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Table A l The molecular weight distributions of components in Fang heavy 
distillate and slack wax

Molecular No. of Fang heavy distillate Slack wax

weight carbon tR(min)
% peak 

area tR(mm) % peak 
area

212 c ,5 9.48 0.04
236 Cl6 10.95 0.06
240 Cl7 12.37 0.10 12.55 0.30
254 Cl8 13.71 0.18 13.92 0.9
268 Cl9 14.98 0.41 15.20 0.31
282 C20 16.20 0.70 16.41 0.85
296 C 2I 17.36 1.24 17.58 1.97
310 C22 18.47 1.87 18.71 3.07
324 C23 19.54 3.35 19.77 5.21
338 C24 20.58 4.20 20.79 6.20
352 C25 21.57 6.51 21.78 8.13
366 Ç 26 22.51 8.05 22.74 9.05
380 C27 23.45 10.40 23.65 10.73
394 C28 24.31 10.25 24.54 9.96
408 C29 25.18 9.97 25.38 10.23
422 C30 25.98 8.69 26.20 7.73
436 c 3, 26.77 8.03 26.98 5.98
450 C32 27.51 5.00 27.76 1.52
464 C33 28.24 3.73 28.50 2.30
478 C34 28.95 2.08 29.21 1.21
492 C35 29.64 1.33 29.93 0.99
506 C36 30.39 0.56 30.73 0.27
520 C37 31.23 0.29 31.64 0.11
534 C38 32.21 0.14 32.73 0.07
548 C39 33.34 0.12
562 C40 34.70 0.07
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Table A2 Properties of the desulfurized waxes from reaction using various 
catalyst types
(the same conditions: reaction temperature 350°c, hydrogen pressure 500 psig, 
reaction time 4 hrs, catalyst concentration 5 %wt, and agitation speed 500 rpm.)

P r o p e r t i e s S l a c k

w a x

T y p e  o f  c a t a l y s t

M o C o N i / A l 20 3 M o N i/A 1 20 3 N i W / A l 20 3 R a n e y

n ic k e l

C o l o r 5 .5 1 1 .5 - 2 .0 0 . 5 - 1 . 0 1 .5

S u l f u r  c o n t e n t ,  % w t 0 . 1 4 0 0 .0 3 5 0 .0 6 6 0 . 0 3 8 0 .0 8 1

O i l  c o n t e n t ,  % w t 3 5 .1 0 3 5 .5 0 3 5 .2 2 3 5 .0 9 4 1 .8 6

C a r b o n  d i s t r i b u t i o n C 17- C 38 C 17- C 38 C 17- C 38 C 17- C 38 C 14- C 38

C h a r a c t e r i s t i c  o f

c a t a l y s t

-  b e f o r e  u s i n g C y l in d e r C y l i n d e r C y l i n d e r P o w d e r

-  a f t e r  u s i n g C y l in d e r C y l i n d e r P o w d e r P o w d e r
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Table A3 The molecular weight distributions of components in the desulfurized
waxes from reaction using various catalyst types

Molecular No. of % peak area
weight Carbon Slack wax M0 C0 N1/AI2O3 C20-7-06 T-2563 Raney nickel

170 c ,2 0.03
184 c,3 0.05
198 c,4 0.75
2 1 2 C,J 1.02
236 Ci6 1.36
240 C i 7 0.30 0.28 0.31 0.30 1.53
254 C i 8 0.90 0.91 0.93 0.9 1.67
268 C i 9 0.31 0.30 0.33 0.32 1.87
282 C20

0.85 0.84 0.79 0.85 1.96
296 Q21 1.97 1.89 1.99 2.00 2.25
310 C22 3.07 3.11 3.05 3.10 2.70
324 C23 5.21 5.19 5.21 5.20 3.10
338 C24 6.20 6.20 6.20 6.20 3.86
352 C25 8.13 8.20 8.14 8.15 5.12
366 C26 9.09 9.05 9.05 9.05 6.10
380 C27 10.75 10.73 10.80 10.73 6.42
394 C28 10.30 10.22 10.25 10.31 8.17
408 C29 10.23 10.13 10.22 10.23 8.07
422 C30 7.73 7.73 7.73 7.73 7.16
436 C31 5.98 5.99 5.98 5.98 7.22
450 C32 1.52 1.52 1.50 1.45 5.70
464 C33 2.30 2.30 2.30 2.30 4.50
478 C34 1.21 1.25 1.32 1.21 2.28
492 C35 0.99 1.12 0.99 1.05 1.04
506 C36 0.27 0.30 0.25 0.30 0.66
520 C37 0.11 0.11 0.11 0.11 0.16
534 C38 0.07 0.07 0.06 0.07 0.05
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Table A4 Properties of the desulfurized waxes produced at various reaction 
temperatures
(the same conditions: hydrogen pressure 500 psig, reaction time 4 hrs., catalyst 
concentration 5 %wt, and agitation speed 500 rpm.)

Properties Slack Reaction temperature (°C)

wax 200 250 300 350 400
Color 5.5 2.5 2.0 1.5 1 0 .5-1.0
Sulfur content 0.140 0.080 0.060 0.046 0.035 0.030

(%wt)
Oil content 35.10 35.79 35.84 36.20 41.60 45.01

(%wt)
Carbon
distribution

C17-C38 C17-C38 C17-C38 C15-C38 C11-C38 C9-C38



Table A5 The molecular weight distributions of components in the desulfurized
waxes produced at various reaction temperatures

Molecular No. of %  p eak  a rea

weight Carbon Slack wax 2 0 0  °c 250 °c 300 °c 350 °c 400 °c

128 c 9 0 .1 2

142 C io 0 .9 0

156 c „ 0 .0 6 0 .1 5

170 C i2 0 .1 3 0 .1 8

184 c,3 0 .2 1 0 .2 0

198 C i 4 0 .2 5 0 .2 5

212 c , 5 0.08 0 .3 8 0 .3 9

236 c , 6 0.18 0 .5 6 0 .5 0

240 C l 7 0 .0 9 0 .1 0 0 .1 0 0 .2 0 0 .5 0 0 .5 5
254 C l8 0 .1 9 0 .2 0 0 .2 0 0 .2 8 0 .6 5 0 .6 8
268 C i 9 0 .3 1 0 .3 1 0 .3 3 0 .6 0 0 .8 0 0 .8 3
282 C20 0 .8 5 0 .8 0 0 .8 3 0 .8 5 1 .0 0 .9 9
296 C 2 I 1 .9 7 1 .89 1 .9 9 1 .9 0 1 .9 0 1 .8 9
310 C22 3 .1 2 3 .1 0 3 .0 5 3 .0 7 2 .3 0 2 .3 0
324 C23 5 .2 1 5 .2 5 5 .3 0 5 .2 9 3 .5 4 3 .6 4
338 C24 6 .2 2 6 .2 0 6 .2 1 6 .2 0 4 .9 8 4 .9 8
352 c 25 8 .1 3 8 .1 5 8 .1 4 8 .1 1 7 .6 6 7 .6 5
366 C26 9 .0 5 9 .0 4 9 .0 5 9 .0 5 8 .9 0 8 .9 8
380 C27 10 .7 3 1 0 .7 4 1 0 .8 0 1 0 .7 0 1 0 .2 1 9 .1 2
394 C28 9 .8 6 9 .8 9 9 .9 6 1 0 .0 6 9 .8 8 9 .9 8
408 C29 1 0 .2 3 10 .2 3 1 0 .2 2 1 0 .2 3 1 0 .2 5 1 0 .2 2
422 C30 9 .7 3 9 .7 3 9 .7 3 9 .7 3 1 0 .3 6 1 0 .5 0
436 C31 8 .9 8 8 .9 8 7 .9 6 8 .9 8 8 .9 7 9 .6 5
450 C32 5 .5 2 5 .4 5 5 .5 0 5 .5 2 6 .9 9 6 .9 9
464 C33 2 .3 0 2 .3 1 2 .3 6 2 .2 9 2 .3 2 2 .3 0
478 C34 1 .2 4 1.21 1 .32 1 .26 1 .2 2 1 .22
492 C35 0 .9 9 0 .9 9 0 .9 9 0 .9 9 0 .9 0 0 .9 8
506 c 3„ 0 .2 6 0 .2 7 0 .2 5 0 .3 0 0 .2 8 0 .2 8
520 C 37 0 .1 1 0 .1 0 0 .1 0 0 .1 0 0 .0 9 0 .1 0
534 C38 0 .0 7 0 .0 6 0 .0 6 0 .0 7 0 .0 3 0 .0 5



Table A6 Properties of the desulfurized waxes produced under various 
hydrogen pressures
(the same conditions: reaction temperature 400 °c, reaction time 4 his.,
catalyst concentration 5 %wt, and agitation speed 500 rpm.)

Properties Slack Hydrogen pressure (psig)
wax 300 400 500 600

Color 5.5 1.5-2.0 1.0- 1.5 1.0 0 .5-1.0
Sulfur content 

(%wt)
0.140 0.040 0.038 0.030 0.027

Oil content (%wt) 35.10 44.32 45.06 45.02 45.20
Carbon
distribution

Q 7-C38 C9-C38 C9-C38 C9-C38 c 9-c 38
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Table A7 The molecular weight distributions of components in the desulfurized
waxes produced under various hydrogen pressures

Molecular No. of % peak area
weight Carbon Slack wax 300 psig 400 psig 500 psig 600 psig

128 c , 0 .0 8 0 .0 8 0 .0 9 0 .1 1
142 C i o 0 .1 2 0 .1 2 0 .1 1 0 .1 0
156 C l , 0 .1 5 0 .1 5 0 .1 5 0 .1 4
170 c,2 0 .2 0 0 .2 2 0 .1 8 0 .2 0
184 C l  3 0 .2 2 0 .2 2 0 .2 0 0 .2 2
198 C i 4 0 .2 8 0 .2 6 0 .2 5 0 .2 4
212 c,5 0 .3 2 0 .3 6 0 .3 9 0 .4 0
236 c ,6 0 .4 5 0 .4 8 0 .5 0 0 .5 0
240 C l 7 0 .3 0 0 .5 3 0 .5 4 0 .5 5 0 .5 6
254 c ,8 0 .9 0 0 .6 0 0 .6 6 0 .6 8 0 .6 8
268 C l  9 0 .3 1 0 .7 3 0 .8 0 0 .8 3 0 .8 5
282 C20 0 .8 5 0 .8 6 0 .9 6 0 .9 9 1 .0 0
296 C21 1 .9 7 1 .97 1 .88 1 .89 1 .9 0
310 C22 3 .0 7 2 .4 7 2 .4 8 2 .3 0 2 .3 5
324 C23 5 .2 1 4 .2 0 3 .6 0 3 .6 4 3 .6 2
338 C24 6 .2 0 6 .2 2 6 .2 0 . 5 .9 8 5 .9 6
352 C25 8 .1 3 8 .1 4 7 .9 8 7 .6 5 7 .6 8
366 C26 9 .0 5 9 .0 0 8 .9 6 8 .9 8 8 .9 8
380 C27 9 .7 3 9 .6 8 9 ..6 0 9 .1 2 9 .1 5
394 C28 9 .9 6 9 .9 9 9 .8 9 9 .9 8 9 .9 8
408 C29 1 0 .2 3 1 0 .2 2 1 0 .2 2 1 0 .2 2 1 0 .2 0
422 C30 9 .7 3 9 .7 3 9 .6 5 1 0 .1 0 1 .12
436 C31 7 .9 8 7 .9 6 8 .9 8 9 .6 5 9 .0 9
450 C32 5 .5 2 5 .5 0 5 .0 0 . 4 .9 9 5 .1 0
464 C 33 2 .4 0 2 .4 0 2 .3 0 2 .3 0 2 .3 8
478 C34 1.31 1 .34 1.25 1 .2 2 1 .3 4
492 C35 0 .9 9 1 .02 0 .9 9 0 .9 8 0 .9 9
506 c 36 0 .2 7 0 .2 8 0 .2 8 0 .2 8 0 .2 8
520 C37 0 .1 1 0 .1 6 0 .1 1 0 .1 0 0 .1 1
534 C38 0 .0 7 0 .0 6 0 .0 6 0 .0 5 0 .0 5



113

Table A8 Properties of the desulfurized waxes after various reaction times 
(the same conditions: reaction temperature 400 °c, hydrogen pressure 600 psi, 
catalyst concentration 5 %wt, and agitation speed 500 rpm.)

Properties Slack Reaction time (hrs.)

wax 4 6 8 10

Color 5.5 0 .5-1.0 0 .5-1.0 0.5 0.5
Sulfur content 

(%wt)
0.140 0.027 0.020 0.015 0.013

Oil content 
(%wt)

35.10 45.20 46.98 49.66 51.80

Carbon
distribution

C17-C38 C10-C38 C17-C38 C17-C38 C17-C38
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Table A9 The molecular weight distributions of components in the desulfurized
waxes after various reaction times

Molecular No. of % peak area
weight Carbon Slack wax 4  hrs 6 hrs 8 hrs 10 hrs

128 c 9 0.11 0 . 1 1 0 . 1 1 0.14
142 c,0 0.10 0 . 1 2 0.13 0.15
156 c „ 0.14 0.16 0.15 0.18
170 c ,2 0.20 0.20 0.21 0.20
184 c ,3 0.22 0.21 0.26 0.29
198 C i 4 0.24 0.28 0.32 0.35
212 c ,3 0.40 0.43 0.50 0.52
236 c ,6 0.50 0.51 0.53 0.55
240 C i 7 0.30 0.56 0.59 0.62 0.66
254 C i 8 0.9 0.68 0.72 0.78 0.81
268 C i 9 0.31 0.85 0.88 0.89 0.95
282 Q20 0.85 1.00 1.05 1.10 1.20
296 C 21 1.97 1.90 1.88 1.88 1.89
310 C22 3.07 2.35 2.31 2.35 2.32
324 c 23 5.21 3.62 3.62 3.60 3.61
338 C24 6.20 5.96 5.94 5.94 5.91
352 C25 8.13 7.68 7.65 7.64 7.62
366 C26 9.05 8.98 8.98 8.96 8.92
380 C 2 7 10.73 9.15 9.14 9.11 8.95
394 C28 9.96 9.98 9.96 9.89 9.86
408 C29 10.23 10.20 10.20 10.26 10.15
422 C30 7.73 10.12 10.06 10.02 9.92
436 C31 5.98 9.09 9.06 8.98 8.92
450 C32 3.52 5.12 5.10 5.09 5.06
464 C33 2.30 2.38 2.38 2.37 2.35
478 C34 1.21 1.34 1.34 1.32 1.30
492 C35 0.99 0.99 0.99 0.99 0.99
506 C36 0.27 0.28 0.27 0.27 0.26
520 C 37 0.11 0.11 0.11 0.11 0.11
534 C38 0.07 0.05 0.05 0.05 0.05



Table A10 Properties of the desulfurized waxes produced using various catalyst 
concentrations
(the same conditions: reaction temperature 400 °c, hydrogen pressure 600 
psig, reaction time 8 hrs, and agitation speed 500 rpm.)

Properties Slack Catalyst concentration (%wt)

wax 5.0 2.0 1.0 0.5 0.2
Color 5.5 0.5 0.5-1.0 1.0- 1.5 1.0- 1.5 2.0-2.5
Sulfur content 

(%wt)
0.140 0.015 0.013 0.011 <0.001 <0.001

Oil content
(%wt)

35.10 49.66 49.68 49.65 49.66 49.64

Carbon
distribution

ooน C9-C38 C9-C38 C9-C38 C9-C38 C9-C38



Table A l l  The molecular weight distributions of components in the desulfurized
waxes produced using various catalyst concentrations

Molecular No. of % peak area
weight Carbon Slack wax 5.0 %wt 2.0 % wt 1.0 %wt 0.5 % wt 0.2 % wt

128 Cp 0.11 0.11 0.11 0.11 0.11
142 Cio 0.14 0.13 0.14 0.15 0.15
156 Cn 0.15 0.15 0.15 0.16 0.15
170 Cl 2 0.19 0.18 0.19 0.20 0.21
184 Cl 3 0.26 0.24 0.26 0.25 0.25
198 C i 4 0.29 0.28 0.30 0.30 0.29
212 C ,5 0.40 0.39 0.39 0.40 0.38
236 Ci6 0.53 0.55 0.54 0.55 0.56
240 C i 7 0.30 0.60 0.62 0.62 0.61 0.64
254 Ci8 0.90 0.78 0.79 0.80 0.80 0.79
268 Cl 9 0.31 0.89 0.90 0.91 0.89 0.89
282 C20 0.85 1.11 1.12 1.10 111 1.09
296 C21 1.97 1.98 1.98 1.96 2.00 1.99
310 C22 3.07 2.35 2.32 2.36 2.35 2.37
324 C23 5.21 3.61 3.60 3.61 3.59 3.62
338 C24 6.20 5.94 5.97 5.96 5.94 5.96
352 C25 8.13 7.64 7.65 7.62 7.62 7.60
366 c 26 9.05 8.96 8.98 8.99 8.99 8.96
380 C27 10.73 9.11 9.18 9.18 9.15 9.16
394 C28 9.96 9.89 9.90 9.89 9.99 9.90
408 C29 10.23 10.22 10.26 10.27 10.26 10.29
422 C30 7.73 10.12 10.02 10.23 10.14 10.00
436 C31 5.98 8.98 9.01 8.98 8.99 9.00
450 C32 1.52 5.09 5.10 5.10 5.12 5.08
464 C33 2.30 2.35 2.39 2.40 2.37 2.37
478 C34 1.21 1.32 1.32 1.30 1.31 1.29
492 C35 0.99 1.00 0.98 0.95 0.99 1.00
506 C36 0.27 0.28 0.28 0.29 0.27 0.27
520 C37 0.11 0.13 0.11 0.11 0.13 0.12
534 C38 0.07 0.04 0.04 0.06 0.06 0.05
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Table A12 Results of hydroisomerizatiom of slack wax at various conditions

V ariou s O il con ten t

p ara m eter C on stan t p aram eter C o lo r (% w t)

T em p era tu re Pi I  , Time, cone, o f catalyst
2 5 0 6 0 0  p s i g ,  4  h r s . ,  2  % w t 1 .0 4 9 . 7 9
300 600psig, 4 hrs., 2 %wt 0.5-1.0 49.98
3 5 0 6 0 0  p s i g ,  4  h r s . ,  2  % w t 0 . 5 - 1 . 0 5 1 .6 8
4 0 0 6 0 0  p s i g ,  4  h r s . ,  2  % w t 0 .5 5 5 .3 0

H y d ro g en  p ressu re , p sig Temp., Time, cone, o f 
catalyst

3 0 0 3 0 0  °c, 4  h r s . ,  2  % w t 1 .0 - 1 .5 4 7 . 6 7
4 0 0 3 0 0  °c, 4  h r s . ,  2  % w t 1 .0 4 8 . 8 9
5 0 0 3 0 0  °c, 4  h r s . ,  2  % w t 1 .0 4 9 .6 5
600 300 °c, 4 hrs., 2 %wt 0.5-1.0 49.98

C on e, o f  ca ta ly st, % w t Temp., PH , Time
2 .0 3 0 0  °c, 6 0 0  p s i g ,  4  h r s . 0 . 5 - 1 . 0 4 9 .9 8
4 .0 3 0 0  °c, 6 0 0  p s i g ,  4  h r s . 0 . 5 - 1 . 0 5 0 . 2 2
5 .0 3 0 0  °c, 6 0 0  p s ig ,  4  h r s . 0 . 5 - 1 . 0 5 3 . 8 9
6.0 300 °c, 600 psig, 4 hrs. 0.5 54.63
7 .0 3 0 0  °c, 6 0 0  p s i g ,  4  h r s . 0 .5 5 6 . 1 0

R eaction  tim e, h ou rs Temp.,PH , cone, o f catalyst
4 3 0 0  °c, 6 0 0  p s i g ,  6 . 0 % w t 0 .5 5 4 .6 3
6 3 0 0  °c, 6 0 0  p s i g ,  6 . 0 % w t 0 .5 5 6 .9 8
8 3 0 0  °c, 6 0 0  p s i g ,  6 . 0 % w t 0 - 0 .5 6 1 . 1 2
1 0 3 0 0  °c, 6 0 0  p s i g ,  6 . 0 % w t 0 - 0 .5 6 5 .2 0

12 300 °c, 600 psig, 6.0%wt 69.13

*



Table A13 The molecular weight distributions of components in the isomerized
waxes produced at various reaction temperatures '■

Molecular No. of % peak area
weight Carbon HDS wax 250 °c 300 °c 350 °c 400 °c

128 c 9 0.11 0.09 0.20 0.12
142 C i o 0.15 0.15 0.50 0.36 0.73
156 c„ 0.16 0.26 0.77 0.66 1.00
170 c ,2 0.20 0.73 0.99 0.78 1.33
184 C i 3 0.25 1.00 1.09 0.91 1.50
198 C i 4 0.30 1.33 1.40 1.20 1.84
212 c ,5 0.40 1.50 1.61 1.41 2.15
2 3 6 C i 6 0.55 1.84 1.92 1.52 2.53
240 C i 7 0.61 2.15 1.94 1.70 2.62
254 C i 8 0.80 2.53 2.04 1.88 2.81
268 C ]9 0.89 2.62 2.39 2.20 3.22
282 C20 1.11 2.81 2.68 2.49 3.34
296 C21 2.00 3.22 3.34 3.13 3.73
310 C 2Î 2.35 3.34 3.91 3.87 4.37
324 C23 3.59 3.73 5.34 5.09 5.34
3 3 8 C24 5.94 4.37 5.59 5.79 5.59
352 Q25 7.62 5.34 6.92 6.75 6.50
366 C26 8.99 5.59 7.46 7.32 6.84
380 C 2 7 9.15 6.50 8.39 8.30 7.40
394 €28 9.99 6.84 7.72 0.73 6.50
408 C29 10.26 7.40 7.24 7.78 6.14
422 C30 10.14 6.50 5.95 7.35 4.71
4 3 6 C 3I 8.99 6.14 4.86 6.07 3.53
450 C32 5.12 4.71 3.00 4.89 2.20
464 C33 2.37 3.53 1.83 3.05 1.29
4 7 8 C34 1.31 2.20 0.92 1.81 0.60
492 C35 0.99 1.29 0.47 0.96 0.43
506 c36 0.27 0.60 0.20 0.58 0.13
520 C 37 0.13 0.43 0.11 0.21 0.10
534 C38 0.06 0.13 0.06 0.07 0.04
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Table A14 The molecular weight distributions of components in the isomerized
waxes produced under various hydrogen pressures

Molecular No. of % peak area
weight Carbon HDS wax 300 psig 400 psig 500 psig 600 psig
128 c 9 0.02 0.02 0 . 0 2 0.04 0.03
142 Cio 0.05 0.05 0.04 0.06 0.04
156 € 11 0.16 0.17 0.16 0.15 0.15
170 € 12 0.39 0.50 0.49 0.35 0.48
184 € 13 0.65 0.70 0.71 0.65 0.68
198 € 14 0.80 0.79 0.82 0.82 0.78
212 Ci5 1.40 1.028 1.08 1.09 1.08
236 € 16 1.15 1.24 1.24 1.25 1.22
240 Cl7 1.21 1.48 1.36 1.51 1.36
254 € 18 1.58 1.50 1.53 1.54 1.49
268 € 19 1.89 1.78 1.71 1.73 1.73
282 C20 2.11 2.09 2.06 2.04 2.05
296 Q2I 2.20 2.22 2.25 2.32 2.32
310 € 22 2.95 2.90 2.94 2.95 2.95
324 C2 3 3.59 3.60 3.66 3.63 3.39
338 € 24 4.94 4.85 4.99 4.80 4.81
352 € 25 6.62 5.89 5.66 5.51 5.49
366 € 2 6 7.99 7.38 6.82 6.61 6.60
380 € 2 7 8.15 8.00 7.47 7.23 7.47
394 € 28 8.99 8.45 8.57 8.40 8.56
408 c 2 9 9.26 9021 8.97 8.85 8.66
422 C30 8.14 8.02 7.70 7.42 7.56
436 € 31 6.99 6.50 6.47 6.51 6.48
450 € 32 5.12 5.24 5.14 5.19 5.20
464 € 33 3.37 3.22 3.39 3.51 3.48
478 € 34 2.31 2.45 2.06 2.19 2.01
492 C3 5 0.99 1.08 1.07 1.16 1.09
506 c 3 6 0.67 0.72 0.67 0.73 0.66
520 C3 7 0.23 0.28 0.25 0.28 0.23
534 € 38 0.16 0.14 0.14 0.16 0.10
548 € 3 9 0.09 0.09 0.10 0.10 0.09



Table A15 The molecular weight distributions of components in the isomerized
waxes produced at various catalyst concentrations

Molecular No. of % peak area
weight Carbon HDS wax 2 . 0  % wt 4.0 % wt 5.0 % wt 6.0 % wt 7.0 % wt
128 c 9 0.11 0.34 0.41 0.39 0.20 0.50
142 c ,0 0.15 0.58 0.56 0.61 0.50 0.75
156 C n 0.16 0.7 0.69 0.85 0.77 1.00
170 C i 2 0.20 0.82 0.82 0.20 0.99 1.02
184 C i 3 0.25 1.09 1.08 0.90 1.09 1.36
198 C m 0.30 1.25 1.24 1.23 1.40 1.53
212 c ,5 0.40 1.51 1.36 1.45 1.61 1.97
236 Cl6 0.55 1.54 1.53 1.61 1.92 1.87
240 C i 7 0.61 1.73 1.71 1.81 1.94 1.96
254 C i 8 0.80 2.04 2.06 2.05 2.04 2.39
268 C |9 0.89 0.88 2.25 2.31 2.39 2.71
282 Cm 1.11 2.95 2.94 2.69 2.68 3.17
296 C 2I 2.00 3.63 3.66 3.14 3.34 3.98
310 C 2 2 2.35 4.80 4.99 3.87 3.91 5.12
324 C 23 3.59 5.51 5.66 5.13 5.34 5.69
338 C 24 5.94 6.61 6.82 5.38 5.59 6.53
352 C 2 5 7.62 7.23 7.47 6.81 6.92 6.99
366 C 26 8.99 8.40 8.57 6.84 7.46 8.07
380 C 2 7 9.15 7.85 7.97 8.36 8.39 7.16
394 C28 9.99 7.42 7.70 7.21 7.72 7.23
408 C 29 10.26 6.51 6.47 7.33 7.24 5.70
422 C30 10.14 5.19 5.14 6.10 5.95 4.48
436 C 3 I 8.99 3.50 3.39 5.09 4.86 2.74
450 C 32 5.12 2.19 2.06 3.02 3.00 1.64
464 C 33 2.37 1.16 1.07 2.18 1.83 0.86
478 C 34 1.31 0.73 0.67 1.09 0.92 0.72
492 C 3 5 0.99 0.28 0.25 0.61 0.47 0.62
506 C 36 0.27 0.16 0.14 0.28 0.20 0.16
520 C 3 7 0.13 0.10 0.10 0.17 0.11 0.08
534 c 38 0.06 0.08 0.07 0.10 0.06 0.03



Table A16 The molecular weight distributions of components in the isomerized
waxes after various reaction times

Molecular No. of % peak area
weight Carbon HDS wax 4 hrs. 6 hrs. 8 hrs. 10 hrs. 12 hrs.

128 c 9 0 .1 1 0 .1 2 0 .39 0 .4 0 0 .50 0.50

142 c ,0 0 .1 5 0 .3 6 0.61 0 .7 0 0 .75 0.78

156 c „ 0 .1 6 0 .6 6 0.85 0 .8 8 1.00 1.09

170 c , 2 0 .2 0 0 .7 8 0.89 1 .0 0 1.02 1.12

184 c,3 0 .2 5 0 .9 1 0.90 1 .2 8 1.36 1.39

198 C i 4 0 .3 0 1 .2 0 1.23 1 .3 9 1.53 1.62

212 c , 5 0 .4 0 1.41 1.45 1 .41 1.97 1.90

236 Cl6 0 .5 5 1 .52 1.61 1 .5 2 1.87 1.98

240 C i 7 0 .6 1 1 .7 0 1.81 1 .7 0 1.96 2 .06

254 c , 8 0 .8 0 1 .8 8 2.05 1 .8 8 2 .39 2.39

268 Cl 9 0 .8 9 2 .2 0 2.31 2 .2 0 2.71 2.71

282 C20 1 .11 2 .4 9 2.69 2 .4 9 3 .17 3 .17

296 C21 2 .0 0 3 .1 3 3.14 3 .1 3 3 .98 3.98

310 C22 2 .3 5 3 .8 7 3.87 3 .8 7 5 .12 5.12

324 C23 3 .5 9 5 .0 9 5.13 5 .0 9 5 .69 5.69

338 C24 5 .9 4 5 .7 9 5.38 5 .7 9 6 .53 6.53

352 Qzs 7 .6 2 6 .7 5 6.81 6 .7 5 6 .99 6.99

366 c 26 8 .9 9 7 .3 2 6.84 6 .89 8 .07 8.07

380 Q27 9 .1 5 8 .3 0 8.36 8 .36 7 .16 7 .16

394 C28 9 .9 9 0 .7 3 7.21 7 .24 7 .23 7.23

408 C29 1 0 .2 6 7 .7 8 7.33 7 .36 5 .70 5 .70

422 C30 1 0 .1 4 7 .3 5 6.10 6 .12 4 .4 8 4 .48

436 Oil 8 .9 9 6 .0 7 5.09 5 .10 2 .7 4 2 .74

450 C 32 5 .1 2 4 .8 9 3.02 3.21 1.64 1.64

464 C33 2 .3 7 3 .0 5 2.18 2 .19 0 .8 6 0 .86

478 C34 1 .31 1.81 1.09 1.64 0 .72 0 .72

492 C m 0 .9 9 0 .9 6 0.61 0.86 0 .62 0 .62

506 C36 0 .2 7 0 .5 8 0.28 0 . 6 2 0 .16 0.16

520 C 37 0 .1 3 0 .2 1 0 .17 0 . 0 8 0 .08 0 .08

534 C38 0 .0 6 0 .0 7 0.10 0.03 0 .03 0.03
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Table A17 The molecular weight distributions of components in the isomerized 
product

Molecular
weight

No. of 
Carbon

% peak area

.HD1 wax Deoiled wax Lube base
Lube fraction 

residue
128 c 9 0 .50
142

€ 1 0 0.78
156

€ 1 1 1.09
170

€ 1 2 1.12
184

€ 1 3 1.39
198 Cm 1.62
2 1 2

€ 1 5 1.90
236

€ 1 6 1.98
240

€ 1 7 2 .06
254

€ 1 8 2 .39
268 Cl 9 2.71
282 C2 0 3 .17 0 .98
296

€ 2 1 3.98 1.30 1.89
310

€ 2 2 5.12 2 .26 3.01
324 Ç23 5.69 0.92 2.63 5.78
338

€ 2 4 6.53 2 35 3.30 7 .86
352 C25 6.99 4 .36 3.84 9.32
366

€ 2 6 8.07 6.79 10.59 10.84
380

€ 2 7 7.16 7.00 11.00
394 c 28 7.23 11.14 7.75
408

€ 2 9 5.70 13.66 7.76
422 C30 4 .48 11.20 7.65
436

€ 3 1 2 .74 10.65 7.68
450

€ 3 2 1.64 10.24 5.48
464 . € 3 3 0.86 8.80 3.10
478

€ 3 4 0.72 5.86 1.21
492 C35 0.62 3.10
506 € 36 0.16 2.40
520 € 37 0.08
534 €38 0.03
414 4.37
398 8.65
412 8.27
426 2.52
440
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Table A18 The u v  absorption of food and/or pharmaceutical grade wax and 
wax from hydroisomerization process (HDI)

Wavelength (run)
Max. Value of u v  absorption

Food and/or 
parmaceutical wax

Wax from HDI

280-289 0.15 0.015
290-299 0.12 0.013
300-359 0.08 0.005
360-400 0.02 0.001



Table A19 Statistic o f  petroleum jelly and paraffin waxes (containing by 
weight less than 0.75% o f oil) import in Thailand [35]

Year

Quantity(ton) C.I.F. value(million baht)

Petroleum
jelly

Parffin waxes
(containing <0.75% of oil)

Petroleum
jelly

Parffin waxes
(containing <0.75% of oil)

1989 1367 5712 25.1 84.6

1990 1590 5054 28.4 79.0

1991 1586 4805 29.9 65.8

1992 1282 5656 13.7 82.8

1993 1378 9550 32.2 122.3

1994(Jan.-Jul.) 825 6629 19.9 82.9
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Figure A l GC/MS Chromatrogram o f heavy distillate crude 
from Fang refinery (DB-1 capillary column 30 m)

HDwaxHDWAXA
100-1

(Nl๐

Scan EI+ TIC 1.25e7 Area

a! bis
35.00

F i g u r e  A 2  G C /M S  C h r o m a tr o g r a m  o f  s la c k  w a x  f r o m  d e o i l in g  o f  h e a v y

distillate crude.
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Column : DB-1 capillary column 30mx0.25mmIDx0.25pim
Carrier : Helium 50 cm/sec
Oven : 80 °C(2) to 300 °C( 1 5) rate 8 °c/min
Injection temperature ะ 290 ๐c
Detector : MS (El 70 eV)

Figure A3 GC/MS Chromatrograms of desulfurized wax at various 
catalyst types
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Scan El +
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1.03e8Area

Scan El +

( - 0 | u m n  ; D B -1  c a p i l l a r y  c o lu m n  3 0 m x 0 . 2 5 m m l D x 0 . 2 5 n m
Carrier ! Helium 50 cm/secOven : 8 0  °C(2) to 3 0 0  °C(15) rate 8  c/min
Injection temperature : 290 c 
Detector : MS (El* 70 eV)

Figure A4 GC/MS Chromatrograms o f desulfurized wax at various reaction
temperatures
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Scan El 4

Column : DB-1 capillary column 30mx0.25mmIDx0.25^m
Carrier : Helium 50 cm/sec
Oven : 80 °C(2) to 300 °C( 15) rate 8 °c/min
Injection temperature : 290 °c
Detector : MS (EI+ 70 eV)

F i g u r e  A 5  G C /M S  C h r o m a t o g r a m s  o f  d e s u lfu r iz e d  w a x  a t v a r io u s  h y d r o g e n

pressures
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Scan ti +

Column : DB-] capillary column 30mx0.25mm I Dx0.25 Jim
Carrier : Helium 50 cm/sec
Oven : 80 °C(2) to 300 °C( 15) rate 8 ๐c/min
Injection temperature : 290 ๐c
Detector : MS (El* 70 eV)

Figure A 6 GC/MS Chromatograms of desulfurized wax at various reaction times
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slack wax. Sckfi £!♦TIC3.22=7

Column : DB-1 capillary column 30mx0.25mmIDx0.25 Jim
Carrier : Helium 50 cm/sec
Oven : so CC(2) to 300 “C( l 5) rate 8 °c/min
Injection temperature : 290 °c
Detector : MS (ET 70 eV)

F i g u r e  A  7  G C /M S  C h r o m a t o g r a m s  o f  d e s u l f u r iz e d  w a x  a t  v a r io u s  c a t a ly s t

concentrations
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loo- desulfurized wax

(M=
6 4 6 8  *«■ «•» , 2 5 5 7

3 346 ไ T  I ไ  12f 1

'า
,24.519

,26.990 
,,27.748 

,29.222i n d

1.16e7 
Area

Scan EI+

100-1
%-

(300 °C) 19.769 22737
2 3 . 6 4 7  2 5 .3 8 2

3.342 8.088 9 Il 144 ,
. ร ่ ฯ 58 I J  .1 i .. 1 L ,1

16.410 17 580 !
/

26.985
/ 27.74 3

l u  น ,',51

TÎC 
1.32 e. 

Area

100-

%■

(350 °C) 22.738^ 24.536,25.381
20 809

18.708,
9.649 111,.  ;5 197 16.411,

1 p . M i l

26.205
.,27.007

.28.502บน:
100ๅ (400 °C) 2 2 . 7 3 6 , 2 3 . 6 4 6  2 5 .3 8 0

18.706 เ9 367 I
11.143 13.917 13 195

6.463 8.088 I  1  I I 4.838,, •- . . ! . ! !
1 l-,l-_I.__ 1. ■ ■

5.000
I I - I  l . j - l  I .

10.000 15 000

/
,26.203 

,27.763
i u

20.000 25.000 3 0  0 0 0

Scan t i 
n e

1.28e7Area

Scan E!+ 
TIC 

1 0 ie7 
.Area

35.000

Column : DB-1 capillary column 30mx0.25mmiDx0.25jj.m
Carrier : Helium 50 cm/sec
Oven : 80 °C(2) to 300 °C(15) rate 8 °c/min
Injection temperature : 290 °c
Detector : MS (El* 70 eV)

Figure A8 GC/MS Chromatograms of lsomenzed wax at various reaction
temperatures
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Scar» l£l *

Column : DB-1 capillary column 30mx0.25mmIDx0.25|j.m
Carrier : Helium 50 cm/secOven : 8 0  °C(2) to 300 °C( 15) rate 8 °c/min
Injection temperature : 290 °c 
Detector : MS (El 70 eV)

Figure A9 GC/MS Chromatograms of hydroisomerized wax at various 
hydrogen pressure
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Figure A10 GC/MS Chromatograms of isomenzed wax at various concentration 
o f  catalysts
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Tem perature (°C)

Figure A12 Melting point o f slack wax by cooling curve method.

Temperature (°C)

F i g u r e  A 1 3  M e l t in g  p o in t  o f  h y d r o d e s u l f u r iz e d  w a x
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Temperature (°C)

Figure A14 Melting point o f hydroismerized wax



SAMPLE 
HEATING RATE 
IM P  RANGE 
ATNOSPHERE 
FLOW RATE 
REFERENCE 
INSTRUMENT 
WEIGHT

: Lube base oil from hydroisom erization process 
: 5 °c /m in  
: 20/650 °c  
: AIR
: 4 0  m l/m in

: NETZSCH STA 4 0 9  c  
: SAMPLE (24.9 mg), REFFERENCE (26.0 mg)

pp๐

I .0 

0.0 

-I .0 

-2.0 

-3.0 

H .0  

- 5 .0

-  -6.0

CD
T3

Figure A15 Thermogram o f lube base oil from hydroisomerization process 00\ I
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Figure A16 uv absorption o f slack wax, deoiled wax, hydrodesulfunzed wax,
and hydroisomenzed wax.

Figure A17 uv  absorption of deoiled wax, commercial paraffin wax, physical 
treated wax, hydrodesulfurized wax, and hydroisomerized wax.
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HDwax

Figure A18 GC/MS Chromatograms o f slack wax, wax from hydroisomerization
process
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Figure A 19 GC/MS Chromatograms o f hydroisomerization products
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Figure A21 13C-NMR Spectrum o f hydroisomerized wax
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