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Table A1 The molecular weight distributions of heavy distillate, dewaxed oil,
desulfurized oil, and isomerized oil

Molecular No. of HD Crude Dewaxed Oil HDS Oil HDI Oil

weight e %a}:::k (nt;;n) Q?r)::k (r;?n) %a}:::k (ntx?n) %al;::k (Ir';i;n)
240 Cu 009 | 2019 | o019 | 2050
254 Cia 020 | 2281 | 039 | 2315 | o021 22.80
268 Cio 0.35 2566 | 062 2532
282 Cao 0.72 4 0.20 27.76
296 Ca 1 (70 377 | 3010 130 | 2952
310 Cn 13 59 1 284 | 3235 226 | 31.69
324 o 2. 164" 73 34.50 2.63 33.79
338 Cas 9 % 33 36.55 330 | 3582
352 Cis 5 -.33";' 6 87 | 3855 384 | 3775
366 Cas 4 0214 ‘ag 438 4047 | 1059 | 4025
272 PRI ) %W 331 | an10 | 331 | 407
380 oW 11.95 _z;}_&ﬁ iz . 2.03 4233 2.52 42.00

st - 2 ,
414 f——— 45.03 7.31 4498 437 43.87
398 :_n;".{_,-‘,::';{;-&—" 476 47.99 8.65 4534
P

412 827 | 46.832
426 252 | 4821
440
394
408
422
43
aso 1 Cxa 7.75 50.09
464 Css 458 | s1ss
478 Cs 3.35 52.95
492 Cis 140 | 5431
506 Css 095 | 5566
520 Gy 044 | 5696
534 g 022 | 5829
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Table A2 The molecular weight distributions of components in desulfurized

oils from reaction using various catalyst types

Molecular No. of Retention time (min)
weight Carbon Dewaxed oil Mo/Ni/Co Ni/W Ni/Mo Raney nickel
156 i 4.289
170 Cn 6.376
184 Cis — 9.131
198 Cid . - 12.010
212 T -b"i 15.002
226 Cis 17.770
240 Cis +4 ) 12 20.984 20.062
254 he P ) 3.420 23.120 23.163
268 Cio / b= A 84 25.688 25.752
282 B 3088 ¥ s 056 101 28.099 28.088
296 G 3850448 |- 30.395 30.939 30.385
+?"'.I“"‘ ‘
310 Cin SO s 2.680 32.650 32.651
324 Cn 34 ERGL | - 2 34.724 34.705 34.487
Neg——t
338 e 362 3, 36.811 36.789 36.789
r’"p’"’
352 o 38.648 38.650
366 ck™; = 40.085
50 b | P45 41.240 41.246
<
380 B 42356
414 ¥ ey 053 Bds3 | 44.995 44.999 45.033
L 4 [ i
398 E p 4%“3? 59“ 97 47.988 48.067
412 U 49.336 e 49.336 49.349 49365 49351
=l L7
426q : N Kilosd ¢ 1 1146 51.130
440 52.142 52.142 52.142 52.142 52.088
492 O 54.620 54.620 54.620 54.620 54.600
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Table A3 The sulfur content of desulfurized oil and physical properties of
desulfurized lube fraction from reaction using various types of catalysts

(constant conditions: reaction temperature 350 °C, hydrogen pressure 500 psig,
reaction time 4 hrs, catalyst concentration 5% by weight of oil and agitation

speed 500 rpm)
‘ 3‘ /-"_.
Properties dewaxed- — Catalysts
./ d », Ni/Mo Raney
\1\ nickel
'n‘ O3 | on AlLO;
Desulfurized oil : \
Sulfur, Y%ewt D.338 A 0.03 \k‘ 084 0.092 0.214
g2 i _
Desulfurized r \
lube fraction ; -
Color, visual 4 4
Viscosity
@ 40 °C,cSt 99.92 113.12
@ 100 °C,cSt 8.68 9.28
VI 32 30
Yyield , ; 93.84 87.60
. ‘o LY
— E—‘F?%W B
Characteristig AL
of ¢ ﬁ ~ .n. ,.-] o
be;% '] ﬂ ﬂ ig Jc;Jnm I&ua ﬁutllar powder
used catalyst cylinder | powder | cylinder | powder




Table A4 The molecular weight distributions of components in desulfurized

oil produced at various reaction temperatures

94

Molecular No. of Retention time (min.)
weight Carbon | Dewaxedoil | 200 °C 250 °C 300 °C 350°°C 400 °C
156 Cn 4.289
170 Ci 6.483
184 Cis - 9.131
198 Cia - 12.010
212 Cis 15.000 15.002
226 Cis i 17.768 17.773
240 ey ~20:509 20984 | 20060 | 20062
254 Cis 4 -ﬂg_f. 1 23.120 23.161 23.160
268 Cio S , - 25.688 25.750 25.752
282 Cao 0 T;_z:sﬂ 28.056 28.101 28.099 28.098
=
296 Ca 30.38577347) 50 0.367 30.395 30.393 30.390
310 C -*... 32,650 32.648 32.591
324 Cxn 4.724 34.705 34.487
338 Cas 36.665 36.800 36.811 36.789 36.737 36.739
352 ﬂ%—f ™ 87107 | g38648 38.651 38.650
272 Q 241 1.24 Hs I 41.244 41.246
41 4999 44.994
398 4Fos 47.9 %.988 47.975
412 49.475 49.336 49.336 49.349 49.365 49.351
426 50.992 50.913 50.913 50.944 50.945 50.928
426 51.030 51.020 51.020 51.127 51.146 51.180
440 52.227 52.142 52.142 52.127 52.448 52.433
492 Cs 54.620 54.620 54.620 54.620 54.600 54.600
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Table AS The sulfur content of desulfurized oil and physical properties of

desulfurized lube fraction produced at various reaction temperatures

(constant condition: hydrogen pressure 500 psig, reaction time 4 hrs, Mo/Ni/Co
catalyst concentration 5% by weight of oil and agitation speed 500 rpm.)

/// tlon Temperatures

Properties
-— ( C)
.ﬂﬁ.} 3501 300 | 350 | 400

Desulfurized oil / /&‘ \
Sulfur, %ewt 0 ‘o 0.117 | 0.039 | 0.010
Desulfurized \\
Iube fraction 2% \
Color, visual #eg =1 35 3
Viscosity S : \

@ 40°C 69 5644 111.60 | 102.45 | 94.72

@ 100 °C "I 106 8.89 | 8.64
VI T 36 42
Pour Point, °C 4 4
%yield ‘ 98.70 1,98.32 | 97.94 | 9586 | 92.53

ﬂ‘IJEJ’EIVIEW]ﬁWEI']ﬂ‘i
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Table A6 The molecular weight distributions of components in desulfurized

oil produced under various hydrogen pressures

Molecular No. of Retention time (min.)
weight Carbon | Dewaxed oil | 200 psig 300 psig 400 psig 500 psig 600 psig
156 Cu 4306 4308 4310 4.313
170 Ciz ~ 6.45 6.443 6.485 6.488
184 Cis - 69 9.166 9.170 9.172
198 Cis 12.027 12.030 12.032
212 Cis 15002 15.002 15.006 15.008
226 Cis ; 17.769 17.770 17.773
240 Ciy 0404 E ¢ 2006 20.064 20.066 20.068
254 Cis 18 ”: ix I 23.178 23.163 23.167
268 Cig 25802, =¢ = 8¢ 25.862 25.865 25.861 25.899
282 Cao 28.092:2,:_ 28 28.093 28.094 28.098 28.100
296 Chy Q f 7 39404 30.390 30.393
310 Cn 605 32.598 32.609
34.714 34.487 34.487 34.487
6731 | 236249 36.739 36.739
8 38.648 38.648
_\ﬁ% ala 11 ‘.%:16 ﬂ4|1.248 41.248
[vd»s Us.o] 151 EL.994 44.996
398 47.988 47.988 47.974 47.980 47.975 47.968
412 49.365 49.365 49351 49.373 49.351 49361
426 50.947 50.945 50.947 50.951 50.928 50.939
426 51.030 51.180 51.180 51.180 51.180 51.141
440 52.191 52.191 52.179 52.181 52.176 52.100
492 Csxs 54.600 54.600 54.560 54.564 54.558 54.600
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Table A7 The sulfur content of desulfurized oil and physical properties of

desulfurized lube fraction produced under various hydrogen pressures

(constant condition: reaction temperature 400 °C, reaction time 4 hrs,

Mo/Ni/Co catalyst concentration 5% by weight of oil and agitation speed 500

rpm.)
Properties DewaXcd / 1ydr6en Pressures
NN
///‘ﬁw*\\\ o [ 500 [ e
Desulfurized oil /
Sulfur, Yowt 0.010 | 0.005
Desulfurized
lube fraction
Color, visual 3 2.5
Viscosity
@ 40°C 94.72 | 89.27
@ 100 °C 8.64 | 843
VI 42 45
Pour Point, OCF o 4 4
Yeyield o J 92.53 | 92.40
. | ¢ o, A~
RINNIUUNININY



Table A8 The molecular weight distributions of components in desulfurized

oil after various reaction times
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Molecular No. of Retention time (min.)

weight Carbon | Dewaxed oil S 4 hrs 6 hrs 8 hrs 10 hrs
142 Cio \ 3.500 3.500 1.383
156 Cu 4.000 4.000 4.016
170 Ciz 6.020 6.100 6.123
184 Cis N 8.651 8.719 8.668
198 Cis J 1.089 11.100 11.110
212 Cis _ : : V‘L 13.601 13.647 13.500
226 Cis 9 - :;__ 15.941 15.987 15.986
240 Ci 1809 ; _”ﬂ 18. 17.125 17.126 17.200

PR

254 Cis 20383 7520238 0. 20.189 20.200 20.200
268 Cis’ 22: 152?%%1 ' 196 22.400 22.398 22421
282 Cx ; | 2400 300 24.357 24378
296 Ca 6.201 26.199 26.201
310 Cn 27.748 27.998 2800
324 25 7I A ﬁé& 29.690 29.690
338 31.352
352 32.988
v q 34.500
414 37.969 37.676 37.771 38.171 38.105 38.779
398 40.389 40.489 40.500 40.750 40.750 47.80
412 41.614 41.614 41.686 41816 41.683 41816
426 42.784 42784 42 834 42.941 42.830 42.941
440 43.751 43.751 43.802 44.066 44.830 44.066
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Table A9 The sulfur content of desulfurized oil and physical properties of
desulfurized lube fraction after various reaction times

(constant condition: reaction temperature 400 °C, hydrogen pressure 600 psig,
Mo/Ni/Co catalyst concentration 5% by weight of oil and agitation speed 500

rpm.)
A
\ 7
D Z
Properties . %on times
////A]k\\\\ 8 | 10
Desulfurized oil 7?'\\\\
Sulfur, Yowt / 0,017 \h \o <0.001 | <0.001
Desulfurized : 4 \
lube fraction
Color, visual 2.5 2.5
Viscosity
@ 40°C 70.63 | 66.14
@ 100 °C 743 | 7.21
VI 49 50
Pour Point, °C 3 2
Yeyield ) 86.50 | 78.20

ARIAIN T
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Table A10 The molecular weight distributions of components in desulfurized

oil produced using various catalyst concentrations

Molecular No. of Retention time (min.)
weight Carbon | Dewaxed oil 1n%4 2% 3% 4% 5%
170 Ci2 0 1.383 1.382 1.384
184 Ci3 4.250 4.307 4.288 4.288
198 Cus - 4 6.490 6.490 6.398
212 Cis 1 200 9.129 9.135
226 Cis 12,01 .009 12.008 12.013
240 Cir 1498 4980 | 14988 | 14.986
254 Cig 1 | 17768 | 17768 | 17.775
268 Cio 2 Y Q;Q g ‘ 0% 20.680 20.698 20.700
282 Cao 2809 4 ‘::.«-'«‘0;?- 0 28.077 28.096 28.101
296 Cai 30.393 2217530 3 06 30.387 30.389 30.395
310 Cn % 32,560 32.590 32.595
324 Cn TS 802 34.700 34.860
338 Cas 742 36.739 36.740 6.750 36.740 36.741
352 % W) 385%2y | 38665 38.680
272 d thdo? | Tditod® | 4150 41.166
14 ' iy
: K2t Wk 1) Yata i aY ae] al
398 g Nl oks @ PIG,G VT 008 942 47968 47.970
412 49.365 49.352 49.361 49.337 49.344 49.349
426 50.945 50.930 50.956 50.988 50.924 50.944
440 52.191 52.189 52.187 52.180 52.175 52.175
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Table A11 The sulfur content of desulfurized oil and physical properties of
desulfurized lube fraction produced using various catalyst concentrations
(constant condition: reaction temperature 400 °C, hydrogen pressure 600 psig,
reaction time 6 hrs, and agitation speed 500 rpm.)

) ’ ,/
Properties Dewax /&t Concentrations

Ol @ —{Fobyaweight of oil)

4 5
-‘ "
Desulfurized oil
Sulfur, Yowt <0.001 | <0.001
Desulfurized
lube fraction
Color, visual 2.5 2.5
Viscosity
@ 40°C 81.44 | 77.59
@ 100°C 1 8.06 | 7.86
VI “ﬁ;_:,'_:,—' — 42 5 49 49
Pour Point, °C y 3 3
%yield = O‘Q 92, 43 91.45 91.04 | 90.15

Muﬂﬁﬂﬂﬂ§Wﬂ1ﬂi
ARIAN TN ING Y




Table A12 The molecular weight distributions of components in isomerized

oil produced at various reaction temperatures

102

Molecular No. of Retention time (min.)
weight Carbon HDS Oil 0°C 300 °C 350 °C 400 °C
156 Cu 42 4285 4288 4289
170 i 6.4 489 6.442 6.476
184 Co || (o 6 9.108 9.111
198 Cia 2029 12.030 11.993
212 By g8 4. 14.894 14.860
226 Gis ) ' = “\\N 17.733 17.757
240 Gir 20854 £ 545 \\ “2 20.498 20.500
254 s :‘#‘E ,J;'z 100 23.135 23153
268 Big O@L ‘:g 5.689 25.664 25.665
. a—=
282 o 2810875 2 28.095 28.069 28.096
296 a5 g'!%——i i 30.366 30.393
310 Cn M 32.650 32.582
3! |
324 O 34.738 34.738 34.7 34,678 . 34.705
338 F-’FH» ‘2 2%, 6] ey fe 36789 36.789
352 Gag 38.66 38.668 8710 38.648 38.650
272 q b 40.989
a4 g 5 44.969
398 48.021 48.021 48011 47.960 47.963
412 49.408 49.408 49.400 49.347 49.351
426 50.968 50.968 50.939 50.907 50.911
440 52.425 52.425 52.389 52.398 52375
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Table A13 The physical properties of isomerized oil produced at varibus
reaction temperatures |

(constant condition: hydrogen pressure 600 psig, reaction time 4 hrs, Pt/F
catalyst concentration 6% by weight of oil, and agitation speed 500 rpm.)

N\
Properties Pretrea ed ‘x.\\ %On Temperatures
—

0i -': :(OC)

e mnw 350 400

J \ o*’\\ <0.001 <0.001

Sulfur, %wt

Color, visual

Viscosity
@ 40°C 61.30 57.36
@ 100 °C 732 7.09
Viscosity Index 73 74
Pour Point, °C | 1 0

%yield raffinate t’-:;';f'r::.ff 3 1 88 —"—'\ ‘ 36.92 77.59

(330 °C+) J I

ﬂumwﬂmwmm
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Table A14 The molecular weight distributions of components in isomerized

oil produced under various hydrogen pressures

104

Molecular No. of Retention time (min.)
weight Carbon HDS Oil 300 psig 400 psig 500 psig 600 psig
156 Cu 4288 300 4.285 4288 4289
170 Ci 6. 6.489 6.442 6.476
184 i 9.1 9.111 9.108 9.111
198 Cua 1 3 12.030 12.028
212 Cis 48 14.894 14.890
226 Cis Al 4747 17.733 17.755
240 Crr . s m 20.498 20.500
254 Cis 4 12230188 ' &50 23.165 23.189
268 O 3 3 s 685 25.664 25.765
282 Cxo 10§t -, 28.102 28.069 28.088
‘ BT
296 G 304057000 1 2 30.393 30.366 30.385
310 Cyp .y 32.620 32.682
324 Cas 34.678 34.805
338 Ca 36.860 36.858 36.811 36.789 36.789
352 |
; . 64 ;
ﬁzﬁ ‘ ey 45 38648 38.650
|| riy 11 al
272 q 40.980 40.981 40.981 40.979 40.981
r L}
IR AaRR s I RoR 4O S
o
398 4 48.021 47.960 47.9 7.660 47.963
412 49.408 49.347 49351 49.408 49.400
426 50.968 50.907 50.911 50.907 50.906
440 52.424 52.420 52.419 52.498 52.375
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Table A15 The physical properties of isomerized oil produced under various

hydrogen pressures

(constant condition: reaction temperature 350 °C, reaction time 4 hrs, Pt/F
catalyst concentration 6% by weight of oil, and agitation speed 500 rpm.)

Properties Pretreated | “a;- ﬁ/ gen Pressures
Slg)
500 600

Sulfur, %owt <0.001 | <0.001
Color, visual 0.5 0.5
Viscosity

@ 40°C 63.30 61.30

@ 100 °C 7.47 7.32
Viscosity Index | y o/ 73
Pour Point, °C 1 1
Y%yield raffinate | |4 7 187.16 | 86.92

(330 °C+) i i

ﬂ‘lJEl’JVIEWlﬁWEI']ﬂ‘i
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Table A16 The molecular weight distributions of components in isomerized

oil after various reaction times

106

Molecular No. of Retention time (min.)
weight Carbon HDS Oil 4 hrs 8 hrs 12 hrs 16 hrs
156 Cn 4288 288 4288 4288 4289
170 o 6.5 6.442 6.398 6.510
184 Cis 94 9.108 9.129 9.191
198 Gt ] 12 030 12.013 12.071
212 s 1 894 14.917 14.920
226 Cus 7 | \ 17.778 17.833
240 Gur | 0548 8 20.498 20.500
254 Cig 1 {2 9 65 23.165 23.189
268 Ow P io 664 25.687 25.750
Aﬁ JTZI:
282 G BV o 28.069 28.092 28.171
296 e 3040575511 5 30.366 30.410 30.473
310 Call | Y 32.620 32.661
324 O 5 34.722 34.781
338 o 36.860 36.860 36&9 36.738 36.802
352 38.710 38.743
272 40.979 40.981
414 I fi— T o 970 a4 7 44.969
398 ql H I I gi ﬂ Ls@p ¥ 0N : () A 47.963
412 49.408 49.408 49.347 49.349 49.406
426 50.968 50.968 50.907 59.414 49.406
440 52.424 52.424 52.498 52.498 52.375
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Table A17 The physical properties of isomerized oil after various reaction
times

(constant condition: reaction temperature 350 °C, hydrogen pressure 600 psig,
Pt/F catalyst concentration 6% by weight of oil, and agitation speed 500 rpm.)

Properties Pretrea ed | c W/ﬁacﬁon Times
oi e (hrs)

12 16

Sulfur, %wt : / | <0001 [ <0.001 | <0.001
Color, visual : \ 0.5 0.5
Viscosity

@ 40°C 54.87 40.19

@ 100°C 6.98 5.78
Viscosity Index 78 78
Pour Point, °C 0 0
%yield raffinate =481.49 74.96

(330 °C+) '

AULINENINYINg
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Table A18 The molecular weight distributions of components in isomerized

oil produced using various catalyst concentrations

108

Molecular No. of Retention time (min.)
weight Carbon HDS 01l 2% 4% 6 % 8%
156 Gig 4.288 4.274 4288 4278 4.289
170 O 6.500% ‘ 6.463 6.442 6.442
184 Cis 117 9. 9.128 9.108 9.108
198 Cit | 079 12 012 12.013 12.071
2343 Cis 1 6 14.894 14.894
226 Cis Yy 17.733 17.733
240 e e 5 5 20.432 20.432
254 g 1 3 6 231150 23.128 23.128
268 Oy 5 3#“%'.«-‘ ;: ‘ b 25685 25.664 25.664
282 Ca 1@:{, 28.090 28.069 28.069
296 G 30495551 2 30.387 30.366 30.366
310 Cuill ¥ 32.661 32.661
324 . Cn 34.678 34.678
338 o 36.860 36.737 36936 36.714 36.714
352 L 38710 38.710
72 0 40979 40.979
414 % 7 44.970
398 m 47.960
412 49.408 49.369 49.347 49.347 49.347
426 50.968 50.930 50.907 50.907 50.907
440 52.489 52.498 52.498 52498 52.498
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Table A19 The physical properties of isomerized oil produced using various
Pt/F catalyst concentrations
(constant condition: reaction temperature 350 °C, hydrogen pressure 600 psig,

reaction time 12 hrs, and agitation speed 500 rpm.)

Properties Pretreated | D %t Concentrations

(Ye-bysweight of oil)

/mrm ‘ §

Sulfur, %wt <0.001 | <0.001
Color, visual | 0.5 0.5
Viscosity

@ 40°C 54.87 48.65

@ 100 °C 6.98 6.54
Viscosity Index 78 79
Pour Point, °C 0 0
%yield raffinate i ' 1.49 80.62

(330 °C+)

ﬂ‘lJEl’JVIEWlﬁWEI']ﬂ‘i
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SAMPLE:
SOLVENT:
CONC.:

REFERENCE:

SCAN TIME:

DEWAXED OIL

DEWAXED OIL
CDCl;
~0.1g/3ml CDCl;
™S
12 hrs

INTEGRAL

T T T
200 180

Figure A2 C-NMR spectrum of dewaxed oil
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113

Scan 14
49 136 1o
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dewaxed oil 17943 ot
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Figure A4 GC/MS chromatograms of desulfurized oil from reaction using

various catalyst types
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Figure A7 GC/MS chromatograms of desulfurized oil after various reaction
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Figure A8 GC/MS chromatograms of desulfurized oil produced using various
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Figure A11 GC/MS chromatograms of isomerized oil produced at various
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Figure A12 GC/MS chromatograms of isomerized oil produced under various
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Figure A13 GC/MS chromatograms of isomerized oil after various reaction
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