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PREPARATIVE LIQUID CHROMATOGRAPHIC 
METHOD FOR THE CHARACTERIZATION OF 

MINOR CONSTITUENTS OF LUBRICATING 
BASE 0 I LS 

P. Pei and S. M. Hsu 
National Bureau of Standards 

Gaithersburg, Marybnd 

A b s t r a c t  

I n  an e f f o r t  t o  i s o l a t e ,  i d e n t i f y ,  and measure t h e  p r o p e r t i e s  

of  the a c t i v e  i n g r e d i e n t s  i n  d. l u b r i c a t i n g  b a s e  o i l ,  a h i g h  

performance l i q u i d  chromdcogrhphy (HPLC) s e p a r d t i o n  scheme has  been 

developed.  The p r e p d r d t i v e  mode of yroduct lon  i s  necessary  t o  

y i e l d  s u f f i v i e n t  amounts of minor c o n s t i t u e n t s  for p r o p e r t y  

measurements i n  terms of' f r i c t i o n ,  wear, and o x i d a t i o n  

c h d t 7 a c w r i Y t i c s .  

I n  f r i c t i o n  and wear c o n t r o l ,  t h e  p o l d r i i y  of t h e  molecular  

s p e c i e s  is more impor tan t  t h a n  t n e  f u n c t i o n  groups  i n  t h e  s p e c i e s .  

Therefore  t h e  d e s i g n  of t h e  s e p a r a t i o n  scheme is based on t h e  

r e l a t i v e  p o l a r i t y  of v a r i o u s  f u n c t i o n d l  groupings .  B ~ c a u s e  t h e  

e f f o r t  is d i r e c t e d  tOWdrdS i d e n t i f y i n g  key components r a t h e r  t h a n  

a m l y s i s  of t h e  major  composi t ions ,  mass recovery  requi rement  is 

c r i t i c a l .  

CONTRIBUTION OF TnE NATIONAL BUREAU OF STANDARDS. NOT SUBJECT TO 
COPYRIGHT. 
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3312 PEI AND HSU 

The separation scheme is divided into two stages. The base 

oil first undergoes a clay-gel Yeparation to yield the saturates, 

aromdtics, and the polar fractions. The polar fraction then is 

separated further using a neutral alumina column and the sequential 

solvent extractions into molecular compound classes of varying 

polarity. This paper describes the separation scheme and the 

detailed chemical chdracterization of the frsctions. 

1 . Introciuct ion 

Lubricants generally consist of bdse o i l s  and additives. Additives 

usually control the initial friction dnd wear chardcteristics of the 

lubricants, while biisL' oils control the breakdown dnd failure mechanism of 

the lubricancs, ds well as additive response. It has been reported that 

different bdse oils iiith th6 same additives may perform significantly 

differently in engine performdnce tests ( 1 ) .  The two different responses 

from the sdme additive indicate possiSly there are base oil-additive 

interdctions. Lubricating base o i l s  are generally composed of straight Chain 

paraffins, cyclic hydrocarbons, aromatics, and a small amount of polar 

hetaroatoms (nitrogen, sulfur, and oxygen). Typically, the composition of d 

base oil nay 70 to 80 % by wt. of saturdted hydrocarbons, 15 to 30 % 

dromdtics, dnd 0.5 to 2 % by wt. of the polar heteroatom species (as defined 

by clay-gel separation method such ds ASTM D2007) ( 2 ) .  For most bdse Oils, 

there are few nitrogen and oxygen containing molecules (100-500 ppm), but 

sulfur containing molecules could be found as high as 1 .2  % or 12,000 ppm and 

distributed among various structures as alkyl sulfides, cyclic sulfur and 

thiophenes. The response of base oils towards friction, wear, and oxidation 

stability dre dependent on both the total concentration of the heteroatoms 

dnd the distribution of the heteroatom in various molecular forms ( 3 ) .  

Thurofore, if these heteroatoms were isolated and identified, the causes ot' 
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CONSTITUENTS OF LUBRICATING BASE OILS 3313 

d i f f e r e n t  lUbriCdnt responses  mdy be understood.  One w d y  t o  dchieve  t h i s  is 

to  develop a s e p a r a t i o n  method t o  i s o l d r e  t h e s e  minor s p e c i e s  i n  s u f f i c i e n t  

m o u n t  f o r  d i r e c t  performdnce dssessment i n  OXlddtiOn, WedP, and a d d i t i v e  

response medsurements using d i f f e r e n t i d l  scdnning ca lor imet ry  and t h i n  f i l m  

oxygen uptdke tests (4-6). 

A v a r i e t y  of s e p a r a t i o n  schemes were r e p o r t e d  i n  t h e  l i t e r a t u r e  with t h e  

purpose of s tudying  compound t y p e s  i n  h igh-boi l ing  petroleum d i s t i l l d t e s .  I n  

1968 Snyder and Duel ( 7 )  developed a s e p a r a t i o n  scheme f o r  s e p a r a t i n g  

n i t r o g e n  and oxyaen compounds i n  peLroleum. The  column adsorbents  used i n  

t h e  s e p a r a t i o n  were alumina,  c a t i o n  exchange r e s i n ,  s i l i c a  g e l ,  dria charcoa l .  

Altog6ther  more thdrl 20 s u b f r d c t i o n s  were c o l l e c t e d .  This  Yepdration scheme, 

however, w8.b r e l d t i v e l y  time-consuming. I n  1972 Hirsch ,  a t  a l . ,  ( 8 )  used a 

dual-gacked col~rnri (silica ee l /a lumina  g6l) dnd d g r a d i e n t  e l u t i o n  scheme to 

s e p a r a t e  nigh b o i l i n g  d i s t i l l a t e s  i n t o  compound types  such as S a t u r a t e s ,  

monodromdtic, diarOlrIdLrc d d  polydrornatic p o l a r  compounds. However, t n e  

poldr  cornpounds were not  s e p a r a t e d  f u r t h e r  i n t o  compound types  f o r  

c h a r d c t e r i z a t i o n .  I n  1912, Jewel l .  e t  al., ( 9 )  developed a s e p a r a t i o n  schema 

LO i s o l b t e  ac id .  base ,  n e u t r a l  n i t r o g e n ,  s a t u r a t e ,  and aromat ic  f r a c t i o n s  

from heavy-and petroleum d i s t i l l a t e  wi th  d variety of column chromatography 

methods, inc luding  ion-exchange, coord indt ion  and a d s o r p t i o n  ChrOmatOgrdphy. 

Holm (13)  l a t e r  dLt r ibu ted  t o  t h i s  method c e r t a i n  d r t i f a c t s  and moleculdr 

rearrangements  of mdteridls. I n  1981, L a t G r ,  et  d., ( 1 0 )  repor ted  t h e  use  

of  n e u t r a l  alumina and s i l i c i c  a c i d  t o  s e p a r a t e  organic  compounds i n  

s y n t h e t i c  f u e l  i n t o  chemical  compound c l a s s e s .  C a p i l l a r y  column g a s  

chromatography was used t o  achieve  h i g h  r e s o l u t i o n  s e p a r a t i o n  d t  t h e  f i n a l  

s t a g e .  The c h a r a c t e r i z a t i o n  was done on t h e  b a s i s  of t h e  r e t e n t i o n  t ime of  

known s tandards  and by gas chromatography/mass spectrometer  ana lyses .  T h i s  

method is mdinly designed f o r  a n a l y t i c d l  c h a r a c t e r i z a t i o n .  
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3314 PEI AND mu 

Previous separation methods (7-10) were designed mainly for analytical 

characterizdtion. As a result, only mdjor components in milligram quantities 

were isoldted. The s?pdration schemes were usually Complex dnd 

time-consuming. In this study the effort was directed at developing a 

separation method which would isolate multi-gram quantities of minor 

components with good resolucion and inass recovery. 

Tne objective of the separation is to isoldte those molecules that 

lnterdct with the ddditives. Previous studies (3,11,12) have suggested that 

polar molt3cule.s witn nitrogen, sulfur, or oxygen functional groups are 

importint. Since polarity of the molecules plays a crucial role in polar 

species aggregationlinteractim in hyarocarbon solvents ( 3 ) ,  the separation 

is designed to achieve isolation of species bdsed on polarity rather than 

purely furictional group separation. 

Severdl liquid chromatographio column methods were examined: an 

activdted alumina column, clay-silica gel combination columns, an ion 

exchange column, and preparative High Performdnce Liquid Chromdtography 

(HPLC) using various combination of columns. 

Detailed discussion of' the advantages and disadvantages of each of the 

sepdration techniques wds presented elsewhere (11.12). The difficulty of 

using liquid chromdtography for  niulci-gram Sdmplc separation is the long 

period of time (3-4 weeks) required to separate one oil into its compound 

classes. During this period, undesirable OXiddtiOn of the base Oil 

constituents may occur. Therefore, a rapid high pressure liquid 

chromatographic method is required. The ion-exchange chromatographic method 

reported by Jewell, et al., ( 9 )  has also been evaluated. Holme's finding 

that some artifacts and molecular rearrangements of materidls separated by 

this method may occur WdS confirmed (13). The method was not studied 

further . 
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CONSTITUENTS OF LUBRICATING BASE OILS 3315 

The separation scheme finally selected u s e s  a high performdnce 

prepdrdtive liquid chromatographic apparatus arid consists of three stages: 

( 1 )  a clay column to separate the oil into polar and saturate/aromatic 

frdctions, ( 2 )  a silica-gellactivated alumina combination column to sepdrate 

the saturdte/aromatic fraction into its respective fractions, drid (3) a 

neUtrd1 alumina column to sepdrate the polar frdctions further into four 

major subfractions designated as P-2 ,  P-3,  P-5,  and P-6. The first two 

stages d y e  tne separdtion of the base oil into major constituents by 

functional groups a d  t h e  last stage I S  the separation of the polar 

heLerOdtom poldrs into components of varying polarities. The detailed 

experimental procedure for the first two stages, the separation of the base 

oil into major constituents by functional groups, has been reported earlier 

( 1 2 ) .  

2.  Experimental 

All solvents used in this study were glass distilled solvents. The 

clay adsorbent, attapulgus Clay, conforms to ASTM D2007 c lay  specifications. 

The silica gel used was Ddvidson's Silica gel 621 ( 6 0 / 2 0 0  mesh). Two types 

of alumina were used. For the separrition of the saturates/aromdtics into 

individual slturdtds dnd drornatics, basic alumina was used. For the 

separation of the polars into compound classes, neutrdl alumina adsorbents 

was used. The basic alumins adsorbent was chromatogrdphic grade obtained 

from Fisher Scientific Corp. with a mesh size of 100 to 200 mesh. The 

neutral alumina adsorbent was Woelm's Alumina, with Activity 1 for Column 

chromatography. The preparative High Performdnce Liquid Chromatogrdphy Unit 

used was Waters Associates Model # Prep LC/System 500A. The columns were 

packed in our  laboratory using the "tap and fill" method described previously 

( 1 1 ) .  
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3316 PEI AND HSU 

The following instrumentation and methods were used to characterize 

the fractions. A Perkin-Elmer IR spectrograph (Model 2 8 3 8 )  with data station 

was used to obtain IR spectrograms. For Gel Permeation Chromatogrdphy (CPC), 

a modular GPC unit was used. 

111); a Waters Differential Refractometer (Model R401); and a Rheodyne 

Injection Valve (Model 7125) with a 2 ml Sdimplz loop. A series of five 

ultramicro Styragel columns (30 cm x 4.5 mm) from Waters Associates was used 

to provide the separation. The columns were pldced in the following series: 

two columns of 60 i pore size, one each of lo3, l o 4 ,  and l o 5  'A. pore size. 
HPLC grade of tetrahydrofuran was used throughout tne GPC experiments. . The 

samples ware dissolved i n  tetrdhydrofuran before the injection. 

It consists of an LDC Constametric Pump (Modal 

An 

2.2 Lubricating Base O i l  Samples 

Three conventional base oils were used for this study. They are of 

different viscosities and represent typical base 0i.k used in the production 

of engine lubricants. Table 1 lists the physical properties of these oi l s .  

The 150N and 600N bdse oils were obtained dS different distillates from the 

same source of crude o i l .  The 3UON base oil came from a second source of 

crude oil. 

2.3 Chromatogrdphic Procedure 

The separdtion scheme developed is shown in Figure 1. The process 

is divided into three steps: ( 1 )  the polar fraction is Separdted from the 

base o i l  on an attapulgus clay column, which separates the base oil into d 

poldr frdction and a saturate/aromatic hydrocarbon fraction; (2) the 

saturdte/aromatic hydrocarbon fraction is then separdted into pure saturdte 

and aromatic hydrocdrbon fractions on a dual packed alumina/silica gel 

column; and (3) the polar frdction is further separated on d neutral dlumina 
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CONSTITUENTS OF LUBRICATING BASE OILS 3317 

-. Saturates 

*Arornallcs 

P-2 (Polynuclear Arornalics) 
P-3 (Basic Compounds) 
P-5 (Esters, Phenols) 
P-6 (Acids) 

Figure 1 .  Separation Scheme of the Base Oil into Fractions and Compound 
Classes 

Table 1 

Chemical and Physical Properties of the Base Oils 

Kinematic Viscosity 40°C 
Kinematic Viscosity 100°C 
Refractive Index (nD20) 
Density (gm/cm-3) 
Pour Point ('C) 
Flash Point ( " C )  
S u l f u r  (wt. %) 
TAN (rng KOH/g) 
TBN (mg KOH/g) 
Moisture (pprn) 
Chlorine (pprn) 
Bromine (pprnj 
Sulfated Ash (wt. % I  
Carbon Residue 
Total Nitrogen (ppm) 
3oiling Point, [ C  IBP 

52 off 
10% off 
50% off 
90% off 

Hydrocarbon Types 

SdLUrdLeY, Wt. % 
Arorndtics, wt. % 

Polars, ut. 3 

150N 
Mld-Easc 

30.25 
5.23 
1.4819 
0.86990 

-1 5 
235 

0.49 
0 

95 
0.16 
0 
0 

42 
28 6 

349 
37 5 
451 
490 

---- 

0.03 

67.0 
32.5 
0.5 

3 0 0 ~  
Mid-East 

53.16 
7.48 
1.4014 
0.87151 

- 7  
241 

0.36 
0 

139 
2.9 
0 
0 

58 
343 

410 
456 
'177 
532 

---- 

0.03 

78.0 
21.4 

0.6 

600N 
Mid-East 

107.65 
11 -53 

1.4904 
0.80749 

-1 0 
244 

0.67 
0.022 
0.343 

2.9 
0.02 
0 
0.16 

114 
31 3 

405 
434 
490 
552 

65 

63.0 
35-3  

1.7 
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3318 PEI AND HSU 

d d S o r b W t  column t o  o b t a i n  f o u r  s u b f r a c t i o n s  c o n t a i n i n g  mainly f o o r  d i f f a r e n r .  

compound classes sucn 4s ( 1 )  p o i y n u c i i d r  aromatic compounds, (2) n i t r o g e n  

c o n t a i n i n g  compuunds, ( 3 )  esters and pheno l  t y p e  o f  compounds, arid ( 4 )  

c d r b o x y l i c  a c i d  t y p e  of compounds. 

2.3.1 P o l a r  FrdCtlOfl S e p a r d t i o n  from t h e  Yasi O i l  

The Pdcked ClLiy C O l U I n n  W d S  PldCed i n  d SLd ln leSS  S t e e l  

ch romatogrdph ia  chdmber,  dnd t h e  chdmber Was p raSSur i ze< l  to  3.0 MPa (435 

p s i ) .  A f t e r  f l u s h i n g  t h e  column w i t h  1 l i L e r  of n -pen tdne ,  t h e  sample 

s o l o t i o n  (50:50 o i l  an2  pent ; ine)  wds pumped o n t o  t h e  column dt t h e  rdte o f  50 

mL/min .  A f t e r  t h e  sdmple had been p l a c e d  o n t o  t h e  column, f o u r  l i ters  of 

n -pen tane  were useu tc; sweep t h e  c L . ~ y  column a t  t h e  same f l o w  r d t e ,  The 

f rucL iOn  e l u t a d  by ' ihe n -pen tane  GJciS d e j i g n d t e d  t h e  Sd tUrd te /d romat iC  

f r a c t i o n .  Orm l i i e r  of dcetont?/toLuene ( 1  LO 1 by volume) was t h e n  uses t o  

e lute  t h e  pol .ar  f r a c t i o n .  Born f r d c t r o t i s  were e v a p o r a t e d  t o  d r y n e s s  u s i n g  a 

r o t a r y  evdpdrd tx - .  When t h e  f rdct ions d r y n e s s ,  e v a p o r d t i o n  was 

comple t ed  under  a n i t r o g e n  a t n o s p h e r e .  The f r a c t i o n s  were t h e n  d r i e d  t o  a 

c o n s t a n t  w e i g a t  anc! t h e i r  w e i g h t s  r e c o r d e d .  To  d e t e r m i n e  mass b a l a n c u ,  t h e  

sample  d L  t h e  d e t e c t o r  o u t l e t  of i h e  i n s t r u m e n t  w a s  also c o l l e c t e d  and  

weighed. 

9.3.2 S e p a r a t i o n  of t h e  S d t u r d t e / A r o m a t i c  F r d c t i o n  

A f t e r  f l u s h i n g  t h e  p r e p a r a t i v e  u n i t  w i t h  one  l i t e r  o f  

n - a e n t a n e ,  d f r e s h l y  pdcked column c o n t a i n i n g  dlumina and s i l i c d  g e l  was 

o r i e n k d  i n  t h e  chamber so t h e  e l u e n t  f i r s t  p u s s e d  t h r o u g h  t h e  a lumina,  t h e n  

t h r o u g h  t h e  s i l i c a  g e l .  Approximdtely 75 g of t h e  s a t u r a t e / a r o m a t i c  f r d c t i o n  

o b t a i n e d  from t h e  f i r s t  s e p a r a t i o n  was d i s s o l v e d  i n  500 mL of n-pentdne.  T h i s  

s o l u t i o n  was pumped o n t o  t h e  column. An a d d i t i t i n d l  1000 mL o f  n-pentdrie was 
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CONSTITUENTS OF LUBRICATING BASE OILS 3319 

pumped th rough  t h e  column t o  e l u t e  t h e  f r d c t i o n s .  Tne f i r s t  500 mL o f  e l u e n t  

c o l l e c t e d  w d b  d e s i g n d t e d  t h e  s a t u r d t e  f r n c t i o r l .  A f t e r  t h e  elution w i t h  

n -pen tane ,  one l i t e r  of ma thy lene  c h l o r i d e  i n  t o l u e n e  (50  % ) ,  f o l l o w e d  by one 

l i c e r  of 10 5 ethdnOt I n  t e t r a h y a r o f u r d n ,  were a l u t s d  th rough  Lhe colurnn. Tht- 

f r d c t i o n s  were dgairi e v d o o r d t e d  t o  d ry l i e s s  on d Rotavap under  n i t r o g e n  

d tmosphere .  The f i n a l  two e l u t i o n  volumes wtre combined f o r  t h e  ayorndt ic  

f r d c t i o n  ds shown i n  F i g u r e  1 .  

2.3.3 S e p a r a t i o n  of t h e  Poldr F r d c t i o n  on N e u t r a l  i i lumlnd Column 

A p r e p a r a t i v e  HPLC method bdsed on t h e  n e u t r a l  alumina 

column method wds dzve loped  t o  s e p d r s t e  t h e  com>onents i n  t h e  p o l a r  f r d c t i o n  

acco rd i r ig  t o  t h e i r  p o l a r i t y .  The A e p d r a t i o n  scheme is shown s c h z m u t i c d l l y  i n  

F i g u r e  1 .  Ttla p r o c e d u r e  is d e s c r l b t d  belosr. 

About '770 grdrfls of ntLItr.31 dlulnifld W d S  u sed  LO pdck d COlUlXn 33 Om 

19ng by 5 cm I.D. The pdckea  column WAS p l a c e d  i n  t n e  

c i i foma tograph ic  chdmbar. o f  t h e  p r e p d r d t i v e  HPLC u n i t .  After t h e  

ChdVlbaP hdd been r d d l d l l y  compr=ssed t o  3 . C  MPa ('135 P S l ) ,  100 mL 

of n-hexdne Was pumped Onto t h e  colurnn. Then h sdmple o f  5 g of' 

p o l a r  f ' r dc t io i i  d i s s o l v e d  in 100 m of n-hexane w d s  pumped onto t h e  

column d t  t h e  r a t e  o f  50 mi/min. A f t e r  t h e  sample hds  b e a n  pumped 

Onto  t n e  colurnn, 400 nL o f  n-hcxane Wus pumped t h r o u g h  at, t h e  saine 

r d t e .  One l i t e r  o f  t o l u e n e  f o l l o w e d .  A f t e r  t h e  t o l u e n e ,  t h e  

f o l l o w i n g  s o l v e n t  s y s t e m s  were s e q u e n t i a l l y  pumped o n t o  t h e  colum11 

at t h e  50 mL/min r a t e :  one l i t e r  of 0.75 % e t h d n o l  i n  me thy lene  

c h l o r i d e ;  2 % e t h a n o l  i n  me thy iene  c h l o r i d e ;  10 % e t h a n o l  i n  

t e t r a h y d r o f u r a n ;  and f i n a l l y  two l l t e r s  of mcthdnol .  A t o t a l  of 

Six s u b f r a c t i o n s  were c o l l e c C e d .  The f i r s t  w d s  t h e  600 mL n -h txane  
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3320 PEI AND HSU 

s u b f r h c t i o u ,  d e s i g n d t a d  t h e  P-1 s u b f r a c t i o n .  Tri is  s u b f r a c t i o n  was 

found t o  c o n t a i n  o n l y  d r i  i n s i g r i i f  i c d n t  q u a n t i t y  o f  s d t u r a t e  

coi i i~ounds and  t h e r e f o r e  was n o t  s t u a i e d .  The second  s u b f r a c t i o n ,  

d e s i g n d c e d  P-2, wds t h e  orie Liter o f  t o l u e n e  e l u e n t .  The t h i r d  and 

f o u r t h  were t n e  two ine thy lene  c h l o r i d e  s u b f r a c t i o n s ,  edCh one L i t e r  

c o n t a i n i n g  r e s p e c t i v e l y ,  0.'15 J dnd 2 5 e t h a n o l .  These  two 

Y u b f r d C t l o i l S  were combined t o  p r o a u c l  t h e  P-3  SubfrdCtiOII.  One  

l i t e r  O f  10 % e t h d n o l  i n  L e t r d h y d r o f u r d n  W d Y  c o l l e c t e d  dS t h e  P-5 

s u b f r a c t i o n .  The reindiri ing 1.5 l i t e r s  of me thano l  were c o l l e c t e d  

ds ttie P-6 S U b f r d c t i o n .  A l l  f i v e  s u b f r a c t i o n s  were s e p d r d t e l y  

e v a 9 o r d t e d  t o  d r y n e s s  u s i n g  a ROtdVap. 

%hen t h e  f rdc t  ion apprOdChed d r y n e s s ,  e v a p o r d t  i o n  wds comple t ed  

under  d n i t r o g e n  a tmosphe re .  The f r d c t i o n s  were d r i e d  t o  a 

c o n s t a n t  we igh t  and t h e i r  w e i g h t s  r6:corded.  To d e t e r m i n e  mass 

b a l a n c e ,  t h e  sample  from t h e  d e t e c t o r  wds a lso c o l l e c L e d ,  

eVapOrdted,  dnd weighed.  

Three  b a s e  o i l s  of 150N, 30ON, and G O O N  f rom m i d - e d s t e r n  c r u d e  were 

SepdrdLed u s i n g  t h d  HPLC method d e s c r i b e d  above .  The s e p a r a t e d  

s d t u r a t e d ,  a r o m d t i c ,  p o l d r  dcid p o l &  s u b f r d c t i o n s  were t h e n  

Chdrdc teP iZed .  Chemical  c h d r a c t e r i z a t i o n  o f  t h e s e  f r a c t i o n s  is 

d e s c r i b e d  below. 

3. i i r & l y t i c a l  C h a r a c t e r u a c i o r i  of F r d c t i o n s  

Tha we igh t  p e r c e n t  d a t a  o f  6dCh f r d c t i o n  of t h e  o r i g i n a l  b a s e  o i l  dre 

shown i n  T a b l e  2 .  I L  cdn b t  s e e n  t h d t  t h e  p o l a r  m o l e c u l e s  g e n e r a l l y  

c o n s t i t u t e  l e s s  t hdn  orie p e r c e n t  of t h e  b d s e  o i l s ,  y e t  t h e y  d r e  found t o  

e x e r t  s i g n i f i c d n t  influence- on o x i d a t i o n  s t d b i l i t y  arid f r i c t i o n  perPormdncc 

O f  t h e  b a s e  011s ( 1 5 ) .  
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CONSTITUENTS OF LUBRICATING BASE OILS 

Tdble  2 

Wslght  P e r c e n t d g e  D i s t r i b u t i o n  of T h r e e  P r l n c i D l e  FrdCtlOns 
drld of P o l a r  S u b f r a c t i o n s  

3321 

011 Sample S d t u r a t e s  

1 5 C N  65.3 

300N 74.8 

G O O N  64.5 

32.8 0.32 d.04 0.14 0.09 0.03 

24.5 0 .40  9.06 0.08 0.19 0.02 

34 .5  0.80 0.17 0.45 0.04 9.01 

Edch mdjor  f r a c t i o n  dnd compound c l a s s  was c h d r a c t e r i z e d  c h e m i c d l l y  by 

andlyLiCd1 methods s u c h  ds I R ,  mass SpectrOS:opy, and g e l  p e r m e a t i o n  

ChrOmdtOgraphy. I n  a d d i t i o n  t o  a n a l y t i c a l  c h a r a c t e r i z d t i o n ,  pe r fo rmancc  

e v a l u a L i o n  tests were pe r fo rmed  on t h e s e  f r d c L i o n  dnd compound classes. The 

r e s u l t s  o f  t h e  pa r fo rmdnce  e v a l u a t i o n  tests are b e i n g  p r o c e s s e d  for- l a te r  

p u b l i c h t i o n  ( 1 5 ) .  

3.1 P h y s i c a l  P r o p e r t i e s  C h a r a c t e r i z a t i o n  

The p h y s i c d l  p r o p e r t i e s  o f  t h e  s e p a r d t e d  s a t u r d t e s  dnd d r o m a t i c s  of 

t h e  Lhree  blise o i l s  d r e  shown i n  T a b l e  3. A s  t h e  v i s c o s i t i e s  of t h e  b a s e  

0113 i n c r e d s e  from 150N t o  600N, the a v e r a g e  m o l e c u l d r  w e i g h t s  of t h e  o i l s  

dnd f r a c t i o n s ,  as well a s  t h e  m o l e c u l a r  we igh t  d i s t r i b u t i o n s ,  s h i f t  t o  t h e  

h i g h e r  v d l u e s .  The d v e r a g e  m o l e c u l a r  w e i g h t  of t h e  saturates and aromatics 

d e r i v e d  from t h e  v i s c o s i t y  d a t a  shown i n  T a b l e  3 ref lect  t h i s  t r e n d .  

Fo r  hydrocdrbons ,  t h e  moleculdr s t r u c t u r e s  dre r e f l e c t e d  by t h e  

Chdngt. i n  r e f r d c t i v e  i n d e x  (RI). C e n e r d l l y  f o r  p e t r o l e u m  p r o d u c t s  o f  

e q u i v d l e n t  m o l e c u l a r  w e i g h t ,  t h e  R I  o f  p d r a f f i n s  hdve r e l d t i v e l y  low R I  
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3322 PEI AND HSU 

Table  3 

Phys icd l  P r o p e r t i e s  of t h o  Base O i l s  and t h e  Base 011 FrdCtiOna 

V i s c o s i t y  cSt  
4 0 D C  - 

30.3 
25.1 
60 .0  

5 3 . 2  
46.1 

162.4  

107.7  
7 3 . 4  
95.5 

l O 0 O C  

5.: 
4 . 3 
7.0 

7 .5 
7.0 
1.7 

1.5 
9.7 
1 .o  

V i s c o s i t y  
Index 

103 
116 

58  

102 
109 

34 

9 3  
109 

99  

Avg. 
M O l e C U l d r  Weight 

402 
404 
396 

459 
45 I 
436 

520 
520 
524 

RefrdCtlVt  
Iricex 

1.4530 
.4693 
.5134 

.4816 

.4749 
1.521 4 

1.4507 
1 .4769 
1.5039 

( -  0 . 1 4 )  and t n e  R I  of t n e  a rom?t ius  have r e l a t i v e  h i g h  R I  ( -  1 . 5 )  ( 1 6 ) .  

COmpdred Wlth t h e  base  011.5 dnd t h e  dromdt ics ,  t h e  decredso  i n  H I  of t h e  

s a t u r a t e s  of the  t h r e e  oils i r i d i c a t e s  t h a t  t h e  s a t u r a t e s  are predorn inmt ly  

p d r a f f i r i s .  For t h s  dromdt ics ,  t h e  i n c r e a s e  i n  R i  when compared wi th  t h a t  of 

che base  o i l s  dnd s d t u r a t e s  s u g g e s t s  t h e  i n c r e a s e  i n  t h e  amount of phenyl ic  

r i n g  s t r u c t u r e s  in t h e  dromat ic  f r a c t i o n s .  

Medsurements of v i s c o s i t y  index ( V I )  a r e  a l s o  v e r y  impor tan t ,  

beCdUSe of t h e  r e l a t i o n s h i p  between VI dnd cornpsoition ( 1 6 ) .  The VI compares 

t h e  r a t e  of cnanga of v i s c o s i t y  wi th  tempera ture  of  t h e  sample wi th  t h e  rates 

of change of two t y p e s  of o i l  having t h e  h i g h e s t  and t h e  lowest  V I  a t  t h e  

t ime ( 1 9 2 9 )  when VI s c a l e  was f i r s t  i n t r o d u c e d .  A s t d n d d r d  p d r a f f i n l c  O i l  

W d S  g i v e n  d 'JI O f  100 and d s t a n d a r d  ndphthenic  O i l ,  d V I  O f  0. Equat ions  

Were developed f o r  t h e  r e l d t i o n s h i p s  of k inemdt ic  v i s c o s i t i e s  d t  two 
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CONSTITUENTS OF LUBRICATING BASE OILS 3323 

t empera tures  and t h e  V I  Scdle  f o r  011s wi th  V I  between 0 dnd 100. In 1964,  

ASTM ddopted an e x t e n s i o n  Of t h e  t a b l e s ,  dnd dfl eqUhtiOn f o r  011s with  V I ' S  

g r e d t e r  thdn 100.  Tne i n c r e d s e  i n  V I  of t h e  s a t u r a t e s  when COmpdred t o  the  

base  o i l s  s u g g e s t s  a g a i n  t h a t  t h e  s a t u r a t e s  are  predomindtely p d r d f f i n s .  For 

tne d o m a t i c s ,  t h e  V I  behave d i f f e r e n t l y  for each o i l .  For t h e  150N o i l ,  t h e  

d e c r e a s e  i n  V I  s u g g e s t s  t h e  i n c r e d s e  of p h e n y l i c  r i n g  s t r u c t u r e s  i n  t h e  

dromat ics  ds expec ted .  In t h e  cdse  of t h e  300N a r o m a t i c s ,  t h e  k inemat ic  

v i s c o s i t y  of t h i s  f r d c t i o n  a t  40 " C  is t h e  h i a h e s t  of t h e  t h r e e  base  oils b u t  

t h e  V I  is t h e  lowes t  of all t h r e e  dromat ic  f r d c t i o n s ,  which s u g g e s t s  t h a t  t h e  

a romat ic  compounds i n  t h i s  f r a c t i o n  have much s t r o n g e r  i n t e r m o l e c u l d r  

a t t r d c t i o n  f o r c e s .  T h i s  may be due t o  t h e  presence  of more p o l a r  f u n c t i o n a l  

groups such  dS s u l f u r  groups ,  f o r  t h e  300N dromdtic  hdS t h e  h i g h e s t  S u l f u r  

c o n t e n t  ( 2 . 2 6  w t .  %, Table  4). I n  t h e  600N dromat ics ,  t h e  V I  of t h e  

aroindt ics  is higher  thdn  t h a t  of t h e  base  O i l .  Th is  mdy be due t o  tne 

i n c r a d s e s  i n  s i z e  of t h e  a l i p h a t i c  s i d e  c h a i n s  d t t d c h e d  t o  Lhe dromat ic  o r  

o t h e r  ririg s t r u c t u r s  a s  t h s  molecular weight  i n c r e a s e s .  The I R  spectrum of 

600N dromat ics  ( d i s c u s s e d  i n  t h e  f o l l o w i n g  S e c t i o n  3 .2)  conf i rms  t h i s  

o b s e r v a t i o n .  

t h e  I R  spectrum l o o k s  l i k e  t h e  s d t u r a t e  f r a c t i o n .  This  i n d i c a t e s  t h e r e  are 

many mixed molecular  s t r u c t u r e s  where t h e  dromat ic  r i n g  s t r u c t u r e s  a r e  o f t e n  

a t t a c h e d  by t n e  a l i p h a t i c  chdin .  The p o l a r  f r a c t i o n s  of a l l  t h r e e  base  o i l s  

were d a r k ,  and v iscous .  T h e r e f o r e ,  k inemdt ic  v i s c o s i t i e s  and r e f r d c t i v e  

i n d i c e s  medsurements were n o t  made. 

The a r o m a t i c  peak d t  1600 em-' is very d i s t i n c t  b u t  t h e  r e s t  of 

Sometimes t h e  molecular  weight  d i s t r i b u t i o n  provides  a key p i e c e  of 

informdLion dbuut d bdSe o i l ,  because  t h e  a l k y l  chdln  l e n g t h  o r  t h e  mOlecUldr 

weight  d f f e c t s  t h e  p o l d r i t y  of  d macromolecule. The p o l d r i t y  i n  t u r n  may 

a f f e c t  t h e  performdnce c h d r d c t e r i s t i c s  of  t h e  mdcromolecule i n  t h e  base  o i l .  

The molecular  weight  s c a l e  f o r  t h e  g e l  permedtion ChrOmatOgrdphy was 

c d l l b r d t e d  wi th  p0lyStyrene  dnd hydrocdrbon StdnddrdS Of known mOleCu1dr 
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3324 PEI AND HSU 

l d b l e  4 

Elemental Analyses  Of t h e  RdSe 011s d r l U  t h e  bdSe 011 F r d c t i o n s  

150N 
~ 

Base 011 
Sdt  Uf’dte 
ArOmdtlc 
P o l a r  

3 0 0 ~  
~ 

B~lse  Oil 

A r o m d L  1 c 
Polar  

S a t  U r  d t t? 

600N - 
Base 011 

Arumdtic 
P o l a r  

S d t u r d t e  

l le ight  i 

C - - N S - Fi __ C - 
86.2  13.2 <0.01 0.42 <0.3 
35.9 14.0 <0.01 0.01 C0.j 
86.7 11.8 <0.01 1.54 < 0 . 3  
82.6 11.3 1 .8  2 . 8 3  1.6 

86.2 13.2 <0.01 0.33 0.34 
86.3 13.8 <0.01 0.01 < 0 . 3  
86.3 11.8 <0.01 2.26 <0.3  
33.2 11.5 1 . 4  1 .68 1.5 

36.1 13.2 0.02 0.69 ( 0 . 3  
86.4 13.5 <0.01 0.09 <0 .3  

84 .3  11.5 1 . 2  2.19 0 . 8  
85.9 13.0 0.01 1 .:4 ~ 0 . 3  

welghts .  The moleculdr  weight  p r o f i l e s  of t h e  s e p a r d t e d  f r a c t i o n s  of  a l l  

t h r e e  bdse 011s d r e  shown i n  F i g u r e s  2 ,  3 ,  and 4 .  The peak of t h e  moleculdr  

weight d i s t r i b u t i o n  of t h e  Sa tUrdted  f r a c t i o n  o f  150N ( F i g u r e  2 )  o c c u r s  a t  d 

nigh m o l e c u l d  weight t h a n  docs  t h e  d i s t r i b u t i o n  of t h e  ISOIJ base  oil. The 

d i s t r i b u t i o n  of t h e  s d t u r a t e s  of 600N ( F i g u r e  4), OII t h e  c o n t r d r y ,  has  ii pedk 

v d l u e  d t  a lower moleculdr  welght  than  does t h e  6 0 0 ~  base o i l .  The 300N 

s d t u r a t a s  ( F i g u r e  3 )  have t h e  %me moleculdr weight  d i s t r i b u t i o n  ds t h e  300N 

base  o i l .  T O a  moleculdr  weight  p r o f i l e  of t h e  dromdtics of t h e  t h r e e  bdse 

o i l s  ds shown i n  F i g u r e s  2 ,  3,  m d  4 i n d i c a t e  t h e  pl’esence of smaller 

molecules  t h a n  oLher  s e p d r d t e u  f r d c t i o n s .  However, t h e  p o l d r s  i n  bo th  300N 

dnd 600N ( F i g u r e s  3 and 4) c o n t a i n  h igher  molecular  weight  compounds thari t h e  

30ON arid 600N bdSe o i l ,  w h i l e  t h e  150N p o l a r s  ( F i g u r e  2 )  hdve 7 same 

molecular  weight  p r o f i l e  5s t h e  150N bdse o i l .  
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8 

7 

v) 

t 
2 6  2 
> a a a 
t 

w' 
2 5  
4 

v) z 
0 
% 
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2 3  
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L 
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U w 
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2 

1 

Bare Oil - _____-__ -. Saturates - -- Polar - - - - Aromatic 

F i g u r e  2 .  Molecu la r  Weight D i s t r i b u t i o n  o f  150N Base O i l  and  Base O i l  
F r a c t i o n s  

3.2 Chemical  S t r u c t u r a l  C h a r d c t e r i z a t i o n  of t h e  Frac t ions  

The SdtUrdLeS, dS S e p d r a t e d ,  were found  LO be r e l d t l v e l y  f r e e  Of' 

dromat.1~ dnd he te rod tom compounds. The i n f r d r e d  s p e c t r a  of t h e  s d t u r ~ t e s  

(showri i n  F i g u r e s  5 b ,  6b ,  dnd 7b) showed n o  sign of aromdtic band d t  1600 

Cm-' O r  t h e  CdrbOXyl dfld hydroxy l  bdndS d t  1700 dnd 3400 C1n-l r e g l O n S .  A 
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3326 PEI AND HSU 

..-. 
I :  - Base Oils 

Saturates r i  
: i  

.---- ._.. 
I .  - -- Polars 1 .  

- - - - Aromatics 
1 ,  
1 ,  ' I  

* I  , I  

I :  
; :  I ,  

1 .  
1 .  
I .  I '  

, I  

8 ,  I !  

F i g u r e  3. Molecular  i je ight  P r o f i l e  of t h e  3OON Base Oil and its F r a c t i o n s  

S t r o n g  methylerie (CH2) bdnd d t  720 em-' W d S  e v i d e n t  i n  d l l  t h r e e  O i l s .  The 

PUrl ty  Of t h e  SdtUrdtaS WdS dgdln confirmed by t h t  elelllentdl dndlYSlS results 

Shown In Table 4 .  

f o r  abour. 99.9 % of t h e  m d t e r i a l  i n  all t h r e e  c a s e s ,  i n d i c d t l n g  t h e  dbsence 

of no heterOdtOm cornpounds in t h e  s a t u r d t e s .  

The Carbon dnd hydrogen c o n t e n t  of t h e  frdCtiOn accounted 

For t h e  drorndtic f r a c t i o n s  of a l l  t h r e e  base  o i l s ,  t h e  e l t m e n t a l  

dnalySlS results (Tablc; 4) showed a l a r g e  c u n c e n t r d t i u n  of  s u l f u r  compounds 
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Base Oils 
Polars .-----__. . 

- - -. - Saturates - -- -..- Aromatics 

37K 3K 395 255 
MOLECULAR WEIGHT 

F i g u r e  4. Molecu la r  Weight P r o f i l e  of t h e  600N Base O i l  and i t s  F r a c t i o n s  

d s s o c l d t e d  wl th  t h e  a r o m a t i c  s t r u c t u r e s .  They dre p robdb ly  t h i o p h e n e s  ( 1 7 ) .  

The d r O m d t l c S  were r e l d t i v e l y  f r e e  of n i t r o g e n  dnd oxygen compounds. The 

absence  of  t h e  hydroxy l  (3400 em-’) dnd c d r b o n y l  (1700 em-’) bands  i n  t h e  I R  

s p e c t r a  ( F i g u r e s  5c,  6 c ,  dnd 7 c )  a g a i n  c o n f i r m t d  t h i s  ObberVdtiOn. According 

t o  e l e m e n t a l  a n a l y s i s ,  t h e  p o l a r s  COfltdlnad l a r g e  amounts of  s u l f u r - ,  

n i t r o g e n - ,  and oxygen-con td in ing  m o l t c u l e s  r e l a t i v e  t o  o t h e r  f r a c t i o n s  (Tdb le  

4 ) .  Of t h e  t h r e e  base  o l l s ,  t h e  600N p o l d r  f r a c t i o n  had t h e  loWest  n i t r o g e n  
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30 

Figure 5. In f r a red  Spectra of Hydrocarbon Fractions of the 150N Base Oil: 
a )  Base Oil; 
b) Saturate Fraction; 
c) Aromatic Fraction; 
d )  Polar Fraction 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CONSTITUENTS OF LUBRICATING BASE OILS 3329 

dnd vxygen c o n t e n t  dnd an  i n t e r m e d i d t e  s u l f u r  c o n t a n t .  The i n f r d r e d  s p e c t r d  

o f  t h e  p o l a r s  ( F i g u r e s  5 d ,  66 ,  arid 7 d )  showed t h e  p r e s e n c e  o f  ve ry  s t r o n g  

n y d r o x y l ,  c a r b o n y l ,  a r O m d t i C ,  Sulfur-Oxygen dnd dmide bdnds. The IH b a n d  d t  

1,175 cm-l T h l s  mdy be d u e  Lo t h e  

p r e s e n c e  o f  Y-ldctone dnd /o r  d c a t y l  c h l o r i d e .  HRMS r a s u l t s  of t h e  three 

po la r ' s  dugges t ed  tne probdDle p r c s t n c e  o f  n i t r o g e n  compounds a s  homologs o f  

q u i n o l i n e ,  s u l f u r  compounds as  homologs o f  t h i o p h e n e s  dna oxygend ted  

compounds s u c h  ds esters, p h a n o l s  arid a c i d s .  

( F i g u r e  7 6 )  Was Unique t o  t h e  600N p o l d r s .  

3 . 3  Chemicdl S t r u c t u r d l  C h d r d c t e r i z d t i o n  o f  t h e  Polar S u b f r a c t i o n s  

The p o l a r  f r a c t i o n s  were v e r y  complex,  dS shown i n  t h e  dbove 

c h e m i c a l  c h a r d c t e r i z d t i o n  s t u d y ,  so  f u r t h e r  s e p d r d t i o n  was r e q u i r e d .  The 

s e p d r d t i o n  scheme i n  F i g u r e  1 was used .  Four  s u b f r d c t i o n s  were Obtdif lad,  

d a s l g n a t a d  P - 2 ,  P-3, P-5 ,  and P-6.  'Pne chr0mdtogrhphlC s e p a r a t i o n  o f  t h e  

p o l d r  f r d c t i o n  was a c h i e v e d  on a n e u t r a l  a l u m i n a  column. V a r i o u s  moleculsr 

compounds were e l u t e d  o f f  t h e  column w i t h  s o l v e n t s  o f  d i f f e r e n t  p o l a r i t y .  

The P-2 s u b f r a c t i o n  was t h e  l e a s t  p o l d r  dnd che  P-6 s u b f r a c t i o n  t h e  mosc 

p o l a r  cumpouncls. EdCh s u b f r a c t i o n  was i n  t u r n  c h a r a c t e r i z e d  by elementdl 

a n a l y s e s  ( T a b l e  5 ) ,  h i g h  r e s o l u t i o n  mdss s p e c t r o m e t r y  ( H R M S ) ,  I n f r d r e d  

S p e c t r o m e t r y  (IR) dnd g e l  p e r m e a t i o n  chrorndtogt*aphy (CPC) . 

3.3.1 150N Polar S u b f r a c t i o n s  

Molzcu ld r  weighr. d i s t r i b u t i o n  p r o f i l e s  of t h e  p o l d r  

s u b f r a c t i o n s  i n  t n e  150N p o l a r s  a r e  shown i n  F i g u r e  8. The P-6 f r a c t i o n  

c o n t a i n s  compounds w i t h  t h e  h i g h e s t  m o l e c u l a r  we igh t .  E lemen ta l  a n a l y s i s  

r e s u l t s  shown i n  T d b l e  5 s u g g e s t  t h e  P-2 s u b f r a c c i o n  c o n t a i n s  r h e  l e a s t  

amount of oxygen w h i l t  t h e  P-6 s u b f r a c t i o n  c o n t a i n s  t h e  most. S u l f u r  and 
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Figure 6. Infrared Spectra of Hydrocarbon Fractions of the 3OON Base Oil: 
a) Base Oil; 
b) Saturate Fraction; 
c) Aromatic Fraction; 
d )  Polar Fraction 
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\ 

o 3500 3000 2500 iaoo 1600 1400 800 

WAVENUMBER (cm-') 

I0 

Figure  7 .  I n f r a r e d  Spec t ra  of Hydrocarbons F r a c t i o n s  of 600N Base O i l :  
a )  Base Oil; 
b) S a t u r a t e  F r a c t i o n ;  
c )  Aromatic F r a c t i o n ;  
d )  Polar  F r a c t i o n  
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MOLECULAR WEIGHT 

F i g u r e  8 .  Molecular  Weight D i s t r i b u t i o n  of t h e  P o l a r  SUbfrdCtlOnS of t h e  
150N Base Oil 

n i t r o g e n  molecules  a r e  d i s t r i b u t e d  evenly  among t h e  f o u r  s u b f r d c t i o n s .  

I n f r i r e d  specLrd showri i n  F i g u r e  9 s u g g e s t s  t h a t  t h e  P-2 s u b f r a c t i o n  c o n t a i n s  

predominant ly  a romat ic  Compounds( 1600 cm-l ) ; t h e  P-3 dnd P-5 s u b f r a c t i o n s  

c o n t a i n  amides (3300 and 1690 ern-’), s u l f o x i d e s  (1030 cm-l), and e s t e r s  (1700 

cm-l 1; and t h e  P-6 s u b f r a c t i o n  c o n t a i n s  phenols  ( 3 3 5 0  cm-’ ) ,  and e s t e r s  (1735 

cm-1). High r e s o l u t i o n  mass spec t roscopy d d t a  i n d i c a t e  t h e  probable  presenca  

of t n e  fo l lowing  compounds i n  edch s u b f r a c t i o n :  
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1 .  P-2, d r o m a t i c  compounds; 

2 .  P-3, t h i o p h e n e s ,  amidas ,  drid s u l f o x i d e s ;  

3. P-5, c d r b d z o l e s ,  qUinOlif leS,  dmides,  and s u l f o x i d r s ;  

dlld 

4 .  P-6, p h e n o l s ,  e s t e r s ,  a c i d s ,  end s u l f o x i d e s .  

3 .3 .2  300N Polar  S u b f r d c t i o n s  

Yne p o l d r i t y  of compounds i n  t h e  3OON p o l d r  s u b f r a c t i o n s  

d r e  i n  t h e  i n c r e a j i n g  o r d e r  of t h e  P-2. P-3, P - 5 ,  end  P-6. ElementaL 

analysis r i s u l t s  shown i n  T a b l e  5 show t h a t  t h e  P-2 s u b f r d c t i o n  c o n t d i n s  t h e  

l o w e s t  dmount of oxygen compounds w h i l e  t h e  P-6 s u b f r a c t i o n  h a s  t h e  h i g h e s t  

Tdblt 5 

Elerncntal  AndLysis O f  t h e  P O l d r S  dfld t h e  Pol& S U b f r d c t l o n s  

Weight % 

C - 150N - 
Polar  82.6 

P-2 84.1 
p-3 0 2 . 4  
P-5 81 . o  
P- 6 75 .3  

300N - 

Poldr  83 .2  
P-2 85.0 
p-3 83.9 
P-5 83.7 
P-6 82 .5  

600N __ 

Polar 84.3 

P-3 84 .0  
P-5 8 2 . 1  
P-6 67.9 

P-2 811.5 

N - H - 
11.3 1 .8  
1 1 . 2  1 .6  
1 1 . 4  1 .6 
11.3 1 .2  
10.0 1 . o  

11.5 1 . 4  
1 1  . 4  (0.01 
10.9 1 .9  
11.5 1 - 3  
12.7 0 . 2  

11 .5  1 .2  
1 1  .6 1 . 1  
11.7 1 . 3  
1 1 . 4  0 . 8  

9 .8  0 .8  

S 

2.83 
2.71 
2.66 
3.52 
3.11 

- 

1.68 
1 . G O  
2.28 
1 .65 
0.47 

2.19 
2.53 
1.78 
2.53 
1.21 

0 

1 .6 
0 .7  
2.1 
3 .2  
7 . 3  

- 

1.5 
0 .4  
1.2 
1 .8 
4.3 

0.8 
0.6 
1 . 1  
2.9 

17.0 
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Figure  9 .  I n f r a r e d  S p e c t r a  of P o l a r  S u b f r a c t i o n s  of t h e  150N Base O i l s  
a )  P-2 S u b f r a c t i o n ;  
b )  P-3 S u b f r a c t i o n ;  
c )  P-5 S u b f r a c t i o n ;  
d )  P-6 S u b f r a c t i o n  
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oxygen c o n t e n t .  M O l e C U l d r  w e i g h t  d i s t r i b u t l o n s  shown i n  F i g u r e  1 0  s u g g e s t  

P-2, P-3, dnd P-6 s u b f r d c t i o n s  c o n t a i n  r e l a t i v e l y  low m o l e c u l d r  we igh t  

compounds w h i l e  P-5 c o n t a i n s  Lhe h i g h e s t  m o l e c u l a r  we lgh t  compounds. The 

i n f r d r e d  s p e c t r a  i n  F i g u r e  1 1  show t h a  Var id t lon  of t h e  WdVmU;flber of t h e  

c a r b o n y l  p e a k s  i n  each  s u b f r a c t i o n .  The carbon-oxygen bond i n  P-2 is 

p o s s i b l y  due  t o  esters (1800 om-’), w h l l e  i n  P-3 ( 1 6 9 0  & 1710 a n - ’ )  a n d  P-5 

(1700 cm-1) i t  is due  t o  a r o m a t i c  CdrbOXyllC a c i d s  and  arnides.  

cdrbon-oxygen bond i n  P-6 is due  t o  e S t e r S  dnd d c i d s .  High r e s o l u t i o n  mdss 

s p e c t r o s c o p y  d a t d  s u g g e s t  t h e  p r e s e n c e  Of t h e  fol loWitIg compounds: 

The 

1 .  P-2, d r o m d t l c  hydrocdrbons ,  p h t h d l a t e s ,  

q u l n o l l n e S ,  CdrbdZOleS; 

2 .  P-3, p h l h d l d t e s ,  qUlnOl lneS ,  CdrbdZOleS; 

j. P-5 ,  p h t h d l a t e s ,  p h e n o l ,  qUlnOllneb,  c d r b d z o l a s ,  

i n d o l a s ;  and  

4. P-6 ,  p h e n o l s  and CdrbOXyllC d c i d s .  

3 .3 .3  600N P O l d r  S u b f r a c t i o n s  

E lemen td l  a n a l y s i s  d a t d  of t h e  f o u r  p o l a r  s u b f r a c t i o n s  of 

t h e  600N p o l a r s  ( T a b l e  5 )  d e m o n s t r a t e  t h a t  more s u l f u r  compounds are  p r e s e n t  

i n  t h e  P-2 and P-5 s u b f r a c t i o n s ,  b u t  n i t r o g e n  compounds are e v e n l y  

d i s t r i b u t e d  among t h e  s u b f r a c t i o n s .  However, oxygen-con ta in ing  compounds -re 

c o n c e n t r a t e d  i n  t h e  P-5 s u b f r a c t i o n  ( t o  as h i g h  dS 17 % ) .  The m o l e c u l a r  

we igh t  d i s t r i b u t i o n  o f  t h e  s u b f r a c t i o n s  shown i n  F i g u r e  12 snows t h a t  t h e  P-6 

s u b f r a c t i o n  c o n t a i n s  t h e  lowest amounc o f  h i g h  m o l e c u l a r  we igh t  molecules 

among t h e  s u b f r d c t i o n s .  The cdrbon-oxygen borid i n  t h e  i n f r a r e d  s p e c t r a  

( F i g u r e  13) a t  1775 em-’ i n  P-3 a d  P-6 mdy b e  d u e  t o  t h e  p r e s e n c e  o f  c y c l i c  

s t r u c t u r e s  ( s u c h  as 3 - l d c t o n e s )  or a c e t y l  c h l o r i d e .  The oxygen-hydrogen bond 

d t  3300 cm-l is o b s e r v e d  i n  P-3, P-5,  dnd P-6, b u t  is a b s e n t  i n  P-2.  T h e  
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MOLECULAR WEIGHT 

F i g u r e  10. Molecular Weight  Profile of t h e  Polar Subfractions of the 300N 
Oil Base 
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I 
03500 2500 1800 1400 800 200 

3000 1600 

WAVENUMBER (an-’) 

Figure 1 1 .  Infrared Spectra of Polar Subfractions of the 300N Base Oil 
a)  P-2 Subfraction; 
b) P-3 Subfraction; 
cf P-5 Subfraction; 
a) P-6 Subfraction 
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F i g u r e  12. Molecular  Weight P r o f i l e  of t h e  P o l a r  S u b f r a c t i o n s  of  t h e  600N 
Base O i l  

ca rbonyl  bond a t t r i b u t a b l e  t o  a s t e r  l i f lkdgt :  a t  1735 em-' 1s observed  i n  a l l  

s u b f r d c t i o n s .  The sul.fur-oxygen bond a t  1030 cm-l is observed i n  P-3 ,  P-5, 

dnd p-d. High r e s o l u t i o n  m a s  s p e c t r o s c o p y  resul ts  s u g g e s t  t h e  presence of  

t h e  fol lowir ig  s t r u c t u r e s .  

1 .  P-2 ,  a romat ic  hydrOcdrbOnS, p h t h d l a t e s ,  q u i n o l i n e s ,  

CarbdZOleS, dnd t h i o p h e n t s .  
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2 .  P-3, p h t h a l d t e s ,  q u i n o l i n e s ,  c a r b d z o l e s ,  i n d o l e s ,  and 

t h  i op henes.  

3. P-5, p h t h a l a t e s ,  phenols ,  c a r b o x y l i c  a c i d s ,  i n d o l e s ,  

qUinOlineS, dnd CaK'bdZOleS. 

4 .  P-6 ,  phenols ,  CdrbOXyliC a c i d s ,  phthdlate .9 ,  and 

th iophenes .  

3 .4  Summdry of Chemicdl C h d r d c t e r i z d t i o n  

The d e t a i l e d  a n a l y t i c a l  z h a r a c t e r i z d t l o n  of each  i n d i v i d u a l  

f r a c t i o n  arid SUbfrdCtiOn hdS been d e s c r i b e d  dlld OOmpdred w i t h i n  edCh bdSI: 

011. T h e  e f f e c t i v e n e s s  and t h e  e x t e n t  of t h e  s e p d r a t i o n  of t h e  bdse 011s 

i n t o  riarrow compound c l a s s e s  hdVe been demonstrdted.  The d a t a  are summarized 

i n  Tabla  6 f o r  easy compdrlson O f  t h e  Sepdrd ted  compound Cldsses Of t h e  t h r e e  

base  o i l s .  The 150N d i d  t h e  600N were r e f i n e d  from t h e  same crude  s o u r c e .  

T n e  3O0N was r e f i n e d  from another  c r u d e  s o u r c e  i n  t h e  Middle East. O v e r a l l ,  

t h e r e  a r e  s i m i l d r i t i e s  dmong t h e  s e p a r d t e d  f r a c t i o n s  of t h e s e  t h r e e  o i l s ,  

showing t h e  e f f e c t i v e n e s s  of t h e  s e p a r a t i o n  method. There  are a l s o  

d i f f e r e n c e s  among t h e  f r d c t i o n s ,  s u g g e s t i n g  d i f f e r e n t  i n i t i a l  composi t ions ,  

hence d i f f e r e n t  compounds i n  t h e  f r a c t i o n s .  

T d b l e  6 lists t h e  most probable  moleculdr  s t r u c t u r e s  p r e s e n t  i n  

edCh f r a c t i o n  and s u b f r a c t i o n s ,  based on  i n f r d r e d  spec t roscopy,  e lementa l  

a n a l y s i s  and h i g h  r e s o l u t i o n  mdss spec t roscopy.  

p l u s  compounds is u s u a l l y  d i f f u s e d  and complex. 

d e t e r m i n a t i o n  will r e q u i r e  f u r t h e r  s e p a r a t i o n s .  

Molecular  in format ion  i n  C Z O  

D e f l n i t i v e  s t r u c t u r a l  

O v e r a l l ,  t h e  s e p d r d t i o n  of  t h e  base  o i l s  i n t o  s d t u r a t e s ,  a r o m a t i c s ,  

and p o l a r s  is very c l e d n .  The s e p a r a t i o n  of t h e  p o l a r s  i n t o  moleculdr  

compounds c l a s s e s  of vdry ing  p o l d r i t y  n e c e s s i t a t e s  over ldpping  moleculdr  
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Tdble  6 

sat u r d t e  

150N 

600N 

Arorndtlc 

15ON 
jO0N 
6OON 

3 0 0 ~  

POldr - 

150N 
300N 
600N 

P-2 

150N 
3 0 0 ~  

GOON 

p-3 

1 SON 
jO0N 

b0ON 

P-5 
~ 

150N 

300N 
600N 

P-6 - 

150N 
300N 
600N 

N - 

<0.01 
<o .  01 
<0.01 

<0.01 
<0.01 
<0.01 

1 .8  
1 .4 
1 *2 

1.6 
<0.01 

1 . 1  

1.6 
1.9 

1 .3  

1 . 2  

1.3 
0.8 

1 .o  
0 .2  
0.8 

I n u u c t i o n  
s o  - -  

0.01 
0.01 
0 . 0 9  

1.5'1 
2.25 
1 . 2 4  

2 .53  
1 .68 
2.19 

2.71 
1.60 

2.53 

2 . 6 6  
2 . 2 8  

1 .'I8 

3.52 

1.65 
2.53 

3.11 
0.47 
1.21 

~ 0 . 3  
cO.3 
<0.3 

<0 .3  
< 0 . 3  
< 0 . 3  

1.6 
1.5 
0.a 

0.7 
0.4 

0.6 

2 . 1  
1 .? 

1 . 1  

3 .2  

1 .B 
2.9 

7.3 
4.3 

17 .0  

Most P r o b a b l e  I \ :ol tcular  S t r u c t w e s  - 

p d r a f f  1115 ,  naph thenes  
p d r d f f  llls, ndphtht 'n% 
p d r d f f l n s ,  ndph thenes ,  d l k y l  s u l f i d e s  

mono-, d i - a r o m a t i c s ,  t h i o p h t n e s  
mono-, d i - d r o m d t i c s ,  t h i o p h e n e s  
a l k l d t e d  dramatics, t h i u p h e n e s  

he t a rod tom cornpounds 
hecerodtorn compounds 
he  terodt om compounds 

thiOphenCS, dmides,  p o l y n u c l e d r  d r o m d t i c s  
p h t h a l a t e s ,  i n d o l e s ,  mono- dnd po ly r iuc l ad r  

p h t h a l d t e s ,  cdrbdZOltS,  t h i o p h e n e s ,  
d-ornat i c s  

POlydPOmdLiCS 

q u i n o l i n e s ,  dmides,  s u l f o x i d e s ,  t h i o p h e n e s  
q u i n o l i n e s ,  c d r b a z o l e s ,  c d r b o x y l i c  a c i d s ,  

p h t h d l a t e s ,  c h r b d z o l e u ,  t h i o p h e n e s ,  
t h i o p h e n e s  

p o l y a r o m a t i c s  

pneriols .  c b r b o x y l i c  a c i d s ,  q u i n o l i n e s ,  
i n d o l e s ,  t h i o p h e n e s  

p h t h a l a t e s ,  c a r b o x y l i c  d C l d S ,  p h e n o l s  
esters, i n d o l e s ,  c d r b o x y l i c  & i d s  

p n e n o l i c ,  d l c o h o l s ,  s u l f o x i d a s ,  t h i o p h e n e s  
p h e n o l s ,  c d r b o x y l l c  dCldS 
esters, d c i d b ,  s u l f o x i d a s  ( l d c t o n e  o r  

c h l o r  i d e )  
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03500 30002500 1800 1600 1400 800 

WAVENUMBER (ern-1) 

I0 

Figure 13. Infrared Spectra of Polar Subfractions of 600N Base Oil 
a) P-2 Subfraction; 
b) P-3 Subfraction; 
c) P-5 Subfraction; 
d )  P-6 Subfraction 
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w v1 
Z 

i 
w 
a 

a z 
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5 
w 

+ 0 

2 
U 
w a 

600N Polar P b  

._.-_-.._._. 300N Polar P-6 - - - 150N Polar P-6 

V MOLECULAR WEIGHT 

F i g u r e  1 4 .  Comparison of t h e  Molecu la r  Weight P r o P i l e s  of  P-6 S u b f r a c t i o n s  
of Base O i l s  

s t r u c t u r e s  ( b u t  d i f f e r e n t  p o l d r i t y ) .  One o f  t n e  key p i e c e s  of i n f o r m d t i o n  is 

tht. mo lccu ld r  we igh t  d i s L r i b u t i o n  s i n c e  f r e q u e n t l y  Lhe a l k y l  c h a i n  l e n g t h ,  o r  

the m o l e c u l a r  we igh t  a f f e c t s  t h e  poldrity o f  d maeromolecule .  G e n e r d l l y ,  t h e  

molecu ld r  weight  iricreases from t h e  l 5 O N  f r d c t i o n s  to  t h e  600N f r a e t l o n s ,  bu t  

t h e r e  cire a few e x c e p t i o n s  i n  t h e  P-6 p o l a r  s u b f r d c t i o n s ,  a s  shown i n  Figure 

1 4 .  

I n  t h e  p o l d r  s u b f r a c t i o n  s e p d r a t i o n ,  t h e  d a t a  i n  Tdb le  6 s u g g e s t s  

t h d t  Lhe d i f f e r e n c e s  between t h e  P-2 dnd P-6 SUbfrdct lOn dre t h e  most. P-2 

f r a c t i o n s  a r e  g e n e r d l l y  mos t ly  p o l y n u c l e a r  d ro rnd t i c s  b u t  c o n t d i n  few or no 
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oxygendced compounds. 

droinat ics .  The P-3 and P-5 f r d c t i o n s  hdVe over lapping  s t r u c t u r e s  between 

t h e s e  two extremes.  

P-6 f r a c t i o n s  dre most ly  oxygenated compounds wi th  few 

4. ~Sumrndry and Conclusion 

A p r e p d r d t i v e  l i q u i d  chromatogrdphic  s e p d r d t i o n  scheme t o  c h d r d c t e r i z e  

minor c o n s t i t u e n t s  of bdse o i l s  has  been developed.  The s e p d r a t i o n  scheme 

s e p d r d t e s  l u b r i c d t i n g  base  oil i n t o  compounds dccording t o  t h e i r  p o l a r i t y ,  

b u t  t h e  chemicdl ar idlyses  i n d i c a t e  t h a t  t o  d l i m i t e d  exLent; some s e p d r a t i o n  

of molcculdr  compound c l a s s e s  d l s o  occurred .  Multigrdm q u a n t i t i e s  of  minor 

COmpOriefltS a r e  i s o l a t e d ,  c h d r d c t a r l z e d ,  dlld t e s t e d  wi th  performdnce 

evdlua t lonu .  The s e p d d t e d  f r a c t i o n s  of t n e  t h r e e  bdse o i l s  of d i f f e r e n t  

v i s c o s i t i e s  show d i f f e r e n t  chemical  c h d r d c t e r i s t i c s ,  as wel l  ds i n t e r e s t i n g  

pa-forindnce c h a r d c t z r l s t i c s  ( 1 5 ) .  Extens ive  performdnce e v a l u a t l o n  of t h e  

s e p a r a t e d  molecular  conpuund cldsses has  confirmed t h e  s u c c e s s  of t h e  

s e p a r a t i o n ,  i.t., each of  t n t  compuurid c l a s s e s  hds i ts  c h d r a c t e r i s t i c  

o x i d a t i o n  d i d  U e d r  parf 'orndnce dnd i n t e r d c t i o n  pdLterns  w i t h  dddi t iVeS.  

D z t d i l e d  d i s c u s s i o n  of t n e  performance r e s u l i s  w i l l  be p r e s e n t e d  e l sewhere .  

T h e r e f o r € ,  t h z  p r e p a r d t i v e  s e p a r a t i o n  method hds s u c c e s s f u l l y  1SOldted t h e  

ininor components whicli can a f f e c t  t h e  performarice of a l u b r i c d t i n g  b a s e  o i l .  

This  s t u d y  has  i l l u s L r a t e d  d r a p i d ,  h igh  volume c h a r a c t e r i z a t i o n  

technique  f o r  coinplzx hydrocarbon m i x t u r e s  i n  t h e  l u b r i c a t i n g  base  o i l s .  With 

t h e  Sdme dpprOdCh, t h i s  c h a r a c t e r i z & c i o n  technique  C d f l  be  applied t o  t o x i c  

i n d u s t r i a l  WdSte, chemical  f e e d  s t o c k s ,  environmental  r e s e a r c h ,  arid o t h e r  

d r e d s .  The p r e p a r a t i v e  HPLC technique  has  been developed a s  a d i r e c t  rnedns 

of c h d r a c t e r i z a t i o n  technique  coupl ing  n o t  on ly  t o  a n a l y t i c a l  t o o l s  b u t  a lso 

t o  m a t e r i a l  pcrformdnce tests. 
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