
CHAPTER 2
THEORETICAL CONSIDERATION

E n gin e o il is u sed  prim arily to reduce frictions and to prevent w ears b etw een  

en g in e  com p on en ts b y  form ing th in ly  o il film  betw een  en g in e  surfaces. T he m ost  

im portant property o f  en g in e o il is the v isco sity . The v isc o s ity  d irectly  in flu en ces the  

th ick n ess o f  the film  in  en gin e. The en gin e o il m ust have the right v isc o s ity  in order to  

produce the appropriate film  layers. I f  the v isco s ity  in en g in e  o il is lo w , the film  

produced w ill  be too thin  thus, unable to prevent any w ears that m ight occur. O n the  

other hand, i f  the v isc o s ity  is  too  h igh , the v isco u s en gin e o il w ill produce th ick  film  

layers, and therefore, add an additional exertion to the engine.
The v isco s ity  o f  en gin e o il depends on  several factors, such  as tem perature and  

shear rate.

2.1 Influence of temperature on viscosity (V-T behavior) [1]

E n gin e o il v isco s ity  reduces w hen  temperature decreases. T he relationship  is  

in a h yp erb olic  form . The fo llo w in g  equation describes this relationship:
m -  lo g lo g (D  +  C ) =  Kโ - m . lo g T  (1 )

w here
V  is  v isco s ity  o f  liquid, c ,  K  are the constant values, T  are the tem perature 

and m  are the slop e o f  V  versus T  curve  

Note c  for m ineral o il is approxim ately 0 .6 -0 .9 .
From  E q .l ,  c  has on ly  a m inor e ffect on v isco sity , h ow ever, the e ffec t is greater i f  the 

tem perature gets too  low .
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“ทr  can be u sed  to analyze the relationship o f  the v isc o s ity  and o il 
tem perature. From  the graph o f  m  versus T, and from  the graph, the lo w er  m  is , the 

m inim al the a ffect o f  T  on  v isco sity . S lop e (m ) is know n to have a va lu e b etw een  1.1 

to 4 .5  and can b e calcu lated  b y  using  the fo llo w in g  equation:

m  _  lo g  logeai + 0 .8 ) - l o g l o g ( o 2 + 0 .8 )  
l o g ^ - l o g T ,

2.2 The Effect of shear rate on viscosity [1]

V isc o s ity  in N ew ton ian  flu id  is constant even  w hen  shear force ap p lies. This 

m ean s, app ly in g  shear force in an environm ent w here tem perature and pressure are 

constant d oes not in flu en ce the flu id ’s v isco sity . Pure m ineral b ase o il is  a N ew ton ian  

flu id  at norm al room  temperature. Lubricant w ith  polym er and th ickener added and 

m ineral base o il at very lo w  temperature are on  the other hands n on -N ew ton ian , thus, 
its v isc o s ity  is in fluenced  b y  shear force. Shear force dependent is an undesirable  

b eh avior in  lubricant. P olym er (V I im prover) in m ulti-grade lubricant is k n ow n  to be  

on e o f  the cau ses o f  its shear force dependent.
B riefly , m ulti-grade engine o i l ’s v isco sity  decreases w h en  shearing occu rs and 

increases back  w hen  the shearing stops (structural-viscosity effect). H ow ever, i f  the  

applied  load ex ceed ed  the p o lym er’s shear stability  point, the p olym er chains w ill  b e  

broken and thus causing  a perm anent v isco sity  lo ss  in the en gin e o il. Shear stab ility  

property in en g in e o il is therefore, crucial in lubricant production.
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2.3 Physical description of viscosity index [1,2,3]

E n gin e o il v isc o s ity  can b e forecasted  u sin g  v isco s ity  index. V isc o s ity  in d ex  is  

an em pirical num ber that indicates the degree o f  change in  v isc o s ity  o f  an o il w ith in  a 

g iv en  tem perature range. The accepted tem peratures for ca lcu la tin g  V I are at 4 0 ° c  

and 1 0 0 ° c  u sin g  the A S T M  D  2 2 7 0  equation as the fo llow in g:

VI  =  [ ( L - U ) / ( L  -  /7 ) ]x  100 (3)

w here
L  is  the k inem atic v isc o s ity  @  4 0 ° c  o f  the zero V I standard, H  is the  

kinem atic v isc o s ity  @  4 0 ° c  o f  the 100 VI standard, and บ  is  the k inem atic v isc o s ity  

@  4 0 ° c  o f  test sam ple.
The result o f  the calcu lation  can be interpreted as; the h igher V I, the m ore  

tem perature to lerance for the en gin e o il. In the other w ords, w h en  there is a 

tem perature ch an ge, the v isco s ity  o f  a h igh  VI engine o il rem ains con stan t or has 

m inim al ch an ges com paring to lubricants w ith  low er VI. N orm ally , lubricant in  

d om estic  m arket is  kn ow n  to have the VI va lue in  a range o f  80  to 120.
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Figure 2.1 G raphical illustration o f  V I  

2.4 V I Improvement mechanism [1]

P olym er as v isc o s ity  in d ex  im prover helps in  w id en  the usable tem perature 

range in  m ulti-grade en g in e  o il. T he v isco s ity  o f  po lym er added m ineral o il at 4 0 ° c  

is  in  general, not s ign ifican tly  different from  sin g le  grade en g in e o il becau se, at this 

tem perature, the p o lym er shape is com pact and p lays m inim al ro les w hen d isso lv e  in  

m ineral b ase o il, h ow ever , the situation is different at 1 0 0 °c . A t 1 0 0 °c , p o lym er  in  

m ulti-grade en g in e o il functions b y  stretching its original curly shape thus cau sin g  

additional contact surface area w ith  m ineral base o il. C onsequently , the surface area 

interrupted the norm al f lo w  o f  b ase  o il and hen ce, increases the v isc o s ity  o f  the 

lubricant.

Low Temperature

Figure 2 .2  P olym er shape in lubricant
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VI improver concentration, %wt.

Figure 4 .4 c  V I im provem ent o f  m ineral b ase o il contain ing O CP, P IB  and 

O C P -P IB  system s

Figure 4 .4 c  sh o w s VI im provem ent o f  the dual O C P-PIB  v isc o s ity  

in d ex  im provers in b len d ed  b ase o il. The v isco sity  in d exes o f  the b len d ed  o il  
con ta in in g  O C P increase w hen  its ratios in b lended  oil increase. PIB represented w ith  

a square lin e  stays parallel w ith  the concentration axis. This m ean s PIB d oes not 

im prove the v isc o s ity  in d ex  o f  the b lended o il.
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The ab ility  o f  p o lym er to increase v isco s ity  in en g in e o il (a lso  k n ow n  as the 

th ick en in g  effec t) depends on  its m olecu lar w eigh t and concentration  (n eg lectin g  the  

ch em ica l branching o f  the p olym er). In the dom estic  industry, V IIs w ith  m olecu lar  

w eig h t b etw een  1 0000  to 2 5 0 0 0 0  g .m o l1 are used  at the concentration  o f  

approxim ately  3 to 25 % wt.
O ne undesired b eh avior o f  po lym er w ith  go o d  th icken ing  e ffec t in  en g in e  o il is  

its poor shear stab ility  index. P olym er containing base o il is  a n on -N ew ton ian  flu id  

and therefore subject to shear force. The polym er chain can b e  broken and shorten, 
cau sin g  perm anent v isc o s ity  lo ss  in the o il. A s a rule, the lon ger the p o lym er chains, 
the m ore ch an ce o f  perm anent v isco s ity  lo ss  in engine o il. M ulti-grade en g in e  o il 
potentia l lo s s  due to shear stress can be m easured u sin g  Perm anent Shear S tab ility  

Index (P SSI, F ig. 2 .3 ).
B esid es  perm anent v isc o s ity  lo ss , there is a tem porary v isc o s ity  lo ss , w h ich  

occurs w h en  there is a short relaxation o f  polym er chain causing  tem porarily abnorm al 
align m en t o f  chain  [1]. The tem porary lo ss  o f  v isco sity  is m easured using  tem porary  

shear stab ility  in d ex  (T SSI). The th ickening effect and shear stab ility  o f  en g in e  o il are 

illustrated in F igure 2 .4 .

1. D egradation  o f  polym ers: M echanical stress 
O xidative bond cleavage

พ V v  —

2. Shear lo ss  ( perm anent ) [KV before shearing] -  [K V  after shearing]
[K V  before shearing]

3. Shear stability  in d ex  ( SSI ) [KV before shearing] -  [K V after shearing]
[K V  before shearing] - [K V  o f  the base o il]

F igure 2.3 C alcu lation  o f  degradation, shear lo ss  and SSI
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Figure 2 .4  R elationship  o f  lubricating o il properties

2.5 Thermal-oxidative stability [4]

S in ce  v isc o s ity  index im prover is used  at h igh  tem perature, there are h igh  

p o ss ib ilit ie s  that hydrocarbon p olym er w ill b e ox id ized  cause p o lym er  chains to  break  

apart. T he ch em ica l reaction occurs random ly, and lead ing  to the breaking o f  the 

p o lym er chain  at d ifferent location  w ith in  the chains [4]. I f  the breaking happens at 
the tip o f  the chains, the broken tips w ill be left in sm all b its and p iece s  (can b e seen  as 

residual in lubricant) and w ill cau se dam ages to the engine.
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2.6 Types of VI Improvers

Table 2.1 shows lists o f the chemical structures o f viscosity index improver.

Table 2.1 Chemical structure o f VI improver used in the experiment [1]

VI improver Types Repeating unit

Olefin copolymer

- + “ r “ ^ CHr “ V
X

Poly(meth)acrylate r  CH ๆ 
1 3

■CH - c
2 1

c=0
1
Ô

_ ร่, H2ท- _ X

Hydrogenated styrene-isoprene 
copolymer -(■CH -CH--- C-CH-)4ch— c—4 -

r 2 ' “ • 0 1 X

Polyisobutylene

X
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2 .6 .1 .1 C h em istry

OCP is ethylene propylene copolymer (EP Copolymer) derives 
from polymerization o f ethylene and propylene with the ethylene content 40-60 %wt 
(or 50-70 %mol). It should be noticed that OCP contains less ethylene content than 
other ethylene propylene copolymer in non-lubricant application. The ethylene- 
propylene ratio in OCP affects its thickening efficiency. OCP with high ethylene 
content has a good thickening effect, but at the same time, possesses undesired 
properties such polymer crystallinity and insolubility at low temperature. In addition, 
at low temperature, the exceeded ethylene interacts with wax in mineral base oil, 
resulting in an increase in the viscosity o f the engine oil.

The polymerization technique o f ethylene and propylene plays 
an important role in determining the property o f OCP. Traditional fusing monomers 
technique knows as “random distribution” is replacing by a better technique “tapered 
composition”. OCP produces by tapered composition technique is superior in terms of  
its thickening effect and low temperature properties. Typically, OCP produced in 
domestic industry has molecular weight between 50,000 to 200,000. [4]

2 . 6 . 1 . 2  A d v a n t a g e s  a n d  D i s a d v a n t a g e s

Advantages: good thickening effect
Disadvantages: poor low temperature properties (for OCP with

2.6.1 Olefin copolymer (OCP)

low molecular weight)



11

2 .6 .1 3  A p p lic a tio n

Uses in diesel and gasoline engine oil.

2.6.2 Hydrogenated styrene-diene copolymer

2 . 6 . 2 . 1  C h e m i s t r y

The diene part o f this polymer can be either butadiene or 
isoprene. The structure o f the copolymer is in random, block or star-shape. 
Hydrogenated styrene-diene copolymer have the following characteristics:

- Random shaped copolymer is styrene and butadiene copolymer in 
which composes o f 50-60%wt styrene and 40-50%wt butadiene. The styrene when 
polymerize with 1,2-butadiene will yield VI improver with optimum thickening effect. 
The result o f the polymerization is further synthesized known as “hydrogenation” by 
promotion conversion at butadiene. The molecular weight o f random polymer is 
approximately 75000 to 200000 and the molecular distribution ( M w / M n ) is less than
1.5. [4]

- Block shaped copolymer of styrene and isoprene is either in diblock 
(A-B) or triblock (A-B-A), where A and B are polyisoprene and polystyrene 
respectively. The hydrogenation occurs only at polyisoprene molecules. The 
thickening effect o f block copolymer yields from the insolubility o f polystyrene in 
mineral base oil, thus acts as a thickener. The molecular weight o f polystyrene should 
not be too heigh (30000 to 50000) while the isoprene block molecular weight is 
around 50000 to 70000. [4]

- Star shaped copolymer composes o f two parts: the arms and the core. 
The arms are hydrogenated isoprene and the core is divinylbenzene. The quantity o f
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divinylbenzene depends on the molecular weight o f the polymer but in general, less 
than 1% o f the molecular weight o f the polymer. Polymer molecular weight is around 
300000 to 700000. [4]

2.6 . 2 . 2  A d v a n t a g e s  a n d  D i s a d v a n t a g e s

properties.
Advantages: good shear stability index and low temperature

Disadvantages: does not optimize VI by much

2.6.3 Polymethacrylate

2 . 6 . 3 . 1  C h e m i s t r y

Polymethacrylate VI improver is a copolymer of three 
methacrylic acid esters: short, intermediate and long-chain alkyl methacrylate. The 
short-chain alkyl methacrylate is methyl or butyl (either «-butyl or isobutyl). The 
intermediate-chain alkyl methacrylate is either 2-ethylhexyl alcohol, isodecyl alcohol 
or any alcohol mixture with c  between 8-10, 12-14 or 12-15 atoms. The carbon atom 
o f average ratio o f each o f the three monomers is however always at 9 atoms [4], as 
this will set a standard viscosity for polymetacrylate regardless the type o f monomer 
used in the production.

2 .6 . 3 . 2  A d v a n t a g e s  a n d  D i s a d v a n t a g e s

Advantages: good thickening effect 
Disadvantages: poor shear stability
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2 . 6 . 4 . 1  C h e m i s t r y

PIB is a highly saturated hydrocarbon polymer (isobutylene), 
composed o f long straight chain molecules containing only chain-end unsaturated 
bond (isobutylene). The molecular structure leads to chemical inertness and resistance 
to chemical and oxidation attack but can be dissolved in hydrocarbon solvents. 
Polyisobutylene is classified into three groups according to molecular weight: low, 
medium and high molecular weight. In petrol-chemical industry, only low molecular 
weight PIB is used as VI improver. The appearance o f low molecular PIB is clear, 
odorless, tasteless, and non-toxic.

2 . 6 . 4 . 2  A d v a n t a g e s  a n d  D i s a d v a n t a g e s

Advantages: good shear stability, cheap.
Disadvantages: poor thickening effect, does not improve 

VI by much, poor low temperature properties.

2.7 Literature Survey

Messina [5] studied the differences o f each viscosity index improver by 
comparing its properties in applications. Polymethacrylate and olefin copolymer, each 
was added to API grade SE SAE 10W50 lubricant. It was found that polymethacrylate 
yielded a better result at both high and low temperatures. This was believed to cause 
by the dominating shear loss over the permanent shear loss.

In 2001, Gao and Jason [6] used polymethacrylate, olefin copolymer and 
hydrogenated diene copolymer to mix with SAE 0w40 lubricant. The experiment was

2.6.4 Polyisobutylene (PIB)
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conducted by using each polymer as a single viscosity index improver and using two 
mixtures o f polymers (polymer system) together. Results showed that, 
polymethacrylate 954C alone produced a superior shear stability values, in comparison 
with the others VI improvers. Further results showed that all polymers used in this 
experiment either single or mixture qualified for the industry required standards 
though polymethacrylate had a better result comparing to olefin copolymer.

Rhodes and Barnett [7] conducted the experiment using star polymer with 
hydrogenated polyisoprene external arms and hydrogenated polybutadiene internal 
arms VI improver, mixed with SAE 10W40 lubricant. The star polymer VI improver 
provided excellent VI improver characteristics at low temperature.

Kapuscinski [8] and co-worker conducted an experiment using olefin 
copolymer ethylene-propylene, ethylene-propylene-third monomer polymer and ethyl 
vinyl acetate copolymer combined together with polymethacrylate to formulate engine
oil. Results showed a significant improvement on the lubricant’s VI and distribution 
and also minimize the cost o f the multi-grade lubricant production.
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