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95 �|vRw OYQO� TiO2 u=R}t
� 0 3 �|vRw OYQO� Al2O3 u=R}t
� 0 2 �|vRw OYQO� SiO2 u=R}t
� 0 1 �|vRw OYQO� Fe2O3 u=R}t
� 0 3 �|vRw OYQO� HCI u=R}t

Ov=tUB uewQ R= pR}Ow}@ O}rwD |=Q@ |OYQO 97 xOR=@ w =} wU uewQ R= pR}Ow}@ O}rwD
=D w |RBW; Ov=tUB uewQ |=Q@ Q=@ 5 =D |iQYt QoR}r=D=m R}v w Ot; CUO x@ |RBW;

[33]"Ow@ OOHt |xO=iDU= w Ci=} R=@ p@=k =} wU uewQ |=Q@ Q=@ 10
uoty=v |=yCU}r=D=m |=Q@ sQH p=kDv= C}OwOLt |R=Uxv}tm |=yx=Q R= |m}
K]U Q=Okt '?}DQD u}= x@ "CU=yCU}r=D=mwv=v R= xO=iDU= '`}=t R=i |=yVvm =w QO
Vvm =w |=Q@ `}=t R=i sHL OL=w QO CU}r=D=m p=ai |=ypwrLt C_re w xS} w
|R=U=OH C}r@=k x=Qty x@ O=} R p=ai K]U "O@=}|t V}=Ri= uw}U=m}i} QDU= Tv=QD
w uoty |=yCU}r=D=m u=}t |rB u=wvax@ =Q =yu; 'Vvm =w u=}=B QO =yCU}r=D=mwv=v
|=Q@ =yCU}r=D=mwv=v R= xO=iDU= Q@ Q}N= |=yVywSB [34]"CU= xOQm KQ]t uoty=v
C}Y=N =@ |O=wt uOwRi= [35]"Ov=xOW RmQtDt |y=}o |=yuewQ R= pR}Ow}@ O}rwD
Ci=} R=@ w =yxOQw;Qi |R=U=OH uOW QDu=U; |=Q@ =yCU}r=D=mwv=v x@ |}=@ Quy;

[36]"CU= xOw@ u=QoWywSB R= |Q=}U@ xHwD OQwt R}v CU}r=D=m
w |r}Ui |=yCNwU R= xO=iDU= Vy=m CQwQ[ x@ xHwD =@ 'Q[=L Q=DWwv QO
C} Q}Ot EL@ |iQ] R= w u=Q}= QO =yu; j=QDL= R= |W=v |]}LtCU} R |=y|oOwr;
pR}Ow}@ O}rwD |=Q@ uwD} R uewQ Ov=tUB R= xO=iDU= |UQQ@ x@ |RQw=Wm |=yOv=tUB
uewQ Ov=tUB uw}U=m}i} QDU= Tv=QD R= hOy u}= x@ p}v CyH "CU= xOW xDN=OQB
Tio2 =}v=D}D C=QPwv=v w �NaOH� O}UmwQO}y s}OU CU}r=D=m wO Qw[L QO uwD} R
Q}=U |=yVywSB QO =}v=D}D C=QPwv=v "CU= xOW xO=iDU= pR}Ow}@ O}rwD |=Q@ �TNPs�
pR}Ow}@ O}rwD Ov}=Qi QO u; |DU}r=D=m |}=Q=m |UQQ@ xmCU= xOWv xO=iDU= u=QoWywSB
CU}r=D=mwv=v =@ uw}U=m}i} QDU= Tv=QD Ov}=Qi |xOR=@ QO Q=PoQ}F-=D |=yQDt=Q=B |UQQ@ w
VywSB |=y|Qw;wv R= O}UmwQO}y s}OU swUQt CU}r=D=m =@ u; |xU}=kt w QwmPt

"CU= Q[=L

=yVwQ w O=wt "2
Ov=tUB R= pR}Ow}@ O}rwD |=Q@ uw}U=m}i} QDU= Tv=QD VwQ R= 'Q[=L VywSB QO
uq}o u=DU= XwYN x@ w u=Q}= |q=@ p}Uv=DB x@ xHwD =@ "OW xO=iDU= uwD} R uewQ
C=Hv=NQ=m w CU= uwD} R CWm Q} R u; R= |yHwD p@=k K]U xm Q=@OwQ u=DUQyW w
uewQ Ov=tUB R= 'OvDUy C}r=ai pweWt Q=@OwQ u=DUQyW QO |Q=}U@ |WmuewQ
w 'Q=@OwQ QyW 'uq}o u=DU=� |rmwD ?=v |WmuewQ |xv=NQ=m wO QO OwHwt uwD} R
�CWQ � u} wRk |xO=H 55 QDtwr}m � =mD= Q=@OwQ |xHvo w �u=Wwr |DavY lQyW
CNwU |x}yD |=Q@ Ov=tUB �10 w p=U QO uwD} R uewQ uD 700 |@} QkD O}rwD =@

"OW xO=iDU= pR}Ow}@
w uOw@ u=RQ= p}rO x@ CH3OH |}=}t}W pwtQi =@ pmr= p}Dt =} pwv=Dt
pmr= u=wvax@ uw}U=m}i} QDU= Tv=QD VwQ x@ pR}Ow}@ O}rwD QO '?U=vt C=}YwYN
=to}UCmQW R= xO=iDU=OQwt pwv=Dt "OW xO=iDU=uewQ Ov=tUB =@Vvm =w|=Q@ R=}vOQwt
QDW}@XwrN|xHQO =@ O}UmwQO}y s}OU w �99 8XwrN =@ w |Q=O} QN 7I} QOr; �
CAS number 1310� 73� 2 =@ ?; uwO@ |}xBr |=yxmD CQwY x@ �97 R=
xO=iDU= 'Ow@ xOW |Q=O} QN |tQo 500 |Ov@xDU@ QO I} QOr; � =to}U CmQW R= xm

"OW
?r=e VwQ 'uotyCU}r=D=m R= xO=iDU= Q[=L p=L QO 'OW xQ=W= xm Qw]u=ty
|=yC} Rt R= QDq=@ xOR=@ =@ QDu}}=B |=tO QO QD`} QU |Wvm =w "CU= pR}Ow}@ O}rwD |=Q@
Vvm =w xm OW xO=O u=Wv 2001 p=U QO |WywSB QO "OwW|t ?wULt QwmPt VwQ
Q=Okt u=ty =@ Vvm =w u=ty R= QD`} QU Q=@ 4000 ,=@} QkD '|}=}rk \}Lt QO xOWR}r=D=m
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"H-NMR h}] "3 pmW

|=yuSwQO}y "OvDUy xOWvQ}U ?QJ |=yO}U= pwQU}ro w |v}irw= |=yuSwQO}y
u=Wv 4 19�4 32 ppm |x}L=v QO|}=yl}B 'pwQU}ro ur}Dt |=yu@ Qm x@ pYDt
2 73�2 76 ppm |x}L=v QO 12|r}r; T}@ |=yu@ Qm |=yuSwQO}y "OvyO|t
'1 24�1 59 ppm w 2 02�2 21 ppm |x}L=v |=yl}B "OvwW|t xOy=Wt
|=yxwQo "OvDUy p}vw@ Qm � � w p}vw@ Qm � � ur}Dt |=yuSwQO}y x@ \w@ Qt
O=H}= =Q 1 38�1 23 ppm |x}L=v uyB l}B Tv=vwRQ 'xOWQ}U (CH2)n

"OvwW|t xOy=Wt 0 85�0 95 ppm |x}L=v QO R}v p}Dt |=yuSwQO}y w Ovvm|t
w |QDU= R=i OwHw 'QwmPt h}] 'OwW|t xOy=Wt ?4 pmW QO xm Qw]u=ty
%OvwW|t xOy=Wtsyt Q=}U@l}B wO 'u; QO xmOyO|tu=WvKw[w x@ =QpR}Ow}@p}mWD
xwQo |=yuSwQO}y x@ xm 5 31�5 36 ppm |xvt=O QO 13|}=DOvJ CQwYx@ |m}
ppm QO 14|}=Dm} CQwYx@ |Qo}O w &OwW|t \w@ Qt xOWvQ}U |=yQDU= umr;
(�COO� CH3) QDU=|ywQopt=a x@pYDtp}Dt xwQo|=yuSwQO}y x@ xm3 65
uSwQO}y |=ysD= x@ 2 779�0 847 ppm |xvt=O QO Qo}O |=yl}B "CU= \w@ Qt

"OvQ=O jraD (�CH2�) ur}Dt w (�CH3) p}Dt |=yxwQo

uwD} R uewQ Ov=tUB R= pR}Ow}@ O}rwD Vvm =w |R=Uxv}y@ G}=Dv "2"3
xv}y@ |tHL |=yC@Uv "1"2"3

1 w 3 x@ 1 '2 x@ 1 '1 x@ 1 |tHL |=yC@Uv =@ =yV}=tR; 'Q[=L VywSB QO
4 COt |=Q@ 750C TmqiQ |=tO QO pwv=Dt x@ uwD} R uewQ Ov=tUB |=Q@ 4 x@
xm Qw]u=ty "OW |UQQ@ O}UmwQO}y s}OU CU}r=D=m sQo 2 Qw[L QO w Ca=U
|=Q@ 4 x@ 1 |tHL C@Uv QO p}O@D xOR=@ u} QDW}@ 'OwW|t xOy=Wt 4 pmW QO
xOR=@ QO R}J=v hqDN= x@ xHwD =@ =t= 'Ot; CUOx@ pwv=Dt x@ uwD} R uewQ Ov=tUB
=@ w pwv=Dt x@ uwD} R uewQ Ov=tUB |=Q@ 2 x@ 1 w 4 x@ 1 |tHL C@Uv QO p}O@D
uewQ Ov=tUB |=Q@ xv}y@ |tHL C@Uv 'O}rwD |O=YDk= |Q}PBx}HwD uDiQo Q_vQO
"OW u}}aD 2 x@ 1 |tHL C@Uv 'uw}U=m}i} QDU= Tv=QD Vvm =w QO pwv=Dt x@ uwD} R
CU}r=D=mwv=v Qw[L QO pwv=Dt x@ uwD} R uewQ Ov=tUB |tHL C@Uv QF= u}vJty
1 '1 x@ 1 |tHL |=yC@Uv =@ uw}U=m}i} QDU= Tv=QD Vvm =w "OW |UQQ@ =}v=D}D

"Q[=L VywSB QO xOWs=Hv= Q=m pL=Qt Q=Owtv "2 pmW

[39]%OvOW x@U=Lt 2 w 1 |=yxrO=at R= ��� xOW =OH pR}Ow}@
��� p}O@D OYQO = (1� xOv=t|k=@ uwD} R uewQ Ov=tUB

xOWxO=iDU= uwD} R uewQ Ov=tUB pm )� �100
(1)

��� pR}Ow}@ O}rwD OYQO = (
xOWO}rwD pR}Ow}@

xOW xO=iDU= uwD} R uewQ Ov=tUB pm )� �100
(2)

T}]=vet Tv=vwRQ h}] QO l}B `=iDQ= |Q}oxR=Ov= =@ pR}Ow}@ p}O@D OY QO
Spec- x=oDUO =@ H-NMR |=yh}] w OW u}}aD 10�H-NMR�uwDwQB |xDUy
|rm KQ] "OvOW xDiQo Bruker Model Advance DMX 300 trometer

"OwW|t xOy=Wt 2 pmW QO VywSB pL=Qt
|DNwU uRNt =@ QOvr}UlD u}@ wQ QwDwt 'Q[=LVywSB QO xO=iDU= OQwt QwDwt
Ow@ xk}kO Q@ QwO VOQo QO Q=N@ ?U= 8 |xv}W}@ CQOk w QD}r 14 5 C}iQ_ x@
xv=tR Q=yJ QwmPt QwDwt "Ow@ s}kDUt j} QRD ẁv R= R}v u; QwDwt |k=QDL= sDU}U xm
11�EMS� R=o R}r=v; x=oDUO l} u}vJty "OwW|t lvN =wy u=} QH =@ w Ow@
xO=iDU= Q[=L VywSB QO j=QDL= R= pY=L |HwQN |=yR=o j}kO |Q}oxR=Ov= |=Q@
=D 0� O}Um =wvt u@ Qm '�OYQO 25 =D 0� uS}Um = C_re 'xOWQmP x=oDUO "OW
�0�2000 ppm� =yu@ QmwQO}y '�OYQO 20 =D 0� O}Um =|O u@ Qm '�OYQO 10

"Ovm |Q}oxR=Ov= Ov=wD|t =Q �0�5000 ppm� uSwQD}v |=yO}Um = w

EL@ w G}=Dv "3
|O}rwD pR}Ow}@ H-NMR h}] "1"3

uw}U=m}i} QDU=Tv=QDVvm =w QOCmQW R=p@k uwD} RuewQ Ov=tUB H-NMRh}]
uw}U=m}i} QDU= Tv=QD Vvm =w QO uwD} R uewQ Ov=tUB R= xO=iDU= =@ |O}rwD pR}Ow}@ w
'uwD} R uewQ Ov=tUB |=Q@ "Ov=xOW xO=O u=Wv ?3 w hr=3 |=ypmW QO ?}DQD x@
x@ \w@ Qt 5 15�5 30 ppm |x}L=v QO H-NMR h}] XNWt |=yl}B
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"pR}Ow}@ x@ uwD} R uewQ Ov=tUB p}O@D OYQO QO CU}r=D=m Q=Okt QF= "5 pmW

"uw}U=m}i} QDU=Tv=QDVvm =wp}O@DOYQOQOVvm =wu=tRCOt QF=|UQQ@ "6pmW

Ot=H R=i w 'uewQ `}=t R=i 'pwv=Dt `}=t R=i |va} Q}PB=vG=RDt= w Cw=iDt R=i xU R=
=@ |@ wN x@ =yR=i |xty xm CU= |QwQ[ 'u}=Q@=v@ "CU= xOW p}mWD CU}r=D=m
|vw}Urwt= =D 'OvwW \wrNt Qo}Om} =@ sw=Ot Qw] x@ |U}]=vet uRty R= xO=iDU=
Vvm =w u=tR QF= |UQQ@ |=Q@ "O@=} V}=Ri= Vvm =w CaQU w OwW p}mWD =yR=i R=
'2 u=tR xU QO uw}U=m}i} QDU= Tv=QD Vvm =w 'xv}y@ u=tR uDi=} w p}O@D OYQO QO
Ca=U 4 Vvm =w u=tR COt QO p}O@D OYQO u} QDW}@ "OW s=Hv= Ca=U 6 w 4
OYQO QO |UwULt V}=Ri= 'Ca=U 6 =D Vvm =w u=tR V}=Ri= =@ "OW xOy=Wt

"OW u}}aD xv}y@ u=tR u=wvax@ Ca=U 4 u=tR COt w OWv xOy=Wt p}O@D
7 pmW QO pR}Ow}@ x@ uwD} R uewQ Ov=tUB p}O@D OYQO QO =tO QF= |UQQ@
|=Q@ 2 x@ 1 |rwt C@Uv =@ uw}U=m}i} QDU= Tv=QD Vvm =w "CU= xOW xO=O u=Wv

uewQ Ov=tUB x@ pwv=Dt Cw=iDt|tHL |=yC@Uv |=Q@ p}O@D xOR=@|UQQ@ "4 pmW
?}DQD x@ NaOH Vvm =w u=tR COt w Q=Okt '� 750C� %Vvm =w |=tO� uwD} R
w sQo|r}t 200 ?}DQD x@ TiO2 Vvm =w u=tR COt w Q=Okt &Ca=U 4 w sQo 2

"�Ca=U 2

|=tO QO pwv=Dt x@ uwD} R uewQ Ov=tUB |=Q@ 10 x@ 1 w 6 x@ 1 '4 x@ 1 '2 x@
COt |=Q@ =}v=D}D C=QPwv=v CU}r=D=m sQo|r}t 200 Qw[L QO (750C) TmqiQ
pwv=Dt uOwRi= =@ 'OwW|t xOy=Wt 4 pmW QO xm Qw]u=ty "OW s=Hv= Ca=U 2
u=Wv =Q |Q}osWJ V}=Ri= p}O@D OYQO 'uwD} R uewQ Ov=tUB u}at sHL x@ QDW}@
uwD} R uewQ Ov=tUB |=Q@ 10 x@ 1 |tHL C@Uv QO p}O@D OYQO u} QDW}@ w O=O
hqDN= 4 x@ 1 |tHL C@Uv =@ xU}=kt QO R}v u=R}t u}= xm OW pY=L pwv=Dt x@

"OQ=Ov |O=} R
CU}r=D=m |xv}y@ Q=Okt "2"2"3

uw}U=m}i} QDU=Tv=QDVvm =w p}O@D OYQO QO O}UmwQO}y s}OUCU}r=D=m Q=Okt QF=
w uwD} R uewQ Ov=tUB QD}r|r}t 20 Vvm =w "OW |UQQ@ uwD} R uewQ Ov=tUB
O}UmwQO}y s}OU hrDNt Q}O=kt Qw[L QO 750C |=tO QO pwv=Dt QD}r|r}t 40
hr=5 pmW QO xm Qw]u=ty "OW |UQQ@ Ca=U 4 COt |=Q@ CU}r=D=m u=wvax@
Ov=tUB p}O@D OYQO 'CU}r=D=m sQo 3 Qw[L QO xm CU= Q=mW; 'OwW|t xOy=Wt
xmv}= x@ xHwD =@ "OQ=O =Q �78 2 |va} OwN Q=Okt u} QDW}@ pR}Ow}@ x@ uwD} R uewQ
u=Wv Vvm =w p}O@D OYQO QO |Q}osWJ Q}F-=D 'sQo 3 =D CU}r=D=m Q=Okt V}=Ri=
uOWXNWt R= Oa@ "OW VQ=Ro sQo 2 =@ Q@=Q@ CU}r=D=m |xv}y@ Q=Okt 'OyO|tv
Qw[L QO 'pwv=Dt w uwD} R uewQ Ov=tUB |=Q@ 4 x@ 1 |xv}y@ |tHL C@Uv
p}O@D OYQO QO CU}r=D=mwv=v Q=Okt QF= 'O}Um =|O sw}v=D}D C=QPwv=v CU}r=D=mwv=v
|UQQ@ Ca=U 2 u=tR COt |=Q@ w 750C |=tO QO uw}U=m}i} QDU= Tv=QD Vvm =w
400 R= V}@ Q}O=kt hQYt 'OwW|t xOy=Wt ?5 pmW QO xm Qw]u=ty "OW
Vvm =w p}O@D OYQO QO |Q}osWJ hqDN= '=}v=D}D C=QPwv=v CU}r=D=m R= sQo|r}t

"CU= xOQmv O=H}=
uw}U=m}i} QDU= Tv=QD Vvm =w |xv}y@ |=tO w u=tR COt "3"2"3

QO uw}U=m}i} QDU= Tv=QD Vvm =w \}=QW� Vvm =w xOR=@ QO Vvm =w u=tR COt QF=
pwv=Dt x@ uwD} R uewQ Ov=tUB |tHL C@Uv %O}UmwQO}y s}OU CU}r=D=m Qw[L
Vvm =w \}=QW "�sQo 3� O}UmwQO}y s}OU Q=Okt '�750C � Vvm =w |=tO '�2 x@ 1�
Ov=tUB |tHL C@Uv %=}v=D}D C=QPwv=v CU}r=D=m Qw[L QO uw}U=m}i} QDU= Tv=QD
=}v=D}D C=QPwv=v Q=Okt '�750C� Vvm =w |=tO '�4 x@ 1� pwv=Dt x@ uwD} R uewQ
p}O@D u}}=B OYQO =@ Vvm =w =OD@= QO "OwW|t xOy=Wt 6 pmW QO ��sQo|r}t400�
sDU}U uwJ &OW=@ sQH p=kDv= O}OWC}OwOLt p}rO x@ Ov=wD|t xm 'CU= xOW s=Hv=
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@=@ 4 x@ 1 Q@=Q@ pwv=Dt x@ uwD} R uewQ Ov=tUB |tHL C@Uv CQwYx@ =}v=D}D
Vvm =w |=tO QO w Ca=U 4 Vvm =w u=tR COt QO CU}r=D=mwv=v sQo 0 4 Qw[L
�87 8 Q@=Q@ QwmPt \}=QW CLD xOW=OH pR}Ow}@ OYQO "OW u}}aD 1000C

"OW xOy=Wt
Ov=tUB x@ pwv=Dt |tHL |=yC@Uv xmv}= x@ xHwD =@ 'Q[=L VywSB G}=Dv
C}ty= R�=L 'Ovm|t VQ=Ro u=QoWywSB Q}=U Q=m =@ xU}=kt QO =Q |QDtm uwD} R uewQ
=@ Q[=L VywSB QO O}UmwQO}y s}OU CU}r=D=m R= xO=iDU= =@ pR}Ow}@ O}rwD "CU=
QO 'x@=Wt |=yQ=m =@ xU}=kt QO 2 x@ 1 pwv=Dt x@ uwD} R uewQ Ov=tUB |tHL C@Uv
|Q}osWJ hqDN= '=yVvm =w xOR=@ xm |r=L QO 'OwW|t s=Hv= |QDtm u=tR w =tO

[41w40]"OvyO|tv u=Wv =Q
xO=iDU= =@ pR}Ow}@ O}rwD 'Ov=xOW s=Hv= QDq=@ |=y=tO QO xm |}=yVywSB u=}t QO
seQ|ra 'Q}osWJ xOR=@ x@ xHwD =@ Q[=L VywSB QO =}v=D}D C=QPwv=v CU}r=D=m R=
Q}=U =@ xU}=kt QO QDu}}=B uewQ x@ pmr= |tHL C@Uv w CU}r=D=m QDtm hQYt
VywSB QO xO=iDU= OQwt CU}r=D=mwv=v u}vJty "CU= |@U=vt |xv} Ro 'C=ar=]t
|DavY |O=YDk= C=y}HwD x@ xm CU= OOHt |xO=iDU= w Ci=} R=@ p@=k 'Q[=L

"Ovm|t ltm xOWQmP |xv} Ro uOW

Vy=m QO =}v=D}D C=QPwv=v R= |O}rwD pR}Ow}@ j=QDL= QF= G}=Dv "3"3
=wy |=yxOv}q;

|=Q@ u} Ro}=H |DNwU u=wvax@ xmv}= Q@ xwqa 'Q[=L VywSB QO xOWO}rwD pR}Ow}@
x=oO}O R= 'CU= KQ]t |r}Ui |=yCNwU `@=vt Vy=m R= |W=v CqmWt pL
pR}Ow}@ uOW \wrNt C}r@=k "CU= C}ty= R�=L R}v =wy x@ |OwQw |=yxOv}q; Vy=m
C=Q}}eD x@ R=}v uwO@ |rR}O |=yQwDwt QO QwmPt \wrNt OQ@ Q=m R}v w pR}O CNwU =@
xOWO}rwD pR}Ow}@ "CU= pR}Ow}@ l =B CNwU xHwD p@=k uU=Lt xrtH R= '|Q=DN=U
OYQO =@ w xv}y@ \}=QW QO uwD} R uewQ Ov=tUB R= uw}U=m}i} QDU= Tv=QD Ov}=Qi QO
'10 '5 hrDNt |tHL |=yOYQO =@ �87 8 xOW=OH pR}Ow}@ w �91 2 p}O@D
R= pY=L |HwQN |=yxOv}q; C}i}m QO u; Q}F-=D w ?}mQD pR}O CNwU =@ 20 w 15
'B10 'B5 |Q=YDN= |=yOm =@ =y\wrNt u}= "OW|UQQ@ RwUuwQO QwDwt QO j=QDL=
QO j=QDL= R=|W=v|HwQN |=yR=o Q=WDv= u=R}t "OvOW j=QDL=V}=tR; B20 w B15
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"Xr=N

=yCWwv=B
1. biomass
2. biofuel
3. thermal cracking

4. blending
5. alcoholysis
6. rapeseed oil
7. sigma-aldrich
8. anatase
9. rutile
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10. proton nuclear magnetic resonance
11. DYNOmite exhaust measuring system
12. bis-allylic
13. multiple
14. singlet
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