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m =
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(1� '� 10�2)
(1)

p=}U uwQO C=QP `} RwD CyH� Ca=U wO COt x@ |U}]=vet uRty R= 'xt=O= QO
|=yxNwrm uOQ@ u}@ R= CyH� Ca=U wO COt x@ l}vwU=QDrw= ?=QB x=oDUO '�x}=B
w uoty CyH� Ca=U wO COt x@ l}vwU=QDrw= s=tL R= C}=yv QO w �|r=tDL=
|QY@C} -wQCyH 'p=}Uwv=vCN=U R=TB "CU= xOW xO=iDU= �pwrLt |R=UQ=O}=B
TB RwQ 30 w CN=U R= TB xDiy l} 'CN=U u=tR QO |Q=OQ@Tma 'u; |Q=O}=B
'CU= xOy=Wt p@=k 2 w 1 |=ypmW QO xm Qw]u=ty "CU= xDiQo s=Hv= CN=U R=
=t= Ov=xOw@ Q=OQwNQ@ |@U=vt |Q=O}=B R= u=vJty RwQ 30 R= TB SiO2 Cq=}Uwv=v

"Ov=xOQm |v}WvxD x@ ẁQW sm Q=Okt x@ TiO2 p=}Uwv=v
x=oDUO R= xO=iDU= =@ 'Cq=}Uwv=v |Q=O}=B u}vJty w C=QP O=a@= |UQQ@ CyH
|tHL C_re =@ Cq=}Uwv=v R= TEM Q} w=YD '|Qw@a |vwQDmr= AwmUwQm}t
QO Q} w=YD u}= |UQQ@ =@ "CU= xOW x}yD QDtwv=v 100 T=}kt QO OYQO 0/05

"Q[=L VywSB QO xO=iDU= OQwt C=QPwv=v sQH "3 pwOH
|tHL C_re OYQO (gr)TiO2 sQH (gr)SiO2 sQH

0=05 6=348 3=976
0=1 12=702 7=957

"Cw=iDt |v=tR |=yxR=@ QO SiO2 p=}Uwv=v |Q=O}=B "1 pmW

"Cw=iDt |v=tR |=yxR=@ QO TiO2 p=}Uwv=v |Q=O}=B "2 pmW

w CU= xOw@ p=v=mwQm}t uwQO pwm}ro ur}D= w ?; x}=B p=}Uwv=v R= xO=iDU= =} pwm}ro
�|R=wt � |QU� |Hwt |=yp=v=mwQm}t R= |@}mQD xO=iDU= |wQ Q@ |=xar=]t xvwoI}y

"CU= xDiQ}PBv s=Hv= uewQ x}=B p=}U QO C=QPwv=v x=Qtyx@

sm =L \@=wQ w C=W}=tR; s=Hv= KQW "2
xr�Ut u=}@ "1"2

p=}Uwv=v Q=Wi Ci= w CQ=QL p=kDv= |=yxYNWt |UQQ@ x@ Q[=L VywSB QO
|=RHt |UQQ@ Qw_vtx@ "CU= xOW xDN=OQB |Hwt |=yp=v=mwQm}t uwQO uewQ x}=B
wO '=yv; |=yQ=Owtv s}UQD QO CrwyU u}vJty w =yp=v=mwQm}t R= s=Om Qy OQmrta
68 l}rwQO}y uewQ x}=B p=}U "Ov=xO}OQo |Q=Pos=v 2 w 1 CQwYx@ p=v=mwQm}t
|tHL |=yC_re =@ SiO2 w TiO2 |RriQ}e w |Rri O}Um = C=QPwv=v |w=L
OQwt |R=wt w |QU V}=Q; =@ |Hwt |=yp=v=mwQm}t uwQO OYQO 0/1 w 0/05
Q@ QD}r 1/5 w 1 '0/5 hrDNt |@O xU QO C=W}=tR; "CU= xDiQo Q=Qk V}=tR;
"Ov=xDiQo CQwY O=Qo|Dv=U xHQO 55 w 50 '45 '40 |OwQw |=tO Q=yJ w xk}kO
x}L=v "OvO}OQo s=Hv= C@=F |DQ=QL Q=W w Q}PB=vsm =QD 's�=O u=} QH Cr=L QO C=W}=tR;
s} SQ w |DQ=QL xaUwD p=L QO w |m}t=v}OwQO}y xDi=}xaUwD x}L=v 'xar=]t OQwt
w x}=B uewQ C=YNWt ?}DQDx@ 2 w 1 |=ypwOH "OW=@|t s=Q; ẁv R= R}v u=} QH

"OvyO|t x�=Q= =Q C=QPwv=v

p=}Uwv=v |R=UxO=t; xwLv "2"2
p=}Uwv=v l} |x}yD "OW=@|t p=}Uwv=v |R=U xO=t; 'xar=]t u}= QO syt s=o u}rw=
=Q} R 'CU= Q=OQwNQ@ |=xS} w C}ty= R= Cq=}Uwv=v CQ=QL p=kDv= QO xOW Q=O}=B
� Ot=H� |R=iwO CQ=QL p=kDv= x@ QHvt ?U=vt=v VwQ x@ xOW x}yD Cq=}Uwv=v
QO w �QDtwQm}t xR=Ov= x@� QDoQR@ C=QP p}mWD 'Qo}Om} x@ C=QP uO}@UJ '�`}=t
"OwW|t |DQ=QL C=R}yHD Q}=U w AtB 'xrwr 'uRNt 'p=v=m QO =yv; ?wUQ C}=yv
x@ xHwD =@� R=}v OQwt |xQPwv=v sQH CU}=@|t p=}Uwv=v CN=U xrLQt |=OD@= QO
p=D}H}O |wR=QD ltm x@ w x@U=Lt 1 x]@=Q \UwD �x}=B p=}U QO u; |tHL C_re

"40�C QO H68 uewQ C=YNWt "1 pwOH
(kg=m3) |r=oJ 879=2

(mm2=s) |m}D=tv}U xD} RwmU} w 68=8
(J=kg:K) xS} w |}=tQo C}iQ_ 2070

(w=m:K) |DQ=QL C}=Oy ?} Q[ 0=13

"TiO2 w SiO2 C=QPwv=v C=YNWt "2 pwOH
SiO2 TiO2 xQPwv=v ẁv
2650 4230 (kg=m3) |r=oJ
1=5 8=4 (w=m:K) |DQ=QL C}=Oy ?} Q[
730 692 (J=kg:K) xS} w |}=tQo C}iQ_
20 20 (nm) \UwDt Q]k
O}iU O}iU nvQ

Arminano Npyekta OvQ@
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@QH
Dxa

r=]t'CU= xOy=Wt p@=k xm Qw]u=ty w CU= xO}UQ C@F x@ V}=tR; u} QN; s=Hv= R= TB
"CU= xOQm ?wUQ =yp=v=mwQm}t uwQO TiO2 C=QPwv=v R= |tm Q=}U@ Q=Okt

x=oW}=tR; x=oDUO "3"2
p=kDv= w |Q=Oyov sDU}U |rY= VN@ xU pt=W Q[=L VywSB V}=tR; x=oDUO
7 w 6 |=ypmW QO "OW=@|t |}=tQo x=J w |y=oW}=tR; C=R}yHD '�S=BtB� p=}U
"CU= xOW xO=O u=Wv |QU w |R=wt |=yVv}J QO ?}DQDx@ V}=tR; Q=Ot l}D=tW
|=xOvO AtB w QD}r 5 sHL x@ |vy; uRNt pt=W p=}U p=kDv= w |Q=Oyov sDU}U
pt=W R}v |y=oW}=tR; C=R}yHD R= |NQ@ "OW=@|t pm}U uwQO x@ p=}U S=BtB CyH
|vewQ |=yQDtwv=t 'V}=tR; OQwt|@O s}_vD w |Q}oxR=Ov=CyH|vewQ GQOt QDtwri
|=y?=@L uOQ@ u}@ R= CyH C=twD= |Q}o =wy Q}W 'Q=Wi Ci= |Q}oxR=Ov= CyH
p=}U 'K]U |=tO C�=Qk CyH PT 100 |=yQwUvU 'pm}U QO OwHwt |r=tDL=
|=tO pQDvm w V}=tv CyH =tO QrQDvm 'u; R= |HwQN w p=v=mwQm}t x@ |OwQw
=tO uDW=O xov C@=F w s}_vD Qw_vtx@ QwDm =Dvm w =yQwUvU \UwD xOW |Q}oxR=Ov=

"OW=@|t XNWt Q=Okt |wQ Q@
lwr@ pt=W 'CU= xOW xO=O u=Wv 8 pmW QO xm Q[=L VywSB |}=tQo x=J
PT 100 |=yQwUvU w |}=tQo Cvtr= '|Ut p=v=mwQm}t '|v=kwi lwr@ 'u} Q} R
nvRO[ p}DU=TvH R= u} Q} R lwr@ "OW=@|t p=v=mwQm}t K]U |=tOC�=QkCyH
'=yp=v=m uwQO p=}U u=} QH |xOy=Wt Qw_vtx@ 75� 95mm2"OW=@|t O=a@= QO
R= u=v}t]= CyH "CU= xOW ?=NDv= h=iW Tqo |UmrB TvH R= |v=kwi lwr@
x}rND CyH w lwr@ u}iQ] QO |OwQw wO '=yp=v=m |t=tD uwQO p=}U uDi=} u=} QH
R= QDW}@ u=v}t]= pwYL CyH u}vJty "CU= xOW x}@aD |HwQN wO R}v p=}U

"|R=wt V}=Q; QO V}=tR; Q=Ot l}D=tW "6 pmW

"|QU V}=Q; QO V}=tR; Q=Ot l}D=tW "7 pmW

sqa= O=a@= =@ Q} wYD QO xOW VQ=Ro O=a@= xm OwW|t xOy=Wt 4 w 3 |=ypmW
|Q=O}=B R= R}v Cq=}Uwv=v w xOw@ Q=OQwNQ@ |@ wN j@=]D R= xOvR=U CmQW \UwD xOW

"OvDUy Q=OQwNQ@ |@U=vt
\UwD |Q=OQ@ Q} wYD 'K]U |SwrwiQwt |UQQ@ Qw_vt x@ Q[=L j}kLD QO
V}=tR; s=Hv= R= TB p=v=mwQm}t K]U R= (SEM) |W@ wQ |vwQDmr= AwmUwQm}t
|tHL C_re =@ TiO2 p=}Uwv=v SEM Q} wYD xvwtv u=wvax@ w xDiQ}PB CQwY
RwQ 45 CWPo R= TB Q} wYD u}= "CU= xOW xO=O u=Wv 5 pmW QO OYQO 0/1

"SiO2 |xvwtv TEM Q}wYD "3 pmW

"TiO2 |xvwtv SEM Q}wYD "4 pmW

"OYQO 0/1 TiO2 C=QPwv=v x=Qty x@ p=v=m SEM Q}wYD "5 pmW
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v=mt
|U

Ovyt

"Q[=L VywSB V}=tR; x=oDUO Q}wYD "10 pmW
xOW O=H}= |=tO C=Q}}eD Q=Okt R= `q]= CyH 'u}vJty "Ov=t|t |k=@ C@=F
'V}=tR; u}L QO =yv; K}LY OQmrta R= u=v}t]= w =yp=v=mwQm}t Cvtr= \UwD
TB "Ov=xO}UQ C@F x@ uWwQ Cvtr= Cr=L w Vwt=N Cvtr= Cr=L QO =yxO=O
K]U |=tO w |HwQN '|OwQw |=y=tO Q=Okt '=}=B Cr=L x@ \}=QW uO}UQ R=
pmW QO "OvOQo|t C@F |HwQN w |OwQw |=yQ=Wi u}vJty w =yp=v=mwQm}t
xOW xO=O u=Wv C=R}yHD s=v x=Qty x@ Q[=L VywSB V}=tR; x=oDUO Q} wYD 10

"CU=

sm =L \@=wQ "5"2
"OwW|t xO=iDU= 2 |x]@=Q R= Cq=}Uwv=v CQ=QL p=kDv= MQv x@U=Lt |=Q@

_Qnf = _mnf Cpnf (Tout�Tin)nf (2)

"CU= x@U=Lt p@=k 3 x]@=Q R= p=v=mwQm}t x@ |}=tQo QD}y R= xOW pkDvt |=tQo MQv
_Q = V � I (3)

R= ?}DQDx@ p=}Uwv=v CrU=v OOa w lr=@ |=tO '|}=Hx@=H CQ=QL p=kDv= ?} Q[
"OvwW|t x@U=Lt 6 w 5 '4 \@=wQ

hnf =
_Qnf

AHS(Ts�Tnf )
(4)

Tnf = Tout +Tin
2 (5)

Nunf = hnf DH
Knf

(6)

x}@aD PT100 |=yQwUvU \UwD xm CU= p=v=mwQm}t K]U |=tO Ts '4 x]@=Q QO
"OOQo|t C�=Qk u; Q} R QO xOW

G}=Dv "3
|R=wt Cr=L CrU=v OOa "1"3

xHQO 55 w 50 '45 '40 |OwQw |=tO Q=yJ Q[=L VywSB C=W}=tR; |t=tD
|OwQw |=y=tO |t=tD QO =yxDi=} xmv}= x@ xHwD =@ =t= Ov=xDiQo CQwY O=Qo|Dv=U
|=tO |=Q@ =yvD =yQ=Owtv |t=tD xvwtv u=wvax@ u}=Q@=v@ 'Ov=xDW=O |v=Um} =D@Uv Q=DiQ
Q@ CrU=v OOa C=Q}}eD 12 w 11 |=ypmW QO "Ov=xO} Qo s}UQD O=Qo|Dv=U xHQO 40

"Q[=L VywSB |}=tQo x=J Q}wYD "8 pmW

"Q[=L VywSB |Ut p=v=mwQm}t Q}wYD "9 pmW

pmW QwDmrm |}=[i '=yp=v=m |t=tD uwQO p=}U u=} QH uOw@ |w=Ut w CN=wvm}
"CU= xOW xDiQo Q_v QO lwr@ uwQO

'nvR O[ Oqwi p}@k R= |awvDt |=yTvH R= =yp=v=mwQm}t pwtat Qw]x@
"OvwW|t xDN=U xQ}e wTt 'sw}v}twr; Ovv=thrDNt C=Rri w uwm}r}U 'Qt}rB 'xW}W
Q]k 'QDt|r}t 2 Ct=N[ =@ Tt TvH R= VywSB u}= QO xO=iDU= OQwt p=v=mwQm}t
x=oDUO R= xO=iDU= =@ xm OW=@|t 28�23mm2 O=a@= x@ w QDt|r}t 1 |m}rwQO}y
VywSB p=v=mwQm}t Q} wYD "CU= xOW xDN=U QDt|r}t 0/1 CkO =@ w h=QowDv=B RQi

"CU= xOW xO=O u=Wv 9 pmW QO Q[=L

=yV}=tR; s=Hv= VwQ "4"2
jrat C=QP \UwD =yp=v=m O=OUv= R= |Q}owrH Qw_vtx@ 'V}=tR; ẁQW R= V}B
xOW xDUW |@ wN x@ uewQ uRNt u}vJty w Cq=YD= 'C=R}yHD |t=tD '|r=tDL=
p=}U 'AtB |R=Ov=x=Q R= TB "OwW|t QB uewQ R= QD}r 3 sHL =D uRNt TBU w
QO OwHwt |r=tDL= |=y?=@L =D O@=}|t u=} QH pm}U QO Ca=U l} COt x@
OwW|t Q=QkQ@ |v=tR =}=B Cr=L "OUQ@ =}=B Cr=L x@ sDU}U w xDiQ u}@ R= pm}U
"OyOv MQ p=}U lr=@ Q=Wi Ci= w CQ=QL xHQO QO |yHwD p@=k C=Q}}eD xm
R= xO=iDU= =@ w QDtwri ltm x@ p=}U u=} QH |@O '=}=B Cr=L x@ uO}UQ R= TB
QrQDvm ltm x@ |OwQw p=}U |=tO s}_vD CyH "OOQo|t s}_vD TB|=@ Q}W
xDW=Oxov C@=F w s}_vD Q_v OQwt Q=Okt |wQ Q@ p=}U |=tO 'QwDm =Dvm w =tO
QO xOW x}@aD QD}y ltm x@ |OwQw p=}U |=tO xm CU= QmP p@=k "OwW|t
|DQ=QL Q=W Q=Okt "OUQ|t XNWt Q=Okt x@ w xDi=} V}=Ri= uewQ uRNt hm
C=W}=tR; s=Hv= u=}=B =D w OOQo|t s}_vD Qt}O l} |xr}Uw x@ =yp=v=mwQm}t Cvtr=
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@QH
Dxa

r=]t|QU Cr=L CrU=v OOa "2"3
|QU V}=Q; QO ROrwv} Q OOa ?UL Q@ CrU=v OOa C=Q}}eD 14 w 13 |=ypmW QO

"CU= xOW xO=O u=Wv =yp=v=mwQm}t
45/8 ?}DQDx@ OYQO 0/1 |tHL C_re =@ SiO2 w TiO2 Cq=}Uwv=v
p=}U x@ C@Uv 2 lwr@ QO OYQO 28/1 w 45/5 w 1 lwr@ QO OYQO 42 w
|tHL C_re =@ SiO2 w TiO2 Cq=}Uwv=v "Ov=xDW=O CQ=QL p=kDv= V}=Ri= x}=B
u=R}t x@ ?}DQDx@ xm|Qw]x@ 'Ov=xOw@ QFwt CQ=QL p=kDv= V}=Ri= QO R}v OYQO 0/05
CQ=QL p=kDv= '2 lwr@ QO OYQO 17 w 21/6 w 1 lwr@ QO OYQO 36/9 w 45
Q@ C=QPwv=v C_re V}=Ri= C@Ft Q}F-=D 'u}vJty "CU= xO}WN@ Ow@y@ =Q x}=B p=}U

"CU= xOy=Wt p@=k |@ wN x@ x}=B p=}U |DQ=QL OQmrta Ow@y@

|R=wt w |QU V}=Q; QO x}=B p=}U |DQ=QL OQmrta xU}=kt "3"3
'=yp=v=mwQm}t |QU w |R=wt V}=Q; QO x}=B p=}U |DQ=QL OQmrta xU}=kt Qw_vtx@
55 w 50 '45 '40 |OwQw |=tO Q=yJ |=Q@ u=tO}J wO u}= CrU=v OOa Q}O=kt
wO |=Q@ w |R=wt w |QU Cr=L 19/29 lQDWt ROrwv} Q OOa QO O=Qo|Dv=U xHQO

"CU= xOW x�=Q= 4 pwOH QO 2 w 1 lwr@
QO C@=F ROrwv} Q OOa QO x}=B p=}U CrU=v OOa 'OwW|t xOy=Wt xm Qw]u=ty
Q=Okt |QU Cr=L 2 lwr@ QO =t= 'CU= Q@=Q@ =@} QkD |R=wt w |QU Cr=L QO 1 lwr@
p=kDv= u=R}t '|QU Cr=L QO 'Qo}O CQ=@a x@ "OQ=O |R=wt Cr=L x@ C@Uv |QDW}@

1 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa?UL Q@CrU=v OOa C=Q}}eD "13 pmW
"=yp=v=mwQm}t |QU V}=Q; QO

2 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa?UL Q@CrU=v OOa C=Q}}eD "14 pmW
"=yp=v=mwQm}t |QU V}=Q; QO

2 lwr@ w 1 lwr@ |=Q@ ?}DQDx@ =yp=v=mwQm}t |R=wt V}=Q; QO ROrwv} Q OOa ?UL
QO SiO2 w TiO2 Cq=}Uwv=v w x}=B p=}U |=Q@ C=Q}}eD u}= "CU= xOW xO=O u=Wv
QD}r 1/5 w 1 '0/5 hrDNt |@O xU QO OYQO 0/1 w 0/05 |tHL |=yC]re

"CU= xOW VQ=Ro xk}kO Q@
V}=Ri= CrU=v OOa 'ROrwv} Q OOa Q=Okt V}=Ri= =@ '12 w 11 |=ypmW QO
w (Re = 4Q

�D� ) ROrwv} Q OOa x]@=Q x@ xHwD =@ 'Qo}O |DQ=@a x@ "CU= xDi=}
u=} QH MQv u=R}t V}=Ri= =@ xm Ci=} QO u=wD|t (Q = V A) |tHL |@O u}vJty

"O@=}|t Ow@y@ CQ=QL p=kDv= 'u=} QH CaQU V}=Ri= u}vJty w
|tHL C_re =@ SiO2 w TiO2 C=QPwv=v 'OwW|t xOy=Wt xm xvwou=ty
X=YDN= OwN x@ =Q CQ=QL p=kDv= u=R}t u} QDW}@ =yROrwv} Q |t=tD QO OYQO 0/1
xOy=Wt p@=k Q=Owtv u}= QOY QO xrY=i =@ TiO2 |xQPwv=v 'OwHw u}= =@ "Ov=xO=O
x@ C@Uv C=QP u}= |DQ=QL C}=Oy ?} Q[ u=R}t uOw@ QDq=@ u; Cra xm CU=
|tHL C_re =@ SiO2 w TiO2 p=}Uwv=v 'Qo}O |DQ=@a x@ "OW=@|t SiO2 C=QP
OYQO 42/4 w 55/8 w 1 lwr@ QO OYQO 52/7 w 56 ?}DQDx@ 'OYQO 0/1
C=QPwv=v R= xO=iDU= "Ov=xDW=O CQ=QL p=kDv= V}=Ri= x}=B p=}U x@ C@Uv 2 lwr@ QO
QFwt CQ=QL p=kDv= V}=Ri= QO R}v OYQO 0/05 |tHL C_re =@ SiO2 w TiO2
32/8 w 1 lwr@ QO OYQO 22/5 w 48/6 u=R}t x@ ?}DQDx@ xm|Qw]x@ 'CU= xOw@
u}O@ "CU= xO}WN@ Ow@y@ =Q x}=B p=}U CQ=QL p=kDv= 2 lwr@ QO OYQO 32/3 w
x@ x}=B p=}U |DQ=QL OQmrta Ow@y@ Q@ C=QPwv=v C_re V}=Ri= C@Ft QF= '?}DQD

"CU= xOy=Wt p@=k |@ wN

1 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa ?UL Q@ CrU=v OOa C=Q}}eD "11 pmW
"=yp=v=mwQm}t |R=wt V}=Q; QO

2 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa ?UL Q@ CrU=v OOa C=Q}}eD "12 pmW
"=yp=v=mwQm}t |R=wt V}=Q; QO
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Q=y@
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v=mt
|U

Ovyt "=yp=v=mwQm}t |QU w |R=wt V}=Q; QO x}=B p=}U CrU=v OOa "4 pwOH
x}=B p=}U CrU=v OOa

|QU V}=Q; |R=wt V}=Q; OOa |OwQw |=tO
2 lwr@ 1 lwr@ 2 lwr@ 1 lwr@ ROrwv} Q (�C)

5/67 3/29 3/33 3/27 19/29 40
6/40 3/59 3/72 3/57 19/29 45
6/69 3/66 4/08 3/64 19/29 50
7/12 4/11 5/51 4/06 19/29 55

x@ R}v 0/05 |tHL OYQO =@ SiO2 w TiO2 Cq=}Uwv=v "Ov=xDWo K]U |=tO
Vy=m QO 2 lwr@ QO OYQO 3 w 3/2 w 1 lwr@ QO OYQO 3/66 w 4/6 u=R}t

"Ov=xOw@ QFwt =tO

|QU Cr=L K]U |=tO "5"3
|QU V}=Q; QO ROrwv} Q OOa ?UL Q@ K]U |=tO C=Q}}eD 18 w 17 |=ypmW QO

"CU= xOW VQ=Ro 2 w 1 lwr@ |=Q@ ?}DQDx@ =yp=v=mwQm}t
OYQO 6/2 w 8/74 ?}DQDx@ 0/1 |tHL OYQO =@ SiO2 w TiO2 p=}Uwv=v
|=tO Vy=m x@ QHvt x}=B p=}U x@ C@Uv 2 lwr@ QO 8/5 w 9/5 w 1 lwr@ QO

1 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa?UL Q@ K]U |=tO C=Q}}eD "17 pmW
"=yp=v=mwQm}t |QU V}=Q; QO

2 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa?UL Q@ K]U |=tO C=Q}}eD "18 pmW
"=yp=v=mwQm}t |QU V}=Q; QO

ẁ[wt u}= xm OW=@|t |R=wt Cr=L R= QDW}@ OYQO 41/8 =D 2 lwr@ CQ=QL
"CU= |R=wt x@ C@Uv =yp=v=mwQm}t |QU Vv}J uOw@ QD?U=vt Qov=}@

|R=wt Cr=L K]U |=tO "4"3
|R=wt V}=Q; QO ROrwv} Q OOa ?UL Q@ K]U |=tO C=Q}}eD 16 w 15 |=ypmW QO

"CU= xOW xO=O u=Wv 2 w 1 lwr@ |=Q@ ?}DQDx@ =yp=v=mwQm}t
_Q = x]@=Q =@ j@=]t w OwW|t xOy=Wt Q=Owtv wO u}= QO xm Qw]u=ty
"O@=}|tVy=m K]U |=tO 'u=} QH |@OV}=Ri= =@ xmCi=} QO u=wD|t �QCP�T

OYQO 7/1 w 9/86 ?}DQDx@ 0/1 |tHL OYQO =@ SiO2 w TiO2 p=}Uwv=v
Vy=m x@ QHvt x}=B p=}U x@ C@Uv 2 lwr@ QO OYQO 7/3 w 9/7 w 1 lwr@ QO

1 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa?UL Q@ K]U |=tO C=Q}}eD "15 pmW
"=yp=v=mwQm}t |R=wt V}=Q; QO

2 lwr@ |=Q@ 40�C |=tO QO ROrwv} Q OOa?UL Q@ K]U |=tO C=Q}}eD "16 pmW
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xO=O MQ C=W}=tR; s=Hv= ẁQW w u}}=B |@O QO =yvD xm CU= xOw@ OYQO 11 =]N
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|R=wt w |QU |=yp=v=mwQm}t K]U R= xOW `iO |=tQo u=R}t xU}=kt =@
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|m}t=v}OwQO}y |=yxO=O |HvUCLY "6"3
u}= QO xOW |Q}oxR=Ov= Q=Wi Ci= Q}O=kt 'V}=tR; |=yxO=O |HvUCLY Qw_vtx@
7 |x]@=Q j@=]t M=@W} w � |UQ=O xrO=at R= xOt; CUOx@ |=yxO=O =@ VywSB

"CU= xOW x�=Q= 5 pwOH QO u; G}=Dv w xU}=kt
R= =Q p=v=mwQm}t uwQO xDi=}xaUwD s=Q; u=} QH l =m]Y= ?} Q[ 'Iv=B w lQ=B

[18]"O};|t CUO x@ 9 |x]@=Q R= G u; QO xm Ov=xOwtv x@U=Lt 8 |x]@=Q

�P = f L
D
V 2

2 � (7)

fRe = 4 7 + 19 64G (8)

G =
�2 +1

(�+ 1)2 (9)

"OW=@|t p=v=mwQm}t ZQa x@ `=iDQ= C@Uv � '9 |x]@=Q QO
O=Oa= QO w 40�C |=tO QO =yp=v=mwQm}t |QU V}=Q; x@ \w@ Qt 5 pwOH
VywSB u}=|@ QHD |=yxO=O 'OwW|t xOy=Wt xm Qw]u=ty "OW=@|thrDNt ROrwv} Q

"OvDUy Q=OQwNQ@ |Qw�D |=yxO=O =@ |@ wN j@=]D R=

|R=wt w |QU V}=Q; QO p=}U Q=Wi Ci= u=R}t xU}=kt "7"3
=yp=v=mwQm}t |R=wt w |QU V}=Q; QO x}=B p=}U Q=Wi Ci= u=R}t xU}=kt 6 pwOH QO

"CU= xOW xOQw; 40�C |=tO QO
Ci= u=R}t 'u=} QH |@O V}=Ri= =@ 'OwW|t xOy=Wt 6 pwOH R= xm Qw]u=ty

"V}=tR; `]kt |Qw�D w |@ QHD Q=Wi Ci= xU}=kt "5 pwOH
OOa |@ QHD Q=Wi Ci= |Qw�D Q=Wi Ci= OYQO

ROrwv} Q (bar) (bar) ��� =]N
19/29 1/15 1/34 14/1
38/58 2/42 2/76 12/3
57/87 3/20 3/66 12/5

"=yp=v=mwQm}t |R=wt w |QU V}=Q; QO x}=B p=}U Q=Wi Ci= xU}=kt "6 pwOH
(bar) x}=B p=}U Q=Wi Ci=

|@O x}=B p=}U
(lit=min) |QU |R=wt

0/5 1/15 0/2
1 2/42 0/6

1/5 3/20 1
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0/3 0/2 0/45 0/2 0/91 0/3 50
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R}yHD ẁv C}a]k sOa
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x}=B p=}U x@ OYQO 0/1 w 0/05 |tHL |=yC_re =@ TiO2 xQPwv=v uOwRi= "2

=yxO=O |=]N R}r=v; "9"3
|ak=w Q}O=kt =@ V}=tR; |=yxO=O G}=Dv uDiQo xrY=i ?Hwt =]N ẁv wO |rmQw]x@
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|t=tD =D CU= xOW |aU Q[=L j}kLD QO "OwW|tv hPL pt=m Qw]x@ R}v j}kO
O=vDU= p@=k =yV}=tR; R= pY=L |=yxO=O =D OvUQ@ pk=OL x@ |Q}oxR=Ov= |=y=]N
xDiQo xQy@ C=iwt VwQ R= '=y=]N w C}a]k sOa x@U=Lt Qw_vtx@ 'u}vJty "OvW=@

[19]"CU= xOW
C=R}yHD |=]N "1"9"3

%OW=@|t Q} R OQ=wt pt=W Q[=L VywSB C=R}yHD |=]N
'u; uOv=UQ pk=OL x@ Qw_vtx@ xm CQ=QL xHQO uOv=wN QO =yQwUvU |=]N �

&CU= xOW s=Hv= =yQoW}=tv x=Qtyx@ QwUvU uw}U=Q@}r=m
xQ@}r=m GvU|@O 'u; CkO R= u=v}t]= Qw_vtx@ xm |@O s}_vD QO GvU|@O |=]N �

&O}OQo
wO QO C=W}=tR; 'G}=Dv CkO R= u=v}t]= Qw_vtx@ xm x=oW}=tR; |]}Lt \}=QW �

&CU= xOW s=Hv= |Q}PB Q=QmD uwtR; |UQQ@ CyH Cw=iDt |xDiy
&Q=Wi j}kO V}=tv QO QDtwv=t |=]N �

'xQPwv=v sQH uOQm uRw R= TB 'p=}Uwv=v CN=U s=ovy� p=}Uwv=v |tHL C_re �
w |y=oW}=tR; xLiY x@ xQPwv=v uO}@UJ 'Ovm =]N O=H}= CU= umtt xm |rt=a
|Q}oxR=Ov= u; sQH uOW sm xH}Dv QO w =wy QO xQPwv=v R= |tm Q=Okt uOWVNB =}

"�CU= xOW
xOW x�=Q= Q[=L VywSB QO xO=iDU= OQwt C=R}yHD C}a]k sOa 8 pwOH QO

"CU=
C=@U=Lt |=]N "2"9"3

OOa C}a]k sOa ?}DQDx@ 14 |r= 11 \@=wQ R= 'C=iwt VwQ |Qw�D R= xO=iDU= =@
xOW x@U=Lt |}=Hx@=H CQ=QL p=kDv= ?} Q[ w |DQ=QL Q=W 'CrU=v OOa 'ROrwv} Q

%CU=
URe = [(V D

�
Up)2 + (�D

�
Uv)2 + (�V

�
UD)2 + (�V D

�2 U�)2]
12

(11)

UNu = [(h
k
UD)2 + (D

K
Uh)2 + (�hD

k2 Uk)2]
12 (12)

Uq00 = [( _mCpU�T )2 + ( _m�TUCp)2 + (Cp�TU _m)2]
12 (13)

Uh = [q00U�T )2 + (�TUq00)2]
12 (14)
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