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I. INTRODUCTION AND BACKGROUND

I h e  I_ S. (~osernn1ent operates the largest s ing le  ground -vehic le  f’leet in the  world ,
inc luding  mater ial s  handl ing  and au t o m o t i s  e support  equ ipment .  IThc IJ .S. Army has the
cUslo di a l  respo ns ibi l i ty  fo r  the  pr inc ipa l  a u t o m o t i v e  engine lubr icant  specif icat ions I~~ *

under  ss hi ch the Federal Government  purcha ses eng ine oil s for i ts  c iv i l ian  and m i l i t a ry
ground vehicle fleet . In addi t ion  to this enormou s engine oil r e sponsibi l i ty,  the  Army also
des etops and ma in t a in s  spec i f ica t ions  for the  procureme nt  of ’ gear oiI s~~, arctic engine
oils 3 - ’ , and hy drau l i c  o i k0~ for  use in 1)01) ground-powered mi l i t a ry  equipment , and in
..\rm\ a i r c r a f t  sy s t e m s . Knos~ ledge of lubr ican t  n a t u r e , product qual i t y , basic Composi t ion ,

and p er for man c e  ch ara ct e t i s t i c s  is essent ial  for the  ..\ rn t v  10 wr i t e  the  most ineani ng f ’ul
speci f i c at i on s  for  gus e ru n i en t  product p iocur emenl  purposes. Product qual i ty  control ,
qua l i t y  assurance , and used—lubr ican t  an ahscc are three  of the  cr i t ica l  lubricant  funct ional
Jspects in ss hich s t a t e - o f — t h e — a r t  chemical anal y s is  mus t  he applied if the  best intere st s of
the  government  as a lubric ant end—usc ’r are to he sat isf ied.

\t anv  rout ine  chemical analy ses  developed in i ndus t ry  and government are directly
app licable to cer tain of the  lub r i can t s  the  government  uses in noncombat ground—vehicle
service or support  equipment (i .e. ,  purch a ed unde r  specification Ni 11-1 -46 1 52~~).
I lowever , the  requi rement s  and needs of ’ the  Army and DOt) ground-powered combat - tac-
tical  fleet and support  equipment  are ent ire/v (I iffe r c ’P I t  from those in the  c i v i l ian  and non-
combat sector.  For exampl e , one sp eci ficat ion ~° lubricant  is designed to satisfy a wide
va r i e t \  of engine types operat i n g under var y ing  condit ions , u ni que to the mi l i t a ry .  Specific
severe operat ing condit ions inclt ide :  f re q u ent  lon ,t~ periods of ’ engine idl ing,  short vehicle
t r i ps , or engine s lu itdown;  u t i i n t e n t i o n a l  or inadver tent  use of wrong specification pro-
duct s :  m i x i n g  of ’ several d i f fe r ent  supp lier s ’ products and viscosit y grades (qual i f ied under
the  same specif icat ion )  in man\’ engines , such tha t  when there is an unusua l  problem , it
heeotnes d i f f i c u l t  to id en t i fy  the  specific lubr icant (s )  being used ; and the  widest
envi ronmenta l  t empera t u re  and cl imat ic  var ia t ions , inc luding .frc’qut’nt trips into sandy,
d u s t y  and snoss v areas.

I ‘ m i t  the  earh ~ 1960’s, the  U. S.  Army proe ’tred and used relatively simple lubricants
compared s~ i t h  those mater ia ls  being offered as a result of ’ the modern lubr icant  F ormula—
t ion t echnology of the  1970’ s. It wa s  common f’or the Army to purchase single grade , con-
tent 1’ona//t ’ f ormula ted mineral oils of ’ variable qual i ty  level , depending on the performance
requ irements of th e equipment in which the lubr icants  were to he used.

In the  mid-  1 960’s the  . \rm rccogniicd the b e n e f i t s  of ’ u s ing mul t i v i se os i ty  grade
engine oil s and qu ick  Iv adapt ed the se oils ° for  n on eoni b a t — t  ype vehi cles ( i .e . ,  ( 5,’\
Interagency r i lolor pool sedans and pickup t r u c k s :  I _i .~~~~. Postal Service t ruck s  and sedans :
and 1)01) commercial  I n icks ari d sedans) . l ’hese mutt  igrade oi ls , wit h their  hi gh molecu lar
wei gh s polym er s added fur h igh—tempera tu re  t h i cken ing  purposes , i ntroduced the f ’ir st of a
serie s of complex problem s to the government .  [his ss as due to the na ture  of ’ the  poly meric
th i cken in g  mate r i a l  (general ly referred to as a ii~ soslI1 ’ inde.v imp r over) . While industr y  at i d
t he ci s ilian sector had been u s in g these mut t  igraded oil s for a decade or more . the  fact

SIIpers~’ripf ntimher s in parentheses refer to refe re n ces at the end ot ’ th i s  rep ort .
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rema ined  hat  the  gus e rn m en t  s~ as unIv  b eginning  to purchase the se t~ pes of oils iii the  mid—
1 960’s . \‘ is cOsI t ~ index impro s  ers are h igh  molecular  s~e igh t  s t r a i g h t - c h a i n  cross- l inked
polymeric  mater ia l s  s~ h i tch  undergo ar ~ ing degrees of shear degradat ion in service and lose
some (or a l l )  of the  iscosit  improvemen t  c a p a b i l i t y  the y  are in tended to impar t  to the
f i n i sh e d  l u b r i c a n t ,  I rom an ana l y t i ca l  s t a n d p o i n t ,  these mate r ia l s  prese nt problem s of ’ iden—

i f ica t ion  ( i . e . ,  pol~tr and no n po l ar blends )  and separa t ion , because of the  cr i t ica l  so lu h i l i t  ~
of the  polymeric  impr over s , pa r t i cu l a r ly  i t  t he  l u b r i can t  is  a used sample and possibl y s~ as
mixed s~ it h another  suppl ier ’s oil in the  f ie ld ,

I ubr ican t  fo r t n u la t i on  technolog y has cont limed to ads ance (and become more com-
plicated ) since the  m i d — I  960’s , at s~ hich t ime  the  \r t n~ tu rned  to syn the t ic—based  arct ic
engine  oil s . The d i f f i c u l t  r equ i rement  of loss — t e m p e r a t  t i re f l u i d i t y  coupled w i t h  good high—
t empera tu re  pe r fo rmance  in modern h igh-out  put  diesel engines nece ssitated the  develop-
men t I~

l . iO of a new arc t ic  engine oil sp e ci f i ca t i o i i ~
4 ’ 1  designed around the  use of ’ sy n the t i c

lub r i can t s  as pro Ne,,, solt’er.s , More recent l y , the  1973 N I iddle Fast oil embargo and the
consequent ads cut of so-called lone-lilt ’ or e’vtendt ’d drain and ,io-drain sy n t h e t i c  crankcase
l u b r i c a n t s  ‘

~ h as required the  A r my  to i n t e n s i f y  chemical ana ly si s  research and develop-
ment  for the  purposes of lubr ican t  ch ar acter i ia t  ion.

The properties and phy sical  pert ’ormance characterist ics  of ’ many s y n t h e t i c  and
minera l—based  lubr i can t s  have been presented an d discu ssed. ’ ~ It  is the  i n t e n t i o n  of ’ the
current  report to place in perspective a part of the  Army ’s experience pr imar i l y  wi th  ground
s chicle engine lub r i can t s  so as to i l l u s t r a t e  the  i,npact sy n t h e t i c  and hybr id  oil base stock
has had on the  analy sis of new and used engine oils.

II. SPECTROMETRIC OIL ANALYSIS PROGRAM

A. Fleet Tests

I ) u r i n g  the  mid— 1960’s, in teres t  in t lie a n a l y s i s  of ’ used engine o i ls  from m i l i t a r ~ ground
equipment  ( t h a t  is , t ruck s , t a n k s , genera tors , and so fo r th )  had been in large par t  due lo the
appl ica t ion  of t he  .\ rmv Spect rometr ic  Oil , \ na l v s i s  Program (A SOAP) to a i r c ra f t  engine
main tc n a nce .~~

Dur ing  fleet t e st~ sponsored by the  Ii . 5. \ t  my Coat ing and Chemical  I .abo r ator v ( t h i s
ss as dises tabl ished in June  1974 and the  f u n c t i o n  t r ans f ’erred to become part of ’ t h e  Energ y
and Water  Resources Laborator y at NIE RAE ) ( ’OM )  in 1967-1969 , the  engine and gear oils
were sampled and ana l  ied in support  of broadening  the  appl icat ion of A S () \  P to inc lude
ground veh icles .~~ ~~

Whi le  .~\SOAP relied specif ical l y  on meta l s  ana lys i s  of u sed lubr i can t  samples f ’or wear
level eva lua t ions  of ’ oil ss et te d eng ine and gear components , appl icat ions of ’ .\SOA P to
diesel and gasoline engines required m ore co tu p re h e i i s i s  e anal y s i s .

( o n l a m i n a l i o n  and deter iora t ion due to a c o m b i n a t i o n  of f ue l  d i l u t i o n , hl os~ b~
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products , and engine operat in g parameters  resul t  in a complex analyt ical  s i t u a t i o n  where
mans  oil propert ies can change in service , sonic of whic h changes were more meaningfu l
than  o ther s .

B. Standard Anal ytical Methods

Standard test procedures out l ined in Table I were and are used to provid e data from
eng ine oil drain samples. A casual consideration of the tests contained in Table I would
lead correctly to the conclusion that  synthet ic  base stock would no! im pa ir t hese procedures
whether  the  sample is new or used.

l \ i l i  I I It  S t  i ’ R ( l (  [ -Di R t - S

\ S t M
I e~t De’.~ripii~ n Dc’signaiion1 ’ 1

0-44 5
I,t~h I’~ i iii  i )—92

i’ ,~ur i’i~I i i t

ii 5, ~I ~su i n t r e i  D-(~64 or D-21(96

t .tI ll,o~- Nu nbci 1)2596

i’c rri  , t i r ~ & B . i i i c i i e  t i’.ol ii S i c .  0-59 3
( ii s r i  0-524 or 1)-i

s u i t o r  0- 1 29

\ i I  ( i ra%I i~
oj~pcr Si rip ( ‘,~rl ‘i ou 1)— 13 ( 1

Si ~i ST Ii’ C 01 l5)’ .jOII 1)—i 30
sr~I( .~r~J 541 0-874
i iicl I )iir i l  so t )— 322

C. Modern Analytical Methods

Modern analytical techniques , which have not been standardized , have been used to
measure metal concentrations , chemical reactions , ’ diesel fuel dilution , and other
characteristics in eng ine oils.

I hese nonstandard methods include infrared spectrometric analysis , gas
chromatography, and various meta l sensitive spectrophotometers and spectrometers. More
than casual consideration as to base stock impact must be given to these test methods.

1. Infrared Spectrometric Analysis

Lubricants , both new and used , yield spectral absorption t races in the infrared
( l R) reg ion of the electromagnetic spectrum from 600 to 4000 cm t , which can be used both
qual i ta t ive ly  and quanti tat ively to describe chemical differences and changes.

7



I he i t i u ’t  c o n i i i t o n t l ~ u t m l i i e d  l R  t e c h n i q u e  is  r e l e r m e d  ts r  as d i f f e r e n t i a l  i m i t t . i r  ed

~1) I  R ai id h a s been applied to used oil  a i ia l ~ si s h~ h r ~,ssa a nd assoc iate s . i2 ~ I h , s te c l i nt i -
C l ue i t s  ols es t h e  use ~ t a dua l  bea t u  t n t  r~i i e d  sp ect i o ln e te r  and i i i a t L ’hi ed ( o f  t he sante  s a i t i p le
t h ic k n e s s )  so l u t i o n  C L ’ l k .

. \ mi  a t t e r m i a t i s  e n i e t h od , t h e  d i i  cc! a h s o r p t t o m i  tec h n ique , e l i m i n a t e s  t h e  riced f o r
u s in g  matched  so l u t i o n  cell s . l ) e t n o u n i t a h l e  sample  cells . i i t i l i i i m i g  lead ~~ t ccr s  to o t  i i i  a
sample  i. i\ i t \  . are c oi n p lem el~ d i s m a n t l e d , cleaned , am id pol is h ed heiss cen each r u n .  Sor t ie

a t i a m i e c  in t he  t h i c k n e s s  ot lead spacer s , as ss c li as sonic d i f f i c u l t  in r i i e a s u r i t t g  t he dept Ii
of the  sample C a s  i t ~ , requ i res  u se of t lie i n t e r f e r e n c e  method ’ to d e t e r m t n e  cell t h i c k  n ess
l i t i s  cell t h i c k n e s s  mi n i s !  be de te rmined , s ince t he spec! r~d r e s u l t s  a t e  r epo r t ed  i t t  ab sorh at i ce
per cent  in ie t  cm

I - i g u r e  I c o n t a i n s spectra  ob ta ined  h~ bot h  t h e  d i t i e r e n t i a l  and d i r e c t  i m i t  r a reL l
t c L i r n i q u c s  t o t  a used o il , a r id  ,~ t i .~ ra te s  t lie c o mii p ar ~ihl e  r e su l t s  ob ta ined  h~ t h e  t ss o
i~iet hod s . t_ s i n e  t lie d i r e c t  i n f r a r e d  ab sorp i  toi l t e c h n i q u e .  t l ie das h ed l ine  in spe L t t u tu \
( I  :~ U t C  I )  is of t h e  ness oi l ,  and t h e  solid l ine  is  f r o m  t h e  same oil a f t e r  5~ 00 miles of sers ice.
li i  spe ct run i  R . i l l u s t r a t i n g  t h e  d i f ’t e r c n t i a l  t e c h n i qu e .  t h e  Cla shed l ine  t s  f r o m  the  iiess o t t  in
both re fe rence  arid samp le cells , I lie solid l ine  in spe c t rum I3 t s a di f t  e r en t i a l  of t lie h ess oil
ar t d  t l ie s ani i e  ~ i l a f t e r  5~ 0() m i l e s  of sCi5  ice. ( a l cu la t  ion of t h e  ox idat  ton p roduc t s  pr e sent
i i i  t he used oil h~ t he ba ss’ l in e  m e c h i i i i q u i e  c t s  es essent mal l ~ the  same r -e su lt  by both the  d i i  —

t e r e n t i a l  amid  t h e  d i rec t  m t  m a t e d  t e c h n i q u e s .

I ab le  2 l i s t s  mi t e  f r equenc i e s  as s tg t i ed  to n~ r t i c u l a r  molecular  species f o u n d  iii n ess
and used m i n eral  o i l— b ased l u b r i c a n t s .  I r i t e r f e r e n c e s  ss i l l  be r ioted f o r  sonic con ipo um id s . a~
i n dicated in co lumn 6 of I able 2 , ss h ic h i  shi os s t he  us e r l ap p i n i g  f r eque m ic ie s  t h a t  can occur.
I lie si_’i i s i t is it  ics . as de t e rm ined  li~ us ing  a 0. 00 2 5 -cm i i cc l i,  are t a b u l a t e d  in column 5. T hese
calcula t  ion s ss ev e  based on ~‘a l ih ra t  ion si an d a i d s  b r  ssaj  er . ~l\ L’Ol ,  ar id addit  is es pr epared
in n ess oils , ss b i t e  r lie react tor i  p roduc t s  ss crc ca lcu la ted  ut i l i i i i i g  used In i r i c a t i i .

Fue l  c o n t a n i i n a m  i ou may in sonic cases he dci cci cii by in f ra red  b~ t he mea su re—
nie m i t  of o u t — o f - p l a n e  de fo rma t ion  s ib ram ioti s due to a romat ic  (‘— I I  ~i~ii~1s . l’lie consider a-
ion s here arc t h a t  t lie fuel has s u f f i c i e n t  a romat  ic i tv  and t h a t  the  lub r i can t  be pr i r i i a r i l~

s a t u r a t e d ,  i t i act u a l i t v . lioss ever , t h i s  ide al i .’ed sir uat ion is not rcal i,ed .

.\ 1 966 f u e l  s t irs  cv indica ted  tha t  t he  range of ’ a romat  ic i ty  in ‘ S  ( N~ , I and ~N o ,
2) diesel fuels  s aried f r o m  12 to 38 percent.  A s imi la r l y  large range in a romat ic  content  also
occurs in g as o h i t i e s  . This  ss ide spread would cause d i f f i c u l t y  in accura te  d i l u n  iou ca l c u l a —
ions u t i l i i i n i g  ar ot i i a t i c  ahsorpt i o n s . Also, aromat ics have di t ’f ’ercnt absorpt ion f r e que n i c ie s

and di ft ’erent  ahsorp t i s  it ies . depetiding upo ui the i r  st rui ct  u r a l  a r rang em cm i t  s .

Some correlatioti  work has been done using 20-percent fuel bot toms.  This was
successful , hut  only to the  extent tha t  the  fuel contained a h igh aromatic contet u t  and the
sante fuel and lubricant  sy stems were mainta ined.  This technique could he developed t’or a
specific appl icat ion where a fleet is u t i l i z ing  a single fuel of hi gh enough arom atic i t  atid a
sin gle lubr ican t  not conta in ing  synthet ic  base stock of ’ the polyalkylated henzene type.

- - - -  ~~~~~~~~ ~~~~~-~~~~ -~~~~ - ‘~~~~~~~~~~~~ ~~~ -~~~~~—- 
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- 1  Fyp e i f Diag nostic
Absorption (cm ) Adsorption (cm ) Vibration Significanc e Sensitivity ’ Interferences

3300-3500 1600 0-H stretc h Water 0.05~’o vol Glycol . oxidation
1700-1 750 1100- 1200 7=0 stretch V iscosit y improver 0.2’ wt Oxidation
1300- 1750 1100-1200 c:= o stretch Oxidation 1 A c m  Viscosit y

improver
1630 1270 ~ -O stretc h Organic nitrate 1 A c m  A lkenes
1100-1200 - 503 ass ymetr sc Suifonate detergent 0.2~i set Oxidation

1040 3300-3500 C~O stretch Gt ycol 0 .2~~’’ vol Oxidation
1080 3300-3500 C-O stretch Glycol 0 . 2 7 ~ vo l Antioxidant
950-1050 - P-O-C Zinc dithiophos- 0.2”. set Aromatics

Asymmetric phate
stretc h

500-1000 1i~00 C- It out of plane Fuel dilution Indeter- Unsaturation
deformatio ns of mj nate in lubricants
aro matics

8asesl on a cell thickness f 0 .0025 i’m.

ss’hen absorhances at 1040 cm and 1080 cm are added together.
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1 u) St ) l uble p~i rt icul ~if e mater ia l , c on i i i t omi lv foun d i i i  used diesel or l igh t  SCI I C C

spark ignitiot i  cu igit ie lubricants , adsorb and scat ter  the in f ra red  radiat ion and t h t m s  ~.f ftc
t ive l v remove (lie energy from t lie sample beam. these par t icul a t e  ma te r i a l s  are pr ima i ul ~
sludge and carbon particles from incomplete combustion , and may he separated by am iv of
several t echm ii qu es such as f i l t ra t ion , solvetit dil ut ion , and t i l t racent ri Fu ga m ion. I ’ i l f ral 10k

has ge ut er all v tailed to g ive des ired results , sit u ce ei ther t Im e f ’inc pore size f i l t e t  s plugged m i ii
mediatel y or the larger pore sizes failed to r cm i i o se the inso lubles.

By far the mii ost pr o m il isi u ug approach has involved (lie centri  lugal ion at speeds
equ ivalent  to forces in excess of 30 kgf ’. I h e  cent r i fuged s amm ip l e s  can m lien he au i a l y i c d  by
i n frared as well as by of her techni ques. l ig t mre 2 , ‘pect rum A , shows 1K ab sorp t ion spec t ra
tha t  ss crc obtained before and after cen t r i fug ing  a used h m i h i  i c aui t  ss h ich was high im i i u i s o lu —
ble pa r t icula te  material .  The dashed line in spect ruin A i s  of ’ t im e  used lub r ica u f  before cen—
t r i f ’ugat ion , and the solid line is of ’ the satne sample a f t e r  cent r i fuging  t’or I hour iii a Sors all
ultrasp eed cent r i fuge  at 30 kg f. ‘th e ch aracter is t ic  hi gh absorpt ion at 40(X) cm and
backgro und slope of the spectrum of the used oil have been el i t i i ina t e d in the spectrum of
lie oil afte r cent rif ’ugit ig. In spectrum B , the spectrum of t he used oil af te r  cciii ri f ’tmgat ion

(solid line) is compared to t lie spectrum (dashed l ine ) from new oil , which allows inspection
l’or addi t ive  bond ch anges , oxidation , and oi lier changes w i t h o u t  the problems imiipo sed by
t lie in i t i a l l y  high par t icu la te  mat ter  con ten t .
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l ” i gure 3 is at i infrared spectra of ’ au ester-based emi gine  oil (SAF viscosi t y  grade:
I OW— 30) ssh ich clearly dcmn onst rat e~ t he impact  t h a t  t h i s  t vpe of ’ mater ia l  has on t lie inter-
pr etal ~omm of used oil propt ’rf ies (p arf  i~’u la r Iv  at 1 200 and 1750 i’i i l  I ) I lie on ly s~ u t h i e t i c
l ubr icant  base stock ss’hich does not i t i t e r l ’ere wi t  hi i n f r a r ed  in f c rpre l  ai io m i s  is  I ha t made up
of po l v -a l p ha—oi e f i mis  such as t he oligomer s of deceuic~ I
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2. Fuel Dilution By Gas Chromatography

As was discussed in an earlier section , infrared ana l y s i s  does not p r ovide t’or deter -
mi n ing f’uel di lut ion if the t’uel does not contain suff icie t i t  aromatic hydrocarbon s , which  is
t rue  w i t h  many diesel t’uels . A rapid gas chromato gr aphic  ((IC’ ) t c c h u i i q u e  can be used to
evaluate t’ue l d i lu t ion  dtte to gasoline , diesel , or cot llpres sion i gn it ion -gas  t u r h i t i e  fuels if
the  oil is s u f f i c i e n t l y  nonvola t i le .  Vola t i l i ty  measurement is independent  of’ t h e  chemical
n a t u r e  of ’ the  l i mbr ican t  base stock. However , f ’or a g iven v i s c o s i t Y  grade , the  s o l a n i l i n v  of ’
ester—base stocks wil l  be much lower than  that  l’or minera l  oil-based stocks~, (l as
chromatographic  operat ing condi t ions  have been chosen fo r  each type  of ’ fuel such t h a t :

a. The i n s t r u m e n t  inlet , column , and detector are main ta ined  at eon ” Ia n t
- - temperatures .

h. A single peak from the fuel in the  oil i.s obtained t v i t h i  t h e  area of ’ t i n e  peak
being measured and used as an index of the  fuel d i l u t i o n .

A d is t i l la t ion  residue from t h e  f ’ue l used in the  eng ines is used t ’or ca h ibra t io t i .
Based on a 1957 ASTM surv cv ~

5
~ of ’ gasoline engine crankcase oil d i l u t i on  tests , it was con-

eluded that  a 20— to 25-percent d i s t i l l a t ion  residue was co nui mo uilv i rc se iut in used gasoline
eng ine oil s . Sit i u i lar  data are not available l’or diesel engine used oils ;  however , l) avi s at id
Lim n /

l2~~ have reported t hat t lie 25—percent d i s t i l l a t i o n  residue l’w m uu commercial ‘‘a l l  ~‘ear ’’

railroad diesel t’uel is character is t ic  of the  d i luent  foun d iii used diesel engine oils subjected
to normal  opcrat io iu .  A l t h o u g h  use of a 25-s ol tl~’

() residue from l ) F—2 is p roba b ly  muu uc h
lower t h an is rea l i s t ic , it cam i he used l ’or sen i iqua n t i t a t  is e analy s is , ss hu ic h  ‘s oti ld alloss
t i io l i i to r it ig  of ch anges more t h a u u  of absol tu c q u a n t i t i e s .
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!\ lore rece iit lv , ( IC ’ mn e th iod .s imicorpora t  ing i i i t c r i ia l  st au id ard s  have heem i used to
deterni i u ie  fuel d i lu t  ioti ami d are discussed L iter i i i  t his  report .

3. Metals By Instrumental Methods

To varying degrees , atomic absorption spectrophotometers , atomic emission spec-
tron leters , and more recently X-ray fluorescence spectrometers have been employed for
rapid meta l analyses of oils.

Table 3 is a h istit ig of the usual wear , contaminat ion , amid addit ive metals found in
engi ne oils. The specific sources of ’ the tn eta l s in Table 3 are dependent on engine compo-

h - 5 i ( t  I S i t  i S i  5 i N t N( t N t  ( ( i i  S

5’ . t ’ ,t r Co ntam i nati ~’ :s Add i t iv es

Fe S~ F’
11 ’I +  - — 3 t’b Zn
Cu ii 4’-- - - - 413
Cr c. 

~
- - - *

- - -~~~- - - - *A l  Ba
N i  N a ~~~~~~~ - ~~~~~~~ Na
-Se Mg
Sit

ti ent metallurgy , type of f uel , atid lubricant  f’ormu lation , such that  some of ’ the metals can
he from mult iple  origins. To cite a few exaniples:

a. Ph is a “wear ” metal t’rom bearing inserts containing lead and is also a
“contaminant ” frotii leaded gasoline.

Em . .11u,ninum is generall y from a luminum piston and aluminum alloy wear , but
is also present from dust and dirt contamination.

c. Boron is generally a contaminan t  f rom engine cooling liquids cotu taining
boron , but has also been used in sonic qualified eng ine lubricants as part of ’
the additive package.

d. (‘a/ciu,n generally is present as an oil “add i t i ve ’’ in the form of a
det ergent- dispersant , hut can also be from coolatit and external water con-
t aminat ion as well as f rom dust iui ge St ion at sonic locatiotis.

Wh ile the knowti phy sical and matr ix  differences (especiall y viscosit y) between
used oil samples aJ,’/’ect the accurac,t’ of metals  analysis . rio demonstrated ef ’fects due to base
stock type (mineral versus synthe t ic )  have been demonstrated except for X-ray fluorescence
which is dependent on elemental ma t r ix  et ’f’ect s which would he present to differ ing degrees
in esters but not p olv— a lpha — o lef  ins whic h closely resemble t h e  mineral oil containing tuic ta l
standards.
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0. Fleet Test Oil Analytical Data Results

-\ comple te  c ou i ip ih am i o m i of ’ t h e  large h t m l  k of ana l ~ m ica l da ta  obta in ed f o r  m he engine
atid gear oil samples du r i n g  t he 1967— 1 968 f lee t  test p rog m’a ni is co um na in ed  i i i  a sp c cmal
repor t  .~ 

i’’’ U t i l i i a t i o t i  ~ f sonic of the  muoi i s t and ar d i i ed  test i ec l in iq u cs  em i ip lo ~ cii iii I h i s
st u dv 1 ~ ~ inc l t md e d  t i n e  fo ll os s - ’itig essent ia l  co u usi d cr a t  ions:

I ) ( ‘o mm i p ari son oh ’ meta l  cou icent rat ion dat a f ’ro t i i  t h r ee  l ahor at  OF C’s i u i d  ic am cii m h a t
accuracy of ana ly s is  ss as ’a pr ob lemi t  f r o n t  both procedural  and in t e r l a b o r a i o i v
s t a n d p o i n t s . a l t h o u g h  precisio n s s i n h i u i  a i a h o r a n o r v  pe r mi t t ed  t h e  m o n i t o r i n g  of ’
rend ch i amig cs in metal  con centr at  ioti s fo r  d i a g m ios t  ic purp os es .

(2) l’he direct inf ’rare d absorption t echn ique , employ in g a dcmouiu tab l c  cell ,
e i i n i i rua t e d  t h e  micc e ss it  v of ’ t u i a i u i t a i n i n g  cells iii nua tc h ied  co i idit  ion.  I-I i gh— sp ccd
c e n t r i f u g a l  ion svas used to clan t’y opt ic a l lv dense oil san ip les.

(3) A technique involving gas chro nia to gr aphic  single peak ’anal ~ sis of gas o l iu ic .
diesel , au id (‘I {~

( 
~U fuel d i l u t  ion was developed to pros ide a rapid uii ct  hod of ’

moni to r ing  fuel d i lu t ion changes .

(4) Part  ic Li l a t e  m a t t e r  size d i s t r i b u t i o n  was determined by a m i e ro f i l t r a t ion  procedure
described by l” rassa au id associates t24 ~~t wi t  Ii t h e  exce p t ioui  t h a t  m i t e  pcu i ta um c-
di luted sample was filtered through three consecutive t’i lter pore sites (5 , 1.2 , and
0.22 ~s) to give f ’our weight d is t r ibu t io t i s :  “ 5 p . ‘

‘ I .2 . hut  less than  S p . 0.22
hut less than 1.2 (1: and total  weight percent , ‘0, 22 p~.

(5) l) isper saui cy ssas dctcrt n in cd by hl ot t c t ’ spot te st t ‘~~ using one drop of oil (at  rooni
te mn perat  L ure )  on W hua i mi uauu  No. 4() t’i l ter paper ( h i o r i t o u i t a l l v  suspended ) .

Anal~ ses of ’ oil s f ’ron i 20,000—ui ii l e road tes ts  of ’ 24 A n m i m v  general-purpose s chid es pro-
sided an eva lua t ion  of the  s igm u if icam i ce  of sped rt,miet n c  oil ana l y s i s  t c c h m m i qu es. ’ ~ lhc
resul t s  of ’ t h i s  evalu at  iou allowed t hue f o l l o w i n g  obser saf ions to he made:

I ) Bearing inser t  f ’a i lures :

a. l” ai it m u ’cs were u iu ore readil y predi cted han other types of coi i ipoiieui t  f a i l u r e s
in diesel engines , on the basis of lead , copper , amid iromi con cem it rat iOi is i i i  i lie
oils.

b . t ’ai lurcs ss’ere not readil y predicted in two gasoline en gi u i e s  f ’or n he f ’o l l oss im ig
rea sotis: cot i ta tn i t i at ion of ’ th i c oil wi th  lead f ron t  t he  fuel , lack of ’ copper in

hue hearing overlay s , am i d po ss ih iht  of ’ i ron on ig i na t  lu g f ’ron m ot h e r
coulptmn ent  s .

(2)  Wear rates  ss-ere not direct l y  related to ss’car metal  con cemur at  ions because of ’
s a m ’i a m ion s m u m :
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a ( ) m l  L’u l m i s t m u l l p n  mo l t . ihu a i i t  PC’ mod , a mid  ~~ ss d. I t  m i i c t a t  susp cn i s i o n m pro pert ie s .

h . I \ P C ’ of Ss e , t t  mI t  t h a t  d i s t i u t C ’ t iom is  b cnss e c m t u i o n i i i a l  ss cau am i i su _’t m f ’ f ’ mm m g.
scm am ~, h i i m i g ,  1m m ’d  01 s C O t  t i e  dOUlCl not he m i tad e .

(1)  ( ‘ u s o l a t i t  l e aks  amid dust  ingest  r oi l  sscr c read i l y  detected t hmn oug l i  amua l v s i s  f o r
smiiL ’Oni . h om ci m m . atmd or s o d i m m n i .  (‘oui c dim ii an i oums g ica t cu ’ m ha mt 0.05 sol 0’o f o r s sa t c t
am i d F ’uea t e i  t h i a m i  (1 ,2 ol °‘o ton  giv e ol  cat i  he dci en ’mi iu m i e d  by m u t t  r a r c d ,

(4) I m if  m a t  cii pros md c ii , t m i i e a m m s  of ’ m t i o u i i t  o n im ig  ch ien n ica l  c l i at ige s i u i so l s ’ iu ig  addi t  is C
bond depict iom m s 1tnid o~ i d a t i o u i , hu t  t h e  i u i n c n p u e t a t  t iSm i  of ’ such ch i am igcs  ss as f ’o t m u m d
(0 b~’ il( ’()C’ii( li ’i t t  Ot t  f ) Um ) U k t l t ) % %  IC ’( IL ’C’ t i t  l i i  hi t i ’~i It  t P i t  )pC ’nt I C ’S ,

( 5 )  l~oot oil U m s p e r s a m m d \  cou ld m iom he Cie m ci i i i ine d b~ m m m c m  al comi cc u i t  rat  momis  or i m m I ’m ared
a m i a l s  sts , au td  5% as assessed t h i r o u c l i  t l ie  use of m i i i c r o f i l t  i - at  ion and b l o t t e r  spot
t e st s . l h ic t cs t ~ sscu -c sh io ss mi to  he q u t a l i t a m i s e  i t t  t h a t  t i t e i t  d iucc i  com ’ n ’e l at ioi i  to
cti g u t i c  s lu i ie i ’ ra t  u n g s  ha s t m o t  hC’du t d c m t m o i m s t  na m e d.

Wh ile I l i a m i \  of iicse te s t  t C ’L ’ h i t i t t l t i C ’s c o n t i n u e  to he u sed , m hey hut s  c not been f u l l y
es a h t m a t c d  amid st a i id ard t i cd  t o n  a l l  i u m h n m c a u i t  ba se stocks , I h e m  use svii it ‘r v m m t  l ie u ic—based oil s
st ic h i  as d iha s i c  acid ester s auid  poi~ ol cst ens mi n i s m be quest  ioncd a m i d  mio t  assuni ed to he equal
to t h a t  of t i i i t n c r a l  o i l i ,  I i t i s  h a s  a i t c . i , i ~ he~ m n sito si  ii i i i  t h i i ’ dasC ’ of i u u f u a i ’ e i l  spi’C’ —

rophom omiict  r v ,

l ) u m’ i t i g ~t reccu i n  f i e l d  tes t  c o i r i p a m i i i g  r i m i m i u ,,’i , i l  oil amid e s i e t —h a s eC i  lub m ’ica i i t s  umidem ’ c x—
mended  d r a i m m  c o mi dm t i ) m i s .1 C i t i i ’L’t ~ isuma l  cou m i par  t s o m i  of ’ b l o t t e r  spot i cs t s  f o r  t I m e  d i t ’ f ’cu’e i it
oi l s  ‘~t m gg c st ci l  di U c r e m m t  i’omm i pa t  m h m l u t  ics ui ta ~ i’\ ms t  s’ it hi i ’C’spi’C ’m to m i m e  h ) io t  t e n  spot t e s i p~m t ~ ’r ,
pe r hma l s due to  t i r e  h ig h er p t s lan i t  s of i he est cu s , kiioss ing t i m e  an ic t  \ of t \ pcs of ’ s~ u t  l ien mc
i t m h m ’ m c a m m n  ba se stock s  sh ou ld i~r os  ide m i i i ’ ~i i i , t i ~ n m e a l  C’i iC ’ n t i s t  ss t n h  an i m i d i c a t  iomi of ’ ss ha t
l) hi ~ sicai - dh i c m i m i C ’ Cui e f f e c t s  ss i i i  he oper , mt t on a l  m u m  a p an tuc ul ~ui ami ai~ uic ai tec hm mii qi m e .

I l l . CHARACTERIZATION OF LUBRICANT BASESTOCKS

l’o pro perl y um i der s tam i d  th e  n at  t i m e  of toda y ’s L’om u ip i e x lubr icants , it has become
micccs san v f ’or tIme . \t  n i i y  to des chop amid u nse  l i tOl c c \ t e m i s m s  e at ia l  t ical  mi ic thods .  ‘l ’h iis has pro-
sided a basis for t lie ch aract eni i a t  iou of ’ t lie ummam i ~’ di f ’t ’erct m t l u b r i c a n t s  or co mnbi t ia t  ions of ’
l uhricamu t s used I mi fielded equipment

A c o m m ipu ehi cu i s is  c a u i a l v t  ica l m e t  h io do logs has bce mi ummai l e  as a i lab le  to t Ime  pet m o l c tm m n
c hie m i i i s m to pr os-id e d esum cii l u m h n i c a m i i  c h i a u a c t c m  m ia t  lout  d a m a t h r o u g h t he  t m s c of the  ami a l  t ical
approach out l im m ed ii i  h ” m gur e 4, ’” - i S )  I ’ im u s  appro ach i  i~t oposes mio m m c s% ar t  , but  places
enipl ia sis our m lie u t  ili ,at ioui of c \ i s t  t mt ~’ mci hods i i i  ~t logical sei ltmcli i ’C’ as a gum d c  to gem i em ate
u s e f u l  i t m t ’o r t i i a t j o t r  ah o tm m h u h r  tL ’ , i t t t  do t i m p o s l t  m O l t  st t i t a n  aim cu r d m i s er  m m ma pi ’op cnl~ “elect a
lub rii’,mn t toi lmms application. h ’ m gi n ni ’ 4 us miot a “cookbook ’’ l ine  d i a g m a i m i  to mi te  a na l y s i s  of
al l ltmb m i ca mits , I t  i s  ~ t ’ u u i d e  to  su g g c s m i m i g  m i i c t h i o d o i o g v  au i d  i n s t m ’ t u u l m c u i t a t i o u i  used to e luc ida t e
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l i ii ’ ~t i  i n e t u i t  e . t n u ¼ l  J et  uk’  t h e  5’ o n m ipt ’ s u t l o t t  ~ ‘.\ t i t i u i ’ t i e  , m r i d  I t s  h i d  l u l ’ r  t e . m t t t s . U, ’i t t
i i i s t t  umtiiu ,’ t im ~il a n a l s  “C’S amid  C’hi ’ I i t k ’ai si’p~m t a i i o i i s  a u c used i i i  L ’ h i , m I  , t ~ ’ t C T  ‘ l i i i ’ i u i b m  i e . ( u i i s ,
I n s t i  t m n i i i ’ n i t a t t ~) mt t i t e i t m i f i ’s L’.a\ a t l i l  h m i i i t t i h  c h i t  & ) u m i , i t ( ) ’ t a i ~h i \  , i t i ~I s i ) C ’~’ t i u m l ~I t 1 1 t t ) t i t L ’ t t  S

I. h t e i n i t ~-al  p 1 o,,’essd ’. t t i i ’ l u m d u ,’ itsd t ois sts • t t t d ~h i ’u m s , m t i / a i i o i m  of t h e  h t s d t o i ~~sis  l ) i o t i t k ’ t s .

I he logic of t h e  u n a i o m  pat h s j u t  F i g u r e  4 is as fo l ios s  ~: - \mi  t r i l ’r ai i’d spe ctu ’ m m i m l  is  o h t a m i i c d
to  m n i d i c a m e  u r i a j o m  c h i c m u i i c a i  i \ i ) e s  f~i i ’5i’li i . ( I( .’I pem u n c a n m o m i  clii  o u n a u o 3 ’ u  .t p l t s  is pc u t on  m iied n o
d e t e n m n m u i c  mo lecular  ss’ei ght  d i s tm ’ ib u tmon  ar id , m t needed ot desired.  no o b m a m m i  loss i i ioli ~i~u il ~mm
ss e ight  base stock am i d  h u gh m i io l e c u ian  ‘s ei g h t  \ ‘ isi ’Ostt  v index  \‘ I )  r n i p t  os en I n aC ’ t t o u t s , \ l m x
t u t u  i’s of polar am i d u t o mip o la m base s tocks  au c si’p anat cii ss t i l t  ad sou pt tou t  or I es em sed ph.is c
ch i t  ou ia tog t  ap h iv  ou - a r c  anaI ~ ted direct  l~ , s~ hi t ch i c s  ci- is t i i i ’ mn i orc  . ippno ~)r iat i’ f o r  a par —

t n c u l a r  samiip i e .  R o m i m  po lau and n lo m i l ’ i o i a m base smock f i  a c m m o m t s  a t e  am ia l v ic i l  d i m e c t i s  b~ ~‘ .i’ .

chit  oun a togn aph ~ (( ( ‘ ) .  l ’h ie polar f t a c t  momi s  arc also h~- du ol~ ted . l)ci is at u s e s  of mi i i ’
hi ~ dro l v s i s  pno du C ’ m s au e amia lv i e d  by ( ( ‘ Ion det a i led  ch i ana i ’te m i / a t  ion.  l iii’ \ ‘ I u m i i p r o s  el
f ’n a c m r oui is  anai ~ icd ,- i n i i l a u  lv , t a k r u i g  m u t t  o c o m i s i i l c m a t i o m m  i t s  c i t e m m i n i ’al P o l a r i t y  amid  m i io lec u i i , i u
ss e igh t

I ’iic elcni ent  s of I ’ i g u m r c  4 has c beemi used to c h marac t  en /c t i m e  base s tocks  of a s an i e t  v of
e,sf i u m h n i c a m m t  s ss inch are dcsc ruh ed iui  I ’ abie 4.  l ’ ahi c  4 m i l c u i t i f i c s  the  t~ pi’s of

l u h n i c a m m t  s ami d pros tiles s o ut me of t f tc  p 1u~ sical a r id  c l i emn; i ’ai p r op e r t  ii’s t m su a l iv  supplied h~
t h e  u n a n u t ’ac tum re n  om o h t a mui e d  by a m i a l v s m s , l i i  • m d d i t i o m i  to  l i i i ’ t y p ica l  da ta  i i i  l ’ ahk ’ 4 . oil ier
com nposi t  ioui dat a are gem i cr a l lv  obi ain cd , i m i c l u d i m i g : sun f ’umu , pito sl ’~i iou u ms , b a n i t i m i i . e a i i i u n m i i
z i n c . s o i h i t m m m i , sul  famed ash . am rd  carbon t es udue .  No special r e c h i m t i q u m e s  a r e  requ ired  fo r  t ite se
analy ses iiuc to base stock t vpe ( m i n er a l  s cu - suns  s~ mi t h e m  mc ) .  l ’hresc l u m b n - m c a m i t  s hia ~ e bec mt
cai c i~oi’iied in l ab l c  4 as Q u a l i f i e d  ( ‘ami d i da t e  ~ I r l i t a i v  I t t b t i c . m n i m s  a i mi l  ( ‘o n m m n m t c ’ rc i ~m I

h’ sme u ided  I ) r a i m i ~ 
‘ I um b i ’ i cam mu s, l Ime a r c t i c  h mb i  i c a n t s  ss c rc  pum n po u  ted to  be i i m b a s t c  acid

e s ter  s (a l l c ; ’ i m , m t  is ei~ called dibas ic  es te rs ) ,  syn t i t c si ie i i  i i v d u  ocan bout s , om ii~ b i r d  b lends of
each 55 h i ic h i  has  e de r t i om is t  r a t e d  good p e m I o r m m i a m i c c  j u t  l abor  , m m o n ~ t e s t s  and .~ rni ~ at c i t e  f meld
openam louts  s imice  I %7 i’~ 

t t ) , t u ~. i ‘1 ‘\lco i u t c i u m d e d  iii  l ’ abie 4 are s\ n it  i t e t  ic based l u l l ) ,  r e . t m l t
, m i u ead~

- q m i a l i i ’ii ’il to \I  I I  - l  —4 61 52 .m u m d  a c o i l e c t i o u m  of ’ i’m l u ’u i ’nu t  - g e u i e r a n t o m u  c o i t i m i u c i  ~‘m , mi  “ s i t
Item Fi ’s i m i m  cm md e d f o r  ext  emi t _ l ed—dra in  op et - at mom i  i mi  comi u m m ie t  cm a l  f l e e t  d i t c h e s  ar id  pm is a te

passi’tig e i  cars f o r ’ periods of r o tmg h i~ 25 ,000 to 50 ,000 m u i r l i ’s ‘I l iii ’ p h u y s u c a l - c h e m u m t _ ’ , rl  r u 0
pert v da ta  j ut  I’ahlc 4 arc tiof adequa te  fo  char  ac t e r i , ’e base s tock cor t i p os it  mom i so as to
def ’m m m e  ~s h i a t  is  m e a mim b~’ t lie ‘sv mi t h i e t i e ’ ‘ des igm u a t  i o mi s , I mi  f ’rarc d sp e c t ra  of t iicsi ’ l u b r i c a m i m  s

si’i cii to provide p r eh im u i i u i a i ’ y  dist im m e m momi s  r c g .u rd m ui g  l u i b r i c a u i m  base s tock based oi m t lie
l r es cm mc e or abset icc of arom iua t  ic , carbomi ~- l , and ot Item ahsou pm iou b , iu id s . I ’  h i s  iii f ’on i i ia t tOl i
is usual l y  not conc lu i s ive non is it q uam ut  it at is e ss m m i i  I ig~m u ~ to t i r e  spe~’i t i C ’ I ~‘pe or q u m a m i t  i t  \ ot
s~ ti t h c n  ic m a t e r i a l  im i  a h u i b r ’ i e am i t  . hut ut does pu Os i de a p r e l i t i i m u i a i  c l ass i  t ’uca i  iou . Rased out
f h i i s  p m ’ e l im i t imi a m ’y  cla ssif ’iea t i o m i , f ’uu m ’ t hem i m i f ’om r u i a t m o m u  i l i u m s i  be o b t a i u i i ’d t h u  oum g ii t i m e
i’h i ro t m i a i  og n a p h m i c  and ci i emu i i c a i  m e ch i m m i qu e s  s t ig e i ’st  cii r u t  I t g t i  i C 4.

A. Application of High Performance Liquid Chromatography

( ‘id ~~dl mime a t iom i  c hu r o ru u a to g ra p h m s  (( h ’( ‘) ss as au , m i i , i l s  m m e al  h t m t ~li - per iou i t i am ie c  l iqu id
d i m  or t i am og r  ap f uv  (11 P1 ( ‘) u t iet l iod used to o b tami i  m it  t o m  u i i , u t  m on ~tb ou t  m u i o l e c t t l a u  “ n e
d i s t m ’ i h t m m i o m i  (mn o l ecuu l am s sc mg h m m ’au ige ) and m o pros  ide . m u m iem l io d  to u s o i a i e  and q u u a m m t m t a t c  t he
high rn o l e cuml .m r  s~eiglu f ’r a c f m o i u  of h m u b u  mi ’ aumts . I I m i o m u g h i  p r cpau ~u t u s  C ~caie ‘ iI’ ( ‘ , i i i i ~ i m u e h

I~
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and low-molecular weight (MW) components were separated and gravimetricallv measured
to yield val ues (in ss’eight percent) t ’or the lubricant ’s h igh-molecular weight viscosity index
iuu tpr o v e n. Results  using th is  approach , as well as t he other major analytical  characteri za-
t iom i  data  obtai t u ed t’or the synthetic-based lubricants  in Table 4, are sutn tnarized in Table 5.
r u e  preparative scale GPC-separated lower molecular ss’eight fractions were retained f’or
fur ther  study using an aly tical  GPC and adsorption chromatograph y .

1.ow-resoltt tion prepara t is-’e-scale adsorption chromatography was used to obtain t’irst
appro xit ul at ion concentrations such as 27 amid 73 svt percemit of ’ ester and synthet ic  hvdrocar -
boi m. respectivel y , f ’or AL-5594 as indicated in Table 5.

B. App lication of Gas Chromatography

Gas chromatographic techniques were used to dete rmt i ine the boiling point dis t r ib r i t iom i
data in Table 5 and provide “f ing erprints ” for comparative analysis of lubricants.  The
volati l i ty characteristics of four lubricants as det erni iuied by molecular dis t i l la t ion are
shown in Figure 5. Two of these lubricants are mineral oils , arid the other two a~c s vt u t h eu ic
lubricants. These same lubricants were evaluated by GC, atid time result ing boiling Point
distributions are shown in Figure 6. Comparison of the data in Fi gtnre s 5 amid 6 demotist rate
sonic of the advantages of ’ gas chromatography. Gas ch’ iromatogn aph v not ouilv h a s  higher
resolution , hut can be more accurate and less t i tn e consu m imug that ’i t h e  molecular distilla-
tio ni approach or other similar dis t i h ia t ioni  fec hi t u iqu e s. T h e  (IC approach assumes tha t  the
hydrogen flame ionizatio n detector (HF I D) has ati essentially equal response ott a wei ght
basis for all lubr icant  hydrocarbons. Molecular dis t i l la t iot i  ss’as used to give a residue por-
t ion F approxirna t ely 566 ‘1C (1050°F) and greater ] atid a dis t i l la te  portion for verit ’icat i oui of
quanti ta t ive (i(’ analysis. This distillate h~’ (IC analysis showed essentially no r e s u m e  based
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- t m m n e m i u a i  ‘. t a mm d , i i  d aii d C C ) t i t  i i  rue d t i m e  . i s s u I l m p t t t ) i i  ol equ a l  detector  I e sp Ot i s C  to n
t ic his 1,11 i’. ,, ,il i’ ) Omis ~~I ~‘s eI i t  .

I h ie gas L’h u o m m i a t o g r a p h i t L - detc L’ n C C ) l o tmn p u t  I CLO t  d ing s  an e comi i p tm te r  reduced to f o r  i i i

det a i led bo i l ing  point  d i s n m - n h t i t  iou da t a  i t  n e i in’. of ’ ss t  pet cciii o f t  s ersu s  bo I l ing  po m tu t  amid
t h e  a m o i m m i t  of re s idue b o m l m i m g  l t I I ] l m e n ’ t i t a n  t he selected t i m i a l  b o i i i m t g  po in t .  ,~\ni~ h u ighu
mo l ec uhan  ss eit ~h t s is L’Ost t ~ i i i d ex t m m t p n  os en , as ss eli  ,Is o i l m e n  i i t g l m  bo i l i n g  m a t e r i a l s , w i l l  s ia\
in t h e  co l un i i mi  amid a t e  aL ’L’oum it e d  tom •t s  a ‘ n e s i dn ie  ‘ i i i  m f i t s  a m i a l v n  m c a l procedure.

\\ ‘he mi in te re s t  i mi i~en ro l eun i— ha s e  , u imd s~ i t t  l ien  iL base h y d r a u l i c  o i l s  am i d .\rnii ~ arctic
entz imi e  o i l s  requ ired  boi l ing pomm i t  anal ~ si s  b~ ( ( ‘

, I lie e s t ab l i s h ed pi oecdure s for m u i im i e r a l
oil s ss crc used. l’hc chiromii a m o g ia l mi s  reproduced i l l  I - m g t i r e  are exan i u p les  of t i m e  ‘‘1 mmuger—
p r i m i t s ‘ ‘ oht a i iua h le  for lubr icam i n s h~ ( i(’. I n i descendit ig orde r . t h e  t ’ir st t w o  l u b r i c a m i t
c h r o m m i a t o g r a m n s  am ’e of s s mi t  i i e t ic  l m v d l ’a u imL ’ oi ls .‘\l —5594 and .\l —56 04 , f o r m u l a t e d  to the
sant e specif ica n iom i by t ~ o d i f t ’e m e n i t  s lmp p i i i ’us , i ’hi e ( (‘ L’i im o m m i a t o g r a i m i s  atud da ta  res ealed
di f fe rence s  het ss eeIi t lie tss o l u b r i c a m i t s ’ L’Oti i~ O5It ions imi spite of t lie n m a j o r  b~ise stock boil-
im ig point  s i n m u i l a r i t ~ . ‘flue t tu rd c l i ro n ia t o g rammi  of ’ h ” ig inre  7 v i s  id l y  d e m ui omust  rated t h e  s er
hig h s o lan  ih i t  \ of l u b r i c a n t  ‘\ 1 -50 ”~4 , com posed i r i i u i a r i l y  of a kerosene base stock, coin— C

pared to the  o ther  h y d r a u l i c  t ’lu id s ss h ichi  sserc s> ’n tlu ’ti e—bas ed t ’i i ’e— r es is ta t i t  I t i b r i c a m i t s ,  I lie
boi l ing  po int d i s t r i b u t i o n  data  for -\ 1 — 50 74 gas e a residue va lue  of l~ wt p ercemit , most of
ss inch was comi tm rm ui ed  by l iqu id  L’ l i r o l i i a t o g ra phs  to he v iscosi t y index impro s er.

Whi l e  t h e  m ine ra l  oil boi l ing po imit  ( l i st  r i b u t i o m i  procedure pr ovides a f i mia l  bo i l ing
point  of 6 15 (

‘ ( e q tm iva l e n t  to n-( ’~ iii t he  st anda rd ) ,  it ss as l’oun d t h at t h i s  ext emided ramige
ss as not tuece ssarv for most s nu the t i c -b a sed  l t m h r i c a i u t s  A si m p l i f ied  procedure ss as
des eloped using a (‘

,—( ‘
3, C t ior n ual  sat ut ’aic st a t ida rd  pros id im ug  adequat e  c a h i b r a t i o m u  to 539 (

‘

I (lO t ) 1 fom ’ use ss ith  s~ nih et ic  and t uu ost  h yb r id  m it ieral  oi l—based l u b r i c a n t s  except wh ere
s e t  h i eh i  ( - hO i ercem in ) n ’esiducs ss crc encou n tered . I h i s  m e t h o d  provided t h e  sam iie
re s olut  ion , mmid  ‘ f i m m g e r p r i n t  im i g ’’ capab i l i t i e s  ex h ib i ted  m i  F igure ‘2 , ‘l ’h ie lower co huiuini  os’ciu
n e m i m p e r a m  ur e also pe r t uu i t t ed  t lie use ot a wider range of ’ mui ore s-o lat ile notupol ar  columnu

~ oat i n ig ~ . Rot hi of t hu e s e ch ro n ian  ograp h ic  svsi  el l is  e im ipl o~ cool septum imi le t  a r rangements  to - -

e l i t u iu  n a t e  sample frac t  iotuat  io u u d u r i n g  im ect 10 m m amid inlet  sami ip l e  py ro l y s i s  tha t  can occur
s~ i t  hi cOli s t  a i im  h m i g h i — t  emuperat t ire it i len s

Sonic di re L I ana l y s e s  of nie t i n  ra t  t r a c t  ion s  f r o m i i  h y b r i d  l u b r i c a u m  s , such as ,‘\l —55 9 4
I able 5) ss h m c h m  c o n m n a i u i e d  3 ‘st percent  l1ol~ a l p l - ,t o let  i n ,  also pr ovided au ana l y s i s  of ’ t lie

s~ u i t  l me t  ic ii~ d r o c a r h o m i  con m ipo s im j o l t ,  l i i  t h e  case of ..\l ~5594 . t lie s \ I m t  hen I C luv dro car bo ui
C0Iti ~ 0 5II loll ss as deter  m m m i n e d  b~ t h i s  appm o ach i , t n s i n i o  pe ak n m o r m n a l i i a t i o n i  to be 3 wt pel’celim

~6 ~~~ p er cent  (
‘ 

. 9 “ n I en ’ c e mim (‘ C , , , and 2 ss perce n t ( ‘
.., o i igon i i er s  of deccnie - I

( ) i n o o n m e r s  of decemie— I are d i s m n m i g t m i s h i a b l e  t r o u t  col ts en i~ioi uaI  n u i m i e r a l  oil  imi t h a t  t h e i r  ( ( ‘
L’hm r o m a tog l ’ .tp h i t c  ‘ t i m i g e r p r i n m t  s ’ ‘ sho ’Cs s p e c i f i c  peak ss h i i c h i  co r i e spo ui d  to  as en age b o t l t n i ~
P omii t  s of l~ 4 . 33( 1’ ’ , 43 I “. 4S’) C’ amid  534 ( f o r  (‘ - . (‘ ‘ C C , ( 

~~~ . ( ‘
~~~, amid (‘

‘ . o h i go mi te r s  of ’
dec em i e— I , I espect i s ci ~ ‘ l i i  j s  sau t e general  ana l s t  ica l appl’o ach ss as used to des c i mb e
I l im ui e r a i  o mi amid poi~ 1ilk ~ 1mm ed be niie m u e s mit  i i \  br id  base sn oL’k s ,

C. Parent Acid/Alcohol Identification

I de m ut  i t ’icat ioti of m hue alcohol s f rom ii t h e  hi ~-drol~’ s i ” . of d IL ) as ic  esters 55 ~I s acco muipl i sh ed
liv ( i (  ‘ a i m a i ~ sis  oi i ima nu fac t u r e r —s upp h i ed  base stock alcoh ols used in t h e  preparat ion of ’
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esters. An alcohol silylation approach was chosen (rather than di rect alcohol fraction
analysis) which would give sharper , better defined peaks. Both silylated acidic and
alcoholic hydrolysis products were anal yzed by GC under t he same conditions given for the
unreacted lubricant ; however , peak normalization techniques and an appro priately higher
detector sensiti vity were used. The peaks attributed to the alcohols or acids were norma-
lized to 100 wt percent and reported for each lubricant in Ta ble 5 as mono-alcohols and di-
carboxy lic acids. The poly-alcohols and mono-carbox ylic acids in Table 5 are combined to
describe polyol ester base stock.
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D. Impl ica t ions  of Analytical Approach

Ret  c u r  m u g  back to  1- ig i l i e  4 . c l a ” C s i f I L ’a t i & l I i  C CI  a l u h r  iL ’ a m i t  aL ’ L’ o r d i m t g  1(3 l I l a  jor  base s t ock
n s p e  55 , 1” t he  f i r s t  s t e p  l I t  m l ì c ’ q t i a i m t i n a t i s c  de t s ’ r nlit i i a t ion i  ot t i b r i c a m i n  base stock c o u m i p o s i —
t R I l l .  I h i t s  t h i s  1101 alss~m~ s bL ’L’ i t  I L ’ ; I J I I \  dI l u te  on t h e  bask of 5~~ L’L’t iI. l 5 L ’O~~~\ and
ct ino i i i , l i oo rap l lv  ss l i e n i  hi~ h n i d  I n i i \ t u r c s  or pure  L” ' I c r s  \s crc i m i s o l s e d ,  i i i  p a r t i c u l a r , d i t t ’ercii-
I i . t t I & l i i  i)L ’ t SS L’ L’ il po i~ oi ar id  ( h nha s i c  e ster s has r io t  hecl,uimi l ’ L’S dc i i i  u n t i l  a f t e r  h i s d m ’ o l v s i s  \~~, I s

JL ’ L’ onm ip l I s h ted , ‘\s t l \  dr ok s is  p I t .tl l l iCi  s , d ib ; i s t ~ C s tL ’ i s  pi os ide l i q u i d  a l c o h m o l s  and solid acid s
ss ht ik ’  poi~ ol es te rs  ‘. eld l i q u i d  ac ids  and sol id  a lc ohol s . ‘ \ d d i t i o t u a l l s , t u e  si i~’Ian~d poly ol
aci d”~ ss crc mion coin pl et  ei~ r’esols able  1)\ ( J (  ( t i l l ,’ t O  OS e r i a p p i m m o  of den s at iiat iot i rea gent
~ u n i t  s j j ~ l,it ed ( 

~t I t J  ( m o n o — a c i d s , P o lv o i  e ster ’ ba se s t o c k s  such as .\ 1 —6 3 07 im a s e t hmu . s
best b ee mm a u t a l ~ / ,‘d by on h e r  e st a b l i shed  nue n h io d s C T Th 

~~~~~~ d i r ec t  ( (‘ a nm a lv s i s  of a ci uh
hi ’ d i o l ~ s i ”  p roduc t s  and p ar eu ’in poi v ol  an a l y s i s  by s a l e r i c  acid l,’ si ci t o m t i m a t  to ni ’ I h ree
I t i h r m c a t i  ( A I -636 ” , ,-\ 1 - 63( 1 ” , and .-\ I -573~ ) nm I ab le  5 fib s ided al coh olic h i vdro l~ ~~~~ Pro-
duc t ’  ss hi ch ssere essenl t a l l y  f t ee  of any a lcohi o t ic  mate r ia l s  ani d  ss crc composed p r inu ian ’ i l y  of ’
m ic ut  r a t  n i t a n c r i a l s , - \d d i t  i o m i a I l y , t h e  acid h y d r o l y s i s  p r o d t t c t  s ss crc l iq i mid  as opposed to
soi r d s  ss hi cii i i id i c a ted  t h a t  po lvo l ester s  were prese nt , in t h e  ocu7anal lubr ica n t s  pr ior to
it ~ d ro ivs i s . Rased oni t h i i s  in f o r m a t  ion ,  appropr ia te  s t anda rds  ~s crc chiosen am i d t he ester
co u m m p o s i l  iort s d e te r r iu i i i e d  , \l  ix i  tires of ’ po l yo l  ester  and d ib a s i c  ester  base s tocks  would  he
d i f f i c u l t  I t )  aL ’L’tmr a t e l  a i i ak’ie ,  I l ie sm al l  I —percen t  q t m a t i t  i t  \‘ of d ibas i c  ester ind i caned  in
.‘\ 1 -636 ” amid \ I - 5738 ss a” est ir i a ted based ou t  d i rec t  acid ana l y s i s  and supporned  b t he
t~ pe ati d q u a n t i t y  of alcohol i i i  t h e  u i e u t r a l  h y d r o l y s i s  t ’r a c t i on .

Hence , frot i i  t h k  discussion , it can he seenm that some ‘‘hack stepping ’’ and reanaly sis
in ref ’erence to Figure 4 is necessary in th i e process of characteri iing lubricants , This is finr—
thier emphasized in the  case of direct h y d r o ly s i s  of ’ nnixed dibasic  esters and synthetic h v dro—
carbons ‘~uch as po lya lky l  herizeumes and oligom ers of ’ decene- l (referred to as polyalpha
oiefin s iii Table 5). As an examp le. the inf r ared  spectra ind icated that AL-5594 was an
ester-based lub r i can t .  However , not tm ntil a t i a l v s i s  of the alcoholic hydrolysis fraction of
Al -5594 (con ta in ing  e ther  soluble neu t ra l s )  ssas a t t empted  did it heeonue apparent that  svti-
t he t i c  hy drocarbons  ssere present as a p ort ion of ’ the  base stock. These unhydr olvzable
couu p on et i t s  appear as unreacted lubr ican t  itu the  alcoholic fraction dur ing  direct or
der iva t i s  e G(’ analy s is ,  Assay of ’ the  in i t i a l  lubr ican t  base stock composition was then
determin ed based upon t h e  i d e n t i t ’ication of the  par t i cular  ester wh ich then provided for
proper standard selection for analytical infrared spectrometry. If ’ a proper ester standard
was not avai lable , then  preparat ive HPLC ss’as used to pr ovide a gravimet r ic  recovery
determinat ion of ’ the polar (ester) and nonpolar (synthetic hydrocarbon base stock com-
posit ion.  In ei ther  case , addit ional  in t ’ornlat ion was derived regarding the  neutral
(unhydr o iyzab le )  base stock by GC ana lv ~ is at t h e  appropria te time. Oli gorners of decene- l
are definable by boiling point peaks in the  ti eutra i hydrolysis fraet ion and are , on this  basis ,
easily distinguished from mineral oil base stocks which give a gau ssian -Ivpe boiling point
distribution having very small , m l any, dis t inguishing chro matograp hi ic peak features. This
d i s t i ngu i sh ing  characteris t i c  allowed def in i t ion  of ’ the hydrocarbon base stock in AL-5738
to be mineral oil.

I t ’ in i t ia l  I R sp eetrosco pY i tudic a t e d tha t  polyalkyla ted  benzenes ss’et’c present as in the
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case of ’ \ I -5 I 40 , ( ( ‘ hoi lim ig poi tu t dist rib um t ion was not adequate for  final assay ,  Final
as sa\  taht mlan ed in I able 5 again relmed on gra sinnetric HPL(’ preparative scale Separation
i n t o  t ime  less polar poivalkvlated henienes ai md the more po l~~ dicster base stocks of the
lu hr t ea nit

E. Extension of Methodology to Used Oil Analyses

I “ci oil  base s t o c k s  can he ch i a rac t  eriied a f t  ct t l ie pe t i t  ane in so luh ie s  are re i mmo s ed , I n
tic Lasc of used h i~ L h r a t l i i c  f l u i d s , p r i o r  ‘‘ c leanup ’’ h a s  lion u s u a l l y  beeni n ecessar y since

e ne in i e  co m bus t io n  c o m i t a m i n t a n t  s are riot p re sen t .  Ii i  t l ie process of cons er t i n g  f r o m
pet r o l e u m m i  to ~s mit hiet c—base h y d r au l i c  t ’luids iii  f i e l d e d  \ lñ ( i ,’\ I t amik  t u r r e t s , a l abo ra to r y
J ” s a \  p rocedtire 55 as des eloped aiid e s t a b h i s h m e d  at I. S,\M LR ,\  IX ( )\1 ( F or t  Rels -oir ,
\ ‘ i r i i n i a )  f o r  used oil  s a m im ples  I r otn u t ie f i e l d  to n i l o i i i t o r  I lie conicei im rat iotu of t he  discou l—

n u t t e d  oil  s t i l l  u ) r c s e n l t  i m i  t h i e m e c h a n m i c a l  s~ “t  eiiis . ~
“ Th is ss as a p a r t i c u l a r l y  s imp le aui a lvsis

u s i n g  deL’aiie i i u te r ’n a i  s t a n i c h a r d  iii a gas c l i r o n m i a t  ogr ap b ii c  n m i e t h o d  ) d i me to t ime  mu uc l i  h ig h er
s o l a n t i n t ’  of t b m e  d i s c o u i t i i i i i c d  oil ( , ‘\ L—5 ( ( 74 in l ’ i i i i m r e  ~

), -‘\ l nc r n a t i s ’ e l v , r e f e r r i n g  to Table 5 ,
a n assa\ p n oL ’e ( lu re  based on t h e  ester  c ompos i t i on  of .‘\ I -5594 could b ase  been e stab l isb ied ,

li i  t t ie I ’t a m u n u a h i h i t  y 
~~~~~~~~~~~~ of e i t h er n ess or used t neSs—generatio n ) synthetic—based

bi~ d r a t m i i c  f l u i d s . i t o  problems or I i c o r i s i s t e n i c i e s  in tesiin ,g these f l u i d s  as opposed to
n m i i u i e r a l  o i l—based  f l u i d s  base  heenu en ic o u n te red

I’ u tel conm n aiim nat ion i in used oi ls  has also beemi de te rmined  by the  same ias
chm ’ot r i a t ograp lmi c  h oi h inig  po in t  d i s t r i b u t i o n i  procedure s s u mcbu as t h a t  ums e d to des’elop I ’ i gu re
7 . except for choice of ’ i n t e r n a l  s t a t id ar d  ( n — t e t  r adecanc fo r  g aso l ine  and i i— i uou u a n e  or
I s v — o ctan ie  fo r  diesel l’u el )  and more s e n s t i l s  e da ta  re du c t iomi  tec h i m i i q ues .  Sta t idard methods
f o r  fuel  d u l u t i o n  iii utsed minera l  oils h gas c h r o m a t o g r a p hy  has e been published b~’ t he
,‘\merican So c ie t y  f o r  l es t  t u i g  and ~l a t e r i a l s , t 4 h i  l) ite to t h e  h u gh bo i l ing  point  d i s t r i b u t i o n  of - - -

s v t i t  bi d ic lu mbr icar i t s , these same f’ue l d i l u t i o t u  m e t h o d s  ss i l l  app ly to used sv n i t  he t ic
C l u b r i c a n t s , Wh ile diesel fuel  dil u tio n methods exclude SAL 5. 10 , 20 . ari d n i u l t i g r a d e  con—

ven t  i on a t  u i u i u i c r a l — o i l  based l u b r i c a n i t s  ch ute to t ’u e i — I u b r i c a n t  s’ o lat i l i t  o ser iap ,  nuo suc h
i i t u i i t  t t LO t l  55 oui ld  appear to exis t  f o r  s ti t  h ue t ic—hased  l u b r i c a n t s  of ’ t he  i~’pe represemited in
I ahle s  4 and 5,

IV. SUMMARY

In summary ,  it has been the general experience tha t  the  in t roduct ion  of sy n the t i c  base
stock into the  eng ine oil scene has not had si gnificant impacts on most of the analytical pro-
cedures for oils except t’or the  use of infrared analys i s  and for fuel d i lu t ion  by gas
chromatography.  In the case of infrared , it has been practically rendered useless for used
oils except where the oil is known not to contain esters. In the  case of ’ gas chromatographic
analys is  for diesel fuel d i l u t i o n ,  th i s  method has been eiihanced svhere diesel fuel di l u t iou ’m of ’
ester-based used oils are involved.  When used oils of unknown orig in are analyzed , great
caut ion must  he exercised due o the in t roduct ion of synthet ic  and hybrid lubr icants  in to
the supply sy stem. Whi le  comprehensive analyt ical  methodology has been made available.
no simple , rapid method has yet been devised I’or the  petrolc utu chemist  to t h o r o u g h l y
character ize  lubr icant  base stocks.
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