
RAPID IMONITOR~NG OF VARtATfONS IN LUBRfCATfNG OILS BY GEL 
PERMEATION CHROMATOGRAPHY’ 

SUhlMARY 

bfigh-speed gel prrmcshn chrolli:ito~rapll~ is :I rcfi:hfc and rapid tcchniquc 
tbr the esmninntion of‘ both naturd axi synthetic lubricatin, <T oils and their additives. 

In most instances. a specific linserprinr is obtained on ;t 1%~ microliters of sample, 
which identities the oil when dual derecrcm (RI and UV 251 nm) are utilized. Over 
tilieen diflkent oils have been e.s:imined usin g this technique. Changes in conipo- 
sition or the results of-degradation of the base oil are easily observed. In one instance, 
the quanritativc analysis ot‘ ;I three-compor?cnt system was reduced front 90 to 25 
min_ Esmnples iffustrttrin, ‘* these results are presented. 
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For the most part, the oils esamined in this work ranged from 300 SUS at 
_ IOO.‘F to instrument-type oils of lighter viscosity. 

:Estensive and detailed literature on GPC is readilv auaiktble, covering both 
the theory of molecular size separation (CazesZh: Bombau&“) and equipment (Waters 
Ass.‘~; CazesZ9r other instrument manufacturers)_ It will sutlice, therefore, to state 
that ail the illustrations of the lubricants presented in this paper were accurately 
scaled down from cur\vs produced by ;1 Waters Ass_ ALC/GPC Model 301 equipped 
with both a refractive indes and an ultraviolet detector (254 nm) which was attached 
to a Westronics dual-pen strip-chart recorder_ 

EXPERIMENTAL AND RESULTS 

Five microlitres of sample were injected directly into the sample injection port 
of the chroma:ograph usin p a Hamilton 701N 10-~~1 syringe and an EPR septum 
(escept for casts where an “A” folio~vs the identification number of the oil, e-g__ SA: 
the esact difference.for these few cases is described in the test)_ No heating or cooling 
ofthe apparatus \x;is attempted and the solvent, tetrahydrofuran (Eastman 5308), con- 
tained 0.025~~ of BHT (butxlated hydrosytoluene) for stabilization. A fiow-rate of 
2 mljmin was maintained throughout. Two 4 ft_ :-.I 3/S in_ standard columns (Cata- 
loge No_ 269003 of 60 A Porngel, packed by Waters Ass_ (Milford, Corm., U.S.A.) 
with approximately 40 plates.%__ were employed for all of the separations. Poly- 
prop_vIene glycol standards of molecular weight from 3900 to 790 were supplied 
with the instrument and were complemented by sebacates, tldipotcs, phthalntcs and 
toluencpurchascd from various suppliers_ Snlvent elutcd from thecolumns \vtls measur- 
cd in 5-ml increments or counts. The conditions used for the calibration curve \vcre 
also utilized for the actual srtmple analysis. 

From the calibration curve (Fig. I), it is evident that the esclusion limit of this 
set of columns is at about 3S.5 ml. Most of the oils which have been considered h:lve 

E!u‘.*on r-o!;;rxe(m!! 

Fig_ 1_ CaIibration curve_ 

Fig_ 2’. Hydrocarbon oils: (a) H-l ; (5) H-l. 
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the major peak between an elution voiume of45 and 50 ml, which fills on the slightly 
curved portion just precedin, n the straight-line section of the calibration curve_ Al! of 
the curves of actual samples have been depicted by the refractive index (RI) activity 
drawn with the base line placed at the bottom of the figure and with the UV response 
represented by a dotted line with the base at the top of the tigure and with the eiution 
of the species of higher molecular weight starting at the left. Changes in sensitivitv 
of either of the detectors has been recorded on the left-hand side of the figure at the 
base line for the particular detector. All UV sensitivities arc expressed as absorbance 
rmits full-scale. 

tf~.llro~at-bon-r_Ipc oih- 

Oil H-i (Fig_ ?a), which is a hydrocarbon type. a Gcs an indication of a crew1 
additive as part of a shoulder on the ri#t-hand side of the UV curve. Otherwise the 
main bulk of the UV activity is caused by the hydrocarbon itself due to unsaturation 
and/or aromatics_ Note that the RI indicates the main peak just before an eiution 
volume of 50 nil. 

Another hydrocarbon-type oil. H-2 (Fig. lb). shows that the main RI peak 
has moved sliphtly and is now centered directly at an eiution volume of 50 ml_ indi- 
cating a lo\\et- moiecular size nhich correlates with io\ver viscosity. while the UV 
curve has a sharper shoulder, probably indicatin= c~ the presence of slightly more ad- 
ditive. 

A third hydrocarbon-type oil. H-3 (Fig. 3a), has the RI peak shifted to about 
-X0 ml and a slight shoulder at about 58-75 ml, and again the UV trace has a fkiriy 
sharp shoulder appearin= tr when 60-70 ml have been eluted_ Oil H-3 was obtained 
tio~n ;I ditkent supplier than H-l and H-2. 

The hydrocarbon-type oil H-4 has several ditt>rences \vhich can easily be ob- 
served (Fig. 3b). In the RI curve, ;I small peak is beginnin? cx to emerge at about 39.5 
nil and another at about 63.5 ml_ But the 1110st drastic change is noted in the large UV 
peak which is evident at 61.5 ml and an increase in U\ r absorption directlv over the 

main it~drocarbon peak in the RI curve at 50 ml. This could indicate the addition of 
t\vo additives to the base oil, or a11 increase in aromaticit_v and the addition or in- 
crease of one additive. 

A further hydrocarbon-type oil. H-5 (Fig. 4a). clearly indicates the presence 
ofsn oil ofio\ver molecular weight, and one \vhich is composed ofseveral components 
as indicated by the three shoulders in the RI trace lvith components between 60 and 
70 ml as the major contributors to the iarse UV absorption_ Note that in this case the 
sensitivity ofthe UV detector has been halved to O-64 rather than 0.32 absorbance unit 
full-scale. Much stronger absorption is apparent. 

The last hydrocarbon-type oil, H-6, has a distinctive RI response with a small 
peak at 40 ml, a peak between 50 and 55 ml and a much broader distribution than the 
other hydrocarbons, extending to 75 ml before complete return to the base line (Fig_ 
4b). The UV at reduced sensitivity (0.64) has a small peak at about 40 ml and then an 
extremely broad absorption band which covers nearly the balance ofthe total available 
column volume. 

The first synthetic hydrocarbon oil, SH-I (Fig. 5). has a distinctive curve 
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Synthetic hydrocarbon oiI SH-L, (Fig. 33) shows ;t much higher prtlk in tllc 
RI response at 10 ml and a shift in the shoulder to 45 ml with the peak :~t 47.5 1111 

Two very small p&s are evident in the UV curve but muci~ less in total area than thr 

UV absorption shown on the first synthetic hydrocarbon oil. 
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A ditl‘erent formulation is indicated with synthetic hydrocarbon oil SH-3, 
with the RI response close to 49.0 ml bein, ‘x xnuch more pronounced (Fis. 5~). In this 
case, the UV trace indicates four possible UV-absorbing substances which absorb 
UV radiation more strongly than those in oil SH-2_ These dill&-ences still remain 
to be investigated_ 

Since World War II, ester-based oils, LISLI~IIV adipates or sebxates (Dukck 
and Popkin”“) have become increasingly popular. Fi,. ~7 63 represents the base ester 
of an oil stripped of all antiosidants and other performance-irnpro~ill~ chemicals. 
The main peak at about 49.0 ml represents a number-average molecular weight of‘ 
approximately 500 and only one other small response is noted between 55 and 60 ml. 

The UV detector shows virtuali>- no response. with only :L slight bulge in the base line. 
After making certain additions to the ester-base oil S-l, the oil as originally 

rccei\-ed from the supplier has acquired improved pi-operties ‘(Fig. 6b). A viscosit! 
indcs improver in the ax-ylic liimilv has 2ppcared at ;iIwut 39-O arxi 11 second peak 
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of ;t substance 01‘ ;t lower molecular \vci$t is apparent at about 6-i-O ml on the RI 

monitor. Not I~ICII chmge has taken place in the UV response until the sharp ab- 
sorbancc which peaks just after 60 ml. This peak actuali~ coincides with that 01. the 
compound which causes the slight response in the RI curve between 60 and 65 ml. 

Note that it was necessary to reduce the sensitivity ofthe UV detector to 0.61 in order 
to keep the peak on scale. This demonstrates that the UV detector is IIILIC~I more 
sensitive than the RI detector with compounds that absorb UV radiation at 34 111n. 

The compound detected is of the naphthylaminc antioxidant limil_v. 
Fig. 6c represents an improved version of oil S-2 \vith a slight increase in the 

amwnt of viscosity in&s improver. reduction ot‘the lower-boiling ester peak between 

55 and 60 1111 and the introduction of a cresol-tvpe rmtiosidant of‘ higher molecular 
w-eight which apptxrs on the UV curve directly clver the main ester peak at 49-O ml. 
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This oil has been used 3s a standard and more will be said about it later_ 
This sample of ester-base oil S-3A (Fig. 7a) was run in chloroform rather than 

tetrahgdrofuran and it is apparent that changes have occurred in the retaining capzrcity 
of the Poragel which makes the main ester elute at 45 ml and the antioxidant between 
65 and 70 ml with the appearance of 3 shoulder betlveen 50 and 55 ml. The UV trace 
has developed a shoulder over the peak at 45 ml and maintained the peak between 
45 and 50 ml. Adsorption effects, the hydrodynamic volunie of the material andior 
shrinkage of the se1 could contribute ro this efkx Variations such as this could prow 
very valuable if fraction collection was to be undertaken. 

Ester-base oil S-4 ( FiS_ 7b) is another synthetic base oil \\ith an cstcr ofslightly 
higher molecular weight with the main RI peak eluting at 37 ml and with the amine 
antioxidant peaking slightly past 60 ml in UV absorbance. 

,/--- ----5 ____---- 

I 

__, 
‘._* 

E:2r.=Y? ...=:.L-rc(l.:: 

Fig_ 7_ Ester-base oils: (a) S-X: (b) S-4. 

fig. S. Ester-base oils: (a) S-S: (b) S-6. 

The trace of ester-base oil S-5 (Fig. Sa) indictttcs that the oil is of 1ov.w vis- 
cosity, peaking at 51 ml and \\ith a great reduction in antiwsidtmt activity,. Estcr- 
base oils S-3 and S-S pass the oxidation stability test of MlL-L-6055A (ref. 2). 

Ester-base oil S-6 (Fig_ Sb) shows very little chtiracter, but it is apparent that 
it is an oil of lower molecular wei$t due to the shift of the main peak to an elution 
volume of about 51-5 ml_ 

The high-temperature oil S-7 (Fi _e. 9a) is characterized by a large peak at 
40 ml together with peaks at 55-60 and 60-65 ml. In the UV response there are three 
distinct and Lye11 separated peaks \\:hich should lend themselves to easy fraction col- 
lection for identitication purpose:? 

Ester-base oil S-S (Fig_ 9b) has a very distinctive curve with five components 
indicated by the RI detector, with two very weak UV-absorbing substances_ 

The ester-base oil S-9 shown in Fig_ lOa is a blend of two esters and also con- 
tains a viscosity index improver and includes a shoulder between 55 and 60 ml_ Not 
much activity was recorded by the UV detector. 
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Fig. 9. Ester-base oils: (a) S-7: (b) S-S. 

Fig_ IO. Ester-base oils: (a) S-9: Ib) S-10_ 

Oil S-10 is the new version of!+9 (Fig. IOb) substituted by the supplier \vithout 
notitication or designation change, and was originally detected by the disappeamnce 
of one ester peak usin s ;L gas chromatographic method. It is obvious that GPC pivcs 
a much more detailed description 01‘ \\hat the oil actually contains. Besides tfle dis- 
appearance ofone shoulder at 47.5 ml there has been an increase in the higher mofec- 
ufar \wight peak at 10 ml and the appearance 01-a peak betc.een 60 and 65 nil which 
matches tfle largest of the UV peaks. in addition, the UV response shows a peak 
above 10 ml. :L sfloulder and then another peak at 50 ml_ Obviously, the supplier 
had changed the cmnponents of-the oil more drastic:dly than it had been realized \vhcn 
the change \v;ls made. 

In oil S-f I (Fig. I la)_ the RI sensitivity was reduced to 16 .- and :L larger peak 
appears in both tfx RI and UV responses betlvren 60 and 65 ml. Because ot‘the width 

RI-4X 

Fig 11. Ester-base oils: (a) S-l I I (b) S-l LA. 
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of this peak;, is was suspected that there might be two additives involved at this point. 
After changing the cluting solvent to chloroforni, ~1 better separ:ltion wts 

achieved (Fis. I I b) and the peaks at 65 and 70 ml were collected and identilicd by 
IR spectroscopy as a nttphth_vlmnine and ;I thiazine antioxidant. It shot~ld be noted 
that only 2_5pl were used t-or this curve with an increase in sensitivity to 4:~ on the 
RI detector_ The smaller UV-absorbing peak at 50 ml has not yet been identified 
but could possibly be Zen antigumming agent. Again_ the chlorc~form eluent provided 
a better separation and eased the problem of fraction collection_ This cmphz~siscs 

the lkt that even thou@ a srttistktory separation is bein, L 61 wzhieved with one solvent 
system, it can be useful to try another. 

WC cm now consider the changti thtlt can be brought about by heating 

some or the oils \vbicb have been tingerprinted and note the cbanees \vbich can be 
detected_ Comparison of the original curves oi‘ the various oils with the curves l-or 
those which have been heated wil! be most advantageous in assessing the true value 
of the GPC technique and, theretkre, the original identitictltion numbers have been 
maintained for case of rekrence_ Atier heating oil H-3 tix- 330 h at 150 F_ :I \veight 
loss of 2.26 ;;;, was noted (Fig_ 121). A slight change was evident in the RI response. 
a shouIdcr developed on the l~igh-~~~olecul~~r-~~ei~l~t side and the antiosidant shoulder 
disappeared usins UV (compare Fig. 1%~ with Fig_ -?a)_ 

Oil H-4, after the same beat treatment. sulked :I 3_5S”,; loss in Lveight and :1 
more pronounced increase in UV absorption in the high-molecular-~~ei~llt region. 
Again, the antioxidant to the ri&t of the curve has disappeared and this is nlr>st 

apparent when Fi_g. 3b is examined. 
After heatirig oil H-l at 500-F lhr 4 h (Fig. 13~1). much ma-e drastic results 

were noted, with the build-up ofa peak in the RI curve at 10 ml and a shiti ofthe main 

hi&r nmiecultlr weight. The UV detector tbllowd suit, xirh 
UV absorption just beliwe 40 ml. 
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Alicr running ;I product win= ‘I oil H-! for ma- 2000 h to IiIilure (Fig. 131~). 
the oil slio\vcd the typical heat-induced pattern esccpt that it was more pronounced. 
The small peak between 65 and 70 ml was due to cbloroforni_ 

Atier esposing ester-base oil S-l to rl temperature of 500-F for 4 h (Fig. I&I). 
;I pattern of degradation similar to that of‘ the hydrocarbon-type oils NX prodwxd. 
Note the cktngcs :tt 35. 40, 45 ml in both the RI and UV traces. 

Ester-base oil S-2. \vhen heated tbr 1 b at 500°F (Fig_ 14b), slxmal :I loss of 

the mnine antiosidant and the build-up of liigber niolecular weight components 
bet\vem 10 and -l7_5 ml_ The tcmpertlture of 500 -F was chosen as a rapidly acting 

tt’nipcr;ItiIrt’ to shwv the degradation which coi~ld take place and MI L-L-9236.A 
!rd_ 2) called ibr 3 corrosion osidation stability test at this temperature. 

Mtcr esposin~ ester-base oil S-3 (Fig. 14~) to a temperature of 500 F Ibr -l IL 

the :Iinine mitiosidant had been consuniecl and sonx hi~l-h-molcculrir-\~ei~lit build-up 
was noted. with some loss of‘ the acrylic additive. Comparison of oil S-3 with S-7 
indktes that the ddition of the cresol additive made the oil more stvble at eleuatcd 
tcnipertitims. When considerin, 0 the original curve of oil S-3 ctlrlier. it was stated 

that it would be usd as :I standard. so several rckrrnccs to it Lvill be nxide from this 
point. 

Heating oil S-3 in the presence of copper (Fig. 1%) increased the de~rtidatim 

sliglitl~-. as indicated by the elongation oftlie UV peak at an dution volume oT393 ml. 
When cstcr-base oil I I-A was heated tbr 4 h at 500’F (Fig_ 1%) there was ;f 

lack 0t‘ build-up of Iligli-Iuolectllar-\\ ciplit substances in the UV trace \vllicli 11 as a> 
evident with ester-base oil S-3 (see Fig_ I I b_ which uxs trlso run with clh-oform as 

tl1e rlucnt). 
In Fig. l6a. the amine antiosihnt has disappeared but a hi~-h-molsclllar- 

\ieight UV-absorbing peak did not appear after heating at 212’F for I>8 h and at 
3ZO.-‘F for 13 II- The higher temperature cresal-type antiosidant still remains etl‘ective. 
After the MI L-L-60S5A (ref. 2) oxidation stability test, the amine antioxidant was 
cxlv slightly Akted. 
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Fig. 15. Ester-base oils: (a) S-5 heated for 1 h at 500’F with Cu; (b) S-I IA heated ? h at SOO’F. 

Fig. 16. Ester-base oils: (a) S-3 heated for 1% h at 711’F and for 24 h at 300 F: (b) S-3 thin film 
hrxmxt for 20 min ;IE -ZOO-F_ 

After heating a thin film of oil S-3 at 400- F for 20 nlin (Fig. 16b), degradation 
\vas so advanced that chloro&~xm had to be used in order to dilute the viscous residue 
so as to allow it to be drawn into the syringe_ The iarse RI response between 65 and 
70 ml is due to chlorot~wm. The volume of the oil exposed to degradation conditio:ls 
is an important consideration in overall performance_ 

Ester-base oil S-3, after a product test for 100 11 (Fis_ 173). sl~o~scd some loss 
ofrtmine antiosidant and an increase in UV absorption at 50 ml. Residual chloroform 
from cstrxtion KXS also evident in the RI response_ 

Changes that occurred with product test oil S-3 atier 1500 11 (Fig. 17b) show 
some indication of UV build-up of a hi~l-h-molecular-sleight fraction and also loss 

Fi$_ 17_ Ester-base oiIs: (a) S-3 after product test for 100 h: (b) S-3 after product tst ti,r 1500 h. 

FL= IS_ Ester-base oils: S-3 triangdati~x method for area of rtminr and acrylic dditives. a- 
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of rhc amine ttntiosidant. Compttrisan shm11d be made \vith Fig. 6c to appreciate 
the cl1a11ges. 

Fig. 1 S slia~5 the triangikition method wed for the artx~ofthr acrylic arid am- 
ine peaks for qu;mtitatiXm in oil S-3. This quantitative analysis, run by older rnrrliods 
(I R spectroscopy. PXS chromato~rnph~ and methods in rsfs. 3 and 4), required 90 min 
\vIiile GPC required 25 min. 

Tlir calibration curve hr the amine antiosidtmt is represented in Fig. 19 and 
indicates the linear response of the UV dehxtor in the rrmgz of interest_ An area of 
942 cnG is equal to O-74:.‘,, of mxinc. 

g_ 20 is the calibration curve for the acrylicr an area of15 cm2 equals 2. I y.;; 
oi i,rvZ. -.. -. 

L _ 

It has been found that slight clxu~prs in the response of RI and UV detectors 
occur 2nd ihat the calibration curves hve to be run occasionally in order to maintain 
accuracy in quantitation. This can easily be checked by xtainins :I standard of an 
oil \i it11 ~IIOUXI values and checking the peak areas from time to time. 

The follo\vintT ~ ad,,,tages have been noted: 
( 1 ) Various oils can be rapidly fingerprinted, identified arid chnges detccLeci_ 
(2) Small stmplcs (5,~l or less) are required. 
(3) No prior sample preparation is necessary. 
(4) More information. such as number-average molecular weight. as well as 

the presence or depletion of additives in fresh or used oils. is availtlble from this 
technique than from thin-layer or gas chromatography or other tiic~liods. 

(5) Fractions can be collected since the detectors are non-destructive ad 
I R spcctroxopy, mass spcctrometry, etc., can be used foridentificatiot~_This isespeci:dly 
hclp!~ul LX ith ester-base oils because their additives x-e ditlicuit to separtite from the 
base oil by other methods. 
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