• 'j/ • 

5.4.1.4 f11'j'Yl~~tl~1P11'll~1~Yi 4 'il~lfi";h~'W~l'Wtlf1n~f1';'ll'Whn~tJm~tJ 2.406 f1111~'ll.. 
• 'j/ 'j/ 

otl1 111~ ~~U'W'I11f1~'ll~f11m;j11~m~'Wf11fl'IJ~11~'I111~ 1 fn~f1111 'il~fll'W1Wf11'jii'n~ln~f1';'ll'W 
'j/ 'j/ 

~'W~l'W~~~'llhIli ."" ...Ill'll w = 1000 mll
 

kL = (X) / time = 2.406 f1111 / ~1 111~
 

'illf1 t = w -;- kL
 

1l'Yl'W~1 t = (1000 f1111 x 1 ~11m) -;- 2.406 f1111 

=416~11m 

1l~~~1 24 ~1 1m = (g llU x 1 ~1 1m) -;- 2.406 f1111 

g llU = (24 ~1 1m x 2.406 f1111) -;- 1 ~1 1m 

g llU = 58 f1111~'lll'W 
'j/ 'j/ 'j/ 

~~u'WH~l1~m~'Wf11fl'IJ~11~'I111~ 1 fn~f1111 11~ 1i'nmn~f1';'ll'W~'W~l'W'iI'W'I111~ i'Wn~l 416 
• 'j/ 

otl1 111~ 'I11mnl11LYlm'jtli'Wf11'jn~f1';tl'l.j~'W~1'WI'Vhn'IJ 58 f1111~'lll'W 
• 'j/ • 

5.4.1.5 f11'j'Yl~~tl~1P11'll~1~Yi 6 'iI~1fi'il~'W~1'W\lf1n~f1';'ll'W1L11~tJll!~tJ 3.858 f1111~'ll 
• 'j/ 'j/ 

otl1 111~ ~~U'W'I11f1~'ll~f11m;j11~m~'Wf11fl'IJ~11~'I111~ 1 nhf1111 'iI~fll'W1Wf11'.ili'n~ln~f1';'ll'W 
'j/ 'j/ 

~'W~l'W~~~'lllL1li 
."" ...Ill'll w = 1000 mll
 

kL = (X) / time = 3.858 f1111 / ~1 1m
 

'il1f1 t = w -;- k
L
 

1l'Yl'W~1 t = (1000 f1111 x 1 ~1 111~) -;- 3.858 f1111 

=259 ~11m 
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U(l~61 24 i1111'J = (g 1 1t1 X 1 i1111'J) -;- 3.858 ni'll 

g 11t1 = (24 i1111'J x 3.858 ni'll) -;- 1 i11m 

g I 1t1 = 93 ni'll~t),l'U 

"" " ~'Jw'UI'l'Jl1'Jm~'Ufll':il mll1nlll~ 1 fihni'll ~~ 'l~!1(llti~nitl'U;'U'Jl'U~'U'l111~'I 'U!1(l1 259 

. " 
'i1'1111'J 'l1~tlml11(l'l11l'H) 'l'Uf)1'jti~nitl'U;'U'Jl'Ul'Yhti1J 93 ni'll~tll'U 

." . 
5.4.1.6 m'j'Yl~(lD'J~1tl~1'Jl17~~1~';h;'U'Jl'U()nti~nitl'UhnmH~~f.J0.465 ni'll~tl.. 

." " 
i'1111'J ~'JW'U'l11n~tl'Jm'jWll1'Jm~'Um{11J~11'J'l111~ 1 fil(lni'll ~~~1'U1Wm'j'l~!1mti~nitl'U 

" " ;'U'Jl'U~'J~tl hJi1 

k

dt ...
 
llltl w = 1000 mll
 

L = eX) / time = 0.465 ni'll / i1111'J
 

~ln t = w -;- k

L 

U'Yl'Uf11 t = (1000 ni'll x 1 i1111'J) -;- 0.465 ni'll 

= 2,151 i1111'J 

U(l~61 24 i1111'J = (g 11t1 X 1 i11m) -;-- 0.465 ni'll 

g I 1t1 = (24 i11m x 0.465 ni'll) -;- 1 i1111'J 

g J 1t1 = 11 ni'll~tll'U 
"" " ~'JW'UI'l'Jl1''J (l'l~'Um{1 1J~11'J'l111~ 1 fil (lni'll ~~'l~!1mti~nitl'U;'U 'Jl'U ~'U 'l111~ 'I 'Unm 

. " 
2,151 i'1111'J 'l1~tlmlll(l'lm'j() 'l'Um'jti~nitl'U;'U'Jl'U!'l'hti1J 11 ni'll~tll'U 

." . 
5.4.1.7 f11'j'Yl~(ltl'J~1tl~1'Jl18~~1~il;'U'Jl'U()nti~nitl'Uhn~m~~f.J2.117 ni'll~tl.. 

." " 
i'11m ~'Jw'U'l11n~tl'Jf11m'J11'J(l'!~'Um{11J~11'J'l111~1 fil(lni'll ~~~1'U1Wf11'j'l~!1mti~nitl'U 

" " ;'U'Jl'U~'J~tl 113i1 

dt ...
 
!lltl w = 1000 mll
 

kL = (X) / time = 2.117 ni'll / i1111'J
 

~ln t = w -;- kL
 

U'Yl'Uf11 t = (1000 ni'll x 1 i1111'J) -;- 2.117 ni'll 

=472 i1111'J 

!m~61 24 i11m = (g 11t1 X 1 i1111'J) -;- 2.117 ni'll 

g 11t1= (24 i1111'J x 2.117 ni'll) -;- 1 i1111'J 

g 11t1 = 51 ni'll~tll'U 
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I~II 

"" " ~'Jt1'Uf.l'Jl'1'Hn\P1'Umfl Ufll'1'J'InJIPI 1 n1€lni'1J 'iJ~ i~nmnlPlnjtl'U9f'U'Jl'U 'iJ'U'I11J1PI t'Unm 472 
, " 

i11m 'I1~tlA111Jffl1Jl'Jtli'UTl1dnlPlnjtl'U9f'U'J1'U!'Vhnu 51 ni'lJWtll'U 
," , 

5.4.1.8 fll'J'VlIPI€lD'J19I1mJuYi 9 'iJ~,~·-.h9f'U'Jl'UQnnlPlnitl'U'tJ11P1t1m~t1 3.309 ni'lJWtl 
." " 
i111J'J ~'Jt1'U 'I11n~tl'Jfll'J f.l ~l'1 '1 m\P1'U m1iUfll'1'J'I1lJlPI 1 n1€lni'1..1 'iJ~ Al'U1Wfll'J i ~nm nlPlni tl'U 

" " 9f'U 'Jl'U ~'JWtl' tJi1 
... ... 

!lJtl w = 1000 mlJ 

kL = eX) / time = 3.309 ni'lJ / i111J'J 

'iJln t = w -7- kL 

U'Vl'Ufl1 t = (1000 ni'lJ x 1 i11m) -;- 3.309 ni'lJ 

= 302 i11m 

U€l~trl 24 i111J'J = (g lilJ X 1 i11m) -7- 3.309 ni'lJ 

g Jill = (24 i111J'J x 3.309 ni'lJ) -;- 1 i111J.:J 

g Jill = 79 ni'lJWtll'U 

"" " ~'Jt1'Uf.l'Jl'1'Jff!\P1'UAlfl Ufll'1'J'I1lJlPI 1 nhni'lJ 'iJ~ i~nmnlPlnitl'U9f'UHU'iJ'U'I11J1PI t 'Unm 302 
. " 

i111J'J 'I11tlA111Jffl1Jl'JtIi'Ufll'JnlPlnitl'U9f'U'Jl'U!'Vhnu 79 ni'lJWtll'U 



, 
.e:t 

UfIfI 6 

~ f1fi 'W t161Jel-3fl1 ~H «,'VHh~elfl11 HU fl«t11U&ft 1:j1t1't1~'t1-3 «&i'1Urnflu~ 

, ",
~lflfll'j~l!'ih..l~l'WlVitli1flfJ1fll'HjmJbHl1m!~'W~~~ llJ,J'WIPHJ'W uJ;j~!~tl'W 1'Ut 'W fllmtlmHI1t1 

, , " 
~'W~'j1Jl'Jm~tl'W 1'U-n1 ~i1mJ1 ~~bYlm'jt:lUbY~'H·.mfll'j'VI~J;jtl~fll'j !WmHnml~'W ij~ ~~~tl hi i1 

co ""! IV

6.1 fl1~f1V1inHfl1~!!fJfliJ(,11fHlJVllJVI~V1 

, ""! 

6.1.1 N(,1fl1~f1V1(,10-:1fl1~HfJfliJ(,11fJHNUlJVI 

HJ;j fll 'j 'VI ~ J;j tl ~ ~ 1 ~~ 1fl fll 'j! I tI fl bY J;j 1tI ~ d tlln fll 'j n~ fl cj tl 'W '1 ~ bY 1'j J;j ~ J;j 1tI 1 g 1 ~ 'j ~ J;j tl ~ fl 

(Hydrochloric) 630 iJJ;j~~m UJ;j~ ~~~fl (Citric) 240 fli'lJ 1~tI'l~m~1vJrllUbY~Nn'W ~tl 1.59 

UtlllmH 3.38 UtllJutl1 UJ;j~ 5.59 UtllJutI{ 

o 
(C)(h) (V) (A) (g) 

o o o oo 

0.841 1.35 
48 

0.98 1.662 
80 

3 1.01 1.65 810.542 

4 1.03 1.63 87 



I'll 

(h) 

5 

(V) 

1.05 

(A) 

1.51 

(g) 
o 

(C) 

87 

6 

7 

1.05 

1.07 

1.59 

1.57 

0.930 
88 

88 

8 

9 

10 

1.08 

1.08 

1.10 

1.77 

1.46 

1.69 

1.150 

89 

89 

90 

11 1.10 1.52 92 

12 

13 

14 

15 

1.12 

1.27 

1.34 

1.34 

1.53 

1.71 

1.60 

1.75 

1.308 

1.718 

93 

94 

97 

97 
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:m 

91 , 
o OJ Cl 

'Ul't'l'Uflfl 

o 
(h) ( C)(V) (A) (g) 

o o oo o 

852.33 3.02 

2 2.64 3.05 85 

3 2.77 3.06 0.704 94 

4 2.89 3.23 94 

5 2.89 3.25 
94 

6 3.19 3.31 1.125 
95 

7 3.21 3.37 
95 

8 

9 

10 

11 

12 

13 

14 

3.44 

4.19 

4.58 

5.12 

5.66 

5.99 

7.87 

3.39 

3.42 

3.43 

3.45 

3.49 

3.51 

3.53 

1.327 

1.464 

95 

96 

96 

96 

97 

97 

97 

15 9.35 3.58 1.707 100 
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5 

4 

6 

10 

11 

... 
~Wfl.fJlI 

rnn 
... ~ 

U~.:I&fl iUl'I·UiUUJ 
~ 

m~mn'iuUJ 
" 

, 
0 .... ... 

UlflUfl't1tlYliH 
~ 

&'il tlU 
.... 
tlfl'l4W~i;l'l~tl~tllU 

(h) (V) (A) (g) 
0 

( C) 

0 0 0 0 0 

1 2.85 4.79 66
 

2 2.93 5.06 73
 

3 3.91 5.08 1.362 77
 

5.58 5.14 80 

6.55 5.25 83 

7.82 5.26 2.075 85 

7 8.21 5.27 87
 

8 8.39 5.56 87
 

9 8.72 5.57 3.017 88
 

9.15 5.59 88 

9.16 5.62 90 

12 9.23 5.62 4.093 90
 

9.36 5.66 90 

9.95 5.75 91 

11.70 5.79 4.476 96 

13 

14 

15 



168 

I'll 

I i.I I I I 

\lll'H3n 6.4 U~~,nJ1l1Uf1Yin~n~~t1~m~!!~I'VJYhm~tlYi 1.59, 3.38, !!n~ 5.59 

rJi,11 
filfll~'t1~i,1B-3~fl~~mJ''VJfll'UB-3!!~i,1~';'Hfll~'t1~i,1B-3 

.. . 
o OJ'"

'IHt'i'Ufl't1i,1~~-3 (1.59A) 
.. . 
o OJ'"

'Ul't'i'Ufl't1i,1~i,1~(3.38A) 
.. . 
o OJ'"

'Ul't'i'Ufl't1i,1~i,1~(5.59 A) 

(h) 

0 

1 

2 

3 

(g) 

0 

0.542 

(g) 

0 

0.704 

(g) 

0 

1.362 

2.075 

3.017 

4.093 

4.476 

I 

4 

0.93 

1.15 

1.308 

1.718 

1.125 

1.327 

1.464 

1.707 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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6.1.2 n"nrl~' ¢I'll1nt1l ~ 'fIV1 t'I ~H
 

ml'W~'~'illtlHi:'lfl1';j'Vl~H'ltl~ l~wt-H'm~H~''Wvh 1.59 !w:JJmH, 3.38 !Ltl:JJmH LLi:'l~
 

5.59 Htl:JJm.H 

o 48 E,) 81 87 87 88	 88 89 89 90 92 93 94 97 97 

~"'llIlJii(·C) 

1.6 

1.4 

~ 1.2 

,.. 1 

~ 
S; 0.8 

10 
·~ta 

S 0.6 .....,. 
:8 0.4 

0.2 

o +4..-r--,- 

10 1 
9i 
8 ~ 

E 7 ~ 
~ 6~ 
~ 5 ~ 

...~ 4 j 
;
S 

31
! 

2 ~
 
1 ~
 
o +-4J--T-----,- -~~~-~~~-r-~_ 

o	 85 S5 94 94 94 95 95 95 96 96 96 97 97 97 100 
ipllUeU("C) 
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LII 

14.00 

12.00 

!O.OO 
... 
~8.00 
~ 

-,:g6.00 
!E 

;4.00 

2.00 

0.00 

a 66 73 77 80 83 85 87 87 88 88 90 90 90 91 96 ... 
qWlI{!lJ("C) 

I 

, •,,	 I 

6 ·~·.T-~··r---·l ---T"--"""-- - ,------T-----T---''r..'..--T------r--·--r-----T....--T-----'--·....l 

o	 1 2 3 4 S (I 7 8 9 10 11 12 13 14 15 
mn(h) 

.	 " . 
iIl'Wn 6.4 m1'VhW~~fr;l1:lJ~:lJTI't,!'fi'j~'tr;h~!Tj;jlUJ;l~Ul'l_nrflYiJ;l~J;l~'UtJ~U~'U~~ 

tI! m~U1;l"vJ~1~1~1 ~ (1.59 A, 3.38 A, UJ;l~ 5.59 A) 
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,	 "1 I 

~lflfll'VfVi 6.4 mlvJ H~~'1ml11 alJ'V~\..!1j'J~'W:h'll1mIHl~lh.nr flVi~~Hl'l'\Jtl'lH~h,l ~~ , 'IJ~Vi 
lIJ _~ I." oj, 'JI I "j i 'JI lIJ _~ d ,J _I c' _ I c'

m~H~ IvJ'fil\Pll'1flU ~~mu l~11111tl 'll'm~H~ IvJ'fill'V'l1l'\JU~lfl1.59 IltlllHu'J 3.38 Htlllllu'Jll~~ 
"	 . . 

5.59 lltlllHU{ ~~'V'l 'IJ'hu 1l'i irfl'Vi~~M'\Jtl'lIlHU ~~ ~~tl~iU 'J~~'IJm:::Il~' vJ~lVi ~ '1fitl 5.59 
~	 ~ 

IltlllllU{ 

...	 0'11 
6.2 1!fl'n~'t'i'U8\ftl'U8'iNtlm1'f1Y1tl8'i 

6.2.1 mnlunw 
o did 

1) fll'JfllU1W ml1111'\J'IllHUll~ 

. ...	 . '" 
g)111'i'fl 6.5 H);1fll'J'YI~~tl'lJlIHUll~ 

.. 
'" 

.. 
~1'I.n'k!A1~ (HV) 

'ti'k!~l'k! 

1 2 3 

AC 5000 1564 1551 1587 

AC 3000 1550 1545 1550 

. 
I '" 

fllmM	 = 1564+1551+ 1587+1550+1545+ 1550/6 

= 1557.83 

:L(X - xr 2 

so= 
(n -1) 

= (1564-1557)+(1551-1557)+(1587-1557)+(1550-1557)+(1545-1557)+(1550-1557) 1(6-1) 

= 1223.65/5 

=15.64 HV 

2) fll'Jf11U1W ~1'J 

1~fll'Jf11U1W 

~lU1U 111);1 = 111);1'\JeJ'I~1'J/lll);1111I~fl);1'\Jtl'l~1'J• 
" " 11l);1'\Jtl'l HCI = Ull'iirfltl~\Pltlll'\Jtl'l'fjl\Pl + Ull'iirfleJ~\Pltlll'\Jtl'l'fjl\Pl 

H = 1.007947 

Cl = 35.4532 

111~ 111I);1fJ);1 HCl = 0.365 kg Imol 
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HCI MW ; 36.5 g/mol 

HCI = 53% = 35g1100ml = {(35g)1 0.365 kg Imol)} I 100ml 

= 0.95mol I 100ml 

" 
~~UU HCII00 ml t'vhn'IJ 0.95 mol 

" IW'Jl~~~UU HCI 630 ml = 630 ml x 0.95 mol 

=5.985 mol 

.. , 
m::HtJ'n~l o .... .cI .cI. M •

Ul't'iUfl'ml~~~'UM!i'I'lICJllllUflfl11 1J~ 

(A) (g) 
1111 

1 2 3 4 5 

1.59 0.542 0.388 0.220 0.158 0.410 1.718 

3.38 0.740 0.421 0.202 0.137 0.243 1.707 

5.59 1.361 0.714 0.942 1.076 0.383 4.476 

nll 7.901 

a =0.05 

.o::::::..d 0 

TIifllU1W 
.0::::::::. ~ 

l.fflllll'l~lum'J'Vlfl1:HI'IJfH) 

HO:1!1 =1!2=1!3 

HI :1!1 =1!2=1!3 

HI :1!I:f 1!2:f 1!3 

2. fhl1~lfl a = 0.05 
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2 

11,11 

3. f11'U1U! SST
 

2
 
2 T 

SST=Ix - 
K 

= (0.542)2 +(0.388)2 + (0.220)2 + (0.158)2 +... + (0.383)2 __(7_.9_01_)_ 

2 
(7.900

=6.0311--- 
15 

=1.8964 

2 2 
IT T 

SSA=---
n K 

2 2 2
(1.718) (1.707) (4.476)
---+ +--

5 5 5 

= 5.1799 - 4.1617 

=1.0182 

SSR = SST - SSA 

= 1.8694 -1.0182 

=0.8512 

,
 
"'" "" " ,I .1
\lI1'jH't1 6.7 1Ifl'jl~'I1mllJl!u'ju'j1'U(ANOVA) 

, 
U't'i~~'U0~fl1'j 

U1hN'u 
o OJ 

N~'lJ1f)fl1~~tJ0~ 

I 

f111lJYll<J 
1.0182 

m~llb" 
I 

!ff£lYlf)~l~ 0.8512 

'j1lJ 1.8694 

..
 
OJ OJ 

~~mJ'tiUfllnl 

"'" !tJ'j 

a-I = 3-1 =2 

k-a = 15-3 = 12 

2
(7.900 

15 

, 0 OJ .J 
f11fl1~~tJ0~!'i1~u 

MSA = SSA/a-l
 

= 0.5091
 

MSR = SSRIk-a
 

= 0.0709
 

15 

.. 
OJ """" Vl~tJgVl't1Y1tJ0'lJ 

F 

MSA/MsR= 

7.1805 



174 

III 

'" <!I
4. 'lJt!'lJ!'IJ\9l1nq\9l'IJt!~f11l'Yl\9lfft!'lJ'fit! 

_ 1'" 3J :;'1 1IJ 'JI
lJ~!ff1i HO m F > F [0.05, 2, 12] !lJ\9l\9l1l1~U~nWil~ F ~~ 1\9l F [0.05, 2, 12] = .
 

d ~ lJ] 9Jcv d 

3.89 U~~ffl:lJ1Hl!'lJtI'W'lJt!'lJ!'U\9l1nq\9l 1\9l\9l~fI1'W'Yl 4-5 

3.89
 

" 
!'Wlldl 7.18> 3.89 ~~'I!'W~~I'i\9l~'Wt~111JB!ff1i HO Uff\9l~11 f-l~f11l'Yl\9lfft!'lJij 

'l!t1fflfitu~ a = 0.05 J'W;;t!b1'l1J'~11 ~1t1ml1H~mt'W 95% 11 f11l'Yl\9l~t!~f11mtlnffmtlUH'Wij\9l 
u . •

". 
1\9ltlti'm~ufffi~1~ti'W~dh,..rihl1'1!nfi~\9l~~U\9ln~1~ti'W~1t1 

.
 
Q.I !"\II • 0 'JI "'14 'JI 

6.3 Ntl't1V1tr81J~H't1·un\>lUfll".illJVlUWUl !!tl~N'i't1I~hl1nfll".i't1V1tlfH 

6.3.1 Ntl't1V1trOlJN'i't1'itr!\>IUfIli'1lJ~hiWUl 

1) f-l~~~ff!\9l'Wfl1fl'lJ~ilWUl 
Q,I' ~ cI 0 'JJ 1 .... 1 d Q,I:-:'t d d d dd 

f-l~m ff!\9l'W'flll !'lJ\9l'W1!'lJl~ In\9l1~lJl~!'Ylfl' lJ~n'l:ltl!~!1J'Wf-l~'IJ'W l\9lmnlJ'fI11lJ ~~!t!t1\9l lJ ff!'Yl1 

mjjt!'Wf-l~ 1~'11~~1'1J 

.
 
.c::::l Q.I ~ t! 0 3J 

iIlft't1 6.6 N'i't1'itr!\>IUfll".i IlJVlUWUl 
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1111 

d 
'IJ'\.IlflllJfl 

lflS'\.I'lJU1UI50 

d 
'IJ'\.IlflllJfI 

lflS'\.I'lJU1U 

1500l'Vh 

.J d Q.I (lII flo jJ , 

fll't'i'fl6.8 'll'Wl~!:lJ~!m'W'llfl'Jrl'JmJ;1'!\'l'Ufl1'j~1J~'Wl!'lll 'llf.J1t11500!Vl1 

'iJlflillVil1 6-7 U1:l~ 6-8 UJ;1'~'Ji1'J'll'Wl~'llfl'Jl~~lm'W~tll~'J'lltllti150 !'vilU1:l~ 1500 !'vh 

'll'Wl~!~~!m'W!rlfl'lltllti1500 !'Yhii'll'Wl~ 10 ~m 'iJlflillVi~!'t1'Wrl'J't1'JJ;1'!\9I'Wm{'ml'iJ~iiff'll11 
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1;11 

~;1ftIICliIftI: _ 

". ; IlIllRAT 
aplI wc., (WI. lUll 
t~_._~._."~--»-__...._ ....._.~._.. --_".0 ...__. -__......_.. ~..._ 

"'i: 

1 
~ 

~ 

...3
j 

~ 
3 w 
1 
~ 

~-3 

~ .. 
:IO~ 

j.. w 

1>1"".:-",t' ,\;~-:" ,.. :;';";;::':""f'~" ...9"";"~'=";'~;~~:;;;';:;;;0'r<;.';""'~.,".L~~""'I'.....-rY'1,. ,i 
• • e • w 

d 'I 9J d &.<:::\ I Q.I ~ ~& ~ 4 
'ill f1fl 1'VfVI 6-9 mY~'1 ml1UmU':illlW j;YJlH·.jj;Y:lJ'U'tl'l'VJ'Ij;Yt~um':il1J~CJf'lttf1U~'1f1'tl . ~ 

",I ~ d tI Q.I ~ .:9 Q.I ... 1 1IL.13J Q.I Q.IQ.I

tu'tl':i lCJfU~'U'tl'l'VJ'Im~u'VJ'V'l1J tt'f1~Uf1UU'tlU1J'tlf1t1'1':i~~1J'V'l'f1'1'11U lJ':i~f1'tl1J ~ lJ~Jt'J'VJ'I m~u'VJ'I 

U':i~lllW 89 % if11J'tl'f1~U':i~:lJ1W 8 % tt'f1~ im~t'J:lJU':i~lllW 3% fi''1~l':il'1~ 4-8 

Elmt Spect.Type Element Atomic 

Cr ED 2.60 7.40 

Co ED 8.42 21.10 

W ED 88.98 71.50 

Total 100.00 100.00 
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i',11 

:~
 
_J 

we
 

2·Tt..·~ 

ll&w:::. FIr.llD5'_02e4_CI1_WC.AAW·"t)pI: 2Thml1Dr.k. - SIart: 1O.0Ql)· - End; eo.OOO" - SlIp: O.GolO· - SlIp lIN' 1.• _T~.; a&. 'C(RoorrI) ..... SIM*l::z. -2-l'heta: 20.000' .l'!'.u: 10,oao·· PhI: OJ)O· • .trI.Dn: 0 
~_:lmpart 

[ii"j'124Oln'(C) .~~-we: -"(;&O.oo'llO-d~ "'!It; 1.· ......~ 1,540(1 _~, -12.1IOfI1IO -b2.iJOlllIO- ca.&3IIlflO. 8IpNl90.000_ .... 1lO.OOO-~120.000. F'IlInIMl-~fUm -, - :ao.7aS-lt1ePOF 14.f 

6.3.2 Nt1't1Y1tfOtJN~~'~mflfl1'j't1Y1t10~ 

1) f-l'J~1~'illf)f)l'JY1fHH)'J 

f-l 'J~ 1~'ill f)f) l'J Y1~ ft€l 'Jij~f)f! W~ It1u f-l'J'I1lJ1U f)il f-l'Ji'1'J ~1~U fllflmltJ1 loU'l ijfflY1l 
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1,11 

d 
'\l'Ul'H1J~!m'U 

'\lU1U1501'1'h 

d 
'\l'Ul~llJ'Hm'U 

'\lUlU 1500 I'l'h 

,,; d '1 d"l 3J , 
fll'Vt'fl 6.13 'tl'Ul~I1J~lm'U'tlt1'iH'i !~'l1:::l1 1~'illflfll'jl1~~t1'i 'tlfJltJ 1500 ll11 

d d & d dI"l' "l3J .... 
fll'Wl1 6-12 !l~:::fll'Wl1 6-13 !lff~'itl'i'tl'Ul~'tlt1'iI1J~lm'UC)f'i11Jffl1J1';jm:::'U.1~'lf~1'il'U11 

ff1'U t~~ t1 H'i 11'1 ffl\PI 'U mfl 'U~l dt1 'I 'ill fllJ'iij fll';j ~~lfll::: n'U In 'U fl~•1J~ t1 'U In 'U H'il1'i ffl\PI 'U ~ lJ'iij 'Iil \PI• 

I 



179 

til 

Olllef'ator ailW"at 
Cliotnt· nOfW 

.Job ; 81RlRAT 
gr WC-33 (9I1S108 '3.;)6) 

'00 '" 

20 
o 

"'w 
T, Co 

6 '0 

d ~ "" ... <fIJI" "f dllJ ~ oJ 
'illf1mW'VI 6.14 !!t'I'~~ U~1J';j:JJ1W'Ufl~n:Hn\WWfl1';j I'l..I~!!"~1il\9lfl'W'VI 1~'illf1f11';j'VI~"fl~G)f~'illf1• 

• .1 "'... <fIJI .. '. I '" .. "" IIJ '" d
f1nn'il~lJ'VI~t'I'l\9l'Wfl1';j 1'l..l~fl~u';j~:JJ1W 2 % ll"~ lJfl1';j'l..lfl'W 56% flflf1G)fI'il'W 36% 1'VI1'VII'WUlJ 3% 'VI 

ll1~m1}Wfl"iJli1UlJ ~~\9l1';jl'J~ 4-9 
'" 

I 
Elmt 

C 

0 

Spect.Type 

ED 

ED 

Element 

56.33 

36.97 

Atomic 
I 

65.9~ 
32.47 

AI ED 0.52 0.27 

Ti ED 3.54 1.04 

Co ED 0.69 0.16 

W ED 1.95 0.15 

Total 100.00 100.00 
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5A
 

I 
1 _ 

z·fl'!e'.a· 5«lI~ 

~.A_ F·, .. Koe.1_{i2'(l,,~_SAl'<A"".f;1l'I' :n""l'l''''':-~l la-; :.toOl);:, - r;,~ '(i<.100u' ~ Q!)Ilj'. S/efl<;<N1 t I· T~~ .25 'C,l:Ioomj- T·., .. $\il.r1lId \"t-j:,Tl>clil ~ OOC'· 'Thotlil '1>000 -PI'Ij Q,oo ·A:.o>l \l 

O\:lo!l',II/toM~ 

.;12-{l.191fCj r~c~ v.f:, "5(100'.. ~.u, M~ 1'\A{J6 f"'O-~,,! .. ~~ 1'i19(l6~-l;leJie6(i ~-=OCOQC' ')l\U~\h1l) o--'l'I'NlZOOOCl ~~ P4Jm2_il1!Tl-~ ~1JH1!- I~POl' ,,,~ 

... .tv
6.4 1&fl·n~'t1'l1eJ\li;1'l18~~i;1f1vHnl'l.J 

.d "''' ... <1'l!J "'::11)31 031 1 '::11)31
tlJtl1t'fl'jl~lHH1'illflf1l'jVlflfftlmNVl~mlPl'W'fIl'j ~'l.JflVl ~fl'illflflWU1!'lJl Ufl~J:-j~ fl'H~Vl ~fl'illfl . ., 

f1l'jVlflfltl~'Vnr,hH~l1~mlPlu'fllfl'I.J~Yilfi''illflfl1'jtJlt'lhw'Wij l'f1'j!ijtllJ (Cr) 2.60% l'f1'I.Jtlfl~ (Co) 

QJ .J dQl I .:'1 IQJ QJ 

8.42% Ufl~Vl~fftlPl'W (W) 88.98% C)f~'il~lJ Vl~mlPl'Wtltl'1J1flt~'jl~Vl~mlPl'Wtu'Wff1'WHfflJ'Hflfl 
'" 

d 0' d QJ a 0 ~ QJ d'lJ] tI d &.ds 0 1IJ ~1'fI'j tlJtllJ Ufl~ 1'fI'l.JtlfllPl 'il~ttl'W1Pl1U'j~ ffl'Wt~tlVl1 t'HH~Vl~ fftlPl'W 'fIl'j ~ 'l.JflU'IJ~'1J1fl'IJ'W tlJ tl'W 1 ~ UHfllPl 

?I ,~ 
tu'WUH'WlJfl 

, ... "II) ".:: II) 31 I '" " 

ff 1 'W Hfl fl1 'j Vl fl ff tl 'I.J '\1 tl ~ H~ Vl ~ fft IPl 'W 'fin ~ 'I.J fl Vl ~ fl 'ill fl fl1 'j Vl fl fl tl ~ ~ 'I.J 1 1lJ 'fin 'I.J tl 'W (C) 

~ ~d lJ] d 1"
56.33% tltlflC)f~'il'W (0) 36.97% tl~~lJ!'WtllJ (Al) 0.52% ~VlVl1!'WtllJ (Ti) 3.54% 'fI'l.JtlfllPl (Co) 

QJ .J d I ~.ds dlJ] rjJ ~ dQI I 

0.69% Ufl~Vl~mlPl'W (W) 1.95% C)f~lJ Vl~mlPl'Wtl~'Wtltl'1J1flt'Wtl~'illflfl1'jVlflfltl~Vl~fl'W'WlJ1il~lPll~"l 

9J ...:9 G) rjJ <'!I lJ] rjJ J 1If QI d'd QJ.ei I <'I oC.\ d' 0 

t'IJ1'1J1t'iltlU'W ~'W'Hflltl"l fll'Ufltl ffl'jfl~mtl ~fl'j~mtl'IJ'U ~U'il'I.JtlUfl'jW.Vl'il'I.JtlflUVl~tVltl'jllJlJtlPltl'jVl1• 
']31.1 ".t & ",% c:lt "'''' 0']31 31 <!l '::']31']'
~ 'H tlu fl'j W. 'W 'W fl~ mtlC)f~ tlU fl'j W. 'U 'il~ tlJ 'U tJ ~ fllJt 'U tllJ Vl1 ~ 'H U~ U'U '1J1fl1 tI 'j 1lJ f1~ IPl ~ UflH Vl ~ 'If ~ ff. . '" ., ., 
UH'UijflU'Wt~'U 1VltVltU tI'1Jl11 i M'f1~ mtlUfl~U~ U'Wt'lf'Wt~tl1n'W ri1'U tltlflcMt'il'U Ufl~'fI1{'l.Jtl'U U'W lfi' 

'" i dllJ rjJ .J oC\ ~ oC.\ i II .::

tflfl 'ill fl 'W 'lf1~Utlfl ffl'J f1 ~ m tltltlfl 'illfllPl ~ fl tl'W Vl ~ fl 'ill fl fl1 'j Vl fl fl tl~ C)f ~ tl tl flC)ft 'il 'W 'W 'W 'il~ tflfl 'W 'lf1~Vl 
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m{utl'Ui~tfl~ 'illfltll'HHl i M~'Utl'Jci~~ fl1mnHHlltJ tlUUmlfltl ~tl~1'U'UW~~1J'il'lHnHI~mtJ 

l:::tmm1J~flmmtl'UH'J 



1:11 

...I
'lJ'YI'YI 7 

7.1 'UfI'lh 

jI I iI 1 I 

'1 'U1J'YIt! 'j)~I~'Ufll'j II'(l'~~fHlfll'j ?llliJ'UflWnmdhlPll:U'll'U lPlel'U ~~l1mhl:ulll~l '1 'U 1J'YIl1 3 

l~HJII'l.i~fHlfll'j ?llliJ'Ufll'jelelfll~'U 3 ffl'U , ¢YlIli fHlfll'j 'YI~ '(l'el1Jml:UII~~nel'Uel1JIIi'l~'Hr.1~el1J fll'j 

'YI~i'lel~~m.mi'll~¢Yl~''V'I.yhml~fl1'j'YI~'(l'el1JfJill'(l':u'l1~¢Ylmfltel~X-Ray Diffractometer (XRD), X
~ ~ ~d 

ray fluorescence spectrometry (XRF) 1Ii'l~l~'IJ'Ul~ellifl1fl~l~TIi Laser Diffraction Technique 
~ ~ 

'll'UlPlel'U~l~ 1~~'j)~ eln1J1~¢Yl(Jfl1l'1lm~IIf.j'UfliJ f.ji'l'IJel~fll'j ~el~'(l'm~ '1 'U fll'j'YI~i'lel~ '1 'U11~i'l~fli' ~ 'j)~ 
'U .
 

'(l'~ Uf.jmm~u l:ultU~ ~1Jtl1~1Jti1JfIl'j'YI~i'lel~II~i'l~
~ 

~ UU1J1J '(l'~ Uf.ji'l'IJel~U l'H'I1fll1'¢Y'j)lflfll'j'YI~i'lel~ 

f.ji'l 'j)lflfll'j '1 ~fll'jltfl 'j 1~11ml:U IIU'j U'j l'U:U lt~'U tfl tel~ij el '1 'U fIl'j tU~ tJUl1tJ1J f.ji'lfll'j tU~ tJ1Jtfi tJ1J 
~ , , 

'IJel~fIl'j'YI~i'lel~ '1 'U1I~i'l~fli' ~ fIl'j ltfl'jl~"r'H If.ji'lfll'j'YI~i'lel~l1~l1't!~ 1Ii'l~f.ji'lfll'j 1Pl'j l'j)'(l'el1JfJill '(l':U'l1~ 

'IJel~f.j~ lm1~~'¢Y'j)lflfll'j'YI~i;"W~ 

d d ~, I.dGJ iI~
 
IPll'jl~'Y1 7.1 fll1Wt'IJ~'IJel~"b''U~1'Uflel'Uel1J'H'UltJ'YI !"b'flel HRA (Hardness Rockwell scale A)
 

~ d 
"b''U'YI 

d'JI 
(J'Hel IIH~i~fl~ (kglt) 

I d 
mtlW~ 

1 Kelmametal 60 90.6 

2 Dormer 60 90.6 

3 Cut Right 60 91 

90.84 S,mdvik 60 

, ~ . 
IPll'jl~fi 7.2 ml:uu~~'IJel~;5tNl'U'Hr.1~el1JmhtJfi'l~fiel HRA (Hardness Rockwell scale A) 

~ d 
"b''U'YI 

d'JI 
tJ'Hel IIH~i~fl~ (kglt) 

I .d 
mmi'ltJ 

1 Kelmametal 60 77.8 

78.3 

78.8 

78.5 

2 Dormer 60 

3 Cut Right 60 

4 Sandvik 60 
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d 
fl11lJU'\J.:l(HRA) 

100
 

95 91
90.6 90.6 90.8 
90 

85 

80 
• tlilUillJ 

75 
• ,"~"illJ 

70 

65 

60 

55 

50 Lffflh'YI~ 

Kennametal Dormer Cut Right Sandvik 

• >I 

fl WfYi 7.1 UH'Ufl~U {YfI'lfll'j!11'1 tJ'lHYitJ'Uflll1JU~'l 'j~'1,d1'l'~'U Ihw l1'lm~'Ufll{1 'U~fit/'U !!Il~'I1 "'l 
<u 

i iJ iJ 
fll'jt/'U 'I1flllmt/'U 

• >I • 

~ 1'j l'lYi 7.3 {Y'j•UHIlfll'jl1f1Il 'O'lmflt/~;~fl: mfl' ~ !f1'jfl Ilt/5tl: Ultl"'U 

>I . 
... "" flHl1 

UH~'UlvlYh (V) 

111mh lf1'~m3tJ 

m~u{Y'vlvh (A) 

ufml1 1f1'~m3tJ 

"" 
~W'l1!J1J 

(C) 

>I 
0 ... 

'Ul'l1'U tl 

(g) 

1 24 18.4925 7 13.419 92 16.2463 

2 24 20.300 7 7.7952 92.5 13.8042 

3 24 19.1875 7 11.4481 100 21.8693 

4 24 17.738 7 9.7115 94.8 21.1864 

5 24 

., 
"" flWlHltl 

19.856 

19.1148 

7 10.2793 

10.53062 

102.5 

96.36 

16.5085 

17.9229 
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;ill 

, " , 
\PIl'j 1'1l1 7.4 'ff'jt/ ~HIf11'j'Vl~Hltl'lflHlvJ tl'ffvJtl~fl: fl'jfl'~ 1fl'jflr;ttl~ fl: tJlfl~'U• 

" ,
'" df1H'Vl 

UH~'U'vJvh (V) 

'" , 9J ""t/i'U~l 1fl flmmJ 

fl'j~U'ff'vJvh (A) 

'" , 9J ""t/i'U~l 1fl flmmJ 

"" tlWl1fl1J• .. 
(C) 

" 
tJlln!fl(g) 

1 24 18.4750 7 14.684 101.25 14.6022 

2 24 20.4320 7 15.231 105 14.1445 

3 24 16.7354 7 12.648 95 9.1305 

4 24 19.7980 7 13.784 100 13.8183 

5 24 

I 
. 

d 

fI1~~m1 

19.6490 

19.0179 

7 12.862 

13.8418 

96 

100.65 

12.8753 

12.9142 

21.186421.8693 

20 

15 • Acetic 

• Phosphoric10 

5 

o 

I jI , 

fll'rll1 7.2 HH'Ufl1JH'fffl'lf11'j!ill t1U!l1t1UtJl11Wfll1r;tflr;t'l'j~w,h'lfl'jfltl~~~f1:.. . " , 
fl~'UUr;t~fl'jflvJtl'ff'Vjtl~fl; fl'jfl'~ lfl'jflr;ttl~fl: tJlfl~'U 

. 
'lhm!fl (g) 

20 17.9229 

15 12.9142 

10 

5 

0 

Phosphoric 

jI 

fl'jfl'~ lfl'jfl m)~fl: tJl 

Acetic 
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1'" 

., 
IuH~'W'vHh (V) fl'j~Uff'vJ.yh (A) '" U1l1Ufl'flW'HfllJ 

q OJ 

1lI 

1fl'~m~[J 1fl'~m~[J"" "" lH1J~l U11J~1 (C) (g)m'l'YI 

1 24 8.25 1 14040 97.5 9.1632 

2 24 8041 1 14.09 91.66 12.7276 

I 
3 24 7.62 1 23040 97.5 12.6388 

4 24 8.76 1 23.22 97.77 10.2667 

5 24 6.72 1 19.1 93.33 12.6113 
,, "" 95.552 11.4815mmtW 6.2 18.842 

: ""'Wl'H'Wfl 

(C) (g) 

12.7247108
1 24
 7.78 1
 17.26 

12.66242 24
 8.366 1
 19.58 106
 

3 24
 8041 1
 2004
 105
 1104884
 

4 24
 8048 1
 17.10 106
 11.3865 

5 24
 8.27 1
 19.88 10.7965108
 

8.2612 18.844 106.6 12.6117 

1lI 

UH~'W'vJ.yh (V) fl'j~Uff'vJ.yh (A) '" 0 ""'flW'HfllJ 'W1l1'Wfl 
q OJ 

1lI , 

1fl'~m~[J "" , ~ d"" "" U11Jril U11J~1 (C) (g)m'l'YI ';Ifl flmM 

1 24 7.95 1 21.48 106 11.5187 

2 24 8.07 1 18.82 103 6.5541 

3 24 8.35 1 19.25 108 6.7966 

4 24 8.391 1 22.93 108 13.5886 

5 24 8.33 1 20.14 108 1004693 
, , 

I 

"" flWiHW 8.2182 20.524 106.6 9.7855 
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108 
106 

104 
102 

100 
98 

96 

94 
92 
90+--

11 13 

, ~ 

.flWI'; 7.4 mn..l.fliJm"fl~H~~l~'lJtl,rtlWl'i.fliJh.Jfl1'j'YlmH)~H~~~f1i'~ . ~ ~. 
'1hl11!n (g) 

11 12 13 

. ~ ~ 

.fll'rl'; 7.5 llrJ'U.fliJm"fl~H~~H'lJfJ~lhl'n!f) l'Ufl1'j'Ylfl~tl~H~~~f1i'~ 

. ~ 

ihl11!n (g) 
12.611714 

11.4815 
12 

9.7855 
10 

8
 

6
 

4
 

2 

0 

11 12 13 

106.6 106.6 

95.552 

12
 

16 

14 

12 

10 

8 

6 

4 

2 

o 

. ~ ~ 

fll'rlYl7.6 UrJ'UiJiJU'fff1~~i:l~1~'lJfl~UmUfl1'Ufl1l'Ylf1i:lfl~U~i:l~fli'~ 
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!,ll 

d. ~ tI~ jJ ~ 
"'T:il-:1'Y1 7.8 fl1':i1Lfl'jl:'I11l;ilJ1W'lHN1jl~"'1t1!'YIf1UflX-ray fluorescence (XRF) 

U~lJ1W1jl~tUI'11tlfh-:l 
1il~ 

(wt%) 

[ 0 28.91 

Si 0.08 

S 0.06 

C1 11.92 

Ca <0.01 

Cr 0.58 

Mn <0.01 

Fe 2.09 

Co 2.10 

Ni 0.20 

Mo <0.01 

W 54.04 

Total 100.00 

d. ~ tic::. jJ ~ 

"'l':il-:1'Y1 7.9 fl1nLfI':il:'I1UnJ1W'IHN1jl~"'1t1!'YIf1UfIX-ray fluorescence (XRF) 

1jl'"• 1I~lJ1W1jl",tUI'11tldl-:1(wt %)• 

W 99 

Ti 0.49 

Co 'hil'llJ 

Fe llil'llJ 
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.d "'"..\ <'i ". I ~. )
~l'nn'1 7.10 r'H'lf11'J'Hml:m'VH)fff1ElltJ~flu'J:m)U~dtJX-Ray Diffractometer (XRD 

Tungstite - W030HP
 

Tungsten Oxide - W03
 

'lJ 'U l~tJ 'Wfllfl f-l~ 1~ M: 'iJ lf1 f11'J Yl~ ~tJ~• 
'lJ'Wl~tJ'Ufllfl• 

.d 
!'iHW 

1 2 3 

Volume mean diameter 76.05 75.76 73.95 75.25 ±1.14 

10 Volume % less than or equal 5.03 4.93 4.85 4.94 ± 0.09 

I 

50 Volume % less than or equal 51.16 51.16 50.21 50.89 ± 0.59 

90 Volume % less than or equal 194.24 193.57 186.95 191.59 ± 4.03 

.cs. I QI I d.cs. d 1.aI ~ ~.d. 
mntJLm.j 1) lltJ'Yfllfl 'IJ1~ ff1'U 'lJtJ~ ~ltJ tJl~Ylll'lJ 'U 1~!~ f1ml'lJ~fll111 ffl11l'J t1'lJ tJ~!fl 'J tJ~ll tJYl 

'iJ:Yilf11'J1~ 1~(O.5 - 900 111fl'JtJ'U) 

2) l'ilmh~f-l~1~M~Ul11litJw-h'USieve mesh no. 35(500 111fl'JtJ'U) 

3) 10 !U tJ{!c)}'U l'i'hwu~ m~ 'J ~~UtJ'W•fllfl~!~ f1 f111M~ m rbflU 'lJ'U l~~i!fl 'J 1:111~ 

50 !UtJ{!c)}'U 1'i'119l tJU~ 111l'1'J ~~UtJ'Ufi lfl~!~ f1f111M ~ mY] 1flU 'lJ'U l~~i!fl'J 1:M1~ • 
90 !UtJ {!c)}'U 1'i'119ltJu~ m~ 'J ~~U tJ'U•fllfl~!~ f1 f111M ~ tJ!y] lflU'lJ'U l~~i!fl 'Jl:M1~ 

c::. d~ 3JG] Q ~ 0 t ~ 
4) L'VIfI'UfI'VI!6)f !'Ufl1l,)Lflll~'I1 Laser diffraction technique 1l1'U,)'UflH'VI~Hl€l~ 3 f1H 
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l!lmm!lU'lJ~ 2.1 

.'-~_ .. _~.- " -,- - .. -- . -. 
----:--~ ~~~-----ll 

1"1 V '1~Wf ~JV~~jV~~'ViIVfy'~~~1 
r ... .- !~~~",q~~~;;;0?~~tl
.• ' ---~ :=n"':;:::M;yx/\:;- I
l"f-~:~,v~~yr 

f .._j
 
r~__~, -- ~;'~c'"
 
-,,.. ber of NSTDA 

amem 

flWl'Vld 7 7 f-H'lfl1'j\Pl'j1'i1~fllH+~ i {l 'H"'~1t1 X-ray fluorescence. '" 
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Two-Theta (deg) "'11_ 

:-!J 
Materials Data, Inc. [JEOL]<C:\File XAO\TS\2551\08-51\3306.S1\HCL.Jd;.. -Nt,Ai, ~ C 11, 2008 10~16a (MDI/JADE6) 

. 
d ,.. 3J ~d 

fll'W'Yl 7.8 H{lfl1'j~'j1'iJ'fffl1JH~ t{l'l1~fl1t1Tfj X-Ray Diffract meter ...
1.0 
o 
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MTEc:'.... 
a member af NSTDA 

IlInlll1U"UD 1
Result: Analysis Report 

semple DelaiIs 
sample 10: End min Run Number. 2 Measured: Man Jun 30 2008 1:32PM 
S8mpIe File: TS2971 RlICOI'd Number. AnlIys8d: Man Jun 30 2008 1:32PM 
Sample Pith: 0:IDATASIZEITECHNI-1ITECH_511 R88uft Source: Anlltysed 
S8mpIe Noles: Medium : Nr 

Feed nI18 : medium 
Note : Simple W8I drild II 50 C, owmight 

: End mlU willi HCI+H20 (not cIri8d willi 0V8Il) 

System D8t8i18 
R8IlQ8 l.8nI: 300 mm B8IIfT1 lllngth: 2.40 mm S8I1lpIer. lIS&4 Ob8cul1ltion: 29.5 % 
P_llItion: 3RHA [P8lltclll R.I.. (1.4500, 0.1000): Di8peIunt R.I.· 1.()OOOJ 
AnlIyIiI Mod8I: PoIydiIp8rIe R881du81; 3.015 % 
ModIllc8lianl: None 

RlSult Statistics 
Dla1ltbullan TYP8: VoIum8 Concentr8llon. 0.0403 %VoI DenIity .. 1.000 9 I cub. an Sp8clIic SA" O.56n sq. mig 
MIIn Di8m8lBrI: D(v,0.1)" 5.03 urn o(v, 0.5) = 51.29 um o(v, 0.9)" 194.24 urn 
0[4,3]= 76.05 urn 0[3,21= 10.58 urn Span" 3.689E+00 Unilormily .. 1.066E+OO 

Size Low (um) 
0.49 

In% 
0.28 

Size High (urn) 
0.58 

Und8l% 
0.28 

Size Low (um) 
22.49 

In% 
2.78 

Size High (urn) 
26.20 

Und8l% 
32.04 

0.58 0.50 0.67 0.78 26.20 3.23 30.53 35.27 
0.67 0.64 0.78 1.42 30.53 3.74 35.58 39.00 
0.78 0.61 0.91 2.03 35.58 4.26 41.43 43.26 
0.91 0.57 1.06 2.60 41.43 4.74 48.27 48.00 
1.06 0,51 1.24 3.12 48.27 5.10 58.23 53.11 
1.24 0.45 1.44 3.57 56.23 5.30 65.51 58.40 
1.44 0.40 1.66 3.97 65.51 5.29 76.32 63.69 
1.66 0.40 1.95 4.38 78.32 5.10 66.91 66.79 
1.95 0.45 2.28 4.63 66.91 4.n 103.58 73.56 
2.28 0.57 2.65 5.40 103.58 4.38 120.67 7791 
2.65 0.74 3.09 8.14 120.67 4.02 140.58 81.93 
3.09 0.96 3.60 7.10 140.58 3.65 163.77 65.78 
3.60 1.19 4.19 8.29 163.n 3.78 190.80 69.56 
4.19 1.41 4.66 9.71 190.80 3.63 222.28 93.19 
4.66 1.80 5.69 11.31 222.28 3.17 258.95 96.37 
5.69 
6.63 
7.n 

1.74 
1,64 
1.69 

6.63 
7.n 
9.00 

13.05 
14.89 
18.78 

258.95 
301.66 
351.46 

2.27 
1.36 
0.00 

301.66 
351.48 
409.45 

98.64 
100.00 
100.00 

9.00 1.91 10.48 18.69 409.45 0.00 4n.01 100.00 
10.46 1.93 12.21 20.62 4n.01 0.00 555.71 100.00 
12.21 1.96 14.22 22.59 555.71 0.00 647.41 100.00 
14.22 2.04 18.57 24.63 647.41 0.00 754.23 100.00 
16.57 2.19 19.31 26.82 754.23 0.00 878.67 100.00 
19.31 2.44 22.49 29.26 

T~~~--~---"-

t / 

+ 
,/ 

t 
1 
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· " 
mwVi 7.11 'lJl'H)fN~~1'Um'lfW::;il~Nti'Ufl111l~'U 

q 
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:111 

" 'ill tl tll 'j 'Yl fUH) 'I tll 'j ~ BtI ff m tI ~'U ff';l'l,'! 'ti,:nn~ 'U m 11ml ~1 £lin tll 'j ~ BtI ffm t1~,:ltIhHh hw 
" toMmflB~~~fll!f:1~mflvJBff'!'~B~mm:IJmfll~lfl'jfH1B~tlfl\J'Ult'Utl~'jlff1'U 1: 1: 1 (l00 mL + 

100mL +lOOmL) llf:1~toMml'll~lfl'jflf:1B~tlU~:IJ1W300 ml1fltl!~:IJfJW'I11Jm'Utll'j~Btlffmtl3 

'" <!I d 'JI '" "I n.l_~ 'i 0' 
'j~flUflB 60,100,120 B'Iffl!CJff:1ICl1t1f:1 fl1t1!lHfl'U nn"i124 ~1f:1~ 

.llIJ'JI 1 Jd d '1 .Id .Id 'i '1'J1 """" 
~B'il~ff'ju ~fl11tll';il1 'jtlUI'YltlUI'Jf:1'Ylflf:1B'I ~'U'ju'Yl 4,2 !If:1~'ju'Yl 4.3 ~fltltll'j ~'IfmflB~ClI~f1. ... ... 

1 iI " 

!lH~'U lvJVll 24 11f:11P1 'il~ijtll'j~Btlffmtll~~tl11mflvJBffvJB~tllfltl'il~fll1tJwl'um~ ~t1l1~Btlffmtl... 
lIJ'JI~ o'l'JI 1'. I '" o'1J] o'lIJ'JIdd 
~fl 'il'lm mI'Jf:1'11B'Itll'j!ltltlffmtl'llB'I'If'Uff1'Umm~'Um'j ~flfl'YlffflIU~ • 

!If:1~tll'j'Ylflf:1B'I~BtI{fmtllfltlt~mfll~ lfl'jflf:1B~m~:IJBw'I1f1iJt'Utll'j ~Btlffmtl 3 'j~~u;JB. ... 
d 'JI '" lIJn.l_~ 'i o'dl "I 'JI .Id .Id dl 

60, 100, 120 B'Iffl!ClIf:1ICl1t1ff Y11t1!!Hfl'U ~YfYil 24 ~1f:1~ClI'I'il~~ ~fl'illtl~U'Yl 4.5 llf:1~~U'Yl4.6 ClI'Itll'j 

. " " 
'Ylfl f:1B'Il fltl t ~~W 'I11JiJ~ '1~f1 l1 120 B'Iffl!ClIf:1!CMtlffU'U ij tJ I'll Um!Btltl11tll 'j 'Ylfl f:1B '1~1t1 60, 100, 

d dl d "I 'JI I ""'1 1 "I ' 0 '1 'JI I d J 'JI 
B'IfflICl1f:1ICl1t1ff ClI'I'il~!'I1'U ~fl11BW'I1 f1:IJ ~ 'U tll'j t1Btlffmtlff'I ~:IJ'Yl1 m tll'jtlBtlffmtlfl'll'Ufl1t1. ... ... 

" 1'Jf:1 'ill tltll 'j i!f1 'j 1~ Mfldl:IJ l!UdU'j1'U tU1 t1Ul1 t1U tJ I'll UmluB.W'11 f1... iJ 'II B'I tll'j 'Ylflf:1 B'I m flB~ ~~fl: 
iI 1 iI , 

mfll~ lfl'jflf:1B~tl: tJltl~'lJfi1JmflvJBffvJB~tl: mfll~ lfl'jflf:1B~tl: tJltl~'Ullf:1~mfl l~ lfl'jflf:1B~tl: 

" 
60, 100,l200e l~fil Fo 1l1tltll'jfll'U1W -5.42 iifilUBtltl11 F005(4,20) =2.87 ~'1U'U~'1t1B:lJi'u H o 

" " .
1lf:1~ff~ U';l1tJl'11 Utl t 'U tll'j'Ylfl );'lB'Itll'j ~Btlffmtl~'U ff1'U'ti'lm~'Um11ulP1 11.l!l~tl~1'1ti'Ufh~~u . 
UmYlf1'ty 0.05 (fllflI'J'U1tll1 'I) 

." . 
'" d 1 'JI 'JI '" ~ .1 I "'1"1 'JI 1 d
fl'l'Yl tlm1:IJ l~n'l~ 'U 'U 'U 'il~ IlJ'U tll 'j ff~ u 1'Jf:1 ~1'1"l 'V ~fl 'illtltll 'j'Yl flf:1 B'I fl t1'il~:IJ 1'J);'l'll B'I tll 'j 

" " 
'Ylflf:1B'I t'U!l~f:1~f1i''1'ti'l'l1:IJfl!l~'1BBm~'U 5 tlrl:IJ;JB mflB~~~fl!lf:1~mflvJBffvJB~tlI'Jff:IJmf11~ lfl'j•" .
flf:1B~tltiUtJlt~'U 2 tl~:IJ l!f:1~mfll~lfl'jflf:1B~tllfltl!~:IJ~W'I11JiJt'Utll'j~Btlffmtl 3'j~~u;JB 60, 

100,120 B'Iffl!ClIf:1!CMtlfffltl 3 tlrl:IJ 'j1:IJ!~'U 5 tlrl:IJ 
q 

B~l'1f:1~ 5 'Iffl 1l~f:1~'Iffl'Ylflf:1B'I341 
q 

l:IJ'I!~B~'il~ 
q q 

o .c:! .c:! I ~ ~.:::). tI 
'U 1:IJ1'111 1'Jf:1 tll 'j!U 'j t1U I'YltlU'II 8'1 tll'j 'Yl flf:1B'Il 'U l!~f:1~f1 'j '1'11B'I tll'j 'Yl fl f:1 B'I '11 'j Btll 'j 1!fl 'j 1~ '11 '111 1'Jf:1 tll 'j 

I I iI iI 

'Ylfl f:1 B'I l1 ~ l1~fl !!f:1 ~'UB tl 'ill nu'U i1'I ii tll 'j !U1 t1U!l1 t1U 1'Jf:1f111:IJ I! ~'1 'II B'I~'U ff1'U 'ti'l ff!~ 'U fll {lU IP1 
I QI ~ ~ tq _~ .d .d tq j} d ,

tlB'UBUllf:1~'I1f:1'1BU'Yl'l 2 1~1 flBl~lffrurultllffllf:1~!~lBU ~vJnl 'illmU'Yl4.1 1'Jf:1'Yl ~fl'il~!'I1'U11fl11:IJ 
q u u eu 



•
"" Uflfl8 

8.1 m·H)5h.huJ~Ulm1't1Yltlf).:j 

~ ,'j/ I , 

t'W 1J'Yl'U 'iI~l ~'Wf)l'j IIff~'1 ~Hlf)l'j¢il!ih.!f)l'jl1m~l119'I11J.,j't.!~'B'W~'Il1f1ril'nJ1U"'1t 'W U'Yll1 3 

1~mlU'lN(lf)l'j¢illiJ'Wf)l'j'B'BmfJ'W 2 ~h'W 1~wl N(lf)ln'J~ff'BU f)ln'J~(l'B'I~mm(lltJ~1tJ1vHh . 
QI~ iJ ~ 

U(l~f)l'j'Yl~ff'BUfJW.ff1JU~~1mflH)'I X-Ray Diffract meter (XRD), X-ray fluorescence 
QI iJ ~d 

spectrometry (XRF), Scanning Electron Microscope : SEM U(l~1~'lJ'Wl~'B'4f11f1~1tJ11i Laser 

" Diffraction Technique .,J'W ~'B'W\Pi 1'11 ~tJ'iI~ 'Bn1J1tJ~1tJfI1'Vm(l~UN'W lJ iJ N(l'lJ'B'If)l'j ~~Wff(lltJt 'Wf1ll 

" 
'Yl ~ (l 'B'I t 'W U~ (l ~ 'fI f'l 'iI ~ ff'j U N(l H(l~ tJ l1J1lU~ tJUll1 tJU f1U f)l'j 'Yl ~ (l 'B 'I U~ (l ~ 'j U UU U ff'j U N(l 'lJ 'B 'I. .. .
" . .

tJ 111 trf1vl 1 ~ 'illf1f1ll 'Yl ~ (l 'B 'I N~ 'illf1f)l'j t ~f1ll ilfl 'j 1~ 11fI 111JUU 'j U'j 1'W 1J1!1:l 'W lfir 'B 'I ij 'B t 'W f)l'j 

" . . 
lU~ tJUll1 tJU N(lf)l'j lU~ tJUll1tJU'lJ 'B'If)l'j'Yl~(l'B'I t'Wu~(l~f1f'I f)l'jilfl'jl~l1mN(lf)l'j'Yl~(l 'B'Il1~l1 ff~• 

8.2 Ntlm1t1iillii.:jlUUtl~,rUYlf)umnhnu 
" " . 

t 'W ll~ ~~.,J 'W ~ 'B'W f1ll Vi Nl'W 1~iJ f1ll d~u fI1TI~1'1"] ~'IU~!~1J f)l 'j l~~ tJ1J ~U f1'j W'iI'W ()'I 

" .,J'W~'B'W f)l'j lWf1ffmtJ~1tJ1 vJrl H!(l~f)l'j lWf1N'I'B'Bf1'i11f1ffll~~(lltJ'iI'W 'ilUf)l'j l11'11'W 1~N'I1ml ~ 

• 
8.2.1 1\9l~ £J:IJ~'UHU (lfl'llll~'Uijfl) 

.<::l ... I if.4 I !V 
8.2.2 1\9l'W:IJ 'QlJ fl'HUI fl'H).:J £Jtl£JffCll£Jfl1£J 

1rJyhllCl~ffl':iCl~Cl1£J\9l1:IJlitl'U 1'IJ 

. . 
.4 .:::I 0 0 o<:::l. 

8.2.3 l:IJtlfl':i'I.JI1Cl1'Ylfll'l1'Ufl'U 1'lf'U.:J l'U 
• 

tl tl fl:lJl~,nj 1'l1l!fl'l1];].:J fll':i'Yl fl Cl tl.:j 

8.2.5 Vllfll':itl'I.JfN 1riml:IJ~'UllCl~ .ufll~'I.J 

'riil1'1f'U~tl'Uml:IJ4'U 
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, ,iJ iJ 
.=t, QJO QJ.t::lt. 

fIl'rffl 8.2'l1~'UTI1'Ufl'll'UnU 

. ., 
fIl'Wn 8.3 'Ul;'U~l'U'ld'l'U Barrel 
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. ., 
oCt 0 .C:l, ....'1 i 31 31


ill'W't18.5 'Wl'lf'W~l'WlJllul 'Yill'lN 

, j} I" I
 

ill'WfI 8.6 U1~'W ~1'W lJli~'Yi1'1hmJf)'i1'Yi1tJ hJ 
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1111 

.,; d1l] 'JI a ... 11] ,') 'JI 
.fI1'Vftl 8.8 H~'VJ ~~lllfJrJ~ ~lll~'Ufldl11'jfJ'U 

, . 
"" "I ') 'JI 11] ''I 'JI "" _ I

iIlfftl 8.9 fl1'jfl'UH~lllfJ ~~'UmlmfJ'U ~lll'l1lf1~fl1'jlJ~'VJ• 
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I I I I" 

<:I ""lIJ 'JI "" "l 'JI "" lIJ I "" ftlVfn 8.10 H'J'Vl ~~HlJtl ~~'Ufll1mtl'U!'Wtl ~Ilfll1lJ'lf'U 

'\ 

ftl'W~ 8.11 !rltlH'J!!lJ!/M''J~'JU 1lJ1 '1 riti'1t1111f11'j tlUi M'm1lJ~tl'U!~tl 1rlm1lJ4'U 

I I I 'j) 

<:I '" ""lIJ 'JI '1 'JI 'JI "" lIJ ' "" ftl'W'YI 8.12 Ilf1'1:lru::::'lJtl'JH'J'Vl ~~1J1f1f11'j mm1lJ'jtl'U!'Wtl ~Ilfll1lJ'lf'U 
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lill 

I • jI I
 

fIl'ft;l 8.14 i ~ 'lhrnJm..j 'rYi1~ 'iJ 1fl f11 'J 'Yl fH'I [) ~ 
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un 

, 
"" ",..ol 11) 1 "" :v :v 0

~1~Hfl8.1 'U'U'YlfWHlf)1'J'YlmHl\l: m~ ~~ ~'JfHH)'jf1fl111..H'lJlJ'IJ'U 1N I 0.4 V 150 C 

~: QI ---w 
mllll~1 'U111'Ut1 'I1111'l!t1m~unlYHh 

~tl'I.J/'U1Yi tltl'U ml'1mn UH~'U (A) 
f----------+-------1 

(g)( rpm ) ( g ) ( g ) ('lf1l.) lYHh if! 

(V) 

6016 1500 14400.4 0.5923 5012 

13016 1440 13700.4 0.5213 502 24 

20016 1370 130036 0.4 0.5312 503 

26516 1300 12355048 0.4 0.55184 

, d 

26516 12350.4 0.5491 50f'llllHW 

., , 

'tYnl~Hwl1'J1\l tJTtltJf1yhntlLtJ 265 f1i'lJ l~~\ll1\lm\9l'U 135.14 f1i'lJ 'tYtlJ'I11t1 129.86 f1i'lJ
• ~ u 

... ",..ol 11) 1 "" :v :v 0 
~1~Hfl8.2 'U'U'Ylf1~(lf)1'J'Yl~(lfl\l: m~ ~~ ~'Jfl(lfl'Jf1fl11lJl'IJlJ'IJ'U 1N I 0.4 v 160 C 

d : QI 

WJllJl'J1 'U 111'Ut1 

'Jfl'Ul 
, (g) (g)(g)d d 

'Yl ("l$lJ.) 'U 'Ul'Yl 

, d

hh~h (rpm)f'll1'iHW 

(V) 

1 4012 0.4 0.7981 16 146060 1500 

2 24 0.4 0.7564 1460 1410 9060 16 

323 0.4 0.7859 16 1410 1380 12060 

0.7662 16 12060 1380 
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iill 

ci ., <!/ II] 'i "" 'JI 'JI 0 
f11"nUl 8.3 'U'U'Vlm-·HlnWVlfl~H)'1: mfl !~ !fl~fH'ltl~mrJllJl'IJlJ'IJ'U 1 N / O.4v /70 C 

:' .,:' ., 
tHI'i'Ufi Ul'l1UfitItln'lfllJ 

• OJ ., 
'11~~fli'-:J n~n llH~'U ~t1'U/ 

(g) (g) (g)'" ~ ('lflJ.) !'VJfh 'Ul'Vl . , '" (V) (rpm)flll'iHW 

401 12 0.4 0.4531 70 16 1500 1460 

2 24 0.4 0.4432 1460 143070 16 70 

3 36 0.4 0.4214 70 1430 1400 10016 

4 48 0.4 0.4310 140070 16 1370 130 

0.4371 16 137070 130 
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un 

... " ft111Ifnl::tl XRD: 
q "... ~.. !IV 'JI J .....t .crt.

11lflfll111f111::l1I'1'H!ifl'WHHfllh:: flll1J'IHIHnOU1~~lUl'l1fJUfJfll'lLtlU1L'LJU'IHJ n ~rrltlfl'Jl 

tJ~ti'1.h::fltl1J~ijfll11JL~U'llM lTfI~Hlu~nll~~ I 

IA 

IS 

3C 

4D 

SE 

Tungsten Carbide - we. [73-0471 J 
Lonsdaleite - C, [74-1602J 

Silicon Carbon - SiC, [08-1 655J 

Tungsten Carbide - WC, [73-0471J 

Lonsdaleite - C, {74-1602J 

Tungsten Carbide - WC. [73-047IJ 

Tungsten Carbide - we, [73-0471 J 

Tungsten Carbide - WC, [7Hl47l) 

Lonsdaleite - C, [74-1602] 

Aluminum Nitride - AIN, [80-00lOJ 

II... .. 
'116fl911tlU: 

16nf1'1'1I1U'LJ: 

l!Jfll'l'l'WU1J~ 1.1: Ph; ,e Identification Report '11M ~h6UH IA 
.I . ~ ,

lOfll'l'l'lllU1Jll 1.2: Pel'< IdentificatIOn Report '\IO~ fj'WUH IA 
.1 . R ~,

Wfll'l'1111U1Jll 2.1: Ph, ie Identification eport'lHN f1')IJUH 2B 

I1lfll'l'l'lIlUUii 2.2: Pc; ~ Identification Report 'IItl~ fi'lf.lUH 2B 

If.lfll'l'l'WUU~ 3.1: Ph, ie Identification Report 'IIIJ~ ~i16UH 3C 

ltJfltrl'lll\l1Jn 3.2: Pel <Identification Report 'IIIN 'liltJUH 3C 

ltJfll'l'l'lIlU1J~ 4.1: Ph, ,e Identification Report 'IIIN i')f.lUN 4D 

lilfll'l'll1lUUVi 4.2: Pc; ~ Identification Report '\lIN iltllh~ 4D 

ltJfUl'1'lH\lUn 5.1: Ph, ie Identification Report 'IIIH il11fh~ 5£ 

LOfltrl'lll\l1Jtl 5.2: Pc, ~ Identification Report 'IIIH ~hmh~ 5E 

MTEC NO.3 I25i52 2/3 
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ii 
008·1655> SiC .. SilIcon caroon'! 9... 

~ 
t:. I 90 ::51• tv30 40 60 oTwo· Theta (deg) w 

National Metal aod Materials technology Center [RIGAKUIAd"'in..trala<1<E.\F~"XRO-TslO6-S2\3125-52'A'I'1> Monday, AugUSI17, 2009 09:3S. (MOI/JADE7) 
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204 

16Il&mll\l'U~ 1.2 

K.,(AUI., Aqgle, 1la'III. Sm. illig. 

SCAN 20.0/90.0{0.02i' (MC). CU.I(max).37'· 08!ll4.109 , 1:2Op 
--~-~---_._,~------

PEAK: 21;(pts)/Parabollc Fi~ar, Thr••hold=30 ~utofl..O.''''', BG.311.0, PNk·Top.Summn 
e~'<~ " 

-~--~~~,-->.~,.- -, .. - ,.",.,-,-------".,,-..,-,_.'_._
---.--~-~•.--~-~-'--------~ 

NOTE: fnleneity. Caunla. 2T(0).00(deg), W !eleng1h 10 ComputB d·Spaclng .1.54059> (CUIK·alphal) 

• 
1 

" 3 

4 

i5 

6 
I 7 
1 

!. 

I
I 

8

9 

11Q 

1 n 
i 12 

i 

2-Thela drl Helghl Heig,:~ hll$& 10 d('1) 

31519 2.8361 2149 592 

35660 2.5157 3528 '00.0 

41.281 2.1852 152 4.• 

48.3'9 1.8821 2751 75.B 

59.880 1.5~34 66 I.B 

54.~' 1.4528 401 11.1 

65.799 14182 183 5.0 

71.520 1.3181 42 1.2 

73,40 1.2929 525 ".5 

75.52' 1.<579 225 6.2 

77.'~0 1.2355 411 11.3 

84'00 1.1601 m 6.1 

Un. Shihs of Indlvldual Phases: 
073-Q471> WC· Tung",m CBf1>i<I.· 

008-1655> SIC, Silicon Carllon <21 

I 
i 

I 
I
t •~ 

20 30 40 

Ie 2.8389 

JC 2.5170 

·iC 218<6 

'IC 18828 

;iC 1.5426 

VC , 4532 

VC 1..,85 

;IC 13153 

"IC 1.2934 

VC 1.2595 

VC 1.2357 

VC 1.'~ 

'T(O). 0.0. did(O)' 1.0> 

.J • -{lOB. CIId(O) • 1.0> 

11 

II 
II
 

IS (hId) a-Theta 

444 1001) 31.510 

100.0 (l00) 35.541 

11.4 (200) 41.333 

842 (10') 48.300 

356 (2201 59.9\5 

15.6 -,110) 54.020 

47 (002) . 65.754 

23.7 (3") 71.898 

15.6 (111) 73.106 

7.3 (200) 75.~79 

135 (102) 77.123 

10.6 (20') 54.072 

00Ita 
-0.009 

-{l.019 

0.052 

-0020 

Q,035 

-0.021 

-0.015 

0.176 

-0.034 

.().~2 

-0.011 

-0.026 

i 

I 
"1 

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

---'---"---~~"-I 
I 

I 

..-----------1 

I l ~ .; '~ .. I I ~~J~...-- .JLI ." - ~..::;:--'-.--.;:f 
~ 00 ro 00 00 'I 

T~·Th.I.(deg) MTEC 

l1j: j 

National Metal end Matarials technology Center (FHGAKUjAdminlillatorJ<E:\FiIe XRD.T.\06-5213'25-6Z,Al.l.. ••....-N~:36a(MDVJADE7) 
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-inn~fl;r~ 

'",n'l1b"';M 
\ 

J 

,] 

I 
• "'2

.nnUlti 

··~~l~~;~';;;lfl~!lllJ. 

8/00 A1A1UJi:lfll'Ii'llfl 

.. 

-t'Ulllnl1 

1.A~1;: d.fl 
J 

IZ 

3 I 
I 

i 
1 

2 
,.<. "'~.'"'","..•" 

:\ 

1 

2 

:'0 

D [4.31 

'\a~D1.I 

2,.23 

"2..1)2

L.98. 
... 

1.9.~ 

2.l4 
.••..•..,. ~ .".' __·~_o_~~ 

1.1':4 

1.89 

l.~ 

1 Iio~ 

1.97 

(1.1-1 

(,.~1 

I 

, - 
D (v,o'!J)D ("',0.1) D ("'.0..5) 

Spn 
'bIFl'l61.1 'hamD1.I '1.I1'l'UN 

2.140.3-& L~ 4.04 
.,--,•.,- _.~.",.,. 

0.:14 ],]1 : ~.5~ 2.4'J 

2.4IlO.J.J 130 I J5:5 
--.-._'--

iO.B 1..29 3.H 2.40i 

4.] : 3,11Ol6 1 'l7 

0.29 1.2., 3.2l 2.3J 

0.2<) 1.27 3.2} 2.33 

027 US J.n 2.2~ 

(lIfo, 1.1;2. J,47 2.7;\
 

CI.2H I.2H ~.~J 2.54
I
<I.1)A OA)] f.l.3A 0.21I 
27.06 2.6"7 9.75 I

J lO.68 , 
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:111 

..........., -re:c::-j;
 

.......--.....·v, ........,'"
 
Result: Analysis Report U!lnll'l1UU'l.l~ 10 

8ampw o.klla 

a_pit It) : S.m~. lA_1	 M.,urll<l : Frid~~, A"gu$l ')7, ll);)~' ~o:'a PM 

S.mpla Fila: D:IDaI. U".I.......2DOO,T.d.,ic.1 "", ''''''\TS_52 i,TS3227_52.m•• Analy_ : F~Ollj, ALI)lJSl 07 2000 2.150:2-~ PIA
 

Sampl, Nola' ;	 lJioptfllloo Ined',," . D,Hori=;l .... :." 
Addllive : 0 1 ,,"v.'. Non;"" P40 
T",.tm"n( : Slmng ;oj 1500 rpf'll 

SyBl8m l)&talls 

a.am liKI'J1Il Imm! : 2.36 8.01 flat.ldual ('.41 : 0.998 

PatlIcIlI AI : 2 , .. AbeOrptJO" : 0 1 Dlepananl NIlIIlIB : W.~, Clepelllllni AI : 13:l() 

Ruult Statistics 

D111rtblltlon r,ptI : \1"\",,. Cone_,lon : O.C<ltl %\101 S....1flc Surf."" A.... : 10.2 m'.'g. 

-,,~"': 0(0.11: C3<l um 010.51 : U1 urn D(Ut: 3.59 l6T1 

0[.,31 : 2.02 Ulr. 0[3,21: C 59 um &pan: 2.491 Unilormily : a.g76 

,i.lin]1_1".\1 _m.ln., 

3 .'" 

VlII\rIio"''''D DI.''J 
::l4Q;~ 

!l1J):i! 

D H!o 
,jn~ 

0' 1-4-'7 

.~ 155 

~ '87 
~ 211 

Due 
" 273 
~~ 305 

~ 34~ 

J ~ao 

~ ..3 

:J 01 

" 1iIl, 

.Hol 
080! 
~ 00 

" gSf 
0) B:rij 

o '~I 
062 

0<6 

o ~7 

020 

02> 
.~ ~t 

~ ... 
~) rfl [ 
121 

1,1I!l 

UTI 

OJI3-4 
0,7"1 

0.'<0 

IVi'a: 

I C~04 

1,1~a 

U20 

'Alii:, 
'1.611<4 

1.61]3 

2. ,SI) 
2,<4:llJ 

2.74D 

::. i(l· 

3.SC3 

J.&tUI 

4,412 

H63 

J.!9 

I.~::I 

..8 

6.22 

6.76 

1.C"'l 

1,(12 

Ii 12 

Aii' 
5,~S 

4.G2 
,n 
2,91 

2.2" 

1 '2 
1.29 

1.ca 

''''"'111m' ........ ,."
 , l'ltoZi 
~ B~lS 7~i) ,.8jE.-4-S;) 
:J 92 

" ZlV 3591a/,n Hill 
9~!l2 

B~I 
10 ~f) 

:. 50 t
11 87~
 

U-4-1~
 ,"I j4:;O' 
jl! I~'" H7l17 "S 

) J I ~ 
19 )4B 02·1 
21 "'~ 

J 'T j.:-.4 <!IUB 
:J 0,1 

J:l.~ 
001 

31 :'z;" 
J,DD 

t.5~2-:J 
J 00<om 

"1Pn) ,Vdum.ln ~ 

~ot.. 
~1.DD 

.f! +6-'9 
J UO 

!o1.j.71 
~ 00 

,~~l 
J.OO&:sn 
J UO 

1~·m 
HO 

~ 1'07 
:. 011 

,.. S7~ 

' no1~,.s:52: 
~ 00 

1~~ f24 3,ao
1:3E ~i11
 

1S4.iCt4 ' 00 
~ aD 

H~ 110 
lUD 

1'&714
 

Z122!i1
 " 00 
D.DD 

2.S1 1·35 o.oc 
m7~ 

t) 00 
J..2C.n!o 

.,tit ... 

000 

000 
0<>0 

OX! 
O,,~ 

0·);) 
000 
0,00 

000 
0'300.-;., 
0<>0 

~ 1. 
o ~~ 

0-4~ 

0&:1 

on 

9 

S 

7 

IS 

5 

4 

3 

2 

r----,-....--,-r,.,,----,--,,- -,;~'",Pa.. • .,..,~~I..,ltu.r...........
rtu."lldIlel-.1$l",.""z"", lbL1tloOljl)L..,·_r-_"'- 

rtf 
/11 / \, . 
. II j 1\
it' .' 
~: \\: 

-t....,11iaurtla·· ,.. 
~~)~ 

0..:>0 
36Z. 1-4-5: 

CQO 
-4l.,")iiI '~J; O.:ta:) 
~'" 201 

o."~ 
=296 O(»
59C'1).2 o.-xr 
~1}711 

0.'00 
75.::!· 265 

O(»
e.,S1 05& 

C'OO 
1\151 ~~ 0.:':> 
f~3'12 

o~ 
1='~ O.XI 
1~7S.~ 

0.;,0 
15Eoe.7B~ 

O~l 
inOl" 

OXI2m 000 

----'l 110 

![

1 

..1:,... 50 
i 4[} 
j 30

i~:
 

G.Q'IQ 

OJ:'1~ 

0.0"'13 

C-.Q'4
 

I}O,f1
 

0.0'8 

C.ca' 

H2o 
a.C2' 
C.OJO 

•.OJ. 
M:!B 

0.043 

a""0 
a.Olio 
G.C1Ol2 

C.07" 
•.0110 

~.'::c01:---~..o=,,::,-:----,-~· ---'-----'-~_.1-0---''''--....c...'--'-1~OO-~---1.,..OOO,-,---,-3J08 
Particle Size (IJmJ	 --' 

I4lMi1':1 h.r..,.n11l Ud ~~'MI'JI1" ,::fl:'J '~ .... :'i ~"'" 1-1.,1.1.. r6::l.:l.I,~ 

l,tY......'" 1.<101. !'...... ,,"un:.' "'':'1.1l1;!..t~4 R."'·d r~Jtii.I'. tl1 
~ 1"-f1 \'1::1 1f1C..1;W.;Ut Fa" +t4.l.} ,0 •• ~VJ~lIlJr.	 O~ 1.1IQ ~':tJ 10 4:':~ it'" 
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.. 
1)1tlm'fYl ~ "v~ m ':i ~Vtlbnn tI;l.HY';n.,I 11,nml'Umfl 'lJ I'i' Ildtilli m':i ~Vml"1tilld tI1vHh 1~ tI 

'~m~ 1~ 1mfl"v~tl 1 N 1l,,~1~m~ 1~ l~':ifl"v~mJ~mw 80 i1\P1':i l~tI!~llVW'HfiiJt'l..Jm':i~VtI 

bl€l1t1 3 ':i~~'lJfiV 50,60, 70 V~fl'W1HH~tI" Ildtl!lH~'l..Jlvll410.2,0.4, 0.61d"l'i' 

• OJ 

blnJ1~';h~"'YI~"V~~1~'illtlm':i\P1':id'ilblV'lJbllnh~tlv'lJXRDllH~'l..Jlvll41 0.4 1 d"~~• 
~ .. 

fJWfi:lJ 50 ll"~ 60 V~fl'Wll"I~(Jbl bllmHl~i1\P11"'H~~~11~bll\P1'l..Jmfl'lJl'i'~fldl11'lJ~b!'YIiimtl~'l..J 
"f 

ItlV'lJ 100% 
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,II 

.:::::to":::" cI .Q, Gif <v .c::. v .e:t
[1]	 1Jty'il'J 'U11{y'VI1i1'J1l, 2535, m~1Ifl~1::::'Yi ty'YilB'UllJmH!!1~iU)lJ'illntfl~lfllJ 

tlgJtfl'YinnlJ, 01 'J!'VllUJ'Hl'Um: fH)'JfI1lJfllJ1IOlQii~1l!!~::::lfliifiwcnmlJ1H'J1'U 

'jI 

fJlOl{yl'Hm'jlJ, 'H'U1 29-35. 

do .Q,.e::t.Q, oC:lto 0 QJ .Q, QJ I .Q, tI ~ d 
[2]	 1Jty'lflJ i1''j {Y::::tlWI, 2541, 11jm~'t1HtftlgJtfl'Yi~1Jm~1'i1t1l~lJ 1, 'YIlJ'YIflH'VI 2, 

.Q, ~ di & tI.Q, QI do .Q,.Q, 

lJ 'Hl {Y1 'j fIllJ: fIlfl1'Jj'1'YI 'U ~ 1'U 'Utl'J f1l 'ji1'01l1 fI W:::: i1'01l1i1'1 {Y1Ol 'j lJ'H 11 'VI tl1~ tli1''j 'U fI 'j 'U 'VI 'j 1 

1l\PJJ. 
elY	 QJ QJ dQ.l cI .Q,

[3]	 i;J''UtI'Utl1.,!~1IOlQtl'UlOl'J1ml~::::lfllJflWCVI,mlJfl1lJfllJlJ~'YI1l m::::'VI'j 1'J{Y11i1'jW ~'U . 

.Q,~	 d' .Q, do.Q, tI QJ ,.,. do 3J 3J 
[4]	 ~1i1 ~'VI1iI'jtl'J1'Ji1', mfl1'lf1lfllJ f1W::::1'V1tlli1'1{y1Ol'j, {Ytl1lJ'Ul'Vlfl ~'U ~~tI'YI'j::::'iltllJ!f1ml'il1flW 
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I,ll 

1. 'lI~fl l'UtJ1J 

2. tlritl~'j::;'lJltJmfllff 

3. tl'j::;\PH~l 
<u 

4. ];yl'V1GJ1~~lrleJ\P11'WiJ~ 

" 
5. 'tIl~~I\Pll 

6. "l~ml1J~mJ 

8. 't'mtl~ lrlvhu];Y~;j'YI1J1m"'tI1tl'jUm1J 

9. 'YI"tl~ lrlvhu];Y~~'YI1Jlm"'tI];yl'V1GJ1~ 1,,6 
" 

1O. 'YI"tl~ 1rlu];Y~~.u'W\Pltl'Wfl1'jl11~1'W 

" 12. fttl~~I~tlflfl1'j itl'jum1J 

13. 1J1J1tl'jUm1Jl1Ol • 

TEMPe 
l~O 

1000C 

-fOO t 

""'---·------'---......L.---------J...-----~=--TIME 

t.ilr 2Hr 4Hr 

, " 
itlli fl.3 ~~ 1tl'jl!m1Jfl1'jtl'U 
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1"1 

, ~ 

'Ii~m1JfJlJU1JMPR2 (1Pl1lJttJYi n.2) ~lm~f;)nVl1'W1~i\1"lu1J1JUlJ'U'U1€lU€l:i:U1J1JBIPl1'U:lj~ 
~, ~ 

f11~ ~~~"l~WiN"l Yi~l!lI'U ih l(J€l~!fl(J~~"lij 
~ . 

~ "" 1. 1 ::ll .., '" ~ '" 1. 1 ~ 11).1 ~ ""I I€l'fl!€l'fln lJ~ttmlJ'I1lJ1m€l'lJ 12 'j):i:!1J'U1Pl1'1f11'lJ'fllJ€l'YHJ:i: lJ~ttmlJ!'lJl ~lJ'YI1"l€l'fl 11 fl'flfl1.. 

, ~
 

IPll~l"lYi n.l f11~~"l~Wh"l"l'lJ'fl"l!lPll'fl1Jlr1vh
 

0 t ~m1JfllJU1J1JUlJ'U 'W 1€l• 
1-7 , ~ltJ I '" , ::;'If ~ttmlJfl1tJW'l1fllJtt€l:i:t1€ll 'U'lJ'WIPl'fl'W 1-7. .. 
8 '~1Pl~1'j)~'fl1J~1~~"l1~~"l'l1lJ~ 

9 t~tJttmlJf11~m1JfllJ1!€lfh -4• 
D-F '~ltJ~UmlJ~T~ll'11r1JPIDU€l:i:!~'fln'l1mm€l'lJltJumlJ 

~ j/ I 9J 

f11~~"lt1€llLll'11~1J'iJ'WlPltJ'WYi 1-7 ~"ll~€l:i:!fl(J~f)"l 1 'WlYi l~(Juti"llPlllJt€l'lJ'fl'flmll'U 2 Ll1'W 

1~(J 2 'I1~n~1(J1i'l1'\.hmll'W9h IlJ"l U€l:i: 2 'I1~n'lJ11iim,bm1l'W'WlYi 
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Iill 

, 
(J~~1Jij~ fljYlmi1'U fllj'flYlt1ij~ 
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Ijll 

1. fl'j~vJfl{1'vJfl~fl (Phosphoric acid) 

dl 'JI dl
"l1fl'Y'lfl'lfl'U"I White phosphoric acid; Orthophosphoric acid; Sonac; Phosphoric acid 

\11Pl~ 1:lJ!~f.!~ H 3 PO 4 in H 2 0 

o 

./P"I,;,"II/JOH
 

{1'1Pl~ 1flH{1'fl'1 HO 'OH
.. "
~ ~ ~ 0 ~ 
')j'flHH~IPl/'UWUl JT Baker.. 
fll'jl~1J~::; 1tJ"l1U (Uses) {1'l~tftJl'1J'l~l'U'I1'fl'l1Jfiu~m~ (Laboratory reagent) 

fJwmJU~'YmmtJm'Y'l!l~::;!fl~ (Physical and chemical properties) 

'lJfl'l!'l1~d 

'lb'l '1J~iY . 
"" fl~'U '1J~fl~'U 

>I 

tJl'"nrfl111!~f.!~ 98.00 

"'i ° ~~!~fl~ (C.) 158 

fl'j ~VJ fl {1'vJ fl~ fl !~'U fl'j ~"l1iJ~l1i1 '1~H'n'U 1'U fllPl{1'll1 fl'j ~ 1111 mtJ')j'iJ~ hiil1l::;!~'U H'I• 
>I >I 

ei1flvJflfl {1'~ l1~m!~!!lVil'UtJ lB~~lI "1 ~"1 fl'j~vJfl{1'vJfl~ fl~\1IPl~ 111!~f.!~ H 3 PO 4 tJll1'Ufl1:lJ!~f.!~ 

98.0 fldll1th'l~l!'Y'll::; 1.834 ~flwl1f)ii l8°C 1l~l1~flll!'l1~d~flWl1f)ii 42.35°C !~'U'lJfl'l!'l1~dl{1' 
q eu q lJ eu 

\I) ,t=t t=t \I) It=t .d lJ ~GJ ': tI ~ ~ ~ GJ J , Q,I fj) ~ 
11l1l{1' 11l1lfl~'U ~::;mtJ l~ l'Ut..l1!!~::;!!fl~flfl~fl~ 11~m1J'UH~fll{1''IJ'Ufl~fl1Jfldl11!'lJ1I'IJ'U!!~::; 

"" • .1 • .1 "" 'JI .1 <I a <I ''l.1 & 'l "" "" ,
~Wl1lJlI fl'j~l1fl{1'l1flm ~flmlJfl~!G)f'U1Pl 'i)::;flQ 'U~lJH~fll{1' fl'j::;1Jd'Ufl1~H~IPl!fl~'i)lflfl1Hl1 

1Jfin~ tJU::; l1')1 'I fl'j~ei1~~~ tll1~flfl'j ~!flilfl n1Jl1'UvJflmvJlPl !~ 1'l~fl'j~vJfl{1'vJ fl~ fll 'U ~1Pl {1'111 fl nll 

l1~ltJ1J~::;!f)'Yl ~j;flfiill '~!!ri 
" 

1) l~l'UfllPl{1'll1mJlIH~IPl{1'l'J'Y'ldflvJflmvJlPl !'If'U ~l~l'UH'Iei1tlvJflfl {1'1j iltJ l~H{1'lI!~'Ul{1'. .. .
 
f.!~~-n'U 

2) 'l~1'UfllPl{1'111md1l1~11~ j;fll1r1J'lj'~~b 1~11~ "l11J 1~11~ fi~!'11~'U'Il'Ufl::;~ii!'wtJlI. . >I 

.. 
£If "" d1'l :.,I

3) !1J'U{1'd'UH{1'lI')j''U~l1'U'II'U'Ulfl~~lI 
>I 

4)1~!~'U Electrolyte j;fll1r1J!G)f~~!';fl!'Y'l~'1')j'iJ~fl'j~vJfl{1'vJfl~fl (Phosphoric acid fuel 

"'i <I ,J "" d'., 'l 'JI'l dl 'l 'JI"J _~ <I d d 'JI
cells l1'Jfl PAFC) !G)f""!')j''O!'Y'l~'1'UlIfll''l1 'U!fl~fl'l I')j' IvJ1111J1'11J'J~!f)'Yl!!~~1'Ufl1Jfl'jW'Yl!fltJd'IJfl'l• 



216 

,'ill 

" . . 
6) i~Unl'\Jfil pH '\JB'J\h¥ii~'jflf1~1tJl~(h.!muH:jfil pH ~'J) 

" 
7) Itl'U -ff1'U 'lh~ f1B 'lJ l'U Hi1lPU1W en111mllJ 1:1'~ Dlfl~'U~Tlh~ Ifl'VI m fl 

8) i~i'UBlPl1:1'l'11m'j:J.Wl Dl'l11'j• 

" .
~'Ju~':hm flvJB1:1'vJD~ f1'il~~ U'j ~ ltJ'lfUmntJtJril'JlllPl~l l~mfl'lfUflU lfltJlPl'j 'J i 'Uu~mwli 

d I i rJJ ~ QI " tq rJJ QI , rJJ,d QI QI ~ J tq rJJl 
mf1'Vw f11:1'lm'jfl'il~f1tJ 111f1fltJ'U1Pl'jltJlPltJ'j1'Jf11tJ ~fl tJ'UlPl'jltJlPltJ~'VI1:1'lJH1:1'Dl'illf1fl'\J'U ~fl fltJ 

" " 
'VI 1'Jf11nntJi 'il f1WfflJ ~1:1''VI1 ~~1'11ir'Jltl'U ~lf1ty '111 f1n'U IrU'11 u~1tJmllJl9l'J i 'il'l1~tJ llil9l'J i 'il~lPlllJ'il~ 

o i ~.I ~, ~"'1 .... "I ~ ~ • .1 • .1 '" dt... I

'VIl '11 u1fl'VItJ'JtJtJ1'J~'U UHUn~~1:1'mHl'U ~ 1:1'fl1tJ mflTItJ1:1'TItJ) f1'UtJf1'illf1'il~I'lJ'UtJ'UlPl'jltJlPltJ)~'lJ'lJ 

il'Jf11tJlPll'J "l rU'1'JIPi'UU~1 V;lltlW)'UlPl'jltJlPltJ~ 'JllJfl~mJlln~'j~'lJ 'lJUlJffU lfltJ~l~mflvJtJ1:1'vJtJ~f1 
iI I iI iI 

i'Uu'I1 ~'Jill'il~111 i 11Infl~EJ~tJi1 'J~~ilPl i 'Uill1fltJ1:1'1'jU'j~ f1tJurnf1vJtJ1:1'vJtJi'1:1'l 'Ull'11 ~'Jill 'il~111 i 11 

" " .
<!I 0 '" '" l' oj °i~ '" "I' 'I ollJ~ "''''''1'rl'lf'UlI'il'jtyllPl'lJ lPltJtJl'J'j1flll1Un~'VI1 'I1tJtJf1G)fI'il'U ~lJ1:1'llJ1'jfln~mtJ ~'U'Ul ~fl 'I11f1lJf11'j'j1 ~'I1n 

" 
'\JtJ'JmflvJtJ1:1'vJtJ~f1 m'jufi1T~~'Ju 

~ .... 'i'" d ~ i~ "'I ...

1) i 'lflmtJ'J'lf1tJ'I11tJ 'il'lf'Uflll'lJ'lJllPllJ'I1'Ul U'U~ill 'I11:1'1lJU1'UlPll'U'jfltJ 
." , 

Ifl~tJ'JU 'lJ'lJ ~ltl'UliltJ'U 111f1l'jflfl ltJ f11'U '11 ~tJ~'U tJe)f) i l1l'11~mrtJtJli1:1'fl... .
 
'" lIJ.llIJ'lIJ~~ ~ ~ '" i~i~"'" i2) mW'j~1J1tJtJ1f1lfftJtJf1~u UJ ~flfl1f111lJl'\JlJ'\J'U~'Jlf1'U 12 ppm '11 'lflfl'jtJ'J'lf1tJ'I11tJ 'il 

'I1~tJ i -ff l1Ulf11f1tl'U ~'UlrttJ llil~tJ'J~ 'il~ l~i''lJ5'U1Pl'jltJ 

3) 111f11'j 'j~1J1tJDlf1lff'lJ~ lJW ~lnfll'l11P1111i 111:1'1'j ~l1mtl'U f1nl'J ~1tJ1:1'1'jn~ mtJ1 G)fl~ tJlJ lB• 
"I '" <!I <!I 1 <!I .1fl'jtJf1 ~G)ffll'iltJ'ill'Jl1'jtJ G)fflWtJG)f 11'jtJu'U'\Jl1.. 

4) ~1'11 i''lJ f11'j UJI lJl~ tJ11J1n ~~ 1~i''lJ m flvJtJ1:1'vJtJ~ f11:1'lm'j fl111 1~1 fl tJ 

mWlrltJ1:1'flfllJ 111i''lJDlf11ff'lJ~1:1''VIt Hn~ill-ff'JU'rl'VIV.. . 
• I iI I 

mWlijtJ fflJ~1:1'lifl1~lPll i 11'lf~~1'JtJtJf1~1tJillli 1l1n~·h'UtJril'JUtJtJ 15 'Ulli lfltJ~lJlPll 
rJJ 0' QI tlQI ..cI 

f1 11'J Un~ 'U 11:1' 'J'rl'lJ 'il f1EJ U'rl'VI tJ'VI 'U 'VI• 
" " 

m Wlij tJ fflJ ~1:1'1:1'1'j 11 ~1'11 ir'J i 'l1''lf~ ~l'JtJ tJf1~ 1tJillU~ mw lJ1 f1 'VIl~1tJ'rl tJ~ltJYi~'U 1 f1nfltJn 

" '" 
400 'illf1ir'U fltJfllfftJ~lliliJtJ'U tJtJml'Uli 

mW~f1~'Un'UlrU'11<d ~1~iJ1tJV'J~1:1'~il1~lJlflU~mWmf1"l (l1mtJi1m~l~lltl'U) lli 

m'j111 i l1DlI~tJ'U (tJl'il1111'l1'lnflf11'jtlfl'VI~ n) ill-ff 'Jll'rl'VIVY1'Uli• 
'il~lii'U l~ilmflvJtJ1:1'vJtJ~f1~U'j~ ltJ'lfUl 'U ~lPl1:1'l'11m'jlJlPll'J"l UlPlfl1'j~f11'jloNi 'Uu~mw~ 

" " ,
'rltJll1m~ Un~ ufiu~mlJfhl 'U~ ill'\JtJ'J Hi11P1fiW enlllPln~'lfU fl Y1'Ji1I~tJfI 11lJUntJflntJIPltJI9l11'j 11tJ'J 

.,; 'J/ 
ll"::::~~UJflm):u 
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1111 

2. 19lf11fHHl~0 (Hydrochloric) 

Muriatic acid; hydrogen chloride; Spirits of salts.
 

CAS No. 7647-01-0
 

~mhmlf)'l Hel.. . ., 
thl1tJO1:lJ1'l0'l 36.46• 

1~'W~tl~l'I1m i ~ iJ ltlffl'l1 iltl~~tl'W'I1~tl l~iJff iJo~'W 'q'W 

2.1 flW~:lJU~'V11~01[lm'Wll'l::afliJ(Physical and chemical properties) • 
~ 

~tl~I'l1'll, O1G)f 

llJiJff
 

Q'W

• 

36.46
 

'"
 ~fllfltlfl 53°C 

'" d'il fI'I1 'l tl:lJ I'll 'll/'ilflWtl ml~~ 
., 

ml:lJ(b~~ll'Wl~('\.Jl= 1) 1.18
 

ml:lJ'I1'W111'l1'W ltl(m01ff=1) 1.3
 

'"ml:lJ'I1'Wfi (mPa.sec) 0.0148 

flll:lJ~'Wltl(:lJ:lJ.Un)'VI) 190~ 25°C
 

,01 " ,I I 3 <!I 3 d

1ll"lflll'lmllu'l~'I1'W1[1 1 ppm = 1.49:lJ0.!:lJ 'I11tl 1 :lJ0. /:lJ =0.67 ppm 'VI 25°C 

'j/ '" <!I
, 

'"
., 

I/) 'j/'l
~tl'lqj'l'V1l~01[lm'Wll'l~lfl:lJtl'W "1 ~11'W~1:lJl1t1'l~m[l lfl 'WW'VI1'Wtl'l
 

flll:lJfl~1'l111'l~011InflUan~m (Stability and reaction)
 

QJ.cs. ;:0. .cs. 9J ~ 91 d
ml:lJfl~l'll'V1l~lfl:lJ ~11 'W :lJflll:lJl~t1 [11 m[lil'l~m1~ UOI'l'IJtl~ OU i 'lfll 'l~ OU 10 'U 

m'lf'W ~'Un 'il~tl~~11 m'illn'flO1111I'lOtltlml'l~ 1~IUfI l~lrltliY:lJHml'Ufl1l:lJ~ tl'W• 
d 'j/ '" I/) '1/) 'j/l 'i 1/)" I/) 1/)" "''' d ?I 

~U'VII~lO'W 1:lJ lfl 'l'l1~ 1'l'l1~tltlO lG)ffl Igfl1tlO lG)fflltl:lJ'W flU'Utl!'W1'l ~U'VIlu'WI'U~ 

..; • I/) 1/)" '" I/) ,01 " ,01 '" '" I/) " 
1l'l~~11tl'W "l1'lf'W 1G)f[lll'W'fl G)f'l ll"lflll'l~l"ltl:lJ'lfllgfl 

~m1~~fl11'\1~m~[I~ml:lJ~tl'W 1l'l~011iY:lJH~1f1[11'l1~tl'Ull~~ . .,
C!QJ..clq QJ..t!l t::!QJ QJ QJ Y .4::::lo 

~11Ifl:lJtl'W1'l1l[l'VIlflfl'il10011~m[l1'l1 1:lJ tl~U 'W~:lJ H~O'U fl1l:lJ Hl'W 'il ~ IOfl 011 
, .,., 

~'l l[l1'l1Im~ucitl[l~:lJ/fllU'IJtl~19lf111'il'Wfl'ltlI 1fi'vhil'Wvhlll'l~'il~lnflUan~mtl'U'\.Jl'l11tlltl'\.J 1 

"'-1 i Mlnflflll:lJ ~tl'W ll'l~ Infl~:lJ'I1~tlfll'U'IJtl~~11~lil'UVl'l:lll'ldiq'VIt011 ~m[ll'll'IJtl~~11 'ill 0 

Uan~ mtltlO~lfl~'U littl~ 'illOml:lJ~tl'U 'il~"'l i Mlnfl~:lJ!fll'U 'lJtl~nlG)flg 1fl11 'il'U ~~~1:lJl1 m ~l Ufl 

,~ 
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f1l':iloN~\lf1f1~'I1lJltl toNt'Wf11'jfj~1'I Chloride U~~ Hydrochloride !~'W~';l!'i-nJaf1~tI1 
.d. QI 0 <it QI rlt:::Ii.d. rI g"o ~ g"o QI 

'Vl1~!'fl1JU~~1'I1'Y11~~mtl~ 'W f11'JiH!m 1~'I1~'W'YI'jt1{1'l'j '1 ~'1 f1~'I1lJltl'flTUfJ1J 'il1'1!11 'W 11'1 Q~ 'W 1'1 'j 1tI 
, 

t:::Ii .d. QI QI~ QI g"o 

'If'WI'I'YI 3 1'I11J't'l'j~'j1'lf11tytyI'l1I'1Q~'W1'I'j1t1 't'l.ff.2535 

4. il1~o~i~n (Acetic) 

: 'J! ~ d.d. QI , t:::Iit:::li ~ .... I .d.t:::Ii.d. rI t:::Ii .& 
m 1'1 'W 1'ff1J '11 'j ~'YI!'j tlf1 f1'W 1'111J'j ~ 111111m1'1 U~911'1 f1 !11'W{l'1 'j u 'j ~ f1~11!'fl1J~'W 'YI 'j t1'lf'W 1'1 '11 'W ~ 

I 'jI 'jI r I I 

nij~~t 'W'I.J l~1J{I'lt1'!f fi~ t ~'jmm t11U~~f1~'W'q'W ml'lu~91~m!~~~1nfJw'l1 tJiI~lW<h 16.7°C ij 

., " 
~mm'!~!~'Wfj~f1 t{l' m l'I'lfiJfl'wijq'YITitll'lf1i~'W 1~'U~~m l'I{I'llJl'j f1111 t ~I'Im~~ 'illqJm ~'fl1mfi~~ U~ 
t:lQl.d. d~ I : .&.d. rI QI QI GJ I : <it 3J
f1t1~1Jq'YI1H11'W ml'l~~'W'I11f1(1~mtl'W 1 91~1Jtl'j~ ItI'lf'WlJlf1t 'W f11'j'U'ilI'II'I~m'W ~ 'W'YI~'W1 ~ 'W1'l1'W 

""'" 'I jJ?I'" <!t _ I .,;
~I'I{I'1'I1 m nm1'111'j mI'lU~GJlI'lf1 ~ 'If!u'W 11'1m'iI~u'Wm'l1l':i !'t'l~'flTU'fl1J 

.,;
 
'lf~ 1'I11J'j ~ 11 11
 

{I'm 11J!~ f1~ CH COOH.. . 3

".X1'I'j Im~'ff~NUUU SMILES CC (=0) 0 

1J1~ 11Jmf1~ 60.05 g/mo1 • 
~f111W~flltl'W~f1 'U~~!'I1 ~1 1~ijif'l1 ~~fj~f1 

m11J'I1 'Wmu'WU~~ {l'f1 1'W~ 1.049 g/cm
3 !rl~~~t'W{I'm'W~'U~~!'I1~1 
3"; ''I ~ 

1.266 g/cm !1J~~~ ~'W{I'm'W~'U~~u'U~ 

16.17 C (289.9 K)(62.1 OF) 

118.1 °C (391.2 K)(244.6 OF) 

1.22 mPa s at 25°C 

!it~~ 'il1f1f11'j 'YI1'1 ~~ ~'YI1~ !'flij ~~~!~t11~~~ tl11 {l'1'j !'flij !~'W ff1'W t'l1 ill Uf1fff1111~~'fl 1'j 'YI 'j 111.. 
, ., 

f11u'W~'lh~W'l t 'Wf11'j loNm'j!'flij !ri~~I'I!~'W'I1~f1tla1i'~~~u 

5.1 t ~ill'lil1t1~~{I'l':i !'flij~fll'lf'W~1J'j 'j 'iI{1'l'j !Vi~'iI~ 1~'YI'j11111fllti t 'Wfll'lf'W~~~u"~~f1~11 
., • 

t'Wf11'jU'U 11'j'j'il{l'l'j!'flij'lflJl'I '1'111• 

5.2 ri~'W 1oN{I'l'j !'flml'l"lm'j~l'W~~11'WU mf11~UU 'W t'il11!~'W (l'l'j!'flij~~~~f11'j 1oNt 'W f11'j 
'jI I. 

'YI1'1~~~'I1~~1~ 't'l~~1Jn~~TL..!~~m11J'I1~m'fl~m'l1lJlmfitl1tl11~~m'j'j~1~~1~"l~1t1 U~~!jj~ 
jJ ~,,,,~-k
1'I~~f11'j 'iI~ill'l ~lf1mHI1'W l) mf1~f1'fl'j~'I1'W~ 

I 
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tI1llfh1M'ln~t1U~Il1\Pl'~

5.4 t1~11~ff1<,j Ifl~mtlty:htn'\..nJ~mw ~fhH'W~ , 1'1'Wf11<,j 'YI~~t1~I'Vfj 1~ tI1ll't111M' r-.l~f11<,j 
" ".

'YI~~t1~'I1'W ~fld111 ~~'V'l~1~1l [l~ln~fl'W\Pl<,j1t1'~ <,j 11111~M'1111'YI ff1<,j ~hu '¥hn'Wmm,'U~'W~~ 1'W 
, I I 'j/ 

fll'lf'W ~fl'W l~ II I'Ut1~ 111 fun J ~~flci 11t11ll (] fll1I~t1'W ff fll'V'l'1I1l1fll~ llliJtI bYll Nfftl1f11ffl1 j tIfld11191'W 
OJ 

" 
5.5 t1fhl\Pl~~t1~ff1<,jlfl~ 1~t1 '~~ldJ'W 1'V'l<,j1~ff1<,jIfl~lllPl~~'lfiJ~~1'W ~ fl'W\Pl<,j1t111~ff'W'~ 

d 'jJ

mflfl'WtltI 

5.6 mfl~ff1<,jIflij111t1~~g'Wl~l1fll~t1~I'YItl~ 1m'U't11fld111ff~tI1~1~t111'Wl1 

5.7 m'~1l1fl1~ff1<,jlfl~II~11m'U1l~~hu1~1~t1li'Wl1I~t1{jtl~n\..IfI1111i'Wll~~f11n~ll1t1 
" . 

t1t1fl' 1I'tltl~ff1<,j (mflltl'W'tltl~ll1m) i 11111~ltl'Wf11 'J{jtl~n'W '~1 M'r-.l~~'Wll~~ff~1 ~t111'W1Pl1~"l \Plfl~~ 

m1'W'tl1~ff1<,jlfl~'~ 

5.8 mil1~~t1'WlP1flff1<,jl1jm1~t1~11t1~ ~1 ~n'Uff1<,jlfl~'lfiJ~11i1~ '111~i 111n'Uffn lfl~ijfl 
..k ~" 

'lfiJ~l1'W~ 1'V'l<,j 1~1l~'t11 1M'ff1<,j Ifl~'lfiJ~l1€l~ '~'U~ ff'YIn (In~f11<,j1l'Wltltl'W) ll~~tI1lltitl 1M'ln~lltiffVi'l:l• . " 
l1~t111Bn~tI1l1~'\.Jl1 <,j ~~'\..lm ll~ 

,;, 'jJ I _ I'" '" I 'jJ ="l _ I 0' 'I 'JI 'JI 'I 'JI_ I 
5.9 Illtl\Pltl~f11'Jmm'YIu<,jmwff1<,jlflll\Pl1~"l mll !'lfu1fl~1t1ulu\Pl\Pl f1d<,j !'lf~fltl1~~~ff1<,j 

~~ih1l\Pl~1~tIl~~'tl1~ 
OJ 

5.1 0 f11<,jri1t1l'YIff1<,j']fiJ~11 i1~~~~ff1<,j ~fl'lfiJ~l1i1~J'\..l f11<,j t'YIff1<,j r-.lfflln'W l1~~.wtltl 1'\..l f1f~ 
, ,iJ iI I 

mfl lYitl{jtl~n'Wfl'\..l\Pl<,j1t1l1t11llln~~'\..l'~~~mfl'~~fl'\..l\Pl<,j1t1ln~~'\..l1M'1'YIff1<,jlPltl' 1I'~ljtltl"ll1~~ 
'j} 1 ..=s "l..o=:r.,..I.o::::l, ~ l.d Q,I ~ el lit 3J,..I~ rI'j/ 31 _I-C:!. Q,I..::::r.

'WtltI ll\Plmfllltl~ !<,j r-.l~ufl\Pll1 <,jtltflH11\1~lltl'W\Pl<,j1t1lfl~'tl'\..l !l1 U<,jfl'l:l1t11\11<,jtl~fId'UfJllu{pJ\Plf11<,j 

titl'\..l~\I~I~llff1<,j ~ 1'\..l 1'\..llPltl '[11 
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!fl~f)~3jf)!!~~fltJf1~tl1fh111'U f11~'t1~~f)~ 
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2 

3 

4 

5 

24 V. 

30A. 

, ,"
~ Q.I 0 Q.I .eI QI 

~f1~'tI~'lf~'U1'11'WfWI11lJ~~~'tItI~0.0001 fnlJ 

,<v d 

111'W~1f1'W 'ffl~ ~f1lJ 

" ~'W ri1 'W11~ 'ff!~ 'W fI1 rt lJ\Pl 
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8 

6 

7 

9 
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10 

11 

12 

13 

., 
ril'Yi11H'th~jhN 1ut,rmr~ 

'\J1fl'VHn~~f1 ('lftJfl PP) 

1000 ml. 

500 ml. 
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'U 

14 

15 

16 

17 

o "'" 
fllfHi'U1U 

CI otl'I 300°C 
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18 

19 

20 

21 

'" 1~'J 'I ~'U ~'U '11'U t 'U f11'J'Vl~l;leJ'I 

, ,'"
t~1eJ'I~'1il1'l1'1!f1'\J'U1~2 ;!1l;lf1i'1l 
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23 
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o '" 
fI1 tJ 1i 'lJ1 tI 
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a m~mb"r of NSTOA 

MTEC No. 1971/51 . , 
11fJ~1'UNlIn11111111:" 

u .. 
l'UJl11fJHU 1 mnlJlfllJ 2551 

.. " tI .. 
~Wlnl1f1\l lnlt'l'~: 

flW:ll'l'lnnlJl'l'lff"{ 1Jl1l1J1lJ1alllJlfli\lll'liinWlHfllll't,:\lfl1 . ... 
1381 (l.l't1Jl'lff~fll1lJ UH'lff) fll~IJll't., 10800 

lmtm'l'i' : 08 1889 1409 lmffl' : 0 2913 2424 pjf) 175 

l1'f)~U6lliifll'1Ifll1:l1an~W:II1l'tl:'lJf)~IN 

~1\ll1'f)~U6UAfI1'lfl~f)~jjf)'l1flfff)U.tl·lu 

fJ\l6Lnfll\l1I'liiillH:llll:1ff'lllli~.1~ 
.., ... ., '" ,
l'UYl1UfllefJH 27 iiCJ\llll\l 2551 

30 iiCJ\llll\l 2551 

IN11'lH: Iil\ll\l 1 Pilf)lh~ 
, ... .., 1 

m1UUflltlfJH End mill ~lllffl' HC) + H,O (1tJf)U) 

Ill;e.memnlfl11:M Mastersizer-S, Malvern Instruments Limited. 

IJlfl;l1l1'Um1llfl11:l1 Laser diffiaction Technique 

lum:mll'Un111111'j l:~ He-Ne laser source, A:633 nrn. 

Beam Length : 2.40 mm. 

Particle size range analysis: 0.5 - 900 /-lm.
 

Dry powder feeder unit (MS64)
 

Dispersing medium: Air
 

Feed rate: medium
 

fhPi.ihi'mH'lJf)~llilf)riH : 1.5295 (as default)
 

Iil\l1\lfli~'UfIln1flllf)~ 3 flf~
 
Laser power: 66.5
 

.. U • 

nl1lf11nUfilenH I. \h9il11lh~1J11f)UH1USieve 'lJ\llfl 500 11Jfl1f)\lI~f)fifldlU~ij'lJUlfl 

'Hqjliiu;fl;lrifl'lJll~lfl~f)~jjf)~':11'1'~f)f)mif)u 

2. lhllilf)riH~~Il~nnllt1":H"'Uf)U'tifl111J4u~ 50°C U1U ) flU 

3. 'lnJu\hilf)riHf)f)nlJll~U H'u Desiccator lld'l'~lhllilf)riH 111,11 

fIl,llfl,,:l1.{llllfl~f)~ Mastersizer S 

MTEC No. 2971/51 1/4 MTEC"" 
~"ti'~. ~t"tllil1.".Ull.';'~U".lI,a National Metal and Materiels TKh...~fNSTDA 

d'l~n,n...w~, '~YltJ''''flUiflifi:LYll'lt\..lltlUu.'''~"I!'\~ National SclellC:i' and Technology Eleve'opment Agency 

114 ~'ntn'U~'I'lU'lIl'1"t'lfJf:lVlil\\'VItJ m.lU",,\l'flLUf p:j'lU"~~fJ~\-t~ tl"ll..'1tirlflt"lIM-l 1\4 Thailand s.cienc~ Pllrk, Phahonvothln R.oad, Klong " K1or19 luang. Puthumthan. 12120 Thailand, 

~~"~,,tJ"JaJft'l\l12120 LVl,.,i'l'l,l" i 150-' 6500 h1:fft'l? 0 2S6,4 650'\-5 Tel. +66 2564 6500 Fa•. +66 2564 15501·5 hUpi/www.mtec..or.th 
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I 

I,ll 

.. . 
H0011111'111::," : 

Q tI ~.." .c:iFH,m~1Im'::'I1'U'U'~lIa::nr~m::'iI'V'U'U'~fl~11lfltl1mmtH Masterslzer-S 1In'~~~~",nnl Ilia:: 

.. 
It:lnn'ulI'U1J'rl 1-3 

Volume mean diameter 75.25±1.l475.76 73.9576.05 

10 volume % less than or equal to D 4.93 4.855.03 4.94±0.09 
------l----+---+----+---------4 

50 volume % less than or equal to D 51.29 51.16 50.21 50.89±0.59 

90 volume % less tha" or equal to D 194.24 193.57 186.95 191.59±4.03 

ll1l1rJ1'Hf:) : I. fl111Jl1\l1111hma:: \l~H11il1Yll::~Un'fUH1\lltlOn'11U'UlIli'J\lfh~,j~Hl\llfl~tl~ 'lilri!l1~tl~till 

n'1JU;i 'U tl~ n'lnj'1tllh~;;U l1Jl'rl fln'tlll 

.d I., I"';''' d I ... .4 ...l • .. ,~ 
2, 1Jtl~1l1f1111~n'1U'Utl~"1tl!lH'rl1J'U\llfllflOn11'Uflfl111Jt'I'l1Jl1(l'Utl~lfl1tl~1Jtl'rl1l::'rllOl11fl " 

(0.5 - 900 '1Jfl~1 tl\l) 

3. ,j1tllh~H~ 1al1:: End mill ~1!lt'l'11 HCI + H,o ('litlll) Qmh1J1itl\lHl\l Sieve mesh no.35 (500 '1Jfl1tl\l) 

ritl\lUl,j1tllh~hhilm11Ifln::111fl!l1fll1U'0,j1tltimf~l11Jfl 57.2627 011J= 

• ti1\l~1111Jl1Ifl11::11;;flli'J\l 61.31 % 'Utl~H~,j1tltimf~l11Jfl 

- ti1\l~'lli'ft'Ul1J111fl11::11;;'Hi'J\l 38.69 % 'Utl~H~,j1tltimf~'I11Jfl 

180cn111'UU : 

.. tI ., , 

Han'~1Im'::'I1'U'U'tUm::n~::'iI'v'U'U't'lfl~Il'fl'UtH"1flV1~ 
1-3 

End mill ~1Vn'U He} + ~o (1!jfl1J) 

MTEC No. 297 115 ! 3/4 •.... 
MTEC 
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1\11 

;ffi
 
(UllJt'fl1ll1n tj'llt'fllJ) 

L~111U'1~H'o~l1ij,j~011 

f111111l'8UTilll : ~~
 
(il1.n11Ji~nj' ;]OJOJIi111JlmW) 

H111U'1H'o~l1ijU;m1 

MllltllM,! 

l.	 '3'lO~ '1i81l1lJ11l1M'~nmlln'll LihJl"lJ M;SI116ouIl11IlmO~lU M;8riluM~~rhutll"HllO~lU I~UlIt,i.:'~i"1J 

61l1lJ1IIL~UlllOnmIW8mJ1 'In'3'lO~ 

2.	 Yll~'3'lO~ WrlllJliOi"lJHIl'lfSlJl'i61111IJLillilflOtll '1 ~':Lnll~U 'li·illIlO"1~IIHM;8"1~«61J tUn1Iii~1l1'6Vfl FlfI 

• ' ''.1 •• •• "'~.ltJ!'l • • 4 .1 ... d
m11111n:M '116rlj,llIl1611111U:UllllJlJU 111 'tlunU86nLllJlJ m1HIlil M1611l6'"lJ1:rl~II IllnllllJ 

3.	 FlnnlnIIl1l6~I~U \1;~11l1l1:i161h~~1l11J1""rl8lJl'lhJu 

MTEC No. 2971/51	 4/4 

MTECil 
• member of NSTDA 
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MTEC;:" 
a member Q' NSTDA 

lenll1lwuii 1
Result: Analysis Report 

Sample DelIlils 
Sample 10: End miN Run Number: 2 Meesured: Mon Jun 30 2008 1:32PM 
Sample File: TS2971 Reeonl Number. 2 Analysed: Mon Jun 30 2008 1:32PM 
sample PlIlh: 0:IDATASIZE\TECHNI-1\TECH_51\ Resua Soun:e: AnaIyaed 
SImple NolBs: Medium : ~r 

Feed ra1Il : medium
 
NolB : Semple was dried at 50 C, overnight
 

: End mill with HCI+H20 (not dried with 0\1IIII)
 

SyslBm Details 
Range len8: 300 mm Bellm Length: 2.<40 rnm Sampler. MS64 Obscuration: 29.5 % 
P_lBtion: 3RHA [Pertic18 R.I. z ( 1.4500, 0.1000); Dispersant R.I. = 1.0000) 
An8IyaiS Model: PoIydi8perse Reeidual: 3.015% 
Modilicetione: None 

ResuN Statistics 
Distribution Type: Volume Concenlration = 0.0403 %Vol Density = 1.000 9 I cub. an Specilic SA = 0.5672 sq. mig 
Meln Dl8melllrs: O(v,O.l)= 5.03 um o(v, 0.5) = 51.29um o(v, 0.9)= 194.24 urn 
0[4,31= 76.05um 0[3,2]= 10.56 urn Span = 3.669E+OO Uniformity = 1.066E+OO 

Size Low (urn) In'll. Size High (urn) UndeI% Size Low (um) In'll. Size High (urn) UndeI% 
0.49 0.26 0.56 0.26 22.49 2.78 26.20 32.04 
0.56 0.50 0.67 0.78 26.20 3.23 30.53 35.27 
0.67 0.64 0.78 1.42 30.53 3.74 35.56 39.00 
0.78 0.61 0.91 2.03 35.56 4.26 41.43 43.26 
0.91 0.57 1.08 2.60 41.43 4.74 46.27 46.00 
1.08 0.51 1.24 3.12 46.27 5.10 56.23 53.11 
1.24 0.45 1.44 3.57 56.23 5.30 85.51 56.40 
1.44 0.40 1.66 3.97 85.51 5.29 76.32 83.89 
1.88 0.40 1.95 4.38 78.32 5.10 88.91 66.79 
1.95 0.45 2.28 4.83 88.91 4.n 103.56 73.56 
2.28 0.57 2.85 5.40 103.56 4.36 120.87 n.91 
2.85 0.74 3.09 6.14 120.67 4.02 140.56 81.93 
3.09 0.96 3.60 7.10 140.56 3.85 183.n 85.78 
3.60 1.19 4.19 8.29 163.n 3.78 190.60 69.56 
4.19 1.41 4.88 9.71 190.60 3.83 222.26 93.19 
4.88 1.60 5.69 11.31 222.28 3.17 256.95 96.37 
5.69 1.74 8.83 13.05 258.95 2.27 301.66 96.64 
6.83 1.84 7.72 14.89 301.66 1.36 351.46 100.00 
7.72 1.69 9.00 16.78 351.46 0.00 409.45 100.00 
9.00 1.91 10.46 18.69 409.45 0.00 4n.Ol 100.00 

10.46 1.93 12.21 20.82 4n.Ol 0.00 555.71 100.00 
12.21 1.96 14.22 22.59 555.71 0.00 847.41 100.00 
14.22 2.04 16.57 24.83 647.41 0.00 754.23 100.00 
16.57 2.19 19.31 26.82 754.23 0.00 878.67 100.00 
19.31 2.44 22.49 29.26 
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a member of NSTDA 

.. 
11'InUlll1~Vn 2

Result: Analysis Report 
Sample Details 

Sample 10: End mill Run Number. 3 Measured: Moo Jun 30 2008 1:32PM 
Sample File: TS2971 Reconl Number. 3 Analysed: Moo Jun 30 2008 1:32PM 
Sample Pd1: 0:IDATASIZElTECHI'lI~1ITECH_51\ Reau_ Souroe: Analyled 

Sample Noles: Medium : Ail 
Feed rate : medium
 
Note: Sample was dried at 50 C, O\I8lT1ight
 

: End mill with HCI+H20 (not dried with OWll'l)
 

System DelaiI& 
Range Lena: 300 mm Beam I..llngth: 2.40 mm Sampler: MS64 Qbacuration: 27.7 % 

~ntallon: 3RHA [Particle R.I. = (1.4500, 0.1000); Di&persanI R.I. = 1.0000) 
An8Iysia MocIeI: PoIydIapeIllll ReeiduIIl: 2.948% 
Modifications: None 

Reau_Statillics 
DIItr1lullon Type: Volume Concentration = 0.0387 'l(,Vol Density = 1.000 9 I cub. an SpecIlic SA" 0.5n1 sq. mig 
Mean otamet8I&: 0(v,O.1)= 4.93 um o(v, 0.5) = 51.16um o(v, 0.9) = 193,57 um 
0[4,31= 75.76um 0[3,2J= 10.40 um Span =3.667E+OO Uniformity = 1.087E+OO 

Size Low (urn) In'll. Size High (um) Under'll. Size Low (um) /n'l(, Size High (urn) Under'll. 
0.49 0.28 0,56 0.26 22.49 2.76 26.20 32,29 
0.56 0.51 0,67 0.80 26.20 3.20 30.53 35.49 
0.87 0.66 0.78 1.46 30.53 3.70 35.56 39.19 
0.78 0.63 0.91 2.09 35.56 4.21 41.43 43.40 
0.91 0.59 1.06 2.66 41.43 4.70 48.27 48.10 
1.08 0.53 1.24 3.21 48.27 5.08 56.23 53.18 
1.24 0.47 1,44 3.67 56.23 5.30 65.51 56.48 
1.44 0.42 1,66 4.09 65.51 5.33 76.32 63.81 
1.68 0.42 1.95 4.51 78.32 5.16 68.91 66.96 
1,95 0.47 2.28 4.96 68,91 4.85 103.56 73,82 
2.28 0.56 2.65 5.56 103.56 4.44 120.67 78.27 
2.65 0.76 3.09 6.32 120.67 4.02 140.56 8229 
3.09 0.97 3.60 7.29 140.56 3.76 153.n 86.04 
3.80 1.20 4.19 8.49 153.n 3.62 190.80 89.67 
4.19 1.42 4.68 9.91 190.80 3.47 222.26 93.13 
4.68 1.60 5.69 11,52 222.26 3.08 256.95 96.22 
5.69 1.74 6.53 13.26 256.95 2.29 301.66 96.51 
6.83 1.83 7.72 15.09 301.68 1.49 351.48 100.00 
7.72 1.89 9.00 16.96 351.48 0.00 409.45 100.00 
9.00 1.91 10.48 18.89 409,45 0.00 4n.01 100.00 

10.48 1.94 12.21 20.83 4n.01 0.00 555.71 100.00 
12.21 1.96 14.22 22.80 555.71 0.00 647.41 100.00 
14.22 2.06 16.57 24.86 647.41 0.00 754.23 100.00 
16.57 2.21 19.31 27.07 754.23 0.00 878.67 100.00 
19.31 2.44 22,49 29.51 

VoIume(%) 
10 r------~~-- --_.~---.-~- ..~-~--
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IllnQ11l1yuYl3
Result: Analysis Report 

Sample Details 
Sample 10: End rniH Run Number. 4 Measured: Man Jun 30 2008 1:32PM 
Sample FIle: TS2971 Record Nurnber. 4 Analylled: Man Jun 30 2008 1:32PM 
Sample Path: 0:IOATASlZE\TECHNI-1\TECH_51\ Resuft Source: Analylled 
Sample Nolle: Medium :Air 

Feed rate : medium 
Nolie : SampIll was drilld alSO C, CMlI11lghl 

: End mil wi1h HCI+H2O (not drilld with 0YeIl) 

System Details 
Ranga I.8ns: 300 mm Beam Lenglh: 2.40 mm Sampler: MS&4 Obsantlon: 29.4 % 
P_lalion: 3RHA Iparticle R.I. Z (1.4500, 0.1000); Oispel&anl R.I. = 1.0000] 
Analysis Model: Polydlsperse Residual: 2.963% 
Modllicatlona: None 

Resuft StatIstics 
Olatribution Tl'P8: Volume ConcentJaliOn = 0.0388 %VoI Density = 1.000 9 I cub. an SpeciIIc SA = 0.5864 sq. rn I 9 
Meln Olametets: o (v, 0.1)= 4.85 urn o(v, 0.5)= SO.21 urn o(v, 0.9) = 186.95 urn 
0[4,3J= 73.95 urn o[3.2Jz 10.23um Span = 3.627E+OO Unilormlly z 1.080E+OO 

Size Low (urn) In% Size High (urn) Under% Size Low (urn) In% Size High (urn) Under% 
0.49 0.29 0.58 0.29 22.49 2.84 26.20 32.n 
0.58 0.53 0.67 0.62 26.20 3.27 30.53 36.04 
0.67 0.67 0.76 1.49 30.53 3.75 35.56 39.79 
0.76 0.65 0.91 2.14 35.58 4.25 41.43 44.03 
0.91 0.60 1.06 2.74 41.43 4.69 48.27 48.73 
1.06 0.54 1.24 3.26 48.27 5.04 58.23 53.76 
1.24 0.47 1.44 3.75 56.23 5.23 65.51 58.99 
1.44 0.43 1.68 4.16 65.51 5.24 76.32 84.23 
1.68 0.42 1.95 4.60 76.32 5.09 68.91 69.32 
1.95 0.47 2.26 5.06 86.91 4.62 103.56 74.14 
2.26 0.59 2.65 5.67 103.58 4.47 120.67 76.61 
2.65 o.n 3.09 6.43 120.67 4.16 140.58 62.n 
3.09 0.99 3.60 7.42 140.56 3.95 163.n 86.72 
3.60 1.22 4.19 6.84 163.n 3.76 190.60 90.49 
4.19 1.44 4.68 10.06 190.60 3.49 222.26 93.99 
4.68 1.62 5.69 11.70 222.26 2.94 258.95 96.92 
5.69 1.76 6.63 13.48 258.95 2.00 301.68 96.93 
6.63 1.65 7.72 15.31 301.68 1.07 351.48 100.00 
7.72 1.90 9.00 17.22 351.48 0.00 409.45 100.00 
9.00 1.93 10.48 19.15 409.45 0.00 4n.01 100.00 

10.48 1.95 12.21 21.10 4n.01 0.00 555.71 100.00 
12.21 2.00 14.22 23.10 555.71 0.00 847.41 100.00 
14.22 2.09 16.57 25.16 847.41 0.00 754.23 100.00 
16.57 2.25 19.31 27.43 754.23 0.00 676.67 100.00 
19.31 2.SO 22.49 29.93 



234 

ft1 Obscuration flO th~O~mfllJ1ilflU~ (1JflU~) ihlln~IllI'llof~l'i~OtlnlJ1 
.1 'd ,~ ''"lJ!ol 4 '1 ' 1"(LUOiL'II\l9\) 'II~'lI1nl ,. L\l0l1YlQ111l119:llg \l'll1~ 10 - 30% \l011l1 

, : I ... • ,,: 

I. fl1 Obscuration i'l1m1 10"10 m111mWIJO~ft11lt'l~IlU'llOnl1 

2. th Obscumtion 1J1nn1130% Q:ff~FlftYi1lHtiiAtJ11O{lm1orMulti. 
scattering (m1nmi~1lt'l~llUUl1I11IJi\l) 

ft1 Residual flO fl1fl11lJHAYlrl1fl1\lm1ilfln:H'O\ltlln:liiflQ1nFlft 

4d 4..... '" ~ 11' w,.I.
f1HtllMfl10\lnt'l' L\l1l1ll:f10~mfl Ll1ftl'U1t!1'llIHI1l1ll:f1f11mnlnQ1fl 

~~fl1ri'~fl1mlii\l 5% 

ft1 0 14, 31 flO thlll~IJl~\l~1\l~\l6nftHO~mfl1\l1;;~tJ;1J1fl1 

ft1 0 (3, 21 flO fl1lllalJl~\l~1\l~\l6nrlHO~mfl1\l1;;~-i\l~H1 

ft1D lv, 0.11 flO 10 ItJO{lclt\ltifllJtJ;lJ1i'11~YlUO~mfl~jj1l\llfllgnn11 

l1iol'rhtiu1I\llfl~ilfl11:11'~lrt\l 'lJfl10\l 

li1 0 (v, 0.51 flll50 ltJO{I~\l911AlJtJ;lJ19\1~YlUll~mfl~n1l\llfllgnn11 

l1illlfhtiml\llfl ~ilflml1'M\l'lJfl1o\l 

ft1D IV,0.91 flO 90 ltJll{I~\l~lfllJtJ;lJ1i'l1~YlUO~mfl~jj1l\llfllgntl11 

l1itlllhtiu'I/\llfl ~ilfl11:11'~ln\l'lJfl10\l 

, .., l' 1 w ,"~.J w 

111 Span flO fllfl111JmH \lm1m:'11Ji'l111ll~O~mflflLlJ1I\lnU 

fl11i1l1J!1\l (D [v. 0.5]) 

I • I ...; '" .. 

I'll Uniformity flO fllmnflfl'lllJIUIJ~IU\lt'l'lJ\l11l1Q1nfllIJ1l1J!1\l 

(D [v. 0.5)) 

,. 4. f I .""llo . A • I I 

111 Specific: S.A flll fllYl\lfl"'1Q111'l1:'II~fl1\l11l1Q1nfl1fl111J11\l11l\l\l 

....... " ,.J. ~ "
I 

'I/ll~Olitl1flfl1Ifl11:111In:fl1lllnlJ1l0~ln\lFl1\lU\llJnrlH1IO~O~mfl 

1\l1;;~-i\l~H1 

MTEC No. 2971151 2/4 

• mellibe, of ~JSTDA 
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'ill 

.Q G fjJ 4 
.:.1.2 Nimn~n'ill!fl'il~'t'iVllmfl·H).:.I X-ray fluorescence (XRF) mt~ X-Ray Diffract meter 

(XRD) 

MTEC-'" 
a member of NS"tOA 

MTEC NO.33116/SI 

l'1l~mlHU 11 ii~'rllt1lJ 2551 
..,.. .. d 

A100Hllln 'Ultllnn\ll'U 1nli'lnl~ 

.... ..... 
fllU~lfflflnlJffll'l'\II1 1381 11.WlJ~1l~mllJ 

...;, 
UWYV fl~~\YIW1 

lmflwYi': 081889 14091mll11: 0 2913 2424 ~V 175 

M'V~UDU~ f111LVIl'll11U~rJllyj ~ lli'Ull~~ll)fl'1l116rJ~VVIH(l'1l'U rl 
mll1'v~uDmfll11t1~v~i'jV'lWlllvul1'1'hJ 

U'UulYIfll'Ul~U1~lI~ll~dll'lll\i~'lfl~ 

30 Il1IlQlfllJ 2551 

"" ...... . 
1'1lYl1If111~1I	 30 fl1fltjlflIJ - II ii~'rlllllJ 2551 

11fl ~ 1~t11 fl ~ ~llf Nll~~!ll~ U~~fll)lJ 1'Ui11V Ul~ 
u ,.. • 

f110lJHYl1Ifl'1~'1	 N~ 1~1I~ I i11VU1~ 

, .. "" I 
m1U~"f11j)lJl')	 N~ 1~1I~~lflll1:lJ1'Uf1l1 RCI 

Ifl~lI~i1l1yiHi!ml~t1	 I) X-ray diffractometer, lEOL JDX 3530 

2) X-ray fluorescence spectrometer, Philips PW-2404 

I) X-ray diffraction 

2) Semi-quantitative X-ray fluorescence spectrometry analysis 

Step angle ~ 0.02'; Count time = I sec; D-, R- and S-slits 1'.0.2 mOl 

XRD and I',respectively; Target type: Co; Tube vollage.= 30 kV; 

current = 40mA. 

i1nll~m;l'llfll1ilfl11~t1 : Temperature 25 ± 5 'C, Relative humidity 60 ± 10 % R.H. 

XRF 

m'I,,1lJu.rl0Ih~	 I) XRD: n"i1VUNn~''U sample holder 1l~1111'u11ml~t1 

2) XRF: n\llPilVfh~1tl'I~'UI~"'IJ'Ult1It\''Ufh'UU'UUfl~N 3.2 em 

1l~11il'U11fl11:t1 

MTEC NO.3306/51	 1/4 • member of NSTDA 

e\jli'V"t\jtRmR""URd·_~u"."~ Netlonel Metelend Mete,lel. Technology Cente, 
ft,'I!."~'\.ltillN,", -ijYl(J'PII,tlflf~tl:::l'Y1l'll1.1t'ilij~~"'~'I'~ National Science and Technology Development Agency 

1'4 ~'YIU'\.l~f1(J'PII'fhllfl.lf:~YlPII\flP.J m.lU~\lfllt;~", lIi'1Jtll'lfi'El"\ld~ fi'U"'I'!IPllflt)-l'V:fiI"~ 114 Thailand Scienu Park, Pl"lahonyothin Road, Klong I, Klong Luang. Pathumthani 12120 Thailand. 

"~",';"tl'l1ol1:l1.y 1:212Q t'fl1';~-,i' (, 2$611 6500 lmtl11 0 256" 6501-5 Tel, +66 2564 0500 Fax. +66 2564 15501-5 hrtp:/fNww.mtec.Of,th 
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1m 

nl11Ifl11~'; "RD: 
Q '44" .". ,p .... J ""d,"

~lfl, m 11m l~I1IYHlllfllJlilHill, ~ flil1J1J ilHl1ilUH\'11VlYlfl U fI fllWW11lJU \lil~' ~l'Oil fl'll 

il~tlll, ~flil1J;:nfl111Jlil\j'In/(ll11fl~m\jmm~ I 

c"'" 
. -" 

N~lll'll::;nf) Tungstite - W03.H20, [43-0679] 

Tungsten Oxide - W03, [20-1323]'0,"",'"'' no ~ 

MTEC NOl306/51 2/4 

MTEC"l'1 
• member of NSTDA 

_Id ..... i 91 
~1JYl ~.9 FH'1mdl'ld1'iJ1!ml~l1FN ~11~1'l1tJ X-Ray Diffract meter (XRD) 
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----- -------_. 

I 

J 
I
i
I 

I 
--! 

• member of NSTDA 

~u~ ~.lO 11J'Jl(J~1'Wmlfll'JmJiJrrtJ1HN lfll1::;~JfJ X-Ray Diffract meter (XRD) leJnj;1'l'JU'W1J~ 1.1 
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';11 

.. 
ItJilunIlU'IJ'fl 1.2 

~HCLt;i;;J~~ Sm~·Bkg,'··~l~_··_··m"_'__"--"'--------"--""-:I}i~~~ Report i 

ISCAN: 5.0/80.0/0.0211 (sec) Cu, l(max)=315, 08/11/0810:16 ,r···_·····_····__·_-_·~· -_._-~'-------'-._._- _._ _ __. 
IPEAK: 33-pts!Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=311.0, Peak·Top=Summit _ : 

NOTE: Intensity = Counts, 2T(0)=0.O(deg), Wavelength to Compute d-Spacing = 1.54056A (CulK-alpha1)


#+ 2·Theta d(A) Heigh1Height% Phase ID __.~ __~l...--''\'~_J!!! I) 2.Theta._"p!~_·~j
 
1 16.580 5.3423 60 21.7 W03!H20 5.3736 80.0 (020) 16.483 -0.097 i 

'2l241-ie3.alrio' 84 304 W03 3.6853 100.0" (10 0) 24129 0012 ! 
II' 31 25.660 34688 276 100.0 W03!H20 3.4686 100.0 ( 1 1 1) 25.662 0,002 II 

4 I 34.219 2.6183 80 29.0 W03 2.6188 650 ( , 10) 34.211 ·0.008 I 

5 I 35,058 2.5575 69 25.0 W03!H20 2,5590 100.0 (002) 35,037 -0.021 I 

6 i 42.754 2.1132 17 6.2 W03!H20 2.1150 10.0 (122) 42.717 -0.037 I 
7 i 49 7371:.8.317 62 22.5 W03!H20 1.8324 40.0 (2.0~) 49.714 ·0.023 I 
8! 52.779 1.7330 28 10.1 W03!H20 1,7323 45,0 (222) 52,804 0.024 ! 

9 I 55.278 1.6605 28 10,1 W03 1.6565 25.0 (210) 55421 0.143 

10 i 56.157 1.6365 46 16.7 W03!H20 1.6351 40.0 (311) 56.209 0.052 

111 57250 1,6078 28 10,1 W031H20 1.6041 300 (1 1 3) 57.397 0.147
 

12! 61.203 1.5131 25 9.1 W03!H20 1.5129 15,0 (242) 61.212 0.008
 

iLineShifts of Individual Phases:
 

PDF#43-0679 - Tungstite <2T(O) = -0.042, dld(O) = 1.0>
 

PDF#41·0905· Tungsten Oxide <2T(O) = 0,163, d/d(O) = 1.0>
 

30 4(J 50 

Two-Theta (deg) 

Materials Data, Inc. [JEoq<C:\File XRD\.TS\2551\06-51\3306.51f!~.{lqf""~1101' (MDI!JADE6) 

'itJ~ 'U 1 ''IJ'jlt1n\..Hf~m'j\9l'j''HHH)'IJ~N h'l1~~";w X-Ray Diffract meter (XRD) AtIfHn'jll'U'IJ~ 1.2 
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1;11 

A , 

Namnlfl11~11 XRF: 

Ulflf 1111T111::MMltl11J1W'lI11U l~ lu9i11ldH~1mYlfliJfl X-ray fluorescence t111J lW'lIim 1~~1'l1J 

iui1lldl~ 1!tl~~H'u~llm~2 

"~~)~~~ll""~ ("/.M>
 

" '··~~1.~.;:1l)flm~.1I,",'fl11'HCI"
 
o 28.91 
Si 0.08 
S 0.06 
CI 11.92 
Ca <0.01 
Cr 0.58 
Mn <0.01 

I--==---+--------'.,---~---

Fe 2.09 
Co 2.10 
Ni 0.20 
Mo <0.01 
W 54.04 

Total 100.00 

Notes: I.	 tl11J1l\l'll1l~llfift::Jl~~11~~lu~mruMI~~1JUlntl1111W111J'lIlml~~1'l1J~1mYl!lUllXRF J~MlJfl 

1ll'I~U 100% 

""	 .::I J -4 <J ",,; <!l " 'I'" <!l ~ 
2.	 il11J11ll'll1lUl9JYlI1l111~1J1l1l11J11n1fllflIl1l'(flIl1l 0.01 wl% Ulln~lnU::ll~~ nUllmMU1l~lnUU 

3.llll~lnflYlHII1!ltil1	 XRF 111l 'lirrllmn1flri1ulh::I1111J~I~Unl9J~jjm'll1l::Il1lIJ~ lnillft'llll::II 1l1J 

"ll~ll1ln';;I~U (8) u~::Yijjln'll1l::1l111Jl!~frhn'll1l::1l111l'll1l~~111ii~1J (92) 

~.. . 
'U!lfl~I"U: 

MTEC NO 3306151	 3/4 

MTEC-V
 
• member of NSTDA 

",I.d	 ~ rig)
iu'Vl '1.12 ~~f11)~)d'illl~:dlfl)l:;;'H~dtJ X-ray fluorescence (XRF) 
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liIflal~llu'IJfi 2.1 

MTEC'"
 
• member of NSTDA 

.Id 'I ~ d
1u'YI ~.13 ~1J11V~lldfHtfl11~11'il~1V X-ray fluorescence (XRF) WfHYl'H!'WlJ'Vl 2.1 
<u 
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III 

.; 
18ncrl':iIl'l!U7I 2.2 

--"---",,\, 
•• ~-~•••••• _~-~••••_ •••, • ¥ •••••••••••.•• -1l 

• member of NSTDA 

.Id '1 '}J d
dlJ'YI ~.14 ~lJdlt1~l'WH'lfl1Hnd1JfldV X-ray fluorescence (XRF) LtlfHYl'm'UlJ'YI 2.2 
'U 
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'JII 

~ I'll 03061 60 ~) 5 

n11J1'11!J1fl'1t'f"{V;fllnJll'li~'1IH1'lJHflnl'Pl'1'1Ltnl:11 'I1A'llllV,j'1110H H~1'll'l 

M1Jl!Jlll'llUijvAfll' J 5J/02324.llil'lJ1'lJ 1 Pl180H Pll1J,h~ll~IIl'lli'V L51/023241'lJ~ 14 ii'lJlfllJ 2551 

1m~nmflii 

1mtl'l'l,J 0 2201 7211-2 

1mtm 02201 72J.1 

E-mail: chemistry@dss.go.th 

Mll'1112 

.ld GJ "" o'~ 
~lJl'l 'US ~1J'J1VHWF-H'Im'J"Hfl'Jl~'I1f11VX-ray fluorescence (XRF) 

mailto:chemistry@dss.go.th


243 

~lJlJ 1f'1.1 

lltJ~l'" fl11f1Y1D'8'l.J 

.. 
.. '" '" Irl!ll91qml!luH Ifl'lI!l~'1nnU / 91'11 '1nlwID'llujUiin1'1 

fH1t'1'~ L51/02324.l 

n~t'I'L~1) (W) !!JtJ~~(1~tJU'l~1J1W) 99 

il11l'lLilu1J (Ti) r!JtJll~ 0.49 

l'Hgn (Fe) rvtJ~~ ili'l'iu 

lfluvCl~ (Co) rVtJll~ ili'l'iu 

.. ~"Q, 
'If!J~L'lfmtm Nff.ir'Hi'~U' ·Ht.fff;ll~ (flW~1fl1tln1Jfllt'l'Pl{1J'Hl1'1Wlli'tJ1l'lfll\J 1~~'11'lf1J~flll'l'i'l~\Jfl'I) 

Q, "'.~f}~6'~u1fm 138\ t1\J\JTI\l~t'I'~fl'll1J 1l~1~1JWllV L~91UWllV tll~Ll1T1'" 10800 

an\lw~~1mh~ N~CI ~Li)tJ~al~tJ1 
~ .I 
1\J1111~t'I'!JU 2 LlHJltJ\J 2551 

1; X-ray Microanalysis, standardless mode 

h 
~'111'lV~ ~'11tJ~1\J 

C?)ll~VJ . «&-lcCv~ In?/-.- Ir7U>rJ:~~ 
(\JH1nWl1I ~\Jil\JINff) (\JHff11~1~fl1Jll ''lf11\Jfl'llfll~) 

'lV" l;diiJ,B1",1'n ~ -r~~. .u dl,~l ;;11 r, ~ ijlJ / RijlJlI1t\i,11'1,rl; lliibe 11~ ll111B ~\ll'i' lilti'l ~~, l;ifll;~l ~ r~ ...r.'ll10;]" ~ I 
111}li?lnlfJttJ''Ulun''l~[ l!J~l~~t'l.~~l rifJ11/HRJ";i ~llfJ 1lJ1 ;',,1.;' tJ,'1illtl~:nn'1-li'Y1rnl"ll ~"rhJin11~0\.4ftlfJinl:i,~Ei'n~~ 

n1~'ll1Vll'll~~flJinl' m~m1,'l11~lf'll~~f~~:mfltl;T~~ 'Hl!12/2 
mml'm'llll~ 6 ,'~m'l n1,m1'<~ 10400 \h:mf'l111~ 
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:m 

~1.J1.J ,)fiI.l 

.. "" I.J ,

WlllflQfrJlltlH 1I1JUJI&I'IItlaiiiinl1 

mi~ lfl'l1~ 4'.1 B L51102566.2 

li~nwlj (W) !lllJn~(l~lJu'~lllW) 85 

lf11Jllrl~ (Co) !lllJn:(l~lJu':lllW) 12 

.amJ1J (Si) !lllJtl: 1,J'l'IlJ 

1'111l11 ijlJll (Ti) !1l1J1l: 1,J'l'IlJ 

Ll1~n (Fe) !lllJn: 1,J'l'IlJ 

~IlGi4lJ;nn Nfll'll1;pnl mlfl;ll: (flW:1fl1m'llflll'lPl{ 111111'11lJlnlJl'l1fllu l11VmnHfltl'l'l':tlfl1) 

.ai 1~j1.. Clo .. "" 

'I111~~ t'll'mnn 1301 (lUtl'l'l'IJlll'l~fl'lll U"1~lJWJllll""lJWJlll nl~I'l1'l'1" 10800 

nnllW:"lllaH uri j 1nl1:n~l 

1U~'I1Pll'llllJ 2 lllllllJtl 2551 

ii'l1"l'llllJ ii X-ray Microanalysis, standardless mode 

ii, 
~, U'll~ ~nIJ~lU 

G~\!'IC\I- \. '1'";( Jin\jQ./' <fhJh- 1l5'nn>J lh.,~ 

(UN1't'1l1ll1 "U~tllJ~fi') (\Jl-tfl'11A1~n1Jn lfJ111tl'ft;tt~ft) 

Un1'11lJ1flll'l"{ 81 

jl~ ~11l;ffu 1Ell".vn~l~q, :etill~l ilill~ ~ ElU I~ eIJ. n~u ~ li1J'". 1~ 1u1Dllfilql1'lDftllftlm~11~~1\l ii't1ln111~WOll\l'i Oti'1 ~~l 
111l-i.rfil(h~1u1m1lmi! l~ll"Nft~~.Yi~~lJllril,.1~~1;jli1i1IJfj\jl!!l"vlnml-i'j11~I\i11ff.,fuin>1~VIlfflmlnwolei'n1;1 

ml-i111mfillfffil1U;n11 n1~m'll'il1mfil·lff.,.,u"~m\illlllft1j 111l'12/2 
OIlIll11~111.j~ 6 11,m'l nlll11l'1~ 10400 tJ1~L11,;111~ 
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~II 

.. v \1,1 I 

'IIl'Jft~fI'JllrJH 

d A .: 

~6n End mill (Ill 'lIrt') 'II'\J A 

fi~mlll\J (W) 

1m! tlllA (Co) 

<tinfl!l\J (Si) 

'nlillUV1J (Ti) 

lM~rl (Fe) 

Hil01111~&Ttl1J 

!6Vll:(1~vtl':~lW) 

!6Vll: (1IlVtl':1J1W) 

!6Vll: 

~lJlJ 1'1.1 

1nJ1fJIG'lltlijUftnl1 

L51/02566.l 

91 

7 

'~'l'I11
 

'~'l'I11
 

MWl1 

~6~U11101' flll.I'lMi'lIIU' l~lffli)J: (f1W:1fllm'1Jflll'lfl{ 1JMl1ntllllmnfll\J l11iiHII1J~f111'l'l':\JfI') 
J 1"")1 A Cl. ..... 

'Yl6~~ ,'11'11701' Jl81 (l\J\J'l'I\!lll'l~fl'l1JLl'll1~l1WIl6 1'll1ll11WJ6 nl~I'Yl'l'l"l 10800 

an)Jw:lJilmh~ II n~ l11M:ii~l 

1\JiintlI'l611 211J)J1V\J 2551 

1ii'Yl1l1'l611 16 X-ray Microanalysis, standardless mode 

,~ 

~jmHI~ 

Onf\.iM 111l[~ 
(\JN1mVt11IJi\J~\JV~ti') 

fJ 1!H1\J 

{nJ"---. Irh/1'rl3~11 
(\Jl~1'l11tll~n1Jll L'II'11\Jfl'Mljll) 

7': t! ~l\t ~"f~~jf}: l:1'n:: -1V1 ;V) D~ 1~m;'ll~ fi~11J.' flfj~~il!J ~J ~ Yicl~~,~~1tr~ Dfj'f1L1'H~fJ ~'tVi~,itl i'''n ~ ~~l-t dt~nl1 t~~rJ.l~~f}Bl'~ ov 
Yn~;o! \'fKn ti ~ 1JjlJ j [j'~r1 ~)'n tjv"i~t~ fH~ \¥H t1!j~t.: 1,JtfYI4 1\11 Ei1~ l~'1JEll,FY--i il .;,j'ln n"n~ 'J f1 !;'1 tllR1i 1U1n111th~fn Em n10JnUJ mfj 

n11<'il1Vlllll1~'1Jin"nl~1'1m'il1~lAll1~f~l1~m~Ml1g MU'12/2 
mmm~111<~ 611,m'i nl~m~~ 10400 liml1A1mJ 
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