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J _.__1.1--'lllb 

L 'Wur.ir.i u im11-A' W-J'W1'f.l 1?11,'q1'v1 n 'i"i'i,n.l16-T'W'Y1<J11 'Wth:::L Yl fiL YltJLJi Ui?l n U'll'W�'f.l'f.l n L'LJ'f.lth--1l-l1 n 
' . 

l-J1t.l 
I t., I t., 

LL�:::�'W�1�'1Af'1v1U'19 (?)')'l 1�1riin r111l-J cl1 fi'ruun L 'l1'W tl1l1''W� ::;vi--1 L!?1 niu nr11t1m n
� ' 

UYlU1Ylcl1 fi'ry1 'W!?11'Wn1'.i'�'1'e.l'f.l n 

/?l--1u'W'l!11 

caster oil, hydrogenated caster oil , sulphated caster oil '-lr1"1 

' ' 

tJBmmr.i::;v\11«11?1t:-i�\?lJ1ru'Vl castorwax (2-hydroxystearate) v11''e.lYll1t.Jrl')1 Opal wax �'1LU'W 

1b.JH'tJ1::; bt.l'l!'WLJf �1nirnJ 1J; LLri

LA�'e.l U�'J L 'WJl1'l!'W:::U'.i''.i','e.l1v11'.i'

1J'f.l'1fl'Wn119U'971'll'll'1� LU'Wl7l'W

tl1l1''W�!;"1'1Yl1l-J191nLl-J�(?)�!;'l,1'1 LC?lt1nfa�Yltnr'l1�1?1f,j1 Ricinus communis L. LL�::; 
, , 

' ..,

L U'WLl?l'.i'n� L"D'e.l L'.f(?")'lJ'f.l--1 n'.i'C?l L 'll l1''Wmih'WnUL'lJlJuvh 1 l'LJ L'llil'W'l!UC?lt'ln� n1jru::;� Lr1'1:J-n')1'J!UC?l 

,,, fr71'.i'1'1Yl 1.1 

J1lJ'W'l!UC?l�'W 1 �'Y'lul'Wfi'.i''.i'wn1�r.i:::1�Yiu,j1nn'J'C?lL'lllJ'W 

mm ru�--1 L v1�'f.l'Wnrn11lJ'W�:::* Ji1t1'f.l--1 AU'.i'::;n'f.lu'll':N n� L 6ll'f.l L'.f(?") zj-;ij'.j� m1ru::;� LP11:rd9--1v\11 vi

\11 lJ'W�::;vi--1 LL[,] n 1?11--191 ntl1 lJ'WLL�::;L 'lJlJ'W�'ll'l!Uc;J�'W r LL1'l :::nuYlU1Yl�1flrui?l'f.l � l-JU°iYl1'1 LAiJ 
, � 

LL�::; n1rJJl1'Y'l J,1lJ'W� ::;vi--1 LU'Wtl1lJu�nr1116-l'v1'W1 LL U'W?l--1�� C?l L UU'.i''.i'C?l1tl1�'WYY.rnl-J C?l 'W'e.l nr.i1 n 
' ·,1 • 

dlJ'W8'1 LL!Pl n(Pl1'191 ntl1lJu�Ui?lN�lJ'W�1l-J1'.i'Cl9 :::1'l:::1'l1t.ll� 'WLl'e.lr'l n'f.l erni lLl?l n rHf 'f.)91 fl(?) Ji1'W 
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d 

'911'i1"l'VI 1.1 Fatty Acids Composition of Castor Oil 

Fatty Acid Percentage 

Palmitic acid 0.9 to 1.2 

Stearic acid 0.7to1.2 

Oleic acid 3.2 to 3.3 

Linoleic acid 3.4 to 3.7 

Linolenic acid 0.2 

Ricinoleic acid 89.0 to 89.4 

Dihydroxy stearic acid 1.3 to 1.4 

d 

t?11'i1"l'vl 1.2 Characteristics of Castor Oil 

I 0 

Density ( 20 C) 0.955 to 0.968 g/ml. 

20 

Refractive index no 1.476 to 1.479 

Saponification Value 175 to 187 

Iodine Value 82 to 88 

Unsaponifiable matter 0.3 to 0.7 % 

Hydroxyl Value Minimum 160 

Viscosity ( 20 
0 

C) 9.5 to 11.0 poise· 

Miscibiliity complete in alcohol and 

glacial acetic acid 

With hydrocarbons at 

normal temperatures 

in limited guantities, 

only 
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ul) n'h:11 le'.I L"1 '.i'9 l uon\J'lJ'i)-:Jtl1lXufl :::�-:i 1� LUUit"J.if 'i)�n �9tlv1fl1tl ntj �1 tX fl')1lJ�u1r.i Lm:; 

vh n1'.i'M mnn1r.11!Xn1t"J :::ul) rnm� Uf?l n 1711'1 nu L"1tl�'1W1'1�9 :::1 }1l�t-J� �Jl ru srl'�n r11 le'.1 "1'.i''il n; 

(Hydroxy value) �'1 �lfl�r11l'il L'il�'\.J (Iodine value) �1 '11U19tl�'JUL 'v1b\!i'l11 UU'.i':::L Ylf'\�Ul�tl 

l,fl::fa L� t.1zj'1�1�1 sm1�f?l L�� "1fl:::ii'11� mJhn ru�1 n cl1v1fu'11u19tJ� �1u�1vi'Clr.i:::mh1 L"ltl ' 
i'1L'lJUl��,,j(?l'i)lUd 

Deryabin I.LIN::: Petrov [2] 1�Vl1n')'.i'Mn�1iJ5rnr.111e'.ILf?l'.i'9LU6]'W'lJ'i)'1tl1J.JUfl:::�--i1u'li'J'1 

'elCUvlJJi'.l 140-150 °C L"1t1H'C9i'1d'1u[jn1m Ni 1�1!) Ni-Co r.ium:::'IY'1l'11t-J�ffli1ru�'1t�mnnJ 
' ' 

l\,ltl'J'Vl�OJ'v11Jill?hn11 75 °C ll�:::v511l'elL'el�Ui'.Jr11h,ilnu 8 

Pa quot llfl::: Rich et [3] l�'.i'1tl'11'W11f11'J:::�L 'v1�J1:::��'lJ'i)'1U5rnmle'.IL1?1J'9l'WitivY'1v1�(?1 

'll'el'1tl1aJirn:::�'1Lf?lr.JU'i'1Ar.i1nn11Ln(?lu!Jmr.n�'el'eln;��iu (Deoxylation) A'elfl'J1��t.Jle:!1"1nr.iu 
2 ""' Q "'' .., � 'i' 2 .,. 100-150 kg/cm l�fl:::�ru'IMJil 100-110 C WJ''i)fl'J1iJC,,i'\.He'.lb(?l'.i'!,9U 50 kg/cm bl'i"l:::�CUViJJ�

150 QC LU'lJOJ:::�fl1fl'J1il�'\...lU'i"J'tl1n11"\ llfl:::'qCUVIJJi1 230-240 QC YlU119:::Lr,111u5rnm�'el'eln

; bfl']U Gupta Ufl::: Aggarwal [4] YlU')11 um:::u1un1nn(?l le'.! LC?l'.i'9 LU'nU-ll'il'1tl1aJu�:::�'1 l�tll'n &fl

Li-:JU!)ITTr.11 2% Rufert nickel �'elCUY11J��1 (150-160 QC) U�:::rYl1��U�'1 (200 psi) r.:i:::i(?l•lJ'Y1'1

mnn/?l1-�niu (Reduction) 'll'i)-:J'U� OH lU'lJru:::��nJV11Ji1�,1 ( 250 QC) llfl:::fl'J1��U�1 (70-75
.::::i,, � .c:::i,, ,V I " 

psi ) llYlU-l:::Ln/?lf?l'Cl'tln6lll'i"l'l!'\.J'i)r.J'"l-:J�iJ\j'.i'nJ

Kaszanowski llfl::: Jakabowski [5] 1�,�1ms�n�1u5rnmle'.1Lf?l'.i'9L'\.J6]'\..,l'lJ'i)'1U1;Yirn:::�-:i 

�fl')1i!�U 1.2 atm �CUVIJJrl 150 QC L1?'1t.1Hf�rid-:itJljmm Ni Y�U')1Jl1tJVl�'191f1�ehun1'l! 

'le'.1L/?l'.i'l9'W(»1'Jc.Vilffl'.i'1 2 I/min LUUL'J�1h\11J 5 -n\1�N e,.J�ff!JlnJ'l119:::nfi11'elL'i)�'\.J 14.1 fl'1�::Yl'Cl 

.J%f'li'\...l (Saponification value) 184.8 ri1f-'l'"l'lWUUnrn (Axid value) 2.28 f"11le'.1!?1'.i''Cln1l 163.3 
"' 0 UiN:::"'j/?lVlfl'ell�l'\.1fl'"l (Melting point) Yl 79 C 

Nechaev[6] l.'11V11n1'i''9l'.i"J9MlUW�'ll'cl'1!rl'"lLfrtJTirnm Raney nickel LL'Cl:::LllitlU\1/ltJUFlU 

Wfl'll'el'1 Cu-Ni �'1� n1sH',,i1u1 U'"l'1n�1'1L u1J5mt.111i101'.i'9 l U"ilU'll'el'1tl1aJuv1'l! YlU')1� r.l-11-�'\Jn� 

i\,UJ1:::l:'1��1v1fr1tl1lXufl:::tj'1�'i) 150 ° C tfhnn.i�'Jd'1tJ:fjmm�H'�,,infi1Lnun�·1 1 % r.i::1iJn 

e..i�1un1;d-:iu5mmLL!?lilt1'NL/?l ll'c1:.'.n1'.i'n'JU (Agitation) r.i::.'li'1mv1m3'f?lr1L1'1L'\...ln1nn(P) 

tJ� ITTtl1'Cl81'1 L �'Wl�'n01 

1 u '.i'1t.M1U'U'l.Jlld1�� n�1Jl1') :::� L VI �1:::� � 'l unTi'Ll711tJ � �') l 1'1Ll5mm l S'WtJULn� L1r1ti 

n1'J1HUA'"l1� l 'll�J.if U'll'el'1�1rn:.:fl1tll"ll L�m..Jle'.1 (?l'j'•e) nl"ll � 'flf?l'.i'1i<huw��'ll'el'1 LflVl:.;m�iri'hn�­

fl:::�fo 'WtJ� !?l'Cl L'nL�m./lu01rnnL"ll� 'i':::tJ�L'1'Z'1'1LunTnfom<lfl1tJ LLfl:.:�ruv11JiJ1\m1'i'r.J'elt1�fl1cJ 
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v11[11'J:;� L v1l-J1 :;�l-J 1 t-.lllJl(?)'J'9 L t-.l'llt-.l'll'il--1 !?i''J d-:itl5 ITT\J1 L'i''WtJfan� l(?)tl n1'J'tlfu ml-J1 run 1'i' 1-if (?]'J 

L i�tl5 mm 'il ru '\,t/J� LL�:;f)'J1l-J C>'fo'll-e:Mu5m-m Ll� :;r..J'Z'I '111.M t·m�:; LL "tm L� L�tll-J (?l'e)ULfl� uih0.1 tu 

Vl (?)�'e:luu5mt11 Lti l(?)'i'9 Lui '.J0.1JJu�:;�-:i 
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n1'J'Yll?l'Cl'il..:J9::;uu--l'1l'1l n L1J'W 4 �'J'l.! Afl n11L(?l1m-J�'1d..:iu,ljnhn n11'v11'1l-.'.lflU'J'::;n'1)1J'lJ'f),.'.j 

'91'Hi..:iuljrnm l�ll?l'J'9 L 1.J'n'W n'i'J'1il'l� i.1u1i'l!'e1-.'.l castor wax Ll?lt.Jl 'Wlb1?1f1::;�'1'W9:::'1lfl1J1t.Jtl-.'.l�fin1'J' 

nj_j?i'3�11LAi'.Ju,z;i:::LA1'11--liJ'eJ�'t-n 

3.1 n1'iblPlia:bl.�'1bi�,JDfi�_l;t} 
3.1.1 ID5VWffi-rlbV7l'l'ibr.l��')b'j,n..l,i1n�iaJ1 

�1nf!i'.1�1-n'd'.lwn1ALl'eJ'W1fl1'f ll?lt.J Pd(NO:)
2
.2H

2
O C-J�(?]Ll>'lt.J Fluka Chemic

AG lbf!::;l'Cl'\,l::;t-J�j_ji!Lnfl-tlt\)foUm./l-n'JJ'El..:J Wako Pure Chemical Industries , Ltd .

..,j .... � � ""' V ' .I "' """' 3 .1 .2 b A'i'el-.:J �-J'cl Y1 b 6l! b 't.Jn1'ib ®'i�l �C?l 'l Vi-.:J 1..1l)Il51:.l1 

lflitl--l�tl�H'u1::;n'e11JJi''1tJ'lJ')i?)'lJ'i,n1?1 250 ml. ihAitl'1fl'1UllUt.Jb�'1llJ'1)'1fl'W 

n11�ri.J b�t.JJ1 i:ln1-n'W::;'l�tl1�u¥rei-w ',U'Wirl') 'ttf fl11l-J¥mmri'lJ'11?1 't��1'J' li?icJn1::;1JUf111J�j_j 

�ruv1�n<J11u 
�.c::i( <01 t\..• I , .. °".\..C...4 

3.1.3 'lfi01'ib®'iatl.fi'.H'i•1'LJJD·;-2n 

�j :i'"lnfyj �cJj_j(91') b i--lul)rnmi'.l �--ld 

3' 1 .3' 1 fil5�l91� l:J � a'l b 4-.:i 11 n nhnV<LilJ:Jilim

a) 't� �laOH (U11f1'-l1nJ1i 91U'1U 5 nf� fl'1l'W'lJ'11?1'lJt.J1A 250 ml b�j_j

tl1n5'Wfl'1lU b �'1) 't �J1wwnnmu'W 20 nhm'1'1-!9'Wfl1:::i..:i Na OH ri::;ri1t1tl1mh..:J�j_J1J1fl-l 
' ' I,, 

bl 11·l'lJ'11?1Yl1.J'J"J'��11ri::;,z=,i1tJ NaOH 'i'l'1l'\.JJ716Tit.J::;Yl'lfl'W1ll;-.'.l A'11t11 l'Yl 
I,, 

fov1::;e-i��JUl1lfl-1J::;�foi1m-1 illmru 1 n-f� fl-�l'W'lJ'1!?1Yl��1'i'fl:::fl1tJ NaOH .... �r'f)j_j'\'7-.'.Jn')'W'eJtJr1'1 

c) tJ1l'il1LAi'El'1A'!ULL'\.hJJ-J1�'7lkmi.i'lJ1Ct1�1Jnr.i�1rn:::ri1tJ NaOH r1ufovi::;
t,, t., t., I 

e-J � j_jfan,z;i-'1)::;01i] l tJtJj_j tl1i-.:i-n 1?1\JlU9 j_j 't Ul116TI'W:::U'J"J'9'W1 ir'W¥tl'W v1�1mrn fl'11J A�'e) ruv1n ntJ\ 
"'1 .. � " .. " "'1 

(?11 j_j �'fl\) n1'J' l �ul}rnm n1 nlreimlfl1tJ�1 i U'WlU91.Jf1 ru i '1fl1� f11'v1'Wl?I 

d) l'Vl'll'1l-.'.le..J�j_jfl-:Jl'i.-Jtl'Jmln•)'lJ'W1(?) 1-00 ml. ll�h�'W�'J'W�d:l'W'lrn-.'.li'v1fl'1�'1

e) J1..:i'91'1 l1'1UDITTt.110\'JtJJ1 n5H

f) b�iJ'W1)JU?-i:::1'i..:i 20 n-fmi..:JU'l.J'91'1LJ'1UrirnmI ';,j 

�-:) 130 °c bU'WL''lfl1 1 'D'JLJ-N i-:idb�'El'lr1t1'1�1i,,l�'e)fl'1)Wnni9l'Jd..:iu.[jnhnr..i'W'vl�l?I 

1 '.f ..:iuB fh'tl1�1'1) �i-i�frl 1u'l ,ifl uuB mm 'l� lf?l 'i'9 b 1.J'llU 
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"°" q <'I ..., •,. .. 1.c..,,Q,.,Q. .c:lll�ill!lt. A, 

3 .1 .2. 01'ab ® tlll..l'i'cl b'i':llilt!J.-l'M t\J®'H 'a',)J,,J_Llfil'cl1 L 'a'W l:.l 'Ubll.fl 

a) i'1'11WWn'lJ11'1 Pd(NO
3
)
2
.2H

2
O r.iu�tl1v1t:fmvi1nur111J!?l'i'1�'1U'll'il'1 Pd/Ni

(Lflv1:::;fov1:::) (?11l--l�!?lfr-ln1'i' 1� Pd(NO
3
)
2
.2H

2
O fl'1LU�'1mln'1'lJU1v1 100 rnl. 

� ' � 
'\.hv1t:fn'lJ'il'1'lJ'iJ,'.Je.j�iJlYl1fl1J 30 nfl--l mu1,vh11iX�1nh:::n'1:l1J Pd fl:::fl1m.11 

b) l Y1Zi1 rn :::fl1rJ'lJ'i)-:J 1,n�'i) 1,1, � mm�tll--lfl-:J l U{7]'1 d-:itl!J nhrn 'i'UtJ'Wlllfl (�-:i1JJ
v ' 

r.i1n'llU!?l'elU (e) 'lJ'ENv1'1'n'il 3.1.3.1) lLihmudJUL'1fl116 'n'1Ll--l-:J 

� 
0 � CV V l,,  

d) Yl1LmJ'ilU'lJU!?l'e1U (f) 'lJ'1:l-:Jv1'1'lJ'1:l 3.1.3.1 

3.2 D1'i½1'e:l-:I Fi' U'i�n'e:l U°l.l'e:l-:i �'J bi� ,Ji) m-1:.11 

'5'v1'1:l-:JrlU'i':::n'1:lU'lJ'1:l'1{7],.H1--itl5mm
°

Lv1t1L"nLfl1'il-l Inductively Coupled Plasma 

Spectrometer (iCPS) 8'iltJ(7]'1d-:itl5rvhJ1L�1UU�1rn:::fl1tlLv1tll6lln'i'�I HNO
3 

l'DJJ'n'.� 

3.3 le1t!Pl'a9bUi''W 

L�l--ltl1lJufl:::�-:i 200 nf:J-J 1,m:::{7lrid-:i1J5mm�1,f?l1t1�1�u1-h:::l--l1ru�rnii1:::�mi-:i1u 

t?l'i'fJ9�1}1Jn1'i'f'1 1d'il hJ�u n11frir.i:::tl'Ci'1:lt1 Llll�L u b(?l'i'l9U'il'e) n U�'1 ll YIU� JJ'JtJ lln�1 u bf?l'i'L 9U� 

fl'11l--liUf?l1l--J�'i),1n1'i'L�l--l�ruv1i;ii1'lJ'i)-:JLfli11--1tlBnmr r.iun-:i�ruv1JJS'.l!?11�J�'cl-:Jn1'i' A-:J�ruv1i;i�H 

1�mH\fli'il'1fl'1Uf"J'.l-l�ruv1JJi'.l l'1fl1�H''lun11Y11tl5mmtl1:::l--J1ru 4 irJll--1-:J tnmuiv1tlflmt11 
I t, I I 

9:::flc,i� nJv1JJi'.l"ll'il�lfl1'il,nJ5 nrnf fl-:i lvl�'il 90 ° C 'ic,it11.if u1v1-ci'ilLtJtieJ1uYi'il�'ilzjltJLfl1'il-)tl5nmr 

L YIL<JJ�LJJ'el':l n·•l1 n Lfli'il-:iU5 mnfo�'1 m''e)-:J L61J'e)'e) nr.i1 n{7]'1 I, 1-:itltjn1m 1 iJ�Lr.)U1 l--11'11 v1�1)1J f) ru 

� :l-JU�Yl1-:J n1Wl1'Y'I r.111 LU 
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Fig . .3.1 Flow Diagram of the Hydrogenation System 
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"" ,. I °I -"QI CV .. I .ar.,.ci.,..cri. 41 .. 0... 4. 4. 1 C-l 'cl 6ll 'ebllW'HL u 'H 'WO 1 'i b ® 'i 1:U-J "lJ 'el-l 0 'Ju lJfil1;JJliJJ l:J 'W b O �
w11t1l-Jf?1'1Vi''1UBnhn�ut�1tJH'n1'1:;n1nl911m-J�11'1 7 rfo u�:;Yl��'e)1Jf?1'1d--1ul)rnmYl

'rJit�t1n1'i'Le'.JL�'i'9bUl91tl1�u�:;v1--1� 150 QC n1t111?7A'11:WrKu 150 psig Lm:;m1:wL-ir:w-irii'll'El'1f?1'1 
' 

L· t, 

vi--1u5rnmihn�/ U1�W 0.1 % t�m111,,1ifn 

f.l�6ll'el'3111'J�lv11'3 1 1 'Wn1'iblP1�cl�!Pl'lbi-ltlljmmb1Ui'.JUdi� i'.lrK--1i1 

4.1 .1 f.l�"ll'el-l'i�i'.J�b 'J�1 b 'W01'ii:!·eH'..1��1i'.J 

1umn(711t.Jl-Jf?1'1Vi''1UDITTtJ1L'i'U£Ji!Ln� 9:;H'il nrn.1Ji'.1'll'el'1n1'i'tl'EltJ01�1tl� 110 QC 

A'J1:W L'n:1-J6i11.J'lJ'e)'1 L"lll�tll-Jle'.l �'j''e) n l6J! (?) 25 % LL�:;'e)(91'j'1�'1m:;1-d1--1 tirn:;e-i01l-J ihn� - 'e)�n L'Wm.J 

tJ>l'e) L6J! L�m..Jle'.l�'J°''eln l6J! (?) (U'i'1f\91ntl1) L 'Vl1171J 1 :5 1:;t.J:;L1�11 iin11tJ'elt1��1muu 1,2 LL;:; 3

fit:w� t�tJ�m1��'ElCP11d--1u5rnmLuii T
1
,T

2 
u�:; T

3 
(711:W�1rKu 

91ne-i��LL��--11uiu 4.1 1l11n!Jti1A1n1'i'���1t.l'n'El'1le'.JL��'L9U�1Vifo f2 u�:; 

T3 �A1�1n�(Atl'1fl1..J LLt?l9���n')1'lJ'e)'1 T, rK--1trur.i:;mnt1n'1f?11Vi''1UDITTt11 T2 LL�:; T3 9:;�r111:w 

'J'il'1l'1L"1n'Elwlil LL�:;9:;')'e)'1L'1n'J1 T, 

" ' ' 

/?1--1if u1:;t1:;L1�·11 un1nJ'Elt1��1t1 9:;L�,an 1-ifYl 3 -n1 t:w--1 'Elt.l1--1hn(711m:;t1:;L1tn 1 un11t.l,at1 

��1tl'el191-n L1J\J 2 i'1 Ll-J'1nLJi' L �'eln11L(711tJl-J'9l1Li--1unrnm9:;1i1:;t1:;L'1�1U'eltl��� 

4.1.2 W�6ll'el-l'elW.'tUlij01'ii:!'eli'.J� q qJ 

vhn1niJ�m.mU�'1'ilCU"1JJi11Un118'e)tJ��1muu 90 QC, 110 QC , 130 °C u�:; 

150 ° C m:w�1/?11J L�tJH L1�11 un11Yi1u5rnm1:;1,,1,j1--1 L6J! L�r.mlt! �rnn l6J! (?) LL�:;t�v1:;m-i:w 

ihn�-'el\Ji:lLUt.ll-J whnu 2 i'1ll-J'1 1'iffol'11W'nl-JoirU'lJ'el'1L6J!L�tll-Jle'.l'911'Elnl'll!i'1 25% LL�:;'e)(7l'j'1�1'W 

'lJ'el'1fov1:;e-i01:wf?l'El l6J!L�m-Jle'.l�'i''i.lnl6J!!i'1 whnu 1 :5 L�tl�l-Jl-J�zj'el'n'el'1'9l1Vi''1U5n1mLU'W TE1 

TE2 ,TE3 LL�:; TE4 (7l"l:W�1/?11J 

e-imfY11fo��--11'WnJ 4.2 t�t1fP11d--1unmmTE2 9:;i'.Jr111:wri'El--1L'1:w1n��� /?1'111'W 
� ;,J ' 

'ilO.lv1JJD�Lm-n:;�:w���1un1n(711t1:w!?1'1Li--1u5rnmL'i'UtJ�'e) 110 QC 1..h1n,nn1mrd011:w1rn 

'il iu 1t1101 rK--1 d

ufjrnm1:;1,,1,j1--1 t6J! L�m-Jle'.l �'i°''Eln l"Jl !i'1 LL�:;L�Vi:;r-J�:W tiln�-'el\1fo Utm L v1n'il'Wrl1J 

mnn�iJBmmiu 7 �m-nnmtJ 9:;�u,azjnu'ilCUViJJD 'ilCUVi.1Ji1'l.l'El'1UBrnm�i'.JA')�'1n'J'l 9:; 

Y111 il'ei'(7ln n1nn�u5mm� n11 (?)'11!Un1'i'tl'elt1��1tJ�'il ru,�i;in�--1n119:;Y111 � Ln�A11l-J')'e)'1L1 

mnwh m.h--1'bnl911l-JC11'fl"1CU.1Ji'l'l.l'El-:Jn1nj,am11"11tl�'1Lr71..JLU LA'N�h:1�LU'WtY1tH'll'il'1!?11Li� 
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" ' 
tJBmm \,'j'titJ i.i:::(JnYhf11\:J vh 11X�YJ1N1'el'1

1

b'llt1'1!?1'1 d'1tlBn1m�(?)�,-'.j(711l.J YJU'Yle'1'"J�(?)MJirm 

tru�t1 � ruv11Ji1��'1�wr.i:::l;i1'1 m� n--'.I n1t�1�1ti trit'1�¥1--'.l"JJt1'1'91'11. i'1ul)n1mm n n11 6>1--ii!ur-i :::�t1-.1 
' '

.::::!ii .c::i.� � 

1.�t1nt1ruv1nNV1 L v1in:::�NVlf.1(?) 
' ",J ' 

4 . 1 . 3 Rft 'l] 'e) "l A 'J 1 � L "li � °lJ 'W 'll 'el "I ill 1 � 'a � i-!.J1,lbl_L_fill_lli_elfli'iln L '11 ®

�1 n1'i'LU�tlUl,LUf1'1A'J1N \,'n'\-!'liU'lJ'el-.1 L"ll 1,�tJUle'.1 (?)'i''elnl'll 1r1�'l·n'Luu 12 .5, 16.'1 1,1,�::: 

25% '711iJ�1�u (�11,v1171�H'f11�'1�(?)1,uu 25% L'r'lt1:::1.cit1r1'11W-nN<nUN1nn11 25 % L'lll.�m-1 
, ·,1 , 

1irnrnnl6Jlf?11,\,�:::tirn:::e.J�N ihn·�-'el�ild'.Jm..J whnu 2 i'1LN'1 �n..lv11Jil 110 °C l,l,rl:,-:'i)C,,7'i'1�'1U'll'iJ'1 

fov1:::e.J�iJl?l'elL6Jll�tlNleJ{?)'j''e)nl'llC?1 l'Yhnu 1 :5 l,l,f1:.-:�NNDlzj'e)(?)'1d'1tll)m-m1.th . .J c,,c
2 

\.l�::: C
3 

1711N�1�1J 

., t, ' 

�1rn:.-:t11ti L'll 1,�mJle'.1 \?1'i'tln l"il 1r1�'1;u rYl1N1'tl'1l'1'll"i1'1!?1'1li-.1tllJm-mr.i:::�;uJ;riti (C
i 
>C

2 
>C

3
) 'Yl 

d'.lm'liud�1�1rn�r.i:::t1fi1nt.J�1ti ·1 "1'1tJ91U'JUflf11w'1f11�91nir1�1v1futiJLf1��'ll'el'1�1tl7Y'1MU 

�']Ut,1,�:::vhtll]mmzj--'.!n\m�:::nu�--'.ld �91'i'OJ1lli'N'1'71'i'vN� tci'e)f-1,.)1J.J�-niJ•ih.JL9'el'-l'N 

A'11Nv1U11,1, U'W'll'iN bN I,���� \I n�1tlBITTmr.i:.-:� (?)�'1 r..Jf, n �"i191U'1UAf'1'lJ'El'1h11,7,1 � ti'lJ'iN 
t., I l ft I 
,v t., � 4/ � I O <:./ <V " � 0 ,V Q-' ..:::,, JC\CA � :.," t,, t,, �1t'71'1(9]UV1'll'i.Jn-wr.i::::.Jfl11?11�-.1 er1--1:J:� �1.:�1;f,�, �-;·'1Yl}1 ':.JmA;r:1� .nJ1, :Jmmrni,,1,-u fol'Y,m'llN'llU 

�1r.i:::hl�-.1Yrn�·--i:::1, -ir1�i'l�!?if1 'lJi
'lJ ti I 

� 1 W1'i'l,U� tl'iHLUM rhi' !?l'i'1 l;i1 rJU'lJ'i),-'.j Ltiv1:::e.J�NU 1,n �-'i:l\j i'.J \. UtJiJ i?l 'u L'll I,� m..J 
' t, ' 

leJCr)'j''i:lnl'n!?11'YlU'i'1f\91n\11) r.i:::H''Yl 1 :3, 1 :5 UIN:::1 :7.5 '711il�1�U tll]rnm'j':::v11':1'1b'JH�m-J 

le'Jl?l'i"i)nl"Jl(?)\,\,\N:::L1Nv1:::e,i��Uln�-'i)�n1.i1r.m n'j':::"ll'1�110 °C titJ:::L'1�1 2 i'1LN"1 l(?)tll-nr1'11Nl"ll� 

·iiU'lJ'i)'1b'llL�m.Jle'.1!?1'j''e)nl6Jl(?) 25 % 1,1,01:.-:�m-JD1zj'e)i#l'"Jd'1tlljrnm1.uu R
l 'R2 

ll.f1:::R
3 

l9l1��1f?lij

m·m rum'i'L oif1e'.IL!?l'i'l9'i.Jl\,�l?l'1l 'i.J'j'U 4.4 9:'.:�1J'l1lli'l.J11:Wn1tloif1e'.IL(?)'i'1,9U9:.-:1n�l�tl'1 n1-rn1n 9'1
'U 

'MULl?lr.J�9rl'j'OJ 1�j..J n1'i'1,r1�1J1'1�1'1Ut:.-:n'i:lU 11i:hi''71t1�'1U'lJ'i)'1 L�v1:::mlN!?l'i:l L"il l�tmltl (?)'j''i) n
'

l"ll(?) r"1:::hii'.ie-i�f?1'e)(?l'"Jd-.1u5 mm�L'711m..JL� !?ln1Jll?) lci1lmm rut'll l�m..Jle'.1 (?)'j''e) n l"l! (?)�1�n�1 n

Al + 3NaOH 

i'1tl 1-.\�1 �1 rnMiJ1Jrr:i 1[11'1:::���� l?l l Un1l'l'711m..J'91'1 d--itlnrnm l 'j'U\'.JUL/l;."1 �el 
, ' :,J 

'Yl'e10Ji,,1Jli1nTrt.1'i:lt1�f11tJ 110 °c 1:::tJ:::v-:i�1n11'ci'iltJ'.?lfnmi:lu 2 i'1LlN f"l'"J1rn-iiu·nu'!J'i:l,1'.?11t 
' \) 



l l 

�::;�1c.JL"lll�m-lltl"1'i''e"lnl"ll�l1.J'W 25 % ll�::;'i)lft'i''H�'J'W'lJ'i)-.1 Lf f\,l::;�ti:wfan�-'i)�i1L'Wm-l f?l'i)L'Jll�t.ll-l 

1e.1Cv1'i''i:inh�Li.'.l'W 1 :5 
.ail 111 � <i' � ..., ...., 1 .. l"'°""°".Q, .c::111 1/14,,. Q, 4, 2 111_ 'J � )'.1il\ a..11 � 1w bj.J • e1 �fil"H -w "l! 'I.,! °ll 'rN 1wW8J.J.L)Jli.� 1 L <a -w amllii 

rnnlft1m-1 (?]'J d-.itl.iJmm Vi''WtJULn�r.i ::;Llft 1m-1�n11::;����(?) Lf?1t.l H'-if m;J�91 n,X'J'n'i) 4.1 
� '

LL�::;16Dl mJ.iJmt.l,..1ltl L"1'i'9 l ui 'W'll'el'1U1JJ''W� ::;�-.i L"1c.J9::; l U�t.l'WlLU�'1l11'J ::;'lJ'i)slU.!] mm l 6Jl'W A'J1l-l 

l 'lll-l'n'W'lJ'i)-.lf?l'J d-lu.iJmm � CUv1JJj'.j u�::;m1l-J(?)U c.J�iy,itf�11K�(1)'1d
• I�_, . I • � .., ' •• I "' "'"' 4 . 2 . 1 _IlTI_L1J.1'ill 1J ll u � ,1 u 'a il JJJJ "lJ 'el sl ® 'J l 'a 1ul.}lllill 

1� 1 n1'i'aJ� c.lUlltfo-.i A 1'el lft'i'1� 'Ji-J'lJ'i)-.lf?l 'J d-.11Jn n1cJ1nutl 1lY'W�::;�-.id.'.lu 
;,J , 

0.1,0.2,0.3 1,1,�::;o.4 % LCv1tJtl1m!n ffrn,J�1(?)1J U�'Jle'.!Lf?1'i'9L'Wiutl1�rim::;�-.1� 150 °C l11t.J1rX 
' 

P1'11l-l CPlU 150 psig lL�::;'j'::;t]::;l'')fl1'lJ'i)'1 n1'i"Vh1JBmm LUU 4 'lf 1 Ll-l-.1 ill-mrurn'i' H1t1L"1;l'�U 

ll�"1'11UtU 4.5 

91 niu 4.5 9::;1, �u1Ji'11 l�'i) m1�-l l 'n l-l'nU'll'i)-.lf?l'l ds1ul} mm�H' �1v1fu le'.! LCvl j 

9LUi'Wnr11tiAu A1 induction period r.i::;J'W�'N 'i)lfti1n1ilfl(?)UDITTtJ1lf1nr.i::;L�1-l�'W'iltJ1,1mn 
� �J 

l�'i)f)'J1m'li:W'llU'l)'i)�[?l'JLfru.iJmmfon�/tl1Jru l�:W:fi'h!r.i1n 0.3 n-.i 0.4 % 'ellft'J1n1'i'L1l"1UDITTtn
I t,, I t, t,, 

lrl� nifs1r1,H �:W�'W Ul?ll �l-J'i)tl1'1'n1 1 U'i'1n!J n'l'i'ru'W?.i1:W1'i'Cl'elfiU1tll�CPl'1'W

1. �11md--1'll'El� active sites r.i::;1.�tJLLllr,icJ�'1l9'eltli!L'WJ1l1u�::;�s1 n1'i'�'1Jl�c.ld

Lf?1t.1i1"lur.i::;1,nc,i1.1.uu�:w 

'll1'1!.Ac.l'1 (adjacent sites) unmmnr.i::;Lnf?1�U 
c,i O cl ,iu�'i) c11mm '1.J'l)'i)-.lf?l'J L i--1u5 mm�1-n Uilc.l LL�::;l-Jr.:n'W'J'h!'ll'i:J-.1 active sites "11 

� '1d L�c.JLU A'J1:Wth--i::;LUU'll'el'1n1'i'Y'!Untj:w adJacent sites �1v1-futl1l1m1.t1::;Lt!L(?)'i'l91-!�9::;� i'i1'TI1J 

lL�::;V11u5mm1�nr.i::;�r-hii1CPl�i!U91'W'JUntjJ�'lJ'i)sl adjacent sites 9�fJA1�1 �1\,,�f'.i.Ji7jnJtl 

�1 mrn'elfiU1 ti n--11t1 L(?)'i'91.Ulft'lli1-.1tl1�'W� :::�--1 L(?)c.J H 0111:w l-n l-l<n'W'll'u--1 r11 d--itJ.iJ mt11 �1 'lJ\' '11-.! 

A'i) L i!n'i'ill'lJ'i),1'f) ll'l'.i'1�'J'h!i1Ln�/\113Ju1:1:::ii-.1 ' 
'i1 [71j1 n1nnc,iuBmm1?h 

I Q./ ,d: I L'Ynnu 0.1 % MY'lU'J1 induction period Wi'J u�:::

l� 'iJ m:w1 ru'll'i:Jsl l71'J l '.l'-.1 u.iJ ITTt.l 1 n A 1 l-l 1 n:t;.u vT--i A'J1 :w ih-i :::LU'h!'ll'el--:J n1'.i'YlU mi:w

'lJ'i:i--1 adjacent sites LL��9'l'i!'J'W'li'eMntj:w adjacent sites r.i:::�-.l�'W 9'1�'1�f1Yh1il' induction 

periods kw�--1 llt1:::'ell71'i'1n1'i'1n111tJB mm Ll1�'W zj'1 lUUn'i'ill'llil'1lt!LIY1'i'9 l Ulft'lJ'i),n11lY'W�::;�s1 L(?)c.J 

1-n'ilftn�'J'WULn�/111,Ju LUU 0.2,0 3 ll�::: 0.4 % lft1l-l�1CPlU
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91 n n11� njj-1 n1 ntl� t1i.mtl�'1'll'el'1rYl1l-l L'lll-l'll'W'll'el'1f?l1 Li'1tlljmm 1 'Wle:JL(it'i'9 L 'W 
., t, ' 

'D'W'lJ'el-:J'W1�'W�:;vi-:i 9:;[?liJ\�'Wl9L�'eln'iJl?l'i'1�1'W'WLn�/ti1�'W LU'W 0.3 % LU'Wfl11l-JL'lll-J'll'W�Lv1m::: ' 

4. 2. 2_[l'li.l'LI � l:l 'Wu� ru �tli) n�1:J1 L e1'1: lP1 -a9 Lui u

Yl1n1'i'LU�mmtl�'1�ruviJJn'll'cMUDITTtJ1LU'W 130,150 LL�::: 170 °C {?]1l-J�11?11J

L(ittJYl1U!)ITTtJ1le'.lL0l'i'9L'W'D\JJl1tJl�fl11l-J1?1'W 150 psig LL�:::1:::tJ:::L1�n1n1nn01uljmm 
' ., 

4 'D1 Ll-1'1 fl11l-l L'lll-J'll'W'lJ'e),1(711 L1'1tlljmm'WLrl1.'i/'W1�tm:::�'1LU'W 0.3% lli'l-l1run1'i' l 'nle:JL(,l'i'L9U 

ll�01'1l'W 4.6 

l \.Jiu 4.6 lli'l-11 rum'i' 'l•nle:JL0l'J'L9U� 170
° 

C 9::;�,m11� 150 ° C zj'1i'1�'els! L�U 

LA'19:::'ElzjL viil-eJ L�u1A'1'll'el'1minrun11'l-nle:11011L9U� 130 ° c tr-wv1iJ1tJ 0'1f?l1d'1u5n1mL1utf 
t, ' t, 

ti Lll 1.'i9 :::iJ fl11 J-l1'el'1 l 1 �� U �� ru WJ n�'1�U 

rath'1hnml-l'l \.Jn1'i'L�'Eln 'l-n� CUVlJJn'll'cl'1le'.ll0l'i'9L'W'DW vim:::�l-J ff-i��-ii-w�'El19 
I t, I I 

,., . "" 'l <'l "" "''°' ' 'l .eJ �
,., 

'l"'" ' "" "'•-1:;f9i'e)'1'W1m'l'l91'i'CU1 Un1'i'v'\njj-1b'i''cl'1\.JYlm'Wl-J1 'W'cl011?1 �01LL�01'1 v1LVl'W11 /11'i'LY'll-l�rnVlJJl-l 
t, ,, 

'li'El'1le'.JL(it'i'9 L'W·ni.J .:f �'1�'W ,11 'l �f-11 le'.J(it'j''e)n; 1,'i(i\�'1'Elth'1J-J1n 1?1'1'WU9:::i'1Lni?l Li:i'W11� ruv1.�n'JJ'el'1 

Le'.ll(it'J'9L'W'D'W 9'1ll-ifl1'i'Lrl'W 150 °C 

1?11l-litl 4.6 U'i'1n{)11 0'1LL�11fl11l-l1'cl'11.'J'JJ'el'1f?l1L'l''1UljmmL'i'UtJUlrl1.'i� 

1 7 0  °C 9d'el'1l1l-l1nnrh LL1?1nhlmnn11� 150 °C �nntl'n01'1i!'W�ruv1JJn�mJ-J1:::�l-J9:::H' 

150 C 
·'""' ., .., ., .... _ 11 'i' .,. .., 

4.2 .3 n1-ab 'l.J� £1'\.Jbb U'M f\11 ii l?l'W"ll'el'1u£) O'al:l1 beJ' bl?l'a'°l L 'W"l!'W 

1/11n1'i'LU�m..JLLUr'l,lfl11l-J1?1'W'll'el'1UljmmLU'W 100,125,150 \,L1,'i::; 175 psig 1?11l-J 

�11?11JL01tJYl1le'.ll0l'J'9L'W'DU'lJ'cl'1tl1�'W1.'i:::v1'1� 150 °C 1:::tJ:;L1�1 4 -i1Ll-!'1 l,L��l'D1"111W'llJ.Jfi'W'll'E1'1 
' . 

f?l1d'1tl,ljn1mi1Ln�/:.J1�'W LU'W 0.3 % uhnrun11'l•nle:1t(it'J'L9'W 

lwiu 4. 7 f?l1 d'1u5nfo1L'i'Ur.J'Wbn�9:;'l �A11WJ'cl'1l1l-l1n��0)�f\11l-J0l'W 

125 psig fl11l-J1'el'1l1'lJ'el'1f?l1d'1iJ,ljmmL'J'UtJfan�� 125,150 LL�:; 175 psig 1?11l-J�11?11J 9:; LLl?ln 

!?11'1 n-w1J-Jm n 9'1 L�'cl n l'n A11l-!1?1'W����0'1LU'W 125 psig 

� '.i'Ult,)11 1711 :;���� 0) �1v1frnJnmth le'.llc-11'9 L 'W'D 'W'lJ'el'1tl1 �'W� :;t,1'1 L01tJ H, , d,..) , 

,, ' ,, 
"' .,,. 0 V ."I '°'� ., . I.,,."""' 

'l " .eJ .eJ ' 'WLn�/'W1l-l'WLu'W 0.3 % Hydrogenated castor wax Yl l0191nu{)n'i'tJ1J71tJ 1?1J711:;-w9:::l-JA1 
1

l'Eltra�mvhnu 5.56 f°i1Le'.10l'i''Eln;� 160.78 LL�:::r-i1fl11rnu-wm01 o.99 (1?1'1LL�0'1'1l'W1?1111-:i 41) 
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-

Type of measured value Properties of castor Waxes 

catalyst of Pd / Ni (%) 1.V OH.V. AV 

87.31 * '165.77* 0.69* 

Raney 

nickel 5.56 160.78 0.99 

Pd1 0.42 3.54 160.28 1.00 

Pd2 0.81 3.29 160.83 0.96 

Pd3 0.94 4.17 157.15 1.12 

Pd4 1.45 6.01 152.67 0.97 

--

(*) means the properties of castor oil before hydrogenated. 
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4 .3 � -1 u Yi 'cH'iH ® fl �m0 --1 ti41!:rifJJ L 'f iM ilL o �

1711 d-.1tllJffim L':i'U8Uln� t�r.Ji'J 1tlr.i:::L1ti1til-ltuml-J1fi n1':i'�l�'elfiU1tJ 1,1,1¾1 L!nt.11 'nJlYJ:::� 

����r.nnir1-ir'fl 4.1 vi1n1n�mL'Y'l�L1NL�tll-lt1-�1 u1711d--1uBmm t1nr.JH'Ln�1:J Pd(NO3)2.2Hp 

'e)i?l'j'1�1U'llfr�LL'Y'lmm�tJl-l/tlln� (Lm-1:::1t�v1:::) r.i:::n1ViU�LUU 0.5, 1.0, 1.5 LL�::: 2.0 % 1?11l-J�1�U 
,, 

LL�:::�l-m�zj'ell711L1'1U{)m'tl1L1J'W Pd1,Pd2,Pd3 LL�:::Pd4 1?11l-l�1!?11J U11711L1'11JlJmrJ1L'vHhwm 

�LA':i'1:::Vi1�r.J ICPS (Inductively Coupled Plasma Spectrometry) L�'elVi11"l1'e1i?l11�·1u•JJ1:J'1 

LL'Y'l�l�l�tJl-l/ULnl:"l e-J�i'Y'lfill��'1LUITT1':i'1'1� 4.1 U11711Li'1uBmm�Li?l1tJl-ll��1Yl��1)UlU 
,, ,, 

u5 mm le'1 L�':i'9 l ui U'll'el'11.hw\rn:::�'1 t(?'1tll 'n fl'l1l-l L -if l-J-irU'll'el--117111, i--1u5mmfanl:"l/U1 �u I, vh nu 

0.2 % fl11j.J!?1Ule'l t�nr.i'W 150 psig LL��'cl fWViJJ�� 150 ° C 

e-J�'lJ'el'1A'J1:W'1'el'1l'J'lJ'El,J IY11 L 1'1U!J ITTm L':i'U8'11,n��ij LL'Y'I� I,� L�cmiri l-l �1tJ 1,L� �--1 ·1 uju� 

4.8 1uiudm,nrun1':i'L-ille:1t�'j'l,9U'lJ1)� Pd1 ,Pd2,Pd3 LL�:::Pd4 r.i:::tW'tJrn�tiunu l?l"ld--11Jnmm 
.::::{ <CJ. Q .::::{ 1 cl 

Vi'UtJULnm 'Y'ltJ'1'EltJ'M L�m 

U':i'1 n:::J'11 f"11r1:W'J'i)'1l 1·1Vi)'11711 d--11.llJmm L-si'itl'u1,n� 1d'elij LLY!·� I,� L�tl�irm �1tl (ll-J 1,nu

1 .0 %) 9::;ijfi1�--1 n'J'l,f\11�'1il'1l'J'll1:l'11711Li--1u5mmL'J'U8tilfl� I, Ylt1'1'eltl1'1L�m �-:i�1mn1�iu 

1. 'e) 1?111 n111,n �U{) n1't111tit�':i'9 l wn ud11:l L'n f?i' 1 Li--1ua n1tJ1l'J'Ur.JW Ln �i"ll-Jll'i.J

bl'r��l�L�m.J (hhnu 1.0 %) r.i:::�--1n'11Ld'el1-iffirid,11Jljmt11L'J'Ur.JtiLn�u1�Yli 
,, 

2. Induction period 'll1:l'1UDITTt119:::�fon�1
' ., ' 

3. ri1 Asymptotes 'll'el-:JLJut�-:in1rn:::inm1:J--lltit�n9tJ'll1:l'1 Pd1 LL�::: Pd2 r.i:::1,yh1;u�

�11,1,Vi'W--lt;(\Au i"l1L'flt'eJ�tJ(I.V) 'lltNcastor waxes��Yl1tl l,d'e)H Pd1LL�:::Pd2 LUHr.hd,;iu,nmm� ' � 

ro; :::�1 n<J1 Ln'el H (?]"J d,nJljmm LuimihH1Ln�u1'�Ylif '!l ru:::� A1 le:1 �rn n-B � bb� :::rh A1rl� l uum� 

'll'ewk--1�Lrl'elU'"l::::LYi1n1J (�(?l1':i'1'1� 4.1 iJ1:::n'1lU) i!u�mn'eJl'n171"Jd-:iuBmtrn'i'Ur.JWLnr:i1'1j.jflU 

l,LYlf:i lf:i l�tl�(1l-J lflt..l 1.0%) 9;·;1u L1'1U!Jm'tl1 le'.fL�'i'9 I, 'W'n1-J'll'iWA'i.Jn:::���'e)'1 n1':i'1 uJ,nhrn:::�'1 

1,dm'l1n1nmmJLVltJU'i':::'\-l'J1'1fl11Wl'e1'1l1'll'eN Pd1 u�::: Pd2 �1lJ11rl'elfi1J1tl'11 Pd2 

9::;ijwnj_J<J1:J'1L1�1nn<J1 Pd1 LY'l-S1::: Induction time �Jun'J1 u�:::: ri111:Jt'e1�1-J�1n'11 'lJru:::� 

'e)(?l'j'1 n1':i'Ln�unn1mLL�::: Adyrnptotes 'll'el'1l�ULA'1 n1t�:::�1tJ'll'eJ'1Le'.f t!?l-SL9U r.i::::nfi11n� LA\:M 

nu 

'eJtl1'1l'l'niY11rnn'fl'ell?l'l"l�"JtJ'lJ'el'1LL'Y'l�lf:il�tJl-J/tiln�mnn<J1 1.0 % (Pd3 1,1,�::: Pd4) l�t..l 

Lr\'1'1J'el'1mm fWn1'j' 1-ille:rL"1'i'L9'Wll-J LL��'1 llt..l'l LtilJ� l �l-J�'W e-Jf:i�li?1�!?1'1� 

l�'i)!.'l''J L 1-.1tJB n1tJ1 L 'J'U r.JULn � 1 'D 11 :w nu LL'Y'lm� l�tll-Jl t..l'eli?l'J'1�'lU'll'eJ'1 llYlf:i l� L�tll-J/ULn�

lfl'Wn'11 1 0 % A1 Asymptotes 'lJ'eJ'1l�UlA'1'll'el'1mmrun1':i'1'Dle:1l�'i'l'"l'W9:::LVii'J'lltJrlU'll'fl'1 
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f?l'J L 1--itlB nhn L 'j'UtJi!Ln�U1�Ylf 'lJ ru::;� 011 le'.! i?)'j''i) n� �9::;�1�'1'ilth'1m n 1 UYl1'1 niu nufoi1 

l'il l'il �U9:::L �J.J�UL UU�11?11J zj--, LL�i?1'1'J1'e) \?I 11 n1nn C?lUD mm�Le'.l i?1 'j"r) n� L�iu9::;�1mrn LL'Ii'1 

fl1J'e1\?l'i'1n1'i'Lfl'9lU5mmle'.lllrl'i'9LU6nU'll'il'1�Ufj::;� tl'u�'ilLLYlU�9:::L1--in1n&iJ.Jle'.ll'9l'i'L9U1JU 

�Ufi:::� f?l'Jd'1tlfimmniud--i11X'\-1�lMl'i''iln��Yl1tl5mu1nu 'il:::\?l'ill-l'll'il'1le'.ll'9l'i'L9U�'iltjih--i 

L�tJ--1 Ln (?) L UU�Ufi:::�1 '\-1ii�u1JJ'i:J.J LI.'! ��'lJ'il'1tl1JJu 
., 

111 '1 U'�'il 19  � i tJ1� 'J 1 f)'J'l l-l'J 'il'1 l'J LL�::; n 1 'i'L � 'il n L n '9l'll'il'1 f?l 'J Li--itlfi n1m L 'i'W cl'il Ln � 1 u 
., ., 

tlfimm le'.!l'9l'i'9 L U6nU'll'il'1�Ufl:::�1 uu1JJu�::;�--,��u llrltJ n111��11tl1:::n'il1JLLY'l� L�L�t.Jl-11'-ll-l 

(?)'JtJLU'e1\?l'.i'1'c1'lU'JJ'il'1 LLY'l�L�L�tJJ.J/i!Ln� (fo'l-1:::/ll.'l'l-1:-:) hJLnu 1.0 % (Lc,iutl1mrn) 'ilth--ihn 

\?11J.Jrl1�1'i'U'i':::n'ilULLY'lm�L�m-JL'Tih-Ji\?l'i'1�'lULnU 1,0 % A1f\'J1J.J'J'il'1l'J'll'il'1f?l'ld'1tlBmm 

L 'i'UtJiiLn�r.i:::Luu1u'lUYl1'1 \?IN-n'1J.J 

�L�'nU 
., ' 

t:-J�n1'j'')i?) Hz adsorption bb�::; BET 'll'il'1f?l'Jd-:itl5mmi--i 5 LL�C?l'1LWWl'i'1'1Yl 4,2 LL�:; 

4.3 \?11i-J�11?11J 



]6 

ln1'a1-l� 4.2 ll�fn-ltfhnrun1�·�1n'nl-J'!J'i)� H
2 

U'Wl?l'1Li�tlBrnmL1titJ\Jlf1� lL�:;1?1'1d�tlBrnm 

l 1titJthn��il n11L�hJ fov1:;LLY'm l� L�m.JL 'WUh.J1ru1?11�1

'llUfn'll'e)�[?l') d�i.JBrnm 

el ',:::,,,, .c::i.. 

l1'Wt.l'Wln� 

Pd/ Ni = 0.5 

Pd/ Ni = 0.5 

Pd/ Ni = 0.5 

Pd/ Ni = 0.5 

cl r.c::i.. .c::i.. lti.Jt.l'Wln� 

Pd/ Ni = 0.5 

Pd/ Ni = 1.0 

Pd/ Ni = 1.5 

Pd/ Ni = 2.0 

-

m:i-n ru� (?'1; l-l H
2 

(cc/ntl-J '!J'i)�l?l'1li�tJ5rn'c.J1) 

2.2356 

2.3817 

1.9487 

2.3923 

1.6268 

3.60 

10.03 

6.82 

7.67 

3.47 

.___ ____________,_ _______________ 
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5. '?A'aUe.J�nJ'a'VlC?l�'el�
q ' � 

��i�£�1��1�1'i'O�'i'Ul���'W ' 
1. .n1"l:::� L't-1�1:::���1Vl1U fl11l�tl�i?l"l L1�u5mm L'i''WtJULn� A'i) '.i':::t1:::L"l�1 fl1'.i'8'i)tl

I 

4 I I IV O t, \;' ��1mvi1nu 2 'n"ll�� �C1rnJJ�fl1'j'tJ'i)tl��1mv11nu 110 C f1')1�L'll�'ll'W'lJ'i)��1rn:::�1t1 

L'Jl L�tl�leWl'i''i) n l'Jl (?)L Yl1 nu 25 % ll�:::ilM1�"l'W'lJ'i)� faVl:::���fon�-'i)::;�lJ'W1[9l'i) L'Jl l�tl� 
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