
R E S U L T  A N D  D IS C U S S IO N
CHAPTER IV

4.1 T h e  S tu d y  o f  C h a ra c ter is tic s  an d  P ro p er tie s  o f  C ru d e  O il

4.1.1 Distillation
Both crude oils were distilled following the conventional method 

ASTM D 86 . Three tests each was conducted. They were also simulatedly distilled 
following the more sophisticated method ASTM D2887 employing the Sim-Dist GC. 
Carbon disulfide was used as solvent to dissolve 1 g o f crude oil to 100 ml of carbon 
disulfide.

Table 4.1 shows the relationship o f percent recovery and temperature 
as obtained from both ASTM D86 distillation and Sim-Dis GC o f crude oils from 
Lankrabue and Uthong oil field. The three ASTM D 86 distillation tests indicate 
fluctuating temperature read outs at various percent discovery, 400 °c  at its 
maximum. For comparison, ASTM distillation data was plotted together with Sim- 
Dis GC data as shown in Figures 4.1, 4.2, and 4.3 for Lankrabue crude oil, and in 
Figures 4.4, 4.5, and 4.6 for U-Thong crude oil, respectively.

From these plots, it is evident that the distillation curves obtained 
from ASTM D 86 o f both Lankrabue and U-Thong crude oils were very close to 
those from Sim-Dis GC. Sim-Dist GC is therefore a very quick and reliable method 
to obtain a distillation curve o f a crude oil. In addition, it was observed that the 
initial boiling point o f Lankrabue crude oil is lower than that o f U-Thong crude oil,
i.e., 58.2 °c  and 169.3 °c , respectively.
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T a b le  4.1 Percent recovery and temperature o f Lankrabue and บ -Thong crude oils

Percent
recovery(%)

Temperature (°C)
Lankrabue crude oil U-Thong crude oil

Test
N ol.

Test 
N o.2

Test 
No.3

Sim- 
Dis GC

Test
N o.l

Test 
N o.2

Test 
N o.3

Sim-
DisGC

0 75.5 65.0 60.5 58.2 166.0 167.0 171.5 169.3
5 150.0 142.0 140.0 133.2 226.0 225.0 232.5 227.1

10 20 2.0 190.0 195.5 185.6 261.0 256.0 263.0 260.1
15 231.5 221.5 223.0 218.4 289.5 285.5 287.5 285.5
20 265.0 260.5 264.0 252.4 327.5 315.5 317.5 318.6
25 288.5 280.0 290.5 278.6 342.5 335.5 334.5 332.6
30 320.0 311.5 316.5 314.0 352.5 343.5 341.5 342.2
35 341.5 329.5 334.0 329.8 360.5 349.5 352.0 349.4
40 356.5 345.0 352.0 343.1 368.5 358.0 359.0 356.4
45 377.5 360.5 364.0 353.5 374.5 365.0 367.0 362.1
50 386.0 372.0 375.5 362.1 383.0 373.0 374.0 369.0
55 - 385.5 388.0 372.7 391.0 383.5 383.0 376.9
60 395.0 398.0 382.0 - 395.5 - 384.7
65 - - 392.8 - 396.3
70 407.2 410.7
75 424.1 427.9
80 445.6 450.7
85 471.0 478.1
90 502.9 509.9
95 528.4 529.7

F B P 5 4 0 .3 5 4 0 .4
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F ig u re  4.1 Relationship between temperature and percent recovery o f test N o.l o f 
Lankrabue crude oil a) dotted line and b) solid line showed the distillation curve 
obtained from Sim-Dis GC and from ASTM D86 .
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F ig u re  4 .2  Relationship between temperature and percent recovery o f test No.2 o f  
Lankrabue crude oil a) dotted line and b) solid line showed the distillation curve 
obtained from Sim-Dis GC and from ASTM D86 .
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F ig u re  4.3 Relationship between temperature and percent recovery o f test N o.3 o f  
Lankrabue crude oil a) dotted line and b) solid line showed the distillation curve 
obtained from Sim-Dis GC and from ASTM D 86.
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F ig u re  4 .4  Relationship between temperature and percent recovery o f test N o.l of 
บ-Thong crude oil a) dotted line and b) solid line showed the distillation curve 
obtained from Sim-Dis GC and from ASTM D 86 .
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F ig u re  4.5 Relationship between temperature and percent recovery o f test N o.2 o f  
บ-Thong crude oil a) dotted line and b) solid line showed the distillation curve 
obtained from Sim-Dis GC and from ASTM D 86 .

F ig u re  4.6 Relationship between temperature and percent recovery o f test No.2 of 
U-Thong crude oil a) dotted line and b) solid line showed the distillation curve 
obtained from Sim-Dis GC and from ASTM D 86 .

4.1.2 Pour Point Testing
Table 4.2 shows pour point o f both Lankrabue and U-Thong crude oil 

samples. From the data o f pour point in both Tables, it indicates that pour points of 
both crude oil samples are different. U-Thong crude oil has the pour point lower than
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that o f the Lankrabue crude oil. When comparing with the composition o f Sim-Dist 
GC chromatograms in Figures 4.7, and 4.8, it was found that the major hydrocarbon 
compositions o f Lankrabue and U-Thong crude oil were in the range o f Cio to C24 

and Cl 1 to C24, respectively.

T a b le  4 .2  Pour point o f Lankrabue and U-Thong crude oil

Sample Pour Point ( °C)
Expected Experiment

Lankrabue 
crude oil

40 38.0
40 38.0
40 37.0
40 37.5

Average 37.6
Std. deviation 0.5

U-Thong 
crude oil

36 36.0
36 35.5
36 35.5
36 35.5

Average 35.6
Std. deviation 0.25

4.1.3 Density
Table 4.3 shows the densities o f both both Lankrabue and U-Thong 

crude oil samples. This indicates that the density o f Lankrabue crude oil was higher 
than that o f U-Thong crude oil, despite the fact that Lankrabue crude oil has lower 
initial boiling point.
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T a b le  4 .3  Density o f Lankrabue at 41 °c  and บ -Thong Crude oil at 39 °c

Sample Test No. Density
(g/cm3)

Lankrabue 
crude oil

1 0.879
2 0.875
3 0.880
4 0.880

Average 0.879

U-Thong 
crude oil

1 0 855
2 0.860
3 0.850
4 0.855

Average 0.855

4 .2  A n a ly sis

4.2.1 Identification o f the Composition in Crude Oil
The composition o f both Lankrabue and U-Thong crude oil samples 

that was analyzed by Sim-Dis GC was shown in Figures 4.7 and 4.8, respectively. 
The standard used is «-paraffins from C5-C44 following ASTM D2887 and its 
chromatogram was shown in Appendix, Figure A -l. These Figures show that major 
«-paraffins o f Lankrabue and U-Thong crude oils consist o f carbon atom number in 
the Cio -  C24 range and Cl 1- C24 range respectively. The quantification o f 
hydrocarbon compositions o f both crude oil samples was shown in Table 4.4 and the 
calculation is shown in Appendix B. This data indicates that the amount o f ท- 
paraffms o f Lankrabue crude oil is higher than U-Thong crude oil. Moreover, it may 
be helped furthermore explain the effect of EVA and PMMA on macro-crystalline 
wax ( «-parafms) for inhibiting wax deposition.
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F ig u re  4 .7  Simulated Distillation Gas Chromatography chromatogram o f Lankrabue 
crude oil.
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F ig u re  4 .8  Simulated Distillation Gas Chromatography chromatogram o f U-Thong 
crude oil
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Table 4.4 Quantity o f hydrocarbon composition o f Lankrabue and U-Thong crude 
oil

Name Formular
Weight Percent (%)

Lankrabue 
Crude oil

U-Thong 
Crude oil

Pentane C5Hi2 0.1636 0.1680
Hexane C6H,4 - 0.0209
Heptane C7H ,6 - 0.0261
Octane CgH,8 - -

Nonane c 9h 20 0.0797 0.0824
Decane C ioH22 0.2334 0.2502
Undecane c „ h 24 0.3670 0.3930
Dodecane c 12h 26 0.4753 0.5179
Tridecane Ci3H28 0.6293 0.6787
Tetradecane C 14H30 0.8448 0.8983
Pentadecane c  15EI32 0.8988 0.9305
Hexadecane c ,6h 34 0.8548 0.8979
Heptadecane C 17H36 1.3707 0.9885
Octadecane C 18H38 1.0176 0.8123
Eicosane c 20h 42 1.0637 1.1057
Docosane c 22H44 0.9535 1.0185
Tetracosane c 24h 50 1.1708 1.1843
Octacosane C28Hj8 0.9796 0.8972
Dotriacontane C32H66 0.6117 0.4940
Hexatriacontane C36H74 - -

Tetracontane C4oH 82 1.1601 0.2032
Tetratetracontane C44H90 - -

Total 12.8746 1 1.5677
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4.2.2 Analyzing the Separated Fraction of Crude Oil
4.2.2.1 Using Sim-Dis GC

The micro- and macro-crystalline wax o f Lankrabue and บ- 
Thong crude oil as obtained from both Nguyen’s method and modified from 
Nguyen’s method were shown in Figures 4.9, 4.10, 4.11, 4.12, 4.13, 4.14, 4.15, and 
4.16, respectively. From the chromatogram, if GC chromatograms of micro­
crystalline wax (iso- and cyc/o-paraffins) o f both crude oils as obtained from both 
methods were compared with those o f macro-crystalline wax e.g. Figures 4.9 and 
4.13, it is found that the peaks o f hydrocarbons in micro-crystalline wax shift from 
the standard peak o f «-paraffins. This is the preliminary result and it is evident that 
wax fractions o f both crude oils as obtained from both methods are different. This 
was further confirmed by FTIR analyses.

120,00ft- 115,00ft 110 000; 105.000-■  100.00ft 95,00ft 90.00ft - 85.00ft - 30.00ft - 75.00ft 70.00ft - 65.00ft 60,00ft - 55.00ft. 50 00ft . 45.000: - 40.000:. 35,00ft - 30,00ft - 
25.00ft - 20.000;. 15,00ft- 
10.00ft- 5,00ft -oi-

Mv

1

w s o n l.w m

JWVI il I lljülibฟ น ^ RT (mm]
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F ig u r e  4 .9  GC chromatogram of micro-crystalline wax o f Lankrabue crude oil 
as obtained from Nguyen’s method.
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Figure 4.10 GC chromatogram o f micro-crystalline wax o f Lankrabue crude oil 
as obtained from modified method.
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Figure 4.11 GC chromatogram o f micro-crystalline wax o f U-Thong crude oil 
as obtained from Nguyen’s method.

044
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Figure 4.12 GC chromatogram of micro-crystalline wax o f U-Thong crude oil 
as obtained from modified method.

Figure 4.13 GC chromatogram of macro-crystalline wax of Lankrabue crude oil
as obtained from Nguyen’s method.
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Figure 4.14 GC chromatogram of macro-crystalline wax o f Lankrabue crude oil 
as obtained from modified method.

Figure 4.15 GC chromatogram of macro-crystalline wax of U-Thong crude oil
as obtained from Nguyen’ร method.
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Figure 4.16 GC chromatogram o f macro-crystalline wax o f U-Thong crude oil as 
obtained from modified method.

4.2.2.2 Using FTIR
The infared (IR) spectra o f asphaltene fraction o f both 

crude oil methods were shown in Figure o f both crude oil as obtained from both 
methods were shown in Figure 4.17, 4.18, and micro- and macro-crystalline wax 
fraction were shown in Figure 4.20, 4.21, 4.22, 4.23, 4.25, 4.26, 4.27, 4.28 and 4.29. 
Also, the IR spectrum of reference o f micro-crystalline wax as obtained from 
www.fao.org and of macro-crystalline wax as obtained from dodecane (C 12H26) were 
shown in Figure 4.19 and 4.24, respectively.

One well known fact is that the major components in crude 
oil consist o f asphaltenes, resins, and saturates (micro- and macro-crystalline wax). 
Therefore, the obtained micro- and macro-crystalline wax fractions must be 
confirmed that they are free from asphaltenes and resins by considering the 
characteristic peak o f asphaltenes and resins which appear at 3600-3300 cm'1 for OH 
and NH group, and at 2200-1667 cm'1 for overtone and combination bands. From 
the IR spectra o f both waxes fraction, it is evident that they are free from asphaltene 
and resin because those characteristic peaks o f asphaltenes and resins did not appear, 
although very strong bands corresponding to methyl group stretching vibrations are 
observed at 3000-2800 cm"1 for asphaltenes, resin and both wax crystal.

http://www.fao.org
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F ig u re  4 .1 7  IR  sp ectru m  o f  a sp h a lten e  fra c tio n  o f  L ank rab ue cru d e o il.

Wavenumber (cm'1)

F ig u re  4 .1 8  IR s p e c t r u m  o f  a s p h a l t e n e  f r a c t i o n  o f  U - T h o n g  c r u d e  o i l .
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F ig u re  4 .1 9  IR  sp ectru m  o f  r e feren c e  o f  m ic r o -c r y s ta llin e  w a x  as o b ta in ed  
from  w w w .fa o .o r g .
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Figure 4.20 IR spectrum of micro-crystalline wax of Lankrabue crude oil
as obtained from Nguyen’s method.

http://www.fao.org
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F ig u re  4 .21 IR  sp ectru m  o f  m ic r o -c r y s ta llin e  w a x  o f  L ank rab ue cru d e  o i l  
as o b ta in ed  fro m  m o d if ie d  m eth o d .

W a v e n u m b e r  ( c m 1)

Figure 4.22 IR spectrum of micro-crystalline wax of บ-Thong crude oil as obtained
from Nguyen’s method.
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F ig u re  4 .2 3  IR  sp ectru m  o f  m ic r o -c r y s ta llin e  w a x  o f  U -T h o n g  cru d e o i l  as o b ta in ed  
fro m  m o d if ie d  m eth o d .

F ig u re  4 .2 4  IR  sp ectru m  o f  r e fe r e n c e  o f  m a c r o -c r y s ta llin e  w a x  as o b ta in ed  
fro m  d o d e c a n e  ( C 12H 26).
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F ig u re  4 .2 5  IR  sp ectru m  o f  m a c r o -c r y sta llin e  w a x  o f  L ank rab ue cru d e  o i l  
as o b ta in ed  fro m  N g u y e n ’s m eth o d .

W aven u m b er(cm ~ ')

F ig u re  4 .2 6  IR  sp ectru m  o f  m a c r o -c r y s ta llin e  w a x  o f  L an k rab u e cru d e o il 
a s o b ta in ed  from  m o d if ie d  m eth o d .
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F ig u re  4 .2 7  IR  sp ectru m  o f  m a c r o -c r y sta llin e  w a x  o f  U -T h o n g  cru d e  o il as  
o b ta in e d  fro m  N g u y e n ’s m eth o d .

W a v e n u m b e r  ( c m 1)

F ig u re  4 .2 8  IR  sp ectru m  o f  m a c r o -c r y sta llin e  w a x  o f  U -T h o n g  cru d e o il as o  
b ta in ed  from  m o d if ie d  m eth o d .

T h e IR  sp ectra  o f  m ic r o -c r y s ta llin e  w a x  w a s  id e n tifie d  b y  
c o m p a r in g  w ith  th e  re feren c e  sp ectra . T h e  c h a ra c ter is tic  p ea k s  o f  m icro -c r y a ta llin e  
w a x  ap p ear at 1 4 5 0  c m "1 for a l ic y c lic  - C H 2- s c is so r  and  13 9 5  c m ' 1 for  sy m m etr ic
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C H 3 b e n d in g  (iso- and  tert- a lk y l) . W h en  th e  sp ec tra  o f  a ll m ic r o -c r y s ta llin e  w a x  
fra c tio n s  w e r e  c o m p a red  w ith  th e r e feren c e , it is  fo u n d  that th e y  co m p a r e d  v ery  w e ll  
b e c a u se , a lth o u g h , b e fo r e  m ic r o -c r y s ta llin e  w a x  fra ctio n  w e r e  a n a ly z e d  b y  F T IR , 
th e y  w e r e  d is s o lv e d  in  C S 2 w h ic h  h as ch a ra cter istic  p ea k  at 2 1 9 5  -  2 4 0 0  c m ' 1 and  
1 4 5 0  c m ' 1 b an d s for  C -S  b o n d , th eir  sp ectra  are s ti ll v e r y  s im ila r  w ith  that o f  
re fe r e n c e . S o  w ith  th e se  c o m p a r iso n s , th e y  ca n  b e  c o n fir m e d  th at a fter  th e  w a x  
fra c tio n s  w e r e  sep ara ted  b y  « -p e n ta n e  w ith  b o th  m e th o d s , s im ila r ly , a ll p rec ip ita tes  
o f  b o th  cru d e o i ls  are true m ic r o -c r y s ta llin e  w a x  fra ctio n s .

S im ila r ly , th e  m a c r o -c r y sta llin e  w a x  fr a c tio n s  that are ท- 
p a ra ffm s w e r e  c o m p a red  w ith  th e re feren c e . T h e  ch a ra cter is tic  p e a k s  o f  m a c r o ­
c r y s ta llin e  w a x  ap p ear at 1 3 8 0  -  13 7 5  c m ' 1 for C H 3 sy m é tr ie  and  1 4 7 0 -1 4 6 0  c m ' 1 for  
a lip h a tic  C H 2 s c is so r . T h e  IR  sp ectra  o f  a ll m a c r o -c r y s ta llin e  w a x  fra c tio n s  w er e  
co m p a red  w ith  th e r e feren c e , and th e y  co m p a red  v e r y  w e l l .  T h ere fo re , it ca n  be  
c o n c lu d e d  that th e  w a x  fra ctio n s  that are so lu te s  in  « -p e n ta n e  are true m a c r o ­
c r y s ta llin e  w a x .

F rom  the F T IR  f in d in g s , o n e  ca n  c o n c lu d e  that b oth  
sep ara tio n  m e th o d s  can  sep ara te  the m ic r o -c r y s ta llin e  w a x  fra ctio n  from  the m a c r o ­
c r y sta llin e  w a x  fra c tio n  v ery  e f fe c t iv e ly , and  that th e  m o d if ie d  m e th o d  is  le s s  t im e -  
c o n su m in g  than  N g u y e n ’s m eth o d .

4.2.2.3 Quantity o f separated fraction
T h e a m o u n t o f  w a x e s  (m ic r o -  and m a c r o -c r y s ta llin e  w a x )  

a s o b ta in ed  fro m  b oth  N g u y e n ’s m e th o d  and m o d if ie d  fro m  N g u y e n ’s m eth o d  is  
sh o w n  in  T a b le  4 .5 . T h e resu lts  in d ica te  that th e  a m o u n t o f  w a x e s  fraction  as  
o b ta in ed  fro m  N g u y e n ’s m e th o d  is  h ig h e r  th an  that o f  o b ta in ed  fro m  m o d if ie d  
N g u y e n ’s m eth o d .

I f  th e  p roced u re  o f  b o th  sep a ra tio n  m e th o d s  is  co n s id e r e d , 
th e  m a in  d if fe r e n c e  lie s  in  th e  part o f  r e m o v in g  a sp h a lte n e s  and  r e s in s  fra ctio n  from  
satu rates fra ctio n  (m ic r o -  and m a c r o -c r y sta llin e  w a x ) . In N g u y e n ’s m eth o d , 
a sp h a lten es  and  r e s in s  w er e  r e m o v e d  b y  u s in g  p -x y le n e .  B u t, in  th e  m o d if ie d  
m eth o d , th ey  w e r e  rem o v e d  b y  u s in g  « -h e p ta n e . T h e  e x p la n a tio n  is  in  the fact that 
th e  p o lar ity  o f  p -x y le n e  is  h ig h er  than  « -h e p ta n e  th ere fo re  th e  w a x e s  as o b ta in ed  
from  the m o d if ie d  m e th o d  is  lo w e r  that that o f  o b ta in e d  fro m  N g u y e n ’s m eth o d .
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W h en  c o m b in in g  b o th  w a x  fr a c tio n s  o b ta in e d  from  b oth  
m e th o d s  an d  c o m p a r in g  th em  w ith  th e  to ta l w a x  (m ic r o -  and  m a c r o -c r y s ta llin e  w a x )  
as o b ta in ed  fro m  standard  U O P 4 6 -6 4  m eth o d , it is  fo u n d  that th e y  are lo w e r , as  
sh o w n  in  T a b le  4 .5 . O n e  p o s s ib le  rea so n  is  th e  d iffe r e n t s o lv e n t  u se d  in  r e m o v in g  
o th er  c o m p o n e n ts  fro m  w a x e s . T h e  U O P 4 6 -6 4  stan dard  u se s  m ix tu re  o f  a c e to n e  
and  p e tr o le u m  eth er  w h ic h  h a s h ig h e r  p o la r ity  than  th e  n ea t a c e to n e  w h ic h  is  u se d  in  
th e  sep a ra tio n  b y  m o d if ie d  and  N g u y e n ’s m eth o d .

Table 4.5 P ercen t c o n te n t o f  w a x e s  fra ctio n  a s  o b ta in ed  from  N g u y e n ’s, m o d if ie d  
an d  stan dard  U O P 4 6 -6 4  m eth o d

T y p e  o f  
sa m p le M eth o d

P ercen t c o n te n t (% )

m ic r o -c r y s ta llin e
w a x

m a c r o -c r y sta llin e
w a x T o ta l w a x

L ank rab ue  
cru d e o il

N g u y e n 's 4 .9 9 1 7 .9 4 2 2 .9 3
M o d if ie d 5 .1 7 1 4 .6 8 1 9 .8 4

Stan dard  U O P  
4 6 -6 4 - 2 4 .3 2

U -T h o n g  
cru d e o il

N g u y e n 's 6 .5 0 1 4 .4 3 2 0 .9 3
M o d if ie d 7 .6 5 1 2 .1 0 19 .7 5

Standard  U O P  
4 6 -6 4 - 2 1 .2 0

4 .2 .3  W a x  A p p ea ra n ce  T em p era tu re  (W A T ) and  W a x  D is so lu t io n  
T em p era tu re  (W D T )
F rom  th e  resu lt o b ta in ed  from  D S C  e q u ip m e n t, o n e  can  d e d u c e  that 

W A T  o f  L an k rab u e cru d e o i l  is  ab o u t 4 2  ° c  an d  is  h ig h e r  than  W A T  o f  U -T h o n g  
cru d e o i l  that is  ab o u t 3 7  ° c .  A ls o , th e  W D T  ap p ea red  at 5 2  ° c  and  4 9  ° c  for  
L ank rab ue and  U -T h o n g  cru d e o i l  r e sp e c tiv e ly . T h e ir  th erm o g ra m s w e r e  s h o w n  in  
F ig u res  4 .2 9 , 4 .3 0 , 4 .3 1 , and 4 .3 2 , r e sp e c tiv e ly .
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In th e  th erm o g ra m , it b e c o m e s  e v id e n t  that W D T  is  a lw a y s  h ig h er  
than  W A T . T h e  d if fe r e n c e  b e tw e e n  W A T  and  W D T  m ig h t  b e  d u e  to  u n d e r c o o lin g  
and o v e r h e a tin g  that resu lt in  n o n -e q u ilib r iu m  c o n d it io n s  d u rin g  fa st tem p era tu re  
sc a n n in g  (E lsh a k a w y  et al., 2 0 0 0 ) .  H a n sen  et al. ( 1 9 9 1 )  r e c o m m e n d e d  that th is  
p ro b lem  ca n  b e  a v o id e d  b y  u s in g  v ery  lo w  sc a n n in g  tem p era tu re. H o w e v e r , th e  lo w  
tem p era tu re  s c a n n in g  ( 2 -3  ° c /m in  ) w o u ld  red u ce  th e  D S C  s e n s it iv ity  as th e  D S C  
s ig n a l is  th e  t im e  d e r iv a t iv e  o f  h ea t f lo w . A n o th e r  rea so n  for th e  d if fe r e n c e  b e tw e e n  
W A T  and  W D T  that sh o u ld  n o t b e  o v e r lo o k e d  is  d u e  to  th e  d if f ic u lty  in  d e fin in g  
ap p rop riate  p r o c e s s in g  b a se lin e  and  th e bad s ig n a l to  n o ise  ra tio s  an d  le a d in g /e n d in g  
tra n sien ts  o f  s o m e  o f  th e  th erm o g ra m s that m a d e  it v e r y  d if f ic u lt  to  d eterm in e  the  
p r o c e s s in g  tem p era tu re  lim its .

In a d d it io n , th e  sm a ll p eak  at 4 5  to  4 8  ° c  in  th erm o g ra m  o f  c o o lin g  
c u rv e  o f  L an k rab u e cru d e o i l  r e se m b le s  w h a t w a s  re c e n tly  o b se r v e d  in  w a x e s  w ith  a  
h ig h  ratio  o f  m a c r o c r y s ta llin e  to  m ic r o c r y s ta ll in e  w a x  (F a u st et al., 1 9 7 8 ). H e n c e , it 
m ig h t b e  c o n c lu d e d  th at th e se  p ea k s  are a s so c ia te d  w ith  th e th erm al tran sition s  
( liq u id  to s o l id  and  v ic e  v ersa ) o f  m a c r o c r y sta llin e  w a x  c o n s is t in g  o f  m a in ly  ท- 
p a ra ffm s, w h ile  th e  re m a in in g  s h a llo w  but b road er p e a k  o f  th e  th erm o g ra m  is  d u e to  
th e  m o re  c o m p lic a te d  th erm al tra n sitio n s  o f  th e  c r y s ta llin e -a m o r p h o u s  w a x  p h a se s  
in c lu d in g  s o l id -s o lid  tra n sitio n s , e .g . ,  o r th o r h o m b ic -h e x a g o n a l tra n sit io n s  as T urner  
( 1 9 7 1 )  d e sc r ib e d  for th e  in term ed ia te  « -p a r a ff in  ran g e  C 20-C 40.

F rom  th e th erm o g ra m s, th e  w a x  p r e c ip ita tio n  en th a lp y  (A H wat) o f  
L an k rab u e and  u - T h o n g  cru d e o i l  c o u d  b e c a lc u la te d  and  is  fo u n d  to  b e  4 4 .5 7  j /g  

and  3 3 .7 1  j /g ,  r e s p e c t iv e ly , and th e w a x  d is so lu t io n  en th a lp y  (AHwdt) o f  L ank rab ue  
and  บ - T h o n g  is  fo u n d  to b e  5 0 .0 2  j /g  and 3 9 .7 7  j /g ,  r e sp e c t iv e ly . S im ila r  to the  
W A T  and W D T , AHwdt are greater than AHwat-

T h e  en th a lp y  o b ta in ed  from  th e e n e r g y  r e le a se d  d u rin g  c o o lin g  is  
p ro p o rtio n a l to  th e  area e n c lo se d  b y  th e  ex o th e r m  and  th e  p r o c e s s in g  b a se lin e  as  
s h o w n  in F ig u res  4 .2 9  an d  4 .3 1 . T h is  area can  b e d e fin e d  as o n ly  w a x  p rec ip ita tio n  
s in c e  o th er p rec ip ita te s  su ch  as a sp h a lten e , re s in  e tc ., are n ot e f fe c te d  b y therm al 
a p p lic a tio n  a s  m ea su red  b y  D S C . M o reo v er , c o o lin g  cru d e o i l  in  a m od era te  
tem p era tu re  ra n g e  w o u ld  n o t lead  to a sp h a lten e  and resin  p rec ip ita tio n . T h is  last
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p h e n o m e n o n  is  m o re  c o n n e c te d  to c h a n g e s  o f  e ith er  cru d e  c o m p o s it io n  or to  p ressu re  
v a r ia tio n s .

v a r y in g  c o m p o s it io n  and  c o n ten t o f  w a x  p rec ip ita te  w h ic h  it h a s b e e n  o b se r v e d  b y  
G la v a n ir i et al. ( 1 9 7 3 )  that th e  tra n sitio n  en th a ln y  w a s  in  lin ear r e la tio n sh ip  w ith  ท- 
p a ra ffm  c o n ten t. In a d d it io n  to th e  e n th a lp y  in v o lv e d , th e  liq u id -so lid  tra n sitio n s  as  
sp ik e  p ea k s  w e r e  su p p o se d  to  o r ig in a te  fro m  th e in itia l c r y s ta lliz a tio n  o f  a lim ite d  
ran g e  o f  « -p a r a ff in s  at th e  b e g in n in g  o f  the c o o lin g  p r o c e s s , and  th e  broad  e x o th erm s  
p ro b a b ly  a lso  in c lu d e d  th e  e n th a lp y  in v o lv e d  in  in tra -crysta l s o l id -s o lid  tra n sitio n s  
(T u rner, 1 9 7 1 ).

T h e  d if fe r e n c e  in  e n th a lp y  o f  an y  cru d e  o i ls  p ro b a b ly  r e f le c te d  th eir

1 -------- 12 —  1—  — 1 -  I >  - 1 --------------------  T

- 3 0  - 2 0  - 1 0  0  10 2 0  3 0  4 0  5 0  6 0  7 0  8 0
Temperature ( °C )

♦ I . W A T , 4 2  ° c

/  ____ j m m m m m m m *

Figure 4.29 D S C  th erm o gra m  o b ta in ed  b y  c o o l in g  from  8 0  °c to  - 3 0  °c o f  
L an k rab u e cru d e o il.
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F ig u re  4 .30  D S C  th rerm ogram  o b ta in ed  b y  h e a tin g  from  - 3 0  ° c  to  8 0  ° c  o f  
L an k rab u e cru d e o il.

2 2  ๅ

F ig u re  4.31 D S C  th erm o gra m  o b ta in ed  b y  c o o lin g  from  8 0  to  - 3 0  ° c  o f  U -T h o n g  
cru d e oil.
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F ig u re  4 .32  D S C  th erm o gra m  o b ta in e d  b y  h e a tin g  fro m  -3 0  to  8 0  ° c  o f  บ - T h o n g  
cru d e o il.

4 .3  Q u a n tif ica tio n  o f  th e  A m o u n t o f  W a x

4 .3 .1  W a x  C o n ten t
T h e  raw  data  o f  w a x  c o n ten t o f  cru d e o i l  sa m p le s  that w a s  

d eterm in ed  f o l lo w in g  th e  m eth o d  in  item  3 .4 .1  is  sh o w n  in  A p p e n d ix  A , T a b le  A - l .  
A s  sh o w n  in  th e  T a b le  A - l ,  it is  fou n d  that th e  tota l w a x  c o n te n t o f  L ank rab ue cru d e  
o il  is  h ig h er  than U -T h o n g  cru d e o il at 2 4 .3 2  and  21.20% , r e sp e c tiv e ly .

4 .3 .2  R e la tio n sh ip  b e tw e e n  P ercen t W a x  D e p o s it io n  and  T em p era tu re
T h e  re la tio n sh ip  b e tw e e n  p ercen t w a x  d e p o s it io n  an d  tem p era tu re  is  

sh o w n  in  F ig u r e s  4 .3 3  and  4 .3 4  for  L ank rab ue and  U -T h o n g  cru d e o i l ,  r e sp e c tiv e ly . 
F rom  th e se  f ig u r e s , it is  e v id e n t  that th e  a m o u n t o f  w a x  d e p o s it io n  o f  L ank rab ue  
cru d e o il at a n y  tem p era tu re  is  h ig h e r  than  that o f  U -T h o n g  cru d e o il. T h e se  resu lts  
co rre la te  w e ll  w ith  th e resu lts  from  w a x  con ten t.
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F ig u re  4 .33  R e la tio n sh ip  b e tw e e n  p ercen t w a x  d e p o s it io n  an d  tem p era tu re  o f  
L an k rab u e cru d e o il.

F ig u re  4 .3 4  R e la t io n sh ip  b e tw e e n  p ercen t w a x  d e p o s it io n  and  tem p era tu re  o f  บ -  
T h o n g  cru d e o il.
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4 .4  In v estig a tio n  o f  th e  C h em ica l M eth o d  to  S o lv e  W a x  D ep o sitio n  P ro b lem

P ou r p o in ts  o f  b o th  L ank rab ue and  U -T h o n g  cru d e o i ls  a s  ad d ed  b y  E V A  
and P M M A  at an y  c o n cen tra tio n  are sh o w n  in  T a b le s  4 .5 , 4 .6 ,  4 .7 ,  and 4 .8 ,  
r e s p e c t iv e ly , in d ic a te s  that th e  m a x im u m  r e d u ctio n  o f  p ou r p o in t  o f  treated  
L an k rab u e cru d e o i l  w a s  ob ta in ed  w h e n  it is  treated  b y  P M M A , V H  gra d e, at 1 0 0 0  
p p m , and th e  m a x im u m  red u ction  o f  p ou r p o in t  o f  treated  U -T h o n g  cru d e o i l  w a s  

o b ta in e d  w h e n  it is  treated  b y  E V A  c o n ta in in g  25%  c o n te n t o f  V A , at 2 0 0  p p m . T h e

c o m p a r iso n  p u rp o se , barcharts o f  p ou r p o in t  o f  b o th  treated  cru d e o i ls  b y  E V A  and  
P M M A  w e r e  p lo tted  as sh o w n  in F ig u res  4 .3 5 , 4 .3 6 ,  4 .3 7 ,  and  4 .3 8 ,  r e sp e c tiv e ly .
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Table 4.5 Pour Point of treated Lankrabue crude oil by EVA

P ercen t  
C o n ten t  
o f  V A  

in  E V A

C o n cen tra tio n  
(P P M , w t/w t)

P ou r P o in t  (°C )

T est
N o . l

T est  
N o .2

T est  
N o .3 A v e r a g e Standard

d e v ia t io n

18

100 3 6 .5 3 6 .0 3 6 .5 3 6 .3 0 .3
2 0 0 3 5 .0 3 5 .0 3 5 .0 3 5 .0 0.0
4 0 0 3 5 .0 3 5 .0 3 5 .5 3 5 .2 0 .3
6 0 0 3 4 .0 3 4 .5 3 4 .0 3 4 .2 0 .3
8 0 0 3 6 .5 3 6 .0 3 6 .5 3 6 .3 0 .3

1 0 00 3 8 .0 3 8 .0 3 8 .5 3 8 .2 0 .3

2 5

100 3 4 .0 3 4 .5 3 4 .0 3 4 .2 0 .3
2 0 0 3 2 .5 3 2 .5 3 2 .5 3 2 .5 0 .0
4 0 0 3 1 .0 3 1 .5 3 1 .0 3 1 .2 0 .3
6 0 0 3 0 .0 3 0 .0 3 0 .0 3 0 .0 0.0
8 0 0 2 7 .0 2 6 .5 2 6 .5 2 6 .7 0 .3
1 0 0 0 3 2 .5 3 2 .0 3 2 .5 3 2 .3 0 .3

33

100 3 4 .0 3 4 .0 3 4 .0 3 4 .0 0 .0
2 0 0 3 5 .0 3 5 .0 3 4 .5 3 4 .8 0 .3
4 0 0 3 3 .0 3 2 .5 3 2 .5 3 2 .7 0 .3
6 0 0 3 2 .5 3 1 .5 3 1 .0 3 1 .7 0 .8
8 0 0 3 5 .5 3 6 .0 3 5 .5 3 5 .7 0 .3
1 0 00 3 6 .5 3 7 .0 3 7 .0 3 6 .8 0 .3

4 0

100 3 8 .0 3 8 .5 3 8 .0 3 8 .2 0 .3
2 0 0 3 7 .0 3 7 .5 3 7 .0 3 7 .2 0 .3
4 0 0 3 6 .5 3 6 .0 3 6 .5 3 6 .3 0 .3
6 0 0 3 7 .0 3 7 .5 3 8 .0 3 7 .5 0 .5
8 0 0 3 8 .0 3 8 .5 3 8 .0 3 8 .2 0 .3

1 0 00 3 9 .0 3 9 .0 3 9 .0 3 9 .0 0.0
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Table 4.6 Pour Point of treated U-Thong crude oil by EVA

P ercen t  
C o n ten t  
o f  V A  

in  E V A

C o n cen tra tio n  
(P P M , w t/w t)

P ou r P o in t  ( °C )

T est
N o . l

T e st  
N o .2

T est  
N o .3 A v e r a g e Standard

d e v ia t io n

18

100 3 3 .0 3 3 .5 3 3 .0 3 3 .2 0 .3
2 0 0 3 0 .0 3 0 .0 3 0 .5 3 0 .2 0 .3
4 0 0 2 8 .0 2 8 .5 2 8 .0 2 8 .2 0 .3
6 0 0 2 6 .0 2 6 .5 2 6 .0 2 6 .2 0 .3
8 0 0 2 8 .0 2 8 .5 2 8 .5 2 8 .3 0 .3

1 0 00 2 9 .0 2 9 .0 2 9 .5 2 9 .2 0 .3

2 5

100 2 7 .0 2 6 .5 2 6 .5 2 6 .7 0 .3
2 0 0 2 0 .0 2 0 .0 2 0 .0 2 0 .0 0 .0
4 0 0 2 2 .0 2 2 .5 2 2 .0 2 2 .2 0 .3
6 0 0 2 5 .0 2 5 .5 2 5 .0 2 5 .2 0 .3
8 0 0 2 6 .0 2 6 .0 2 6 .0 2 6 .0 0 .0
1 0 00 3 4 .0 3 3 .5 3 4 .0 3 3 .8 0 .3

33

100 3 3 .0 3 3 .5 3 3 .0 3 3 .2 0 .3
2 0 0 3 4 .0 3 4 .0 3 4 .0 3 4 .0 0 .0
4 0 0 2 5 .0 2 4 .5 2 5 .0 2 4 .6 0 .3
6 0 0 3 0 .5 3 1 .0 3 1 .0 3 0 .8 0 .3
8 0 0 3 3 .0 3 3 .0 3 3 .5 3 3 .2 0 .3

1 0 0 0 3 1 .0 3 1 .0 3 1 .0 3 1 .0 0 .0

4 0

100 2 9 .0 2 9 .0 2 9 .5 2 9 .2 0 .3
2 0 0 3 2 .0 3 2 .5 3 2 .0 3 2 .2 0 .3
4 0 0 2 7 .0 2 7 .5 2 7 .0 2 7 .2 0 .3
6 0 0 3 2 .0 3 2 .0 3 2 .0 3 2 .0 0 .0
8 0 0 3 3 .0 3 3 .5 3 3 .0 3 3 .2 0 .3

1 0 00 3 4 .0 3 4 .5 3 4 .0 3 4 .2 0 .3
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Table 4.7 Pour Point of treated Lankrabue crude oil by PMMA

C o n cen tra tio n  
o f  P M M A

P ou r P o in t ( °C )
V H M D

T est
N o . l

T est  
N o .2

T est  
N o .3 A v g . S td ev . T est

N o . l
T est  
N o .2

T est  
N o .3 A v g . S td ev .

1 0 0 2 6 .0 2 6 .5 2 6 .0 2 6 .2 0 .3 3 4 .0 3 4 .0 3 4 .5 3 4 .2 0 .3
2 0 0 2 8 .0 2 8 .5 2 8 .0 2 8 .2 0 .3 3 6 .0 3 6 .5 3 6 .0 3 6 .2 0 .3
4 0 0 2 8 .0 2 8 .0 2 8 .0 2 8 .0 0 . 0 3 4 .0 3 4 .0 3 4 .0 3 4 .0 0 .0
6 0 0 3 0 .0 3 0 .5 3 0 .5 3 0 .3 0 .3 3 4 .0 3 4 .0 3 4 .0 3 4 .0 0 .0
8 0 0 3 0 .0 3 0 .0 3 0 .0 3 0 .0 0 . 0 3 8 .0 3 8 .0 3 8 .0 3 7 .5 0 .0

1 0 0 0 2 4 .0 2 4 .0 2 4 .5 2 4 .2 0 .3 3 3 .0 3 2 .5 3 3 .0 3 2 .8 0 .3

T a b le  4 .8  P ou r P o in t  o f  treated  U -T h o n g  cru d e o i l  b y  P M M A

C o n cen tra tio n  
o f  P M M A

P ou r P o in t ( °C )
V H M D

T est
N o . l

T est  
N o .2

T est  
N o .3 A v g . S td ev . T est

N o . l
T est  
N o .2

T est  
N o .3 A v g . S td ev .

1 00 3 6 .0 3 6 .0 3 6 .0 3 6 .0 0 .0 3 2 .0 3 2 .0 3 2 .0 3 2 .0 0 .0
2 0 0 3 3 .0 3 3 .0 3 3 .5 3 3 .2 0 .3 2 7 .0 2 7 .5 2 7 .0 2 7 .2 0 .3
4 0 0 2 5 .0 2 5 .0 2 5 .5 2 5 .2 0 .3 2 8 .0 2 8 .0 2 8 .0 2 8 .0 0 .0
6 0 0 3 4 .0 3 4 .0 3 4 .0 3 4 .0 0 . 0 2 9 .0 2 8 .5 2 8 .5 2 8 .7 0 .3
8 0 0 3 4 .0 3 4 .0 3 3 .5 3 3 .8 0 .3 2 4 .0 2 4 .0 2 4 .0 2 4 .0 0 .0
1 0 0 0 3 8 .0 3 8 .0 3 8 .0 3 8 .0 0 . 0 3 6 .0 3 6 .0 3 6 .5 3 6 .2 0 .3
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F ig u re  4 .3 5  R e la t io n sh ip  b e tw e e n  p ou r p o in t o f  treated  L an k rab u e cru d e o i l  b y  
E V A  and c o n c e n tr a t io n  o f  E V A  at an y  p ercen t c o n te n t  o f  V A .

F ig u re  4 .3 6  R e la tio n sh ip  b e tw e e n  p ou r p o in t o f  treated  U -T h o n g  cru d e  o il b y  E V A  
and  c o n c e n tr a tio n  o f  E V A  at an y  p ercen t c o n ten t o f  V A .
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F ig u re  4 .3 7  R e la t io n sh ip  b e tw e e n  p ou r p o in t  o f  treated  L an k rab u e cru d e o i l  and  
c o n c e n tr a tio n  o f  tw o  c o m m e r c ia l gra d es, V H  and  M D , o f  P M M A  as o b ta in ed  from  
D ia p o ly a c r y la te  C o .,L td .

4 0 . 0
3 5 . 0  

0บ  3 0 . 0  
V  2 5 . 0

I
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Figure 4.38 Relationship between pour point of treated Lankrabue crude oil and
concentration of two commercial grades, VH and MD, of PMMA as obtained from
Diapolyacrylate Co.,Ltd.
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T h e  c h e m ic a ls  c o n s id e r e d  in  th is  w o r k  are w a x  cry sta l m o d if ie r s  (w a x  
in h ib ito rs). T h e y  h a v e  th e c a p a c ity  to  en ter  in to  w a x  cry sta ls  and  a lter  th e  g ro w th  
an d  su r fa ce  ch a ra cter is tic  o f  w a x  cry sta ls . T o  s e le c t  a  su ita b le  w a x  m o d ifie r , o n e  h as  
to  c o n s id e r  th e  m o le c u la r  w e ig h t  or so m e  ch a ra cter is tic  ch a in  le n g th  o f  th e  in h ib ito r  
and  th e m o le c u la r  w e ig h t  o f  th e  a f fe c te d  w a x  m o le c u le s . It is  p o s s ib le  to  d e s ig n  w a x  
in h ib ito rs  su ite d  for  g iv e n  o i ls  an d  g iv e n  op era tion .

In th is  w o rk , th e  E V A  w a s  se le c te d . T h e  re a so n s  are;
1) It is  c o m m o n ly  u se d  in  o i l  in d u stry .
2 )  Its stru ctu re is  v e r y  s im ila r  to  cru d e o i l  in  n o n -p o la r  part i .e ., p o ly  

(e th y le n e )  a lth o u g h  its  c o p o ly m e r , v in y l  a ce ta te , is  p o lar  b ut it co n tr ib u tes  v e r y  litt le  
s ig n if ic a n t  to  th e  to ta l p o la r ity  o f  E V A .

3 )  It h a s b e e n  rep orted  (Z h a n g  et a l,  2 0 0 4 )  that w h e n  E V A  in teracts w ith  
th e  w a x  c r y s ta ls , th e  d is ta n c e  b e tw e e n  E V A  m o le c u le  an d  w a x  m o le c u le  n e ig h b o r in g  
to  it in c r e a se s . T h is  s ig n if ic a n t  c h a n g e  w il l  b en d  w a x  m o le c u le s  a tta ch ed  to  E V A  
m o le c u le  so  it w i l l  g iv e s  m o re  o b s ta c le s  to  th e  o th er  w a x  m o le c u le s  in  cru d e o il to  
d e p o s it  o n  th e  w a x  c r y sta ls  w ith  ster ic  h in d ran ce  e ffe c t .

H o w e v e r , th e  p ercen t c o n te n t V A  sh o u ld  c o rr esp o n d  w ith  th e  m ajor ran ge  
o f  h yd ro ca rb o n s in  cru d e o il. T h e  s e le c te d  ran g e  o f  p ercen t c o n te n t  o f  v in y l a ceta te  
(V A )  w a s  c o n s id e r e d  b y  u s in g  tw o  factors. T h e  first o n e  is  b y  G C  ch ro m a to g ra m s  
o f  b o th  cru d e o i ls  w h ic h  in d ica ted  that th e  m ajor  h y d ro ca rb o n s that c a u se  w a x  
d e p o s it io n  are in  th e  ran ge o f  carb o n  a tom  n u m b er, C 14-C 24. T h e  se c o n d  o n e  is  b y  
th e  re la tio n sh ip  b e tw e e n  p ercen t V A  and carb o n  a to m  n u m b er at e a c h  se c t io n  in  
E V A  c o p o ly m e r  that w er e  sep ara ted  b y  c a r b o x y la te  gro u p  a s rep orted  b y  Z h a n g  et 
al. (2 0 0 4 ) . T h e re fo re , th e  e x p e c te d  su ita b le  p ercen t c o n te n t o f  V A  in  E V A  to  red u ce

th e  p ou r p o in t  o f  b o th  cru d e o i ls  w a s  in  the ran g e  o f  1 8 -4 0  %.

M o r e o v e r , in  o i l  in d u stry , the o th er w a x  in h ib ito r  w h ic h  is  so m e t im e  u se d  to  
red u ce  th e p ou r p o in t  o f  cru d e o il is  p o ly  (m e th y l m e th a cry la te ), P M M A , w h ic h  h as  
h ig h e r  p o la r ity  than  E V A  b e c a u se  it c o n s is t s  o f  ester  gro u p , so  it is  m o re  d if f ic u lt  to  
d is s o lv e  in  cru d e o il. In th is  w o rk , it w a s  a lso  u sed  to  s tu d y  th e in f lu e n c e  o n  p ou r  
p o in t o f  b o th  cru d e o i ls  and  its resu lts  w ere  co m p a red  w ith  E V A .
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F rom  th e resu lt, as s e e n  in  T a b le s  4 .5 ,  4 .6 ,  4 .7 ,  and  4 .8 , r e s p e c t iv e ly , th e  
d iffe r e n t cru d e o i ls  w e r e  e f fe c te d  d if fe r e n tly  b y  d iffe r e n t w a x  in h ib ito rs . M a x im u m  
p o u r  p o in t  r e d u ctio n  o f  L an k rab u e cru d e o i l  w a s  o b ta in e d  b y  a d d in g  P M M A , and  o f  
U -T h o n g  cru d e o i l  w a s  o b ta in ed  b y  a d d in g  E V A .

T h e  su g g e s te d  m e c h a n ism s  o f  w a x  in h ib ito rs  (or  w a x  cry sta l m o d if ie r )  by  
Y u n  et al. ( 2 0 0 0 )  are s e q u e s te r in g  m e c h a n ism , in co rp o ra tio n -p ertu rb atio n  
m e c h a n ism , and  w a x  cry sta l a d so rp tio n  m e c h a n ism .

1 ) T h e  se q u e s te r in g  m e c h a n ism  is  that th e  in h ib ito rs  m a k e  lo n g  a lk a n es  in  
o il  le s s  a v a ila b le  to  n u c le a te  a w a x  cry sta l b y  b u ild in g  in to  n e tw o rk  stru ctu re o f  w a x .

2 )  T h e  in co rp o ra tio n -p ertu rb a tio n  m e c h a n ism  is  that in h ib ito r  p artition  
from  th e o i l  in to  a m o rp h o u s w a x , “ so f t  w a x ” s lo w s  d o w n  th e  c r y s ta lliz a tio n  o f  so ft  
w a x  to  form  "hard w a x ” .

3 ) T h e  w a x  crysta l a d so rp tio n  m e c h a n ism  is  that a d so rp tio n  o f  in h ib ito rs  
o n  in itia l w a x  n u c le i or g r o w in g  w a x  cry sta ls  in h ib its  further w a x  g ro w th .

T h e  o v e r a ll e f fe c t  is  that th e  in h ib ito rs  w il l  p rev en t fo rm a tio n  o f  th e  
th e r m o d y n a m ic a lly  fa v o ra b le  w a x  cry sta l stru ctu re u n til a d iffe r e n t c r y s ta llin e  is  
fo r m e d , u n a ffe c te d  b y  in h ib ito rs , b e c o m e s  th e r m o d y n a m ic a lly  m o r e  fa v o ra b le . 
H o w e v e r , it is  u n certa in  that w h ic h  m e c h a n ism  a w a x  in h ib ito r  w il l  fu n c tio n  
th erefo re  it is  p o s s ib le  that P M M A  and  E V A  m a y  u se  o n e  or c o m b in a tio n  o f  th o se  
m e c h a n ism s  that m a y  d iffer . D e ta ile d  stu d y  an d  m o re  so p h is t ic a te d  a n a ly se d  are 
n eed ed .
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