
CHAPTER 4
R E S U L T S  A N D  D IS C U S S IO N

4.1 Studies of single viscosity index improver

4.1.1 The ability to increase viscosity index

V I im p ro ve r con cen tra tio n , % w t.

Figure 4.1 VI improvement o f mineral base oil containing OCP, SIP, PMA 
and PIB

From Table A1 and Figure 4.1, polymethacrylate (PMA) is the best 
viscosity index improver follow by olefin copolymer (OCP), styrene-diisoprene 
copolymer (SIP) and polyisobutylene (PIB), respectively. These abilities were not so 
significantly different at low concentration but prevailed at higher concentration.

The ability o f an increase in Viscosity Index o f each VI improver is 
depended on the polymer’s molecular size. The VI improver with large molecular size
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also has higher molecular weight and more surface area to contact with blended oil 
molecules when the molecule expands. The larger the polymer molecules, the more 
the contact area. Hence, larger polymer molecules increase viscosity index by 
interruption the flow o f the blended oil better than smaller ones.

At high temperature the loss o f viscosity o f mineral base oil is 
compensated by the expansion o f VI improver molecules. Results in this study were 
found to follow the theory stated above.

4.1.2 The thickening efficiency
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V I im p ro ve r con cen tra tio n , % w t.

Figure 4.2 Thickening efficiency o f mineral base oil containing OCP, SIP, PMA
and PIB

The thickening efficiency was measured by comparing the viscosity o f  
mineral base oil with test samples (Mineral base oil + VI improver). The 
differentiation indicates the thickening efficiency o f the test samples. Table A1 and 
Figure 4.2 show that the thickening efficiency o f VI improver. PMA had the highest 
thickening efficiency following by OCP, SIP and PIB respectively. From the 
experiment, thickening efficiency was found to be depended on molecular structure
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and weight percentage o f carbon backbone in polymer molecules, and not just the 
molecular weight o f the molecules. For the VI improver o f  the same type, the 
molecular weight decides the thickening efficiency, for example, PMA with high 
molecular weight has a better thickening efficiency than PMA with low molecular 
weight. The experiment results in Table 4.1 shows the % molecular weight o f carbon 
backbone and approximated molecular weight o f the VI improver.

Table 4.1 Percentage o f molecular weight in backbone [4]

V I  i m p r o v e r  T y p e % M พ  i n  b a c k b o n e A p p x .  m o l e c u l a r  w e i g h t

O l e f i n  c o p o l y m e r 7 9 1 2 5 , 0 0 0

P o l y i s o b u t y l e n e 4 8 9 1 0

H y d r o g e n a t e d  S t y r e n e - i s o p r e n e  c o p o l y m e r 4 7 1 1 0 0 0 0

P o l y m e t h a c r y l a t e 2 6 5 5 0 0 0 0

From Table 4.1, the thickening efficiency o f PMA is higher than that o f other VI 
improvers due to its higher molecular weight while PIB gave a very poor thickening 
efficiency because it has low molecular weight.
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4.1.3 Viscosity at low temperature

Figure 4.3 Viscosity at -15°c o f mineral base oil containing OCP, SIP, PMA 
and PIB

From Table A1 and Figure 4.3, when using a single VI improver, 
viscosities at -15°c o f blended oil increase with an increase o f the concentration o f  
OCP, PMA, and PIB, while decrease with a decrease o f the SIP concentration. This 
can be explained that SIP has star shaped structure which could be fold to globular 
structure, therefore viscosity is decreased.
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4.2 Studies of dual viscosity index improver systems

In this study, the mineral base oil was blended with dual VI improver system, 
without other additive.

4.2.1 VI improvement

VI improver concentration, %wt.

Figure 4.4a VI improvement o f mineral base oil containing OCP, SIP, and
OCP-SIP systems.

Figure 4.4a shows VI improvement o f mineral base oil containing dual 
OCP-SIP viscosity index improvers. The viscosity indexes o f the blended oil increase 
when the concentration o f the viscosity index improvers increase. The improvements 
are more significant when the concentration o f OCP is high. This indicates that, 
molecules o f OCP, which are longer in length, can interrupt the flow o f the blended oil 
molecules better than the star shape SIP molecules.
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Figure 4.4b VI improvement o f mineral base oil containing OCP, PMA, and 
OCP-PMA systems

Figure 4.4b illustrates the improvements o f the blended oil by adding 
the dual OCP-PMA viscosity index improvers. The viscosity indexes o f the blended 
oil increase when the overall concentration o f the viscosity index improvers increase. 
From the graph above, PMA significantly better increase the viscosities o f the blended 
oil than OCP. This is because PMA molecules are bigger and longer than OCP 
molecules.
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VI improver concentration, %wt.

Figure 4.4c VI improvement o f mineral base oil containing OCP, PIB and 
OCP-PIB systems

Figure 4.4c shows VI improvement o f the dual OCP-PIB viscosity 
index improvers in blended base oil. The viscosity indexes o f the blended oil 
containing OCP increase when its ratios in blended oil increase. PIB represented with 
a square line stays parallel with the concentration axis. This means PIB does not 
improve the viscosity index o f the blended oil.
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VI improver concentration, %wt.

Figure 4.4d VI improvement o f mineral base oil containing SIP, PMA and 
SIP-PMA systems

From Table A2 and Figure 4.13, VI improvements o f the blended oil 
are affected by the overall concentration o f the dual PMA-SIP viscosity index 
improvers. Increasing the concentration o f either SIP or PMA will increase the 
viscosity index improvement o f the blended oil. PMA is however more effective 
viscosity index improve than SIP as can be seen from the graph. The size and shape o f  
PMA molecules are large and thus expand more than SIP molecules when subjected to
heat.
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VI improver concentration, %wt.

Figure 4.4e VI improvement o f mineral base oil containing SIP, PIB and SIP-PIB
systems

Figure 4.4e shows that the total concentrations o f  SIP affect viscosity  
index values o f the blended oil. Increasing the concentration o f SIP in the blended oil 
increases the percentage o f improvements while increasing PIB contents does not 
change the system overall improvements.
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Figure 4 .4 f VI improvement o f mineral base oil containing PMA, PIB and 
PMA-PIB systems

Figure 4 .4f and Table A2 illustrate VI improvements o f mineral base 
oil containing dual PMA-PIB viscosity index improver. PMA containing larger 
polymer molecules dominated the properties o f the blended oil. The orders o f the 
improvements are as folioพร: single PMA, dual PMA-PIB system with ratio 2:1, 1:1, 
1:2, and single PIB. It should be noticed that, PIB is a poor VI improver as shown in 
the graph, it hardly improve the viscosity index values o f the blended oil.
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4.2.2 Thickening efficiency

-OCP:SIP 1:0 
“OCP:SIP 0:1 
-OCP-.SIP 1:2 
”OCP:SIP 1:1 
“OCP:SIP 2:1

Figure 4.5a Thickening efficiency o f mineral base oil containing OCP, SIP, and 
OCP-SIP systems

Table A2 and Figure 4.5a shown the thickening efficiency o f the dual 
OCP-SIP VI improver in blended oil. The results suggested that the thickening 
efficiencies values increase when the overall concentration o f viscosity index 
improvers increase. In blended oil with dual OCP-SIP viscosity index improver, OCP 
effectively increases the thickening efficiencies o f the blended oil while SIP provided 
less improvement. The star shape molecules o f SIP restricted its from doing so. It 
should also be noticed that, even though SIP has higher molecular weight than OCP, 
it actually has a small size than OCP. The branches cause the molecules to be heavy 
but small.
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VI improver concentration, %wt.

Figure 4.5b Thickening efficiency o f mineral base oil containing OCP, PMA, and 
OCP-PMA systems

As shown in Table A2 and Figure 4.5b, the thickening efficiencies o f  
the dual OCP-PMA system at various ratios are in between the thickening efficiency 
o f the two single VII as predicted. The thickening efficiencies o f the graph increase 
when the total concentration o f the viscosity index improver increases. As mentioned 
earlier, the thickening efficiency o f the system is depended on the molecular weight o f  
viscosity index improver used. PMA possess higher molecular weight than OCP thus 
influences the thickening efficiency o f the blended oil more than OCP.
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VI improver concentration, %wt.

Figure 4.5c Thickening efficiency o f mineral base oil containing OCP, PIB, and 
OCP-PIB systems

Figure 4.5c, shows the thickening efficiencies o f the dual OCP-PIB 
system. The results show that, increasing the concentration o f the viscosity index 
improvers increases the thickening efficiency o f the blended oil. The thickening 
efficiencies at various ratios are closer to the thickening efficiency o f OCP. PIB has 
an extremely low molecular weight, thus, the chains are short and tiny, and so, 
provided poor thickening improvement. In fact, PIB is by far the poorest thickening 
efficiency improver in this study.

T I C  c พ ? ) 0 ) <o y
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VI improver concentration, %wt.

Figure 4.5d Thickening efficiency o f mineral base oil containing SIP, PMA, and 
SIP-PMA systems

From Figure 4.5d, the thickening efficiency o f SIP and PMA system is 
significantly different. The results show that thickening efficiency o f the dual SIP- 
PMA system is influenced by the ratios o f PMA in blended oil. This can be explained 
as PMA molecular size is much larger than SIP, thus, when subject to heat, PMA 
molecules will stretch more than SIP molecules and consequently interrupted the 
normal flow o f the blended oil more than SIP.
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VI improver concentration, %wt.

Figure 4.5e Thickening efficiency o f mineral base oil containing SIP, PIB, and 
SIP-PIB systems

From Figure 4.5e, the thickening efficiency o f SIP-PIB system is 
insignificantly different. At various ratios, the thickening efficiencies o f the dual 
blended oils neither rest on single PIB nor single SIP side but stay rather in the middle. 
The clustering o f the graph is caused by the single thickening efficiency values, which 
are insignificantly different (viscosity at 100°c less than reproducibility value 
(reference to ASTM D445) or about 0.76% X  ) .
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VI improver concentration, %wt.

Figure 4 .5 f Thickening efficiency o f mineral base oil containing PMA, PIB, and 
PMA-PIB systems

Figure 4 .5f illustrates the thickening efficiency o f blended oils at 
various concentrations. An increase in concentration o f PMA-PIB resulted in an 
increase in thickening efficiency o f blended oils. The thickening efficiencies o f the 
dual PMA-PIB blended align between the two single blended oils. The graph 
indicates that thickening efficiency o f the PMA-PIB system is optimized by the 
present o f the large molecules o f PMA.
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4.2.3 Viscosity at low temperature (CCS@ -15°C)

- O C P : S I P  1 :0

■  O C P :S I P  0 :1

■  O C P :S I P  1 :2

■  O C P :S I P  1 :1

■  O C P :S I P  2 :1

VI improver concentration, %wt.

Figure 4.6a Viscosity at -15 °c o f mineral base oil containing OCP, SIP, and 
OCP-SIP systems

From Figure 4.6a, when using dual OCP-SIP VI improvers, the 
viscosity values o f blended oil at total concentration o f 2% VI improver are 
significantly different. An increase o f the total concentration o f OCP-SIP resulted in a 
decrease in viscosity o f blended oils due to the effect o f SIP as previously mentioned.
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Figure 4.6b Viscosity a t -15 °c  o f mineral base oil containing OCP,PMA, and
OCP-PMA systems

From Figure 4.6a, when dual PMA-OCP VI improvers at the 
concentration ratios o f 1:2, 1:1 and 2:1, the viscosity o f blended oils was found to be 
increased with an increase o f total concentration o f VI improver. It is noted that a 
change in viscosity o f blended oil is affected by the concentration o f PMA in PMA- 
OCP system. This can be explained as; the sizes o f PMA molecules are much bigger 
than those o f  OCP, thus, PMA molecules more likely interrupt the flow o f the blended
oil.
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VI improver concentration, %wt.

Figure 4 .6 c  V isco s ity  at - 1 5 ° c  o f  m ineral base o il contain ing O C P ,P IB , and O C P- 

PIB system s

From  Figure 4 .6 c , w hen dual O C P-PIB  VI im provers at the  

concentration  ratios o f  1 :2 , 1 : 1  and 2 : 1  w ere used , the v isco s ity  o f  b len d ed  o ils  w as  

found to be increased  w ith  an increase o f  total concentration o f  VI im prover. A lso , it 
sh ou ld  b e  n oticed  that the concentration ratios o f  O CP and PIB changed  the v isc o s ity  

o f  b len d ed  o il w h ich  w as dom inantly a ffected  by the concentration o f  PIB. The  

p h en om en on  can b e exp la in ed  b y  the extrapolation o f  PIB, w hich  has a m uch lo w er  VI 

and thus has a h igh  v isco s ity  at lo w  temperature.
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Figure 4 .6 d  V isc o s ity  at -15 °c o f  m ineral b ase  o il contain ing P M A ,P IB , and 

P M A -P IB  system s

From  Figure 4 .6 c , at the constant total concentration o f  P M A  and PIB, 
v isc o s it ie s  o f  b lended o il at different concentration ratios o f  P M A  and PIB w ere  

in sig n ifica n tly  different b ecau se o f  sim ilar v isco s ity  o f  b lended o il conta in ing  sin g le  

V I im prover o f  P M A  or PIB. A n increase in  the total concentration  o f  the total 
concentration  o f  V I im prover resulted in an increase in v isco s ity  o f  b lend in g  o il.
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Figure 4 .6 e  V isco s ity  at -15°c o f  m ineral b ase o il contain ing SIP ,P M A , and
SIP -P M A  system s

From  Figure 4 .6 e , w hen dual SIP-PM A  VI im provers at the 

concentration  ratios o f  1 :2 , 1 : 1  and 2 : 1  w ere used, the v isco s ity  o f  b lended o ils  w as  

found to be increased  w ith  an increase o f  the total concentration o f  V I im provers. It is 

noted  that an increase in a sin g le  SIP results is decreased in v isco sity . R esu lts  

ind icated  that at the concentration ratios o f  SIP-PM A  used in this study, a ch an ge in  

v isc o s ity  o f  b lended  o il is affected  b y  PM A . T his is because an increase o f  V I o f  base  

o il con ta in in g  P M A  is greater than a decrease o f  VI o f  base o il conta in ing  SIP.
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Figure 4 .6 f  V isc o s ity  at - 1 5 ° c  o f  m ineral base o il contain ing SIP ,PIB , and 

SIP-PIB  system s

From  Figure 4 .6 f, w hen u sin g  dual SIP-PIB VI im provers at the 

concentration  ratio o f  2 :1 , v isco s it ie s  o f  b lended o ils  decrease w ith  an increase o f  the 

total concentration  o f  V I im prover. H ow ever, at the concentration ratios o f  1:1 and 1:2 

SIP:PIB , v isc o s it ie s  o f  b len d ed  o ils  increase w hen the total concentration o f  VI 

im provers increases. T his indicates that w hen  the am ount o f  SIP is greater than that o f  

PIB , a change o f  v isc o s ity  o f  b lended  o il is depended on SIP.
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4.3 Selection o f V I improver system fo r fu lly  engine oil formulation

B ased  on  the results o f  V I im prover system s in section  4 .2 , the fo llo w in g  ratios  

o f  each  sy stem  w ere se lected  to produce S A E  2 0 w 5 0  m ulti-grade en g in e  o il.

T able 4 .2  S elected  VI im prover system .

VI improver system Ratio Cause

OCP -SIP 1 :1 Maximum VI improvement

Minimun CCS

OCP -PMA 2:1 Minimum CCS

Minimum cost

OCP -PIB 2:1 Maximum VI improvement

Maximum Thickening effect

Minimum CCS

SIP -PMA 1 :2 Maximum VI improvement

Maximum Thickening effect

SIP -PIB 1 :1 Maximum VI improvement

Minimum CCS

PMA -PIB 1 :2 Minimum cost

4.4 The suitability o f V I improver system fo r production o f SAE 20W50 
multi-grade engine oil regarding cost o f production and lubricant efficiencies.

T able A 4  sh ow s the results w hen  attem pted to form ulate A PI SJ/CF  

S A E  2 0 W 5 0  m ulti-grade en g in e o il based on  the sp ecification  o f  SAEJ 3 0 0 . The 

properties o f  en g in e  o ils  conta in ing  sin g le  V I im prover and dual w as com pared. T able
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A 4  sh ow s the co st o f  production and quantities o f  raw m aterial u sed , calcu lated  based  

on  the cost o f  raw m aterials supp lied  b y  d om estic  suppliers.
From  T able A 4 , PIB alone is not recom m ended to b e  used  to produce  

S A E  2 0 W 5 0  m ulti-grade en g in e  o il. The sp ecification  o f  SA E  2 0 W 5 0  sp ec ified  CCS  

m axim u m  o f  9 5 0 0  cP. w h ile  the attem pt to form ulate the en g in e o il using  PIB  alone  

y ie ld ed  b est C C S o f  10569  cP. Several adjustm ents w ere m ade but fa iled  to ach ieve  

the required sp ecification .
For all sy stem s, shear stability  and v isco s ity  at h igh  tem perature and 

h ig h  shear rate experim ent w ere conducted  on  dual VI im prover system  to ensure that 
all sy stem s w ere on  sp ecification . The results are sh ow n  in table A 5 . A ll system s  

w ere on  sp ecifica tion  for the experim ents.
D isregarding the cost, SIP at 15 พ 0/อ content w as found to be the b est 

V I im prover for producing the m ulti-grade en gin e o il. SIP at 15 พ % y ie ld ed  optim um  

v isc o s ity  at lo w  tem perature (C C S) and VI and reasonable v isc o s ity  at 1 0 0 ° c  w ere  

fou n d  to b e in com parison  w ith  other VI im provers.
Out o f  the 6  se lected  VI im prover system s, four VI im prover system s  

capable for producing SA E  2 0 W 5 0  m ulti-grade engine o il. T h ese are; O C P -SIP  (1:1 

ratio), O C P -P M A  (2:1 ratio), O C P-PIB  (2:1 ratio) and S IP -P M A (1:2 ratio). SIP-PIB  

(1 :1 ) and P M A -P IB  (1 :2 ) w ere found to be o f f  sp ecifica tion  w ith  ex ceed ed  a C C S  

valu e. Several adjustm ents w ere attem pted but fa iled  to ach ieve the required  

sp ecifica tion .
The v isco s ity  o f  the four on  sp ecification  system s are sim ilar w h ile  

different in their Perm anent v isc o s ity  lo ss  (PV L ). O C P-PM A  and SIP -P M A  system s  

have h igher PV L  than O C P-SIP  and O C P-PIB  system s.
T aking cost into consideration, O C P-PIB  system  g iv es  a h igh est  

potentia l to be used  in industry as it has a reasonable property and lo w  cost.


	CHAPTER 4 RESULTS AND DISCUSSION
	4.1 Studies of single viscosity index improver
	4.2 Studies of dual viscosity index improver systems
	4.3 Selection of VI improver system for fully engine oil formulation
	4.4 The suitability of VI improver system for production of SAE 20W50 multi-grade engine oil regarding cost of production and lubricant efficiencies.


