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w OQmrta |=y|Q}oxR=Ov= "CU= xOW x}yD (TiO2) sw}v=D}D O}Um = w (Al2O3)
?; '|vwmUt Twmat Q=N@ n}O |xraW |=yxrwr QO |}xv=Nro |=yR=o Q=WDv=
|xv=Q}oCNU C=t=Rr= w |r}Ui CNwU `@=vt Vy=m [15]"CU= xOW s=Hv= 'lvN
j=QDL= w pR}O |=yQwDwt OQmrta Ow@y@ |=Q@ wHwCUH '|}xv=Nro |=yR=o Q=WDv=
OQmrta Q@ pR}O/pR}Ow}@ \wrNt |=y|vOwRi= C=QF= "CU= xOQm |OH =Q QDR}tD
"CU= xOW |UQQ@ hrDNt C=ar=]t QO `t=H Qw] x@ |rR}O |=yQwDwt Q=WDv= w
'Q=OuS}Um = |=y|vOwRi= %OvOW |Ov@xk@] xDUO GvB x@ xOW |UQQ@ |=y|vOwRi=
Q@ |vD@t |=y|vOwRi= w =yu=O}Um =|Dv; '?; 'RriQ}e w Rri Q@ |vD@t |=y|vOwRi=
w RtQD |xS} w CNwU hQYt 'p=Ft u=wva x@ QwDwt OQmrta Q@ xDUO Qy C=QF= "Qt}rB
'NOx 'CO pt=W j=QDL= R= pY=L |xOv}q; |=yR=o Q=WDv= w RtQD |DQ=QL u=tOv=Q
EL@ OQwt |Q=YLv= Qw] x@ jrat C=QP w 19 (HC) xDNwUv |=yQw@ QmwQO}y
'?; uOwRi= |=Q@ xO=iDU= OQwt hrDNt |=y|SD=QDU= 'u}= Q@ xwqa "CU= xDiQo Q=Qk
|OwQw 20Orwi}vt x@ ?; uOwRi= w ?; s}kDUt j} QRD 'pR}O � ?; uw}Urwt= Ovv=t
"CU= xDiQo Q=Qk |UQQ@ OQwt pt=m Qw] x@ =yv; ?}=at w =}=Rt w xOW xO=O u=Wv
QwDwt OQmrta uDiQo Q_v QO =@ |vOwRi= Qy |=yC}OwOLt w =yCYQi 'C}=yv QO
u=}@ xRwL u}= QO xOv}; |xaUwD w j}kLD C}=Oy |=Q@ j=QDL= uOw@ s}NVwN w
l} QO j=QDL= Ov}=Qi |Q=O}=B w |SQRo = '|SQv= p}rLD w x} RHD [29�16]"OW Oy=wN
CQwY x@ pR}Ox}=B CNwU QO uw}Urwt= pmW x@ ?; OYQO 5 =@ x=Qty pR}O QwDwt
w 25 ppm C_re =@ |}xv=wDU= |v@ Qm |xrwrwv=v |x}=B Q@ |O} Q@}y CNwUwv=v
CQwY x@ w |vOwRi=wv=v u=wva x@ 25 ppm C_re =@ |wQm =v}twr; C=QPwv=v R}v
QO wv=v |vOwRi= R= xO=iDU= xm xO=O u=Wv |@ QHD G}=Dv "CU= xOW |UQQ@ |@ QHD
w |SQRo = OQmrta |=yQDt=Q=B '|SQv= Ow@y@ Ea=@ pR}O uw}Urwt= CNwU QO ?;
|=Q=O =v}twr;w |v@ Qm |xrwrwv=v |O} Q@}y CNwUwv=v 'u}=Q@=v@ "OwW|t QwDwt |Q=O}=B
|=yQwDwt |=Q@ u} Ro}=H |rwtat CNwU l} x@ uOW p}O@D |=Q@ |}q=@ p}Uv=DB
|@ wN Q=}U@ X=wN O=wtwv=v =Pr [30]"CU= |L=Q] QO C=Q}}eD xvwoI}y uwO@ |rR}O

QO "Ov=xO}UQ s=Hv= x@ �CwR=t� 11xQwm Civ w �p}�wR=o � R=oCiv xrtH R= |vOat
QwxraW w 13uOW Q=:Qi 12'j=QDL= xm CU= xOW VqD 'xDiQo s=Hv= |=yVywSB QDW}@
Qo}O |NQ@ =t= "OwW xO}HvU w |UQQ@ C=QPwv=v =@ xDN}t; `}=t |=yCNwU 14 uOW
RmQtDt =yxOv}q; Q=WDv= w �u}@ QwD =} Qr} w@ =} QwDwt�|DQ=QL |xv=t=U|}=Q=m w OQmrta Q@
|xNQJ QO u} Ro}=H CNwU u=wva x@ pR}Ow}@ xm |}=yC} Rt seQ|ra "Ov=xOw@
QwDwt QO |}=yvD x@ =yv; R= xO=iDU= '�OW xQ=W= =yv; R= OQwt OvJ x@ q=@ QO� OQ=O pR}O
|wQv=Qo uOw@ q=@ x@ u=wD|t =yVr=J u}= xrtH R= "CUwQx@ wQ |}=yVr=J =@ pR}O
hQYt uDiQ q=@ R}v w =yCNwU Q}=U x@ C@Uv QDq=@ |r=oJ '=yCNwU ẁv u}=
|=y|vOwRi= QF= |wQ VywSB u}OvJ "OQ@ s=v =yv; R= xO=iDU= CQwY QO QwDwt CNwU
|=yCNwU w pR}Ow}@ � R=oCiv |xR}t; =} w �p}�wR=o � R=oCiv CNwU x@ Q=DN=Uwv=v
Q@ �|QvQD CNwU x@ swUwt pwv=D= � pR}Ow}@ � R=oCiv xR}t; uwJty� Qo}O |@}mQD
xv=t=U "Ov=xOW s=Hv= =yxOv}q; Q=WDv= u=R}t w 15|tm =QD RwUuwQO |=yQwDwt OQmrta
|tm =QD RwUuwQO QwDwt l} Q@ ptDWt =yVywSB u}= QO xOW xDiQo Q=m@ |@ QHD
QR}q=v; 'hQYt Q=@ x@ pYDt �QwD=QvS� |m} QDmr;Orwt =} w QDtwt=v}O l} '�pR}O�
|OQmrta |=yXN=W w CNwU u=} QH COW VHvU |=yQ=R@= 'j=QDL= |=yR=o
|=tO 'Qw=DWo 'QwDwt u=wD 'QOvr}U Q=Wi '\}Lt C@ w]Q w =tO p}@k R=� |]}Lt w
|}xv=t=U u}vJ u=tO}J R= |}xvwtv xm Ov=xOw@ =yxO=O C@F |=yQ=R@= w �j=QDL= R=o

"OwW|t xO}O 1 pmW QO
pR}O |=yCNwU x@ xOW xi=[= C=QPwv=v C=QF= OQwt QO |@ QHD xar=]t l}
\UwD Q=N@ n}O paWt |xrwr l} QO xOv}q; |=yR=o Q=WDv= w j=QDL= OQmrta Q@
|UOvyt xwQo QO u=HRw= u=m =y w QwovwU pq@ u=W}= u=Q=mty w wrew= p=B wD u}D=y=@
[15]"CU= xOW s=Hv= x}mQD QwWm QO uwUt=U QyW T}=t RwmwOvw= x=oWv=O 'l}v=mt
QO u@ Qm O}Umwvt C_re Vy=m Q@ CNwUwv=v OQ@ Q=m xm xO=O u=Wv C=ar=]t u}=
O}Umwvt C_re QO Vy=m u} QDW}@ w xDW=Po |D@Ft QF= VmOwO R= |HwQN |=yR=o
CUO x@ 300 ppm C_re QO O}=Um =sw}v}twr; CNwUwv=v |Q}oQ=m x@ =@ u@ Qm
w wrew= p=B wD u}DD=y@ \UwD xOW s=Hv= C=ar=]t QO ?}DQD u}= x@ "CU= xOt;
R= w xDi=} Ow@y@ |mOv= j=QDL= |yOR=@ xm OvOQm =aO= u}vJty =yv; [15]u=Q=mty
=]N OYQO w =y|Q}oxR=Ov= CkO x@ VQov =@ =t= &CU= xO}UQ �90 9 x@ �90 4
xOW VQ=Ro ��1 j=QDL= OQmrta u=tOv=Q |x@U=Lt QO u; Q=Okt xar=]t QO xm
16C=W}=tR; |Q=t; |L=Q] Ov}=Qi uOw@ Q=O=vat O}O R= =aO= u}= CLY xD@r= 'CU=
"CU= xOw@ 17|DWo =w |xraW =@ n}O ẁv R= xO=iDU= OQwt Qr} w@ "CU= O}OQD OQwt

"|tm =QD RwUuwQO QwDwt QO =yCNwUwv=v OQ@ Q=m QF= VHvU xv=t=U u=tO}J "1 pmW
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[14]"|ov=N |=yQr}w@ QO C=QPwv=v =@ xDN}t; R=oCiv OQ@ Q=m |=yxDi=} xO}mJ "1 pwOH
C=QP wv=v =@ R=oCiv R=oCiv xOW |@=} RQ= Q}eDt=XN=W

TiO2 Al2O3 Xr=N
300 300 0 (ppm) CNwU QO C=QPwv=v C_re

42 515 42 530 42 513 MJ=kg |}=tQo VRQ=
825 8 825 9 825 (kg=m3) |@Uv |r=oJ

3 4 3 4 3 5 l}D=tv}U |wQv=Qo
Viscosity mm2=s

51 49 52 p=aDW= x]kv
Flash point(�C)

Q}}eD uwO@ ,=@} QkD Q}}eD uwO@ ,=@} QkD 0 866 u@ Qm |tQH C@Uv
Q}}eD uwO@ ,=@} QkD Q}}eD uwO@ ,=@} QkD 0 133 uSwQO}y |tQH C@Uv

Ovv=ty Ovv=ty 5 5 (mg=kg) OQowo C_re
210 75 275 ppm j=QDL= |=yR=o QO CO C_re

230 3 228 4 240 5 �C VmOwO QO j=QDL= R=o |=tO
47 51 47 ppm j=QDL= |=yR=o QO NOx C_re
< 1 < 1 < 1 ppm j=QDL= |=yR=o QO SO2 C_re

u=} QH |Q}oxR=Ov= |=Q@ "CU=yCNwU x@ \w@ Qt |=yQDt=Q=B u} QDsyt R=CNwUl}
xO=iDU= GvU=tQo R= u=wD|t OQ}o|t CQwY ?; QO xm |}=yOv}=Qi CyH =tQo
`k=w QO w =tO uDiQ q=@ w ?; uOW sQo ?Hwt OW=@ xO=tQo Vvm =w Qo = "OQm
"O@=}|t Vy=m ?; |=tO Q}o =tQo |=yVvm =w QO &OW Oy=wN u; CQ=QL xHQO
=@ Q@=Q@ 'OwW|t O=R; Vvm =w R= xm |DQ=QL |SQv= Q=Okt w u=R}t =} =y|Qr=m O=OaD
xt=O= QO xm CU= u; C=} wDLt w GvU=tQo pm C}iQ_ QO =tO V}=Ri= ?Q[pY=L
|=yxawtHt R= |m} x=oDUO u}= "OW Oy=wN x�=Q= |QDpt=m |D=@U=Lt CqO=at
w CU= hrDNt \}=QW QO |k=QDL= Q=DiQ Q}}eD |xar=]t w |UQQ@ |=Q@ |W}=tR;
=t x@ =Q xOW |L=Q] w hrDNt |=yCNwU |wQ hrDNt C=W}=tR; s=Hv= u=mt=
xm CU= |}xr}Uw GvU|Qr=m ?t@ xm Cio u=wD|t K[=w ,qt=m Qw] x@ "OyO|t
u}vJty w `}=t =} Ot=H CNwU |=yxvwtv QO |Qr=m Q=Okt =} =tQo u}}aD Qw_vt x@
"OwQ|t Q=m x@ 'C@=F sHL QO CNwUwv=v Ovv=t Q=O}=B ,qt=m |DNwU |=yuw}Uv=BUwU
sQH x@ =Q xrY=L |=tQo w xOv=RwU pt=m Qw] x@ =Q CNwU |xvwtv x=oDUO u}=
'?; |=tO V}=Ri= w CNwU xvwtv uRw x@ xHwD =@ "Ovm|t pkDvt ?; R= XNWt
V}=tR; l} QO |Qr=m OOa "OwW|t x@U=Lt pY=L |SQv= Q=Okt =} |Qr=m OOa
xvwtv OL=w sQH |=R= x@ j=QDL= R= pY=L |=tQo |xOvvmu=}@ 'GvU|Qr=m ?t@
|xwqa x@ 'xvwtv uDNwU s=ovy xOW O}rwD CQ=QL pY=L =tQo u}= "CU= CNwU
=D uOW lvN w Vr=oJ |=yOv}=Qi |] xOW O}rwD ?; Q=N@ R= xOW xDiQo |=tQo
=} |DQ=QL VRQ= u}}aD x=oDUO |=yxvwtv =D xm CU= QmP x@ sRq "CU= ?t@ |=tO
|y=oDUO |xvwtv =t= 'OwW|t x[Qa hrDNt |=yCmQW \UwD |HvU|Qr=m ?t@
CQwY x@ CUq=@ C}U=UL =@ |=yQoUL =@ Q@Dat |=yOQ=Ov=DU= j@=]t ,qt=m xm
CN=U w |L=Q] |=Q@ "CU= xOW xDiQo Q=m x@ xSwQB QO xS} w |L=Q] VQ=iU
|=Q@ C=R}yHD |L=Q] w |k=QDL= |=yQ=Ov=DU= T=U= Q@ xm CU= sRq x=oDUO u}=
\UwD x=oDUO u}= xm CU= QDy@ CyH u}= R= w OwW s=Ok= EO=wL R= |Q}owrH
QO R}v xOW |L=Q] |DUO |=yxvwtv =t= "OwW |R=UxO=t; |L=Q] |=yu}UvmD

CNwU |=y|vOwRi= u=wva x@ =D OyO|t xR=H= =yv; x@ w OyO|t u=Wv OwN R=
|=yp}Uv=DB Q}N= |=yp=U C=ar=]t "Ovvm pta pR}O QwDwt |=y|oS} w Ow@y@ |=Q@
|rR}O |=yQwDwt w j=QDL= |=yx_iLt QO =yu; |=yC}r=ai w O=wtwv=v OQi x@ QYLvt
Ov}=Qi QDy@ OQmrta w Q[t |}xv=Nro |=yR=o Q=WDv= Vy=m \}=QW x@ |@=}DUO |=Q@
|O} Q@}y O=wtwv=v =@ xOW |ve |=yCNwU C=QF= "CU= xOW xO=O u=Wv j=QDL=
|=yCYQi u}vJty w j=QDL= x@ \w@ Qt |=ysDU}UQ} R w j=QDL= |=y|oS} w Q@
OQwt 'Q}N= |=yp=U QO xOt; CUO x@ |=yV}=tR; G}=Dv R= xOW |}=U=vW '\@DQt
CNwU |=yCiH u} QDy@ 'Q=}at wO T=U= Q@ ?}DQD u}= x@ "Ov=xDiQo Q=Qk EL@
|=y|vOwRi= u=wva x@ 'Ov=xOWV}=tR;?re= xm O=wtwv=v R= |}xawtHt R= x}=B O=wtwv=v
|UQQ@ =@ Qt= u}= "Ov=xOW |}=U=vW pR}O |=yQwDwt =} j=QDL= |=yx_iLt QO CNwU
s=wO R= u=v}t]= |=Q@ xm CU= xOW p=@vO C=ar=]t QO uwvm =D R}v |vi |=yVr=J
Q=Qk pL w xHwD OQwt 'Ovvm|t pta CNwU |=y|vOwRi= u=wva x@ O=wtwv=v |rta
C=k}kLD |] xm 'u=Uv= CtqU w |]}LtCU} R C=Q]N 'C}=yv QO "CiQo Oy=wN
CQwY QO "CU= xOW x_Lqt w |UQQ@ R}v 'xOW Q=mW; u=WRwQ@ Q}N= |=yp=U
|UQQ@ w EL@ OQwt R}v xDUHQ@ CqmWt |=Q@ xwkr=@ |=ypLx=Q u}vJty 'u=mt=

[36�31]"Ov=xDiQo Q=Qk

j=QDL= |=yuwtR; |xNQJ CN=U "3
j}kO |}xNQJ u=wD@ CU= sRq CNwU Qy j=QDL= |xwLv |y=oW}=tR; |UQQ@ |=Q@
QO =D OQm h} QaD |DavYxt}v w |y=oW}=tR; |xR=Ov= QO xDU@ CQwY x@ w QF-wt w
u}= |=Q@ "OQ}o CQwY \}=QW C=Q}}eD OvwQ R= p}rLD w OQw=DUO u} QDy@ p=L u}a
u=wD|t |DavYxt}v O=a@= w |y=oW}=tR; |xR=Ov= QO xm x=oDUO u} QDy@ 'V}=tR;
|DQ=QL VRQ= uOQw; CUO x@ "CU= GvU|Qr=m ?t@ x=oDUO 'OQm u} wOD w |L=Q]
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"|SQv= w O=wt x=oWywSB QO xOW x}yD GvU|Qr=m ?t@ "4 pmW
sQH =@ =tO C=Q}}eD ?Q[ "s}vm|t CW=OO=} =Q �Vvm =w u=}=B R= TB� |v=}=B w x}rw=
ZQi =@� Vvm =w pw] QO xOW GQ=N |SQv= u=R}t '`}=t |xS} w |=tQo C}iQ_ w
QO xm X =ypwt O=OaD x@ |SQv= C=Q}}eD s}UkD "OyO|t x�=Q= =Q �Vvm =w uOw@ =R=tQo
QO xw}W u}= R= "OyO|t x�=Q= =Q Vvm =w |B=Dv; C=Q}}eD 'R}v OvDW=O Qw[L Vvm =w
"OwW|t xO=iDU= |HvU=tQo |x} Q_v h}YwD |=Q@ l}tO=m ; |x}rw= |=yVRwt;
|x_iLt w GvU=tO |=tQo C}iQ_ =} OwQ|t u}@ R= x_iLt \UwD xm |}=tQo u=R}t
p=kDv= 'OQ}o|t Q=Qk GvU|Qr=m pN=O QO xm |}xvwtv 'xwqa x@ "OvQ}o|tv Q_v QO =Q u;
w GvU|Qr=m R= xOW ?PH *pO=at |=tQo w `}=t x@ w GvU|Qr=m x@ xvwtv R= =tQo
x=oDUO |x}yD OW xQ=W= xm u=vJ "OyO|t u=Wv =Q Rri R= xOW xO=O |=tQo =@ `}=t
QO xOW x}yD x=oDUO xm CU= xOw@ Q=OQwNQ@ |Y=N R=}Dt= R= |DavYxt}v |xvwtv
u=tO=Q Q@Dat CmQW R= <=RH= CN=U w |L=Q] VQ=iU =@ |SQv= w O=wt x=oWywSB

"�4 pmW� CU= xOW s=Hv= CavY

x=oDUO |=RH= "2"3
X=wN |Q}oxR=Ov= |=Q@ x=oDUO |rY= w syt |=yVN@ R= |m} GvU=tQo ?t@
CNwU |Q=PoQ=@ OvwQ w K} QWD u; |=RH= pYit w pt=m CQwY x@ xmCU= |k=QDL=
xDN=U R}v |Qo}O |=RH= R= x=oDUO 'GvU=tQo ?t@ Q=vm QO "OW Oy=wN |UQQ@ u; QO

%CU= xOW
&?; |HwQN w |OwQw |=Q=O 'nvR O[ p}DU= TvH R= xQ=OHwO ?; |x_iLt "1

&500 ppm VOQo CaQU =@ xe}D wO w xr}t l} |=Q=O |m} QDmr= uRty "2
xkQH Q}=w 'j=QDL= |=yxr}t 'lv=Hvi =} xDw@ pt=W C=} wDLt w ?t@ |x_iLt "3

&nvR O[ p}DU= TvH R= uS}Um = A=B wU w
&u; |J}B ?QO uOQm xDU@ w R=@ |=Q@ ?t@ |x_iLt |Q}oQ=Qk x=o}=H "4

|=yxr}t w xkQH Q}=w ?t@ x@ Q}=w p=YD= 'x}PeD sDU}U pt=W xkQH sDU}U "5
&j=QDL=

&�GvU=tO� O=Qo|Dv=U |xHQO 0 1 CkO =@ CQ=QL xHQO |m}vwQDmr= QoUL "6
&GvUQ=Wi xLiY =@ =wy j} QRD pR=v w uS}Um = pwUBm "7

C=aq]= C@F |=Q@ XwYNt Q=Ri=sQv w xS} w wr@=D xLiY '|m}vwQDmr= sDU}U "8
&=yQ=Owtv s}UQD w

&x=oDUO uOQm Vwt=N w uWwQ O}rm "9

"xO=U GvU|Qr=m ?t@ |L=Q] l}D=tW "2 pmW

"GvU|Qr=m ?t@ |DavYxt}v |=yxvwtv "3 pmW

xOW xO=O u=Wv 2 pmW QO l}D=tW CQwY x@ xm CU= OwHwt xO=U Q=}U@ OL
"CU=

|=yxv=O |=y|Qr=m Q=Okt |Q}oxR=Ov=CyH QO ,=iQY R=UCUO |=yx=oDUO u}=
u=v}t]= OQwt Q=DN=Ul} R=|k}kO |xvwtv Ov=wD|tv xm OQ}o|t Q=Qk xO=iDU= OQwt Ret
j=QDL= Ow@y@ OYQ CyH QO =yCNwUwv=v |k=QDL= X=wN |OvthOy xR=Ov= |=Q@
|xvwtv 'CU= xDiQo Q=Qk xO=iDU= OQwt Q_vOt C=W}=tR; QO xm |}xvwtv =t= "OW=@
w O=wt x=oWywSB |O}WQwN u} wv |=y|SQv= x=oW}=tR; QO xm CU= u; |DavYxt}v
w |DavYxt}v `=wv= x@ 3 pmW QO "CU= xDiQo Q=Qk xO=iDU= OQwt w xOW x}yD |SQv=

"CU= xOW xQ=W= x=oDUO u}= |y=oW}=tR;

GvU|Qr=m ?t@ \UwD j=QDL= X=wN u}}aD "1"3
|=yVvm =w |=tO |Q}oxR=Ov= '|HvU=tQo |=Q@ xm CU= |y=oDUO GvU|Qr=m
`=wv= u} QDpwtat "OQ=O OQ@ Q=m xS} w |}=tQo C}iQ_ R}v w |m} R}i C=Q}}eD w |}=}t}W
'�p=tQDwR}=� =tOsy GvU|Qr=m '|r[=iD umU= GvU|Qr=m %R= CQ=@a =yGvU|Qr=m
"Vvm =w nvy; |xOvyOV}=Ri= GvU|Qr=m w �uw}U=QD}D� |tHL VHvU GvU|Qr=m
?; R= QB |Rri hQ_ x@ pYDt GvU=tO l} R= pmWDt =yvD xO=U |=yGvU|Qr=m
Qy C=Q}}eD |Br=Dv; uOQm =O}B |=Q@ "OQ=O Q=Qk j=QDL= |x_iLt |q=@ QO xm CU=
|=tO w xOW xDN} Q GvU|Qr=m pN=O x@ C=a}=t 'B =@ Vvm =w QO A xO=t pwt
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"C=QPwv=v TEM Q}w=YD "5 pmW

"C=QPwv=v TEM Q}w=YD "6 pmW
x=Qty x@ |O} Q@}y CNwUwv=v |x}yD QO R}v sw}vwmQ} R O}Um = R= u}vJty "CU= xOW
CQwY x@ sw}v}twr; O}Um = R= R}v Qo}O |}xvwtv "OW xO=iDU= xOW xOQ@ s=v C=QPwv=v
x@ C=QPwv=v Qw[L Q}F-=D =D CiQo Q=Qk xO=iDU= OQwt CNwUwv=v |x}yD |=Q@ |mD

"OQ}o Q=Qk |UQQ@ OQwt q=@ |=yC_re QO |mD CQwY
US-Nano CmQW CN=U QDtwv=v 10�30 O=a@= QO s} QU O}Um = C=QPwv=v
Plasma CmQW R= |QDtwv=v 40 O=a@= QO R}v sw}v}twr; O}Um = "CU=m} Qt; pwYLt
OwOL QO |v@ Qm |=yxrwrwv=v u}vJty "CU= xOW x}yD u=tr; QwWm CN=U Chem

x@ \w@ Qt Q} w=YD "CU= xOW x}yD Civ CavY x=oWywSB R= QDtwv=v 10 O=a@=
OQwt sw}v}twr; O}Um = w s} QU O}Um = C=QPwv=v R= |Qw@a |vwQDmr= AwmUwQm}t

"CU= xOW xO=O u=Wv 6 w 5 |=ypmW QO ?}DQD x@ R}v xO=iDU=

CwR=t w pR}O x}=B |=yCNwUwv=v |x}yD "6
|xOwOLt QO CNwU QO C=QPwv=v V}=Ri= xm CU= u; R= |m =L C=k}kLD G}=Dv
"OW=@ QF-wt CNwU |DQ=QL VRQ= V}=Ri= w =yxOv}q; Vy=m QO Ov=wD|t XNWt

"xOW x}yD CwR=t =} u}ovU xQwm Civ C=YNWt "2 pwOH
G}=Dv C=}YwYN

180 xv}W}@ �50�C QO� |m}D=tv}U |wQv=Qo
63 xv}tm (�C) p=aDW= x]kv

5 xv}W}@ xv}tm �C VR} Q x]kv
3 0 xv}W}@ �|vRw �� OQowo u=R}t
0 05 xv}W}@ �|vRw�� QDUm =N u=R}t
0 5 xv}W}@ �|tHL �� |v}WvxD w ?; u=R}t
42 2 xv}tm (MJ=Kg) |DQ=QL VRQ=

"xOW x}yD p}�wR=o C=YNWt "3 pwOH
G}=Dv C=}YwYN
2 1 �50�C QO� |m}D=tv}U |wQv=Qo

50 xv}W}@ (�C) p=aDW= x]kv
6 xv}tm �C VR} Q x]kv

0 05 xv}W}@ �|vRw �� OQowo u=R}t
0 001 xv}W}@ �|vRw�� QDUm =N u=R}t
0 05 xv}W}@ �|tHL �� |v}WvxD w ?; u=R}t
42 67 xv}tm (MJ=Kg) |DQ=QL VRQ=

&CQ=QL xHQO |R=Uu=Um} w x_iLt ?; uOQw;QO VOQo x@ |=Q@ QwDwt "10
"xv=}=Q =@ x=oDUO \=@DQ= |Q=QkQ@ |=Q@ 21pov=O |xa]k "11

|DNwU x}=B Cq=}Uwv=v O}rwD "4
V}=tR; |L=Q] |=yVwQ w O=wt "1"4

|xvwtv l} u=}t u}= R= w xOW x}yD |y=oW}=tR; |xvwtv u}OvJ xar=]t u}= QO
xOW |iQat CwR=t u}vJty w pR}O CNwU x}=B =@ CNwUwv=v pwYLt |xv}y@
|UQQ@ w j}kLD OQwt hrDNt |=yVwQ x@ |y=oW}=tR; |=yxvwtv |x}yD "CU=
x}=B CNwU uwQO C=QPwv=v |R=UxOvm =QB Qw_vt x@ xv}y@ VwQ =yDv= QO w CiQo Q=Qk
xO=iDU= OQwt 'CwR=t =@ pR}O CNwU \qDN= '|mtm p=}U ltm x@ CwR=t w pR}O
x=oW}q=B R= 180 xQwm Civ s=v =@ KQ] u}= QO xDiQ Q=m x@ CwR=t CNwU "CiQo Q=Qk
xOy=Wt p@=k 2 pwOH QO xOW x}yD CwR=t C=}YwYN "CU= xOW x}yD u=QyD
xO=iDU= OQwt G}=Q p}�wR=o V}=tR; u}= QO xDiQ Q=m x@ pR}O CNwU u}vJty "CU=
xOW x}yD Rm =Qt u}= R= w CU= |v=UQCNwU Rm =Qt QO OwHwt |rR}O |=ywQOwN QO
CNwU |m}t=v}OwtQD w |}=}t}W w |m} R}i C=}YwYN OQwtQO C=aq]= "CU=

"CU= xOy=Wt p@=k 3 pwOH QO p}�wR=o

C=QPwv=v =} Q=DN=Uwv=v O=wt "5
|=yQ}eDt Q@ hrDNt C=QPwv=v Q}F-=D XwYN QO xOW s=Hv= C=ar=]t x@ xHwD =@
x@ sw}v}twr; O}Um = w s} QU O}Um = C=QPwv=v R= j}kLD u}= QO =yxOv}q; w |OQmrta
|DU}r=D=m K]U |Qw;sy=Qi w u}W}B |=yVywSB QO xO=iDU= |v=w=Qi u} QDq=@ p}rO
Qw_vt x@ u@ Qm |=wDLt V}=Ri= |=Q@ xQ=w}OOvJ |v@ Qm |=yxrwrwv=v R= w ?U=vt
xO=iDU= CwR=t x}=B |=yCNwU |=Q@ |O} Q@}y CQwY x@ |DQ=QL VRQ= V}=Ri=
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v=mt

|U
Ovyt xi=[= R= TB w x@DQt Q=yJ xOW xO=O KQW Ov}=Qi "OwW|t xO=O Q=Qk |DwY=Qi

p=}U uwQO C=QPwv=v uw}Uv=BUwU O=H}= R= TB "OwW|t Q=QmD xQPwv=v Qy uOQm
uwQO |mtm p=}U R= |tHL �6 |}=yv pwrLt |x}yD |=Q@ ?U=vt sHL '|mtm
|y=oW}=tR; C=R}yHD R= xO=iDU= =@ Qw_vt u}= x@ "OwW|t x}yD xOW sQo CwR=t
\UwD |DwY=Qi s=tL R= GwQN R= TB xrY=iq@ |mtm p=}U R= Q_v OQwt sHL
CwR=t x@ MR Hei� End Heidolph pOt |U}]=vet uRty x=oDUO l}
|wQv=Qo Vy=m ,=iQY CwR=t CNwU uOQm sQo p}rO "OwW|t xi=[= xOW sQo
xOW x}yD |mtm p=}U "OW=@ |mtm p=}U =@ \qDN= p@=k xm CU= |v=R}t x@ u;
R}v u; ltm x@ xOW x}yD CNwUwv=v w xOW |Q=Pos=v DACZC20 Q=YDN= x@

"OwW|t xO}t=v MACeZC1;2 xvwtv
O}Um =/s} QU O}Um =/sw}v}twr; O}Um =� |O} Q@}y CNwUwv=v |xvwtv �
|xvwtv xm xvwtv u}= %CwR=t � �xQ=w}O OvJ |v@ Qm xrwrwv=v/sw}vwmQ} R
|mtm p=}U R= w xOW x}yD p@k VwQ Ovv=ty 'CUy R}v KQ] u}= QO xv}y@
C=QPwv=v =OD@= QO "CU= xOW xO=iDU= CwR=t uwQO C=QP |R=UxOvm =QB |=Q@ pR}O
w xQPwv=v Qy |=Q@ 1000 ppm |}=yv C_re =@ s} QU O}Um = w sw}v}twr;O}Um =
"OwW|t x}yD pR}O CNwU uwQO 200 ppm |}=yv C_re =@ |v@ Qm |xrwrwv=v
x@ w OwW|t xOR sy uRty x=oDUO =@ |@ wN x@ xQPwv=v |w=L p=}U Oa@ xrLQt QO
xU xOW xO=O KQW Ov}=Qi "OwW|t xO=O Q=Qk |DwY=Qi s=tL uwQO xk}kO 15 COt
uw}Uv=BUwU O=H}= R= TB "OwW|t Q=QmD xQPwv=v Qy uOQm xi=[= R= TB w x@DQt
|tHL �6 |}=yv pwrLt |x}yD |=Q@ ?U=vt sHL '|mtm p=}U uwQO C=QPwv=v
x@ xOW x}yD |mtm p=}U "OwW|t x}yD xOW sQo CwR=t uwQO |mtm p=}U R=
MACe60C12 Q=YDN= x@ xOW x}yD CNwUwv=v w DACe1000C200 VwQ u}=
CwR=t CNwUwv=v w |mtm |=yp=}Uwv=v |D_re C=aq]= "CU= xOW |Q=Pos=v
?}DQD x@ C=QPwv=v |R=UxOvm =QB |=Q@ |mtm CNwU pwrLt uOW xi=[= R= TB

"CU= xOy=Wt p@=k 5 w 4 |=ypwOH QO

|DNwU x}=B Cq=}Uwv=v |wQ |vwQDmr= |=yV}=tR; "7
=Q =yQ=DN=U |vwQDmr= w |m} R}i '|m} Swrw�Q X=wN xm |}=yV}=tR; |xawtHt

"|mtm p=}U =} x}wv=F p=}Uwv=v \w@ Qt C=aq]= "4 pwOH
(ppm) C_re xQPwv=v |mtm p=}U

1000 sw}v}twr;O}Um =
DACe1000C2001000 s} QU O}Um =

200 xQ=w}O OvJ |v@ Qm xrwrwv=v

20 sw}v}twr;O}Um =
DACeZC20

20 s} QU O}Um =
20 sw}vwmQ} R O}Um =
20 xQ=w}O OvJ |v@ Qm xrwrwv=v

15 sw}v}twr;O}Um =
DACeZC13

15 s} QU O}Um =
15 sw}vwmQ} R O}Um =
15 xQ=w}O OvJ |v@ Qm xrwrwv=v

xU R= 'wv=v |=y|vOwRi= w =yCNwUwv=v OQwt QO xOW s=Hv= C=ar=]t x@ xHwD =@
x@ wv=v |=y|vOwRi= u=wva x@ '�u@ Qm OQwt l} w |Rri O}Um = OQwt xU� xQPwv=v ẁv

"CU= xOW xO=iDU= Xr=N CwR=t x}=B CNwU x@ |mD w |O} Q@}y CQwY

CNwU |x}rw= |xvwtv %CwR=t � sw}v}twr;O}Um = |mD CNwUwv=v xvwtv �
w CwR=t |wQv=Qo Vy=m |=Q@ 100�C |=tO QO CwR=t |yOCQ=QL R= CwR=t
sw}v}twr;O}Um = C=QPwv=v |R=UxOvm =QB |=Q@ |U}]=vet uRty R= xO=iDU= u=mt=
uwQO 1000 ppm C_re x@ sw}v}twr; O}Um = |xQPwv=v =OD@= QO "OW xO=iDU=
sy q=@ |=tO w |U}]=vet uRty |wQ xk}kO 30 COt x@ w OW xi=[= CwR=t
xO}t=v MA1000 Q=YDN= x@ TB u}= R= VwQ u}= x@ xOW O}rwD |xvwtv "OW xOR
QO CwY=Qi G=wt= Q}F-=D sOa w CwR=t |q=@ Q=}U@ |wQv=Qo Cra x@ "OwW|t
&CU= xOW Q_v hQY Q=O?wQB |DwY=Qi x=oDUO R= xO=iDU= R= C=QP |oOvm =QB

O}Um =/ s} QUO}Um =/sw}v}twr;O}Um =� |O} Q@}y CNwUwv=v |xvwtv �
C=}YwYN Cra x@ %CwR=t � �xQ=w}OOvJ |v@ Qm |xrwrwv=v/sw}vwmQ} R
uwQO C=QPwv=v |R=UxOvm =QB Ov}=Qi �q=@ Q=}U@ |wQv=Qo � CwR=t |m} R}i |xS} w
xO=iDU= w xDW=O Cw=iD pR}Owv=v O}rwD QO xOW KQ]t |=yVwQ x@ C@Uv CwR=t
uRty Ovv=t 'OW KQ]t pR}O x}=B CNwUwv=v O=H}= |=Q@ QDV}B xm =yOv}=Qi u}= R=
x@ |}=yC}OwOLt p=}U uwQO C=QPwv=v |R=UxOvm =QB QO '|DwY=Qi x=oDUO w
CwY=Qi G=wt= |SQv= OwW QDW}@ |r=}U |wQv=Qo xJQy |DQ=@a x@ "OQ=O x=Qty
R= w xOW sm p=}U uwQO CmQL pw] QO CwY=Qi x=oDUO \UwD xOW O}rwD
\}Lt QO u; |R=UxOvm =QB w xO}@UJ sy x@ C=QP |R=U=OH QO G=wt= u}= Q}F-=D
u} wv |WwQ R= C=QP ?U=vt |oOvm =QB R= u=v}t]= |=Q@ Qw_vt u}O@ "Oy=m|t
O}=@ =OD@= VwQ u}= QO "CU= xOW xO=iDU= CwR=t uwQO C=QP |R=UxOvm =QB QO
|v}}=B |wQv=Qo xm � x} wv=F |r=}U QO =Q xOW xOvm =QB C=QPwv=v |w=L |mtm |rwrLt
pwrLt w CwR=t \qDN= R= 'TBU w xOQm x}yD u}W}B |=yVwQ Ovv=ty �xDW=O
O=H}= |=Q@ ?}DQD u}= x@ "OwW x}yD CwR=twv=v CNwU 'C=QPwv=v |w=L |mtm
=D Ov=xDiQo Q=Qk |@=} RQ= w uwtR; OQwt hrDNt pOt OvJ |O} Q@}y Q=DN=U l}
p=}U u=wva x@ pR}O CNwU R= "OwW O=yvW}B ?NDvt Q=DN=U u} QDy@ C}=yv QO
u}= p}rO &CU= xOW ?=NDv= C=QPwv=v |R=UxOvm =QB QO xO=iDU= OQwt |x} wv=F
QO xO=U VNB ut[ =Pr w xOw@ u; |DNwU w |v@ QmwQO}y C}y=t '?=NDv=
|=yuw}Uv=BUwU O=H}= |=Q@ "O@=}|tv Vy=m R}v u; |DQ=QL VRQ= 'CwR=t uwQO
x=oDUO R= pR}Ox}=B CNwU =@ |mtm p=}U uwQO C=QPwv=v Q=O}=B w jrat ,qt=m
QrW}=y CmQW UP400S pOt |DwY=Qi uRty =} |DwY=Qi R=Uuoty s=tL
Cra "CU= xOW xO=iDU= |SQv= w O=wt x=oWywSB QO u=tr; QwWm Hielscher

|xvwtv sm sHL 'pR}O uwQO C=QP |R=UxOvm =QB QO |DwY=Qi s=tL R= xO=iDU=
CQwY QO "CU= CwR=t w pR}O x}=B |=yCNwU x@ uOW xi=[= |=Q@ R=}v OQwt
xO=iDU= R}v Q=O?wQB|DwY=Qi x=oDUO R= u=wD|t QDW}@ sHL =@|}=ypwrLt x@ R=}v
|xrwrwv=v w sw}vwmQ} R O}Um = 's} QU O}Um = 'sw}v}twr; O}Um = C=QPwv=v =OD@= QO "OQm
OYQO 1 x=Qty x@ xQPwv=v Qy |=Q@ 20 ppm |}=yv C_re =@ xQ=w}OOvJ |v@ Qm
uwQO C=QPwv=v |R=UxOvm =QB |=Q@ "OwW|t x}yD pR}O CNwU uwQO Cv=DmiQwU
xO=iDU= =@ Q_v Ot C_re O=H}= Qw_vt x@ R=}v OQwt sQH =OD@= 'pR}O |mtm p=}U
u} RwD j}kO CQwY x@ CPA1003S; Sartorius pOt |m}vwQDmr= |wR=QD R=
xQPwv=v |w=L p=}U Oa@ |xrLQt QO "OwW|t xi=[= pR}O uwQO x@ TBU w xOW
s=tL uwQO xk}kO 15 COt x@ w OwW|t xORsy uRty x=oDUO =@ |@ wN x@
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@Q_v OQwt |=tO 'Qr}J \UwD =OD@= xm Ow@ j} Q] u}O@ V}=tR; s=Hv= VwQ
x=oDUO |x_iLt |=tO uO}UQ |=Q@ |mOv= u=tR w OW ?=NDv= O=Qo|Dv=U xHQO 26
p=kDv= x_iLt x@ xvwtv R= QD}r|r}t 30 Q=Okt TBU "OW xO=O Q_v OQwt |=tO x@
=Q} R OW ?=NDv= 23|@=ewO C=a}=t |=Q@ ?U=vt �lwO� 22pOv}BU= TBU "OW xO=O
'x=oDUO Q=Ri=sQv \UwD "OvQ=O Qw[L jrat CQwY x@ CNwU \}Lt QO wv=v C=QP
xO=O uOv=wN Q@ |v@t |QwDUO w OW s}_vD =yxO=O Vv=wN |=Q@ x]kv 50 u=R}t
x_iLt QO x}v=F 250 xvwtv Qy |rm Qw] x@ "OW xO=O x=oDUO x@ R}v x}v=F 5 Qy QO
xmu}= |=Q@ w |@ QHD Q}O=kt T=U= Q@ R}v x=oDUO |WQ@ VvD |xOwOLt "CW=O Q=Qk
xOW ?=NDv= x}v=F Q@ QD}r 1000 =D 0 1 u}@ 'OwW pt=W =Q umtt xR=@ u} QD`}Uw
Q=Owtv u}vJty w 25VvD ?ULQ@ 24|WQ@ VvD Q=Owtv R}v x=oDUO |HwQN "CU=

"OW ?=NDv= |WQ@ VvD ?ULQ@ =} wB |wQv=Qo

|r=oJ |Q}oxR=Ov= "2"7
OW=@ OQ=Ov=DU= |xOwOLt QO O}=@ xm CU= |m} R}i X=wN R= |m} 'CNwU |r=oJ
xm |}=yCNwU |xty ,qwtat "OW=@ xDW=O CNwU u=wva x@ =Q sRq |}=Q=m Ov=wD@ =D
?amt QDt |Dv=U Q@ sQo 1 R= QDsm |r=oJ OvwW|t xOv=RwU j=QDL= |x_iLt QO
u; |Q}oxR=Ov= w |m} R}i C}tm u}= OYQ |=Q@ "OvQ=O Q]kt ?; |xD}Uv=O u=ty =}
CUO x@ |=Q@ VwQ u}= uwJ "CU= xOW xO=iDU= QDtwvm}B =@ |HvUuRw VwQ R=
x@ pwrLt l} R= O}=@ 'Ovm|t pY=L =Q |@Uv |xD}Uv=O `k=w QO xD}Uv=O uOQw;
xO=iDU= Qw_vt u}= |=Q@ xR}vw}O ?; R= =Hu}= QO "OwW xO=iDU= `HQt pwrLt u=wva

%OwW|t x@U=Lt 1 |x]@=Q x@ xHwD =@ xvwtv Qy |r=oJ w xOW
�l = ml

mH2O
� �H2O (1)

26Q=QmD xrLQt xU V}=tR; Qy |=Q@ '=]N QDW}@ xJQy Vy=m w CkO V}=Ri= |=Q@
"CU= xOW xDiQo Q_v QO

CNwUwv=v j=QDL= w |DQ=QL X=wN "8
x@ xOW O=R; |DQ=QL |SQv= Q=Okt '=yCNwU |xU}=kt w VHvU |=yQ=}at R= |m}
xOW O=R; |=tQo Q=Okt 'CNwU l} |DQ=QL VRQ= "CU= CNwU u; sQH OL=w |=R=
"CU= CQ=QL xHQO w Q=Wi u}at \}=QW CLD CNwU u; sQH OL=w j=QDL= QF= QO
=tQo O=H}= |rY= |=ypt=a xm OvQ=O uSwQO}y w u@ Qm R= |D=@}mQD =yCNwU QDW}@
CQ=QL w OvwW|t ?}mQD uS}Um = =@ wO Qy j=QDL= Ov}=Qi QO uSwQO}y w u@ Qm "OvDUy
V}=tR; x@ u=wD|t CNwU x@ \w@ Qt |=yV}=tR; u} QDsyt xrtH R= "Ovvm|t O}rwD
xQ=W= GvU|Qr=m ?t@ \UwD CNwU |}=tQo VRQ= C}tm |x@U=Lt x@ \w@ Qt
T=U= Q@ O}=@ x=oDUO C=R}yHD =yvD xv 'x=oDUO |i=m CkO R= u=v}t]= |=Q@ "OQm
V}=tR; OvwQ O}=@ '|v=Uv= |=y=]N R= |Q}owrH |=Q@ xmr@ OW=@ xOW O}rwD OQ=Ov=DU=
|xvwtv ' ẁ[wt u}= x@ xHwD =@ "OW=@ ASTM�D240 OQ=Ov=DU= T=U= Q@ R}v
u; R= xO=iDU= =@ xm CU= OQ=Ov=DU= u}ty j@=]t R}v xOW |L=Q] GvU|Qr=m ?t@
?}DQD u}= x@ "OQm u}}aD =Q Q_v OQwt CNwU |DQ=QL VRQ= q=@ CkO =@ u=wD|t
'OwQ|t Q=m x@ `}=t |=yCNwU |DQ=QL VRQ= j}kO u}}aD |=Q@ |HvU|Qr=m ?t@

%CU= xOW xO=iDU= 2 |x]@=Q R= x=oDUO |DQ=QL VRQ= |x@U=Lt |=Q@ xm
E = Q1M1 +Q2M2 �MwCw

�T
(2)

"CwR=t � CNwUwv=v \w@ Qt C=aq]= "5 pwOH
(ppm) C_re xO=t/xQPwv=v CNwUwv=v

1000 sw}v}twr;O}Um = MA1000

1 2 sw}v}twr;O}Um =

MACeZC 1 2
1 2 s} QU O}Um =
1 2 sw}vwmQ} R O}Um =
1 2 xQ=w}O OvJ |v@ Qm xrwrwv=v

�|tHL �� 6 pR}O
�|tHL� <� 0 06 Cv=DmiQwU

60 sw}v}twr;O}Um =
MACe60C12

60 s} QU O}Um =
12 xQ=w}O OvJ |v@ Qm xrwrwv=v

�|tHL �� 6 pR}O

13 sw}v}twr;O}Um =

MACeZC13

13 s} QU O}Um =
13 sw}vwmQ} R O}Um =
13 xQ=w}O OvJ |v@ Qm xrwrwv=v

�|tHL �� 6 pR}O
�|tHL� <� 0 06 Cv=DmiQwU

"p=}Uwv=v|m} Swrw�Q X=wN|tm xar=]t |=Q@ xOW xO=iDU= QDtw�Q x=oDUO "7 pmW

|}=yR}r=v; u} QDC}ty= QB R= |DQ=QL w |k=QDL= |=yQ=DN=U Q=vm QO OyO|t u=Wv
xOQm O}}-=D pt=m CQwY x@ =Q |DQ=QL � |k=QDL= \}=QW Ov=wD|t =yv; |x�=Q= xm CU=
w =yxvwtv pt=m OYQ Ea=@ =yQ=DN=U u}= "Ovm x�=Q= =t x@ =Q xv}y@ |}=yv |xvwtv w
"CU= QD|}x}=B Q_v R= xOW |L=Q] Cq=}Uwv=v w =yuw}Urwt= w C=QPwv=v |=yQ=DN=U

VvD w |wQv=Qo %|m} Swrw�Q X=wN "1"7
u}vJty w |wQv=Qo pFt 'CNwU |Dq=}U X=wN Q@ C=QPwv=v Q}F-=D |UQQ@ Qw_vt x@
"CU= xOW s=Hv= 7 pmW QO xO=O u=Wv x=oDUO =@ |QDtw�Q V}=tR; '|WQ@ VvD
QO xS} w C=Q}}eD O=H}= ?@U 'CNwU |xvwtv QO xOW VNB C=QPwv=v xm =Hu; R=
Q}e p=}U x@ |vwDw}v p=}U Cr=L R= `}=t Q=DiQ Q}}eD u=mt= w OvwW|t p=}U X=wN
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"CwR=t � CNwUwv=v w Xr=N CwR=t |DQ=QL VRQ= OYQO Q}}eD Q=Owtv "8 pmW

Q}HvR R=QO|=yu@ QmwQO}y|oOv@UJCra x@C=QP|Q=O}=Bl}D=tW Q}wYD "9pmW
"Q}PB=vh=]av= |Q=O}=B O=H}= w

G}=Dv w xOw@ CNwUwv=v |w=L hQ_ |}=yDv= w |v=}t '|}q=@ CtUk xU R= |Q}oxvwtv
CNwU QO C=QP |oOvm =QB |DN=wvm} u; `@D x@ w |DQ=QL VRQ= uOw@ u=Um} R= u=Wv
x@ Ov=wD|t C=QPwv=v uO}@UJ sy x@ w |v}WvxD sOa '|DN=wvm} "CU= xOW x}yD
C=QPwv=v xJQy "OW=@ C=QP |vw=Q@ CmQL Vy=m w CwR=t |q=@ Q=}U@ |wQv=Qo p}rO
p}mWD w Qo}Om} x@ C=QP OQwNQ@ p=tDL= OvwW xOvm =QB |QDq=@ |wQv=Qo =@ \}LtQO
QO Q}HvR R=QO |=yu@ QmwQO}y `=wv= OwHw u}vJty "O@=}|t Vy=m R}v QDnQR@ |xQP
|wQ Q}HvR R=QO |=yu@ QmwQO}y u}= R= |O=OaD &OwW|t |v}@V}B CwR=t CNwU
w xOQm O=H}= K]U p=ai O=wt x@ x}@W |OQmrta w xOW xO}@UJ C=QPwv=v Kw]U
sOa l}D=tW Qw] x@ 9 pmW "OwW CwR=t � CNwUwv=v Q}PB=vh=]av= |Q=O}=B ?@U
Q}HvR R=QO |=yu@ QmwQO}y uOW xOv@UJ Cra x@ Qo}Om} x@ C=QPwv=v uOW l}ORv
R}v MACeZC1 2 |xvwtv |DQ=QL VRQ= "OyO|t u=Wv =Q C=QPwv=v K]U |wQ
x@ C@Uv u; |DQ=QL VRQ= Vy=m p}rO OwW|t |v}@V}B w xDW=O OWQ �3 75

%OW=@ Q} R OQ=wt (MACe60C12) xv}y@ |xvwtv
|DU}r=D=m C}Y=N Vy=m ?@U C=QPwv=v C_re Vy=m %C=QPwv=v u}}=B C_re �

&CU= xOW CwR=t CNwU Ow@y@ w
O}Um = R= xO=iDU= R}v u}W}B |=yVywSB QO %sw}vwmQ} R O}Um = |xQPwv=v OwHw �

"CU= xOW CNwU |DQ=QL VRQ= Vy=m ?@U sw}vwmQ} R
TB |HvU|Qr=m ?t@ j=QDL= |x_iLt |y=oW}=tR; C=Oy=Wt T=U= Q@
w Xr=N CwR=t xvwtv wO u}@ |}x_Lqt p@=k Cw=iD 'j=QDL= Ov}=Qi p}tmD R=
CNwUwv=v uDNwU QDy@ |xOvyOu=Wv Qt= u}= "OQ=O OwHw CwR=t � CNwUwv=v
QO xm u=vJ "CU= CNwU j=QDL= R= |W=v |=yxOv}q; Vy=m u}vJty w |O}rwD

� CNwUwv=v w Xr=N CwR=t |DQ=QL VRQ= |Q}oxR=Ov= R= pY=L G}=Dv "6 pwOH
"CwR=t

x@ C@Uv |DQ=QL VRQ= Q}}eD ?ULQ@ |DQ=QL VRQ= CNwU��� Xr=N CwR=t MJ=kg

� 39 94 Xr=N CwR=t
�5 5 37 92 MA1000
3 75 42 28 MACeZC1 2
10 17 42 004 MACe60C12
15 62 42 18 MACeZC13

CNwU |DQ=QL VRQ= Q1 'j=K ?ULQ@ GvU|Qr=m C}iQ_ E x]@=Q u}= QO
j=QDL= s}U |DQ=QL VRQ= Q2 'sQo ?ULQ@ `}=t CNwU sQH M1 'j=g ?ULQ@
xOW hQYt j=QDL= s}U sQH M2 '�1400 kj=g pO=at =Hu}=� s}tO=m TvH R=
V}=Ri= u=R}t �T 'CU= xOw@ �sQo 0 00667 R}v w QDt|Dv=U 12 pO=at =Hu}=�
Cw w x_iLt xDUwB uwQO ?; sQH Mw 'pO=aD x@ uO}UQ R= TB CQ=QL xHQO
xQ@}r=m R= Oa@ "CU= u} wrm xHQO sQowr}m Q@ pwS ?ULQ@ ?; |xS} w |}=tQo C}iQ_
|W=v xOW O=R; |=tQo GvU|Qr=m C}iQ_ |x@U=Lt w |DQ=QL ?t@ sDU}U uOQm

%CU= x@U=Lt p@=k 3 pwtQi R= CNwU j=QDL= R=

Q = E�T �PGd
G

(3)

C@Uv xm |O=wt� =y|vOwRi= Q}=U \UwD xOW O=H}= CQ=QL u=R}tPGd u; QO xm
?ULQ@ CNwU xvwtv uRw G w pwS ?ULQ@ �Ov=xOW xi=[= uw}U=Q@}r=m Cr=L x@
j@=]t CwR=t � CNwUwv=v |DQ=QL VRQ= |Q}oxR=Ov= R= pY=L G}=Dv "CU= sQo
CwR=t |DQ=QL VRQ= x@ C@Uv u; �13 5 V}=Ri= R= |m =L 6 pwOH C=aq]=
x@ OW u=}@ QDV}B xm u=vJ "CU= MACe60C12 xv}y@ xvwtv |=Q@ CU= Xr=N
C=QPwv=v |Q=O}=B |rta |UQQ@ 'CwR=t |m} R}i w |Qy=_ |xS} w X=wN ?@U
|DQ=QL VRQ= |Q}oxR=Ov= Ov}=Qi =Pr "CU}v Q}PBu=mt= CNwU uwQO x@ xOW xi=[=
8 pmW Q=Owtv QO "CU= xOW s=Hv= CNwUwv=v |x}yD R= Ca=U 24 CWPo R= TB
CwR=t � CNwUwv=v w Xr=N CwR=t |DQ=QL VRQ= OYQO Q}}eD u=R}t `k=w QO
C=QP |oOvm =QB w |v}WvxD |UQQ@ Qw_vt x@ u}vJty "CU= xOW x�=Q= =yxvwtv QO
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@"CNwU |}xU}=kt |}=QH= |xv}y@ |=yQDt=Q=B "8 pwOH
Results OQ=Ov=DU= OL=w Test Item

0 89
D7042

g=cm3 Density at15�C
2 342 cSt(mm2=s)

Kinematic Viscosity

at100of

45 93
D240 MJ=kg

H. heat value

43 07 L. heat value

0 03 D189 Wt� Carbon residue

0 51 D129 Wt� Sulfur Content

�38 D482 Wt� Ash Content

38 D6304 mg=kg Water Content

56 D93 �C Flash point

�12 D97 �C pour Point

� D1500 � Color

Non
D130 � Copper Corrosion

Corrosive for3hr@100�C

"uw}Urwt=wv=v uOwRi= R= Oa@ CwR=t CNwU C}i}m C=Q}}eD pwOH "9 pwOH
Results OQ=Ov=DU= OL=w Test Item

0 949
D7042

g=cm3 Density at Amb:

Temp: (29 6�C)

144 5 cSt(mm2=s)
Kinematic Viscosity

at 50�C

43 78
D240 MJ=kg

H. heat value

41 53 L. heat value

7 81 D189 Wt� Carbon residue

3 11 D129 Wt� Sulfur Content

0 06 D482 Wt� Ash Content

Trace D96 V ol� Water and sedi.

61 D93 �C Flash point

�3 D97 �C pour Point

G}=Dv p}rLD w EL@ "9
x@ xHwD =@ |}=yv pwOH |r}tmD |=yV}=tR; s=Hv= w C=W}=tR; |L=Q] R= TB
Q=DN=U w x}=B CNwU Q=DN=U Q@ xDiQo CQwY |=y|UQQ@ w xOW s=Hv= |=yV}=tR;
CqwYLt u}= xm OQm x_Lqt u=wD|t w CU= x�=Q= p@=k xOW xDN=U |=yCNwUwv=v
QO Ov=wD|t xm Ov=xOQm O=H}= x}=B |=yxvwtv =@ |O=} R Q=}U@ C=Q}}eD |O}rwD |=yxvwtv
ltm CU} R \}Lt |oOv}q; Vy=m w |y=owQ}v C=R}yHD OQmrta Ow@y@ OQ@W}B
,=@} QkD xm CU= xOy=Wt p@=k pR}O CNwU l}miD x@ C=aq]= 8 pwOH QO "Ovvm
"OwW|t xO}O u; �|DQ=QL VRQ=� |va} QDt=Q=B u} QDsyt QO |OYQO 18 |Ow@y@
OQwt uw}Urwt=wv=v uOwRi= R= Oa@ CwR=t |k=QDL= CNwU C=YNWt R}v 9 pwOH QO

QO CwR=t � CNwUwv=v w Xr=N CwR=t Cr=L wO QO xOwO u=R}t Cw=iD "10 pmW
"j=QDL= x_iLt

Xr=N CwR=t w Xr=N pR}O |DQ=QL X=wN |Q}oxR=Ov= R= pY=L G}=Dv "7 pwOH
"CwR=t � CNwUwv=v w

CQ=QL p=kDv= ?} Q[ C}=Oy ?} Q[ CNwU
W

m2:K |}=H@=H W
m:K |DQ=QL

255 34 0 152 Xr=N pR}O
34 43 0 0205 Xr=N CwR=t
58 79 0 035 MA1000
129 68 0 0772 MACeZC1 2
165 30 0 0984 MACe60C12
166 81 0 0993 MACeZC13

Q=}U@ CNwUwv=v j=QDL= Cr=L QO xOwO u=R}t OwW|t x_Lqt 10 pmW Q} wYD
pwYLt QDy@ j=QDL= Cra x@ ẁ[wt u}= `k=w QO xm xOw@ Xr=N CwR=t R= QDsm
xO=iDU= OQwt C=QPwv=v |DU}r=D=mwv=v QF= w |i=[= uS}Um = ?PH R= |W=v CNwUwv=v

"CU= x}=B CNwU Cr=L x@ C@Uv j=QDL= |x_iLt QO
?} Q[ x@ hw]at xm |DNwU x}=B Cq=}Uwv=v |DQ=QL |=yV}=tR; |=yxvwtv
|k=QDL= |=yV}=tR; Q=vm QOCU=|}=Hx@=H CQ=QL p=kDv=?} Q[ w|DQ=QLC}=Oy
\}=QW xvwtv l} CU= umtt =Q} R "OW=@ |}=yv ?=NDv= u} QDy@ x@ QHvt Ovv=wD|t
OyOv x�=Q= OwN R= ?U=vt |DQ=QL X=wN =t= OW=@ xDW=O |@U=vt Q=}U@ |k=QDL=
?Hwt j@=]D sOa u}= |y=owQ}v w |Ov}=Qi |=ysDU}U QO CQwY u}= QO xm
pR}O w CwR=t 'O};|tQ@ 7 pwOH R= xm u=vJ "CU= xv}y@ j@=]D Ci=} QO sOa
|vw}Urwt= |=yxvwtv uOwRi= =@ xm OvQ=O |Q=}U@ Cw=iD |DQ=QL ^=Lr x@ Xr=N
|k=QDL= p�=Ut Ovv=ty R}v u; |DQ=QL C}=Oy X=wN x}=B CwR=t x@ xOW xDN=U
QDt=Q=B u}= XwYN QO u}vJty "CU= xO}UQ OwN C}i}m u} QDy@ x@ w xDi=} Ow@y@
QO Ow@ Q=wO}t= u=wD|t xm OQ=O OwHw j@=]D |DQ=QL w |DNwU C}i}m Ow@y@ u=}t
xOW O=} pwOH R= |Qo}O uwDU QO "OW=@ xDW=O Ow@y@ R}v |DQ=QL QDt=Q=B Qo}O
s=Hv= C=@U=Lt x@ xHwD =@ |}=Hx@=H C}=Oy X=wN C=Q}}eD u}= xm OwW|t xO}O
|=yQDt=Q=B |t=tD pt=m j@=]D xm xDi=} V}=Ri= |@=NDv= |=yQDt=Q=B x@ xHwD =@ xOW
C=QPwv=v CUQO ?=NDv= Qou=}=tv OQwt u}= xm OyO|t u=Wv =Q |k=QDL= |DQ=QL
xOW |DQ=QL X=wN V}=Ri= Ea=@ |Q=O}=B w j=QDL= Ow@y@ u}L QO xm CU=

"CU=
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OYQO ?}mQD u}vJty "CU= xOW x�=Q= 11 pw=OH QO 'xDiQo Q=Qk V}=tR; OQwt
"CU= xOy=Wt p@=k 11 pwOH QO pR}Owv=v |xOvyOp}mWD <=RH=

p@=k 12 pwOH QO pR}Owv=v |QYva C=}YwYN x@ \w@ Qt |=yR}r=v; G}=Dv
"CU= xOy=Wt

|Q}oxH}Dv "10
G}=Dv Ovv=ty CwR=t x}=B Q@ |=yCNwU |=Q@ jrat |O} Q@}y C=QPwv=v R= xO=iDU=
u}= G}=Dv "CU= xOQm O=H}= j=QDL= w |DQ=QL X=wN QO Ow@y@ pR}Owv=v CNwU
CNwUwv=v w CwR=t CNwUwv=v |xv}y@ |=yxvwtv xm CU= u; |xOvyOu=Wv xar=]t
Ov=wD|t w xDW=O =Q |k=QDL= Ov}=Qi QO xO=iDU= |=Q@ p;xO}= CNwU X=wN s=tD pR}O
u}= x@ xHwD =@ "OW=@ Xr=N pR}O w CwR=t |=yCNwU |=Q@ |@U=vt u} Ro}=H
CNwU |x}rw= C}i}m u=R}t x@ pR}O CNwU |DQ=QL VRQ= V}=Ri= u=R}t xm ẁ[wt
CyH u}ty x@ 'xDW=O |oDU@ p=U hrDNt pwYi QO u; C=@}mQD w �Xr=N� x}=B
14 02 u}@ Ov=wD|t xOW x�=Q= |=yR}r=v; G}=Dv x@ xHwD =@ |DQ=QL VRQ= Ow@y@ u=R}t
|] QO xvwtv s=wO u=tR COt Cra x@ R}v CwR=t XwYN QO "OW=@ Q}eDt �18 5 =D
|xvwtv CN=U w |Q=Oyov uR=Nt QO CwR=t |}q=@ |=yx}q R= xO=iDU= w x=t VW
CwR=t R= QDsm |mOv= CU= umtt �Xr=N� x}=B |xvwtv |DQ=QL VRQ= 'CwR=twv=v
O}rwD CwR=twv=v p=L u}= =@ "CU= xDW=O Vy=m R}v CwR=twv=v xH}Dv QO w xOW xR=D
w xDW=O �13 41 OwOL pO=at |QDq=@ |DQ=QL VRQ= Xr=N CwR=t x@ C@Uv xOW
xQ=w}OOvJ |v@ Qm |=yxrwrwv=v w |Rri O}Um = C=QPwv=v uOwRi= C@Ft Q}F-=D R= u=Wv u}=
xOW s=tD Ct}k x@ \w@ Qt C=@U=Lt s=Hv= =@ u}vJty "OQ=O CNwU QDy@ j=QDL= QO
xm OwW|t pY=L |Q}oxH}Dv u}= pR}O w CwR=t CNwUwv=v |=yxvwtv CN=U |=Q@
xU}=kt QO pwYLt |}=yv |xv} Ry 'O=R; RQ= =@ x}rw= O=wt |Q=O} QN CQwY QO |DL
Ct}k V}=Ri= OYQO 30 |r= 20 QFm =OL w xOw@ R}J=v Q=}U@ x}=B CNwU Ct}k =@
Vy=m p@=k |O} Q@}y |=yptmt xw@v= O}rwD =@ xm CU= |v}@V}B p@=k x}=B CNwU
xDW=O |}q=@ |O=YDk= C} Rt Ov=wD|t KQ] u}= s=Hv= |O=YDk= ^=Lr R= =Pr w CU=
|}xrLQt wO CQwY x@ C=QP |R=UxOvm =QB VwQ 'pR}O CNwUwv=v |x}yD QO "OW=@
CNwU uwQO xOvvm Q=O}=B |xO=t x=Qty x@ 'u} RwD R= TB C=QPwv=v w CiQo CQwY
|}=yv |R=UxOvm =QB Qw_vt x@ |DwY=Qi x=oDUO R= pt=m \qDN= R= TB w xOW xDN} Q
x@ ,=t}kDUt u=wD|t KQ] u}= QO xOW x}yD pR}Owv=v R= "CU= xOW xO=iDU= C=QP
R= V}=tR; u}= QO xDiQ Q=m x@ pR}O CNwU "OQm xO=iDU= |DNwU pwYLt u=wva
xOW x}yD |v=UQCNwU Rm =Qt QO OwHwt |rR}O |=ywQOwN QO xO=iDU= OQwt p}�wR=o

"CU=
l} p;xO}= |xOwOLt QO |DNwU |=yxYNWt w G}=Dv |t=tD '?}DQD u}= x@
C=}YwYN R= |NQ@ QO w xOw@ |y=owQ}v `}=vY QO xO=iDU= OQwt |DNwU |xO=t

"CU= xDi=} Ow@y@

QmWD w Q}OkD
|wQ}v O}rwD |YYND QO=t CmQW |r=t C}=tL R= xSwQB u}= x@ \w@ Qt C=ar=]t
xr}Uw u}O@ xm CU= xOW Q=OQwNQ@ wQ}v x=oWywSB |tra C}=tL w |DQ=QL jQ@

"OwW|t |v=OQOk

=@ CwR=t w pR}O �Xr=N� x}=B CNwU |DQ=QL VRQ= |xU}=kt "10 pwOH
"|O}rwD |=yCNwUwv=v

x@ C@Uv |DQ=QL VRQ= Q}}eD O}OH |DQ=QL VRQ= CNwUx}=B CNwU wv=v MJ=kg

� 40 28 Xr=N pR}O

�14 02 45 93 D�ACS100

�pR}O wv=v�
� 38 6 Xr=N CwR=t

�13 41 43 78 M�ACeZC13

�CwR=t wv=v�

"pR}Owv=v CNwU C=YNWt "11 pwOH
(ppm) C_re C=QPwv=v x}=B CNwU xvwtv

100 sw}U}r}U O}Um =
pR}O D�ACS100100 sw}v}twr; O}Um =

100 1xQ=w}O OvJ |v@ Qm |=yxrwrwv=v

"ppm ?ULQ@ pR}Owv=v |QYva R}r=v; G}=Dv "12 pwOH
Test Result Test Result

Mo 0 0 Fe 0 7
Zn 0 1 Cr 0 1
P 0 0 Al 25
Ca 0 3 Cu 0 0
Ba 0 0 Pb 0 0
Mg 0 1 Sn 0 0
Si 13 5 Ni 0 0
Na 8 2 Ti 0 0
B 0 1 Ag 0 0
V 0 0

G}=Dv 'Qo}O hQ] R= "Ov=xOy=Wt p@=k ,qt=m xDi=}Ow@y@ O=Oa= xm OwW|t xO}O |L=Q]
VRQ= x@ C@Uv pR}Owv=v w CwR=twv=v CNwU |DQ=QL VRQ= Q}}eD V}=tR; R= pY=L

"CU= xOy=Wt p@=k 10 pwOH QO x}=B CNwU |DQ=QL
=@ xv}y@ |=yCNwUwv=v C=YNWt %xOW O}rwD |=yCNwUwv=v |vi C=YNWt
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R= CU= CQ=@a (Speci�c Fuel Consumption) CNwU xS} w hQYt
j=QDL= Ea=@ xm j=QDL= x_iLt =} xmQLt QwDwt Qy CNwU u=tOv=Q =} xOR=@ |Q}oxR=Ov=
R= CU= CQ=@a h} QaD u=wva x@ `k=w QO "Ovm|t O}rwD =Q pY=L u=wD =} |SQv= w OwW|t

"xOW O}rwD u=wD Q@ s}UkD CNwU hQYt u=R}t
R= u; QO xm CU= |}=tO xHQO u} QDu}}=B (Flash Point) VNQO =} p=aDW= |x]kv "2

"OwW|t `]=U j=QDL= p@=k |Q=N@ 'xO=t
R=}v OQwt CQ=QL xHQO u} QDu}}=B x@ 'j=QDL= |x]kv =} (Fire Point) VD; |x]kv "3
5 pk=OL |=Q@ u; VD; xm 'OwW|t jq]= CNwU l} uOW Q=N@ w uDiQo VD; |=Q@

"OW=@ xDW=O xt=O= R=@ xraW =@ j=QDL= R= TB x}v=F
u; |rwt sQH xm &Fe10H10C |}=}t}W pwtQi =@ (Ferrocene) uUwQi "4

"CU= uWwQ |HvQ=v QOwB '?}mQD u}= |Qy=_ pmW w 186 04 g=mol
5. Acacia Concinna Biodiesel
6. Hybrid NanoMaterials
7. Biomass
8. Cetane Value

10. Lubrication
CU= |Div |=yu@ QmwQO}y R= |m} 'CU= Mazut |U}rov= x@ xm CwR=t =} xQwm Civ "11
uwJ w O};|t CUO x@ O}iU Civ w u} Rv@ '=Div R= TB s=N Civ V}q=B pL=Qt QO xm
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