
page 1

The Hrghs and Lor,rs of  Engine Lubr ical ion:  ParL I  -
Lou Temperalure,  Lou Shear Pumpabi l iLy SLudies Using the Scanning

Brookf ie ld Technique.

by Theodore U. Seiby,  Savant,  Inc.

I  NTRODUCT I  ON

The subject  of  engrne lubr icat ion has occupied Lhe minds and
efforLs of  a s igni f icant number of  scienLists and engrneers ever
since Lhe aufomobj,  Ie became an imporLanf source of  Iocomotion for
the uor ld.  Despi te Lhe at tent ion given to th is parLicular Lype
of lubr icant of ten compared to Lhe l i feblood of  a human being
Lhe ef fects of  engine oi l  and Lhe dependence of  these ef fecLs on
iLs composiLion of  base stocks and addiLives,  sLi I l  are being
unravel led.  I t  is  the auLhor,s inLent to focus on cerLain
cr iL ical  aspecfs of  Lodays engine lubr icanfs and fo furLher
encourage Lechnical  d ia logue on a subjecL of  greaL imporfance to
Lhis mobi.  Ie society.

As, indeed )  our society is highly dependent on the
automobi le and Lhe engj .ne oi I  j .s  Lhe I i . feblood of  the source of
iLs pocJer for  locomoLion, Lhen the subject  is  imporLant beyond
questron and uorthy of  cont ihuing close atLent ion.

Th i  s parL i  cu I  ar  paper has as i  ts subj  ecf  the I  our-
t -emperature ,  I  oc. ; -shear response of  an eng i  ne o i  ]  . The
rheological  response of  an engine oi l  to Lhis condi f ion has a
direct  bear ing on Lhe abi l i ty  of  the engine oi l  to be pumped. As
the aufomobi le and fruck have become more ano more cr i .L ical  Lo
our I  i fesLyle,  the expectat ion of  service f rom these devices has
exLended to locrer and louer LemperaLures and i t  is  of  value Lo
place our presenf t ,echnical  posi t ion in the f rameuork of  near-
hisfory regarding pumpabi l iLy and i ts measuremenf.

But before ue can put the subject  into perspect ive,  ue must-
f i rsL v ieu and appreciate the interretat ionship of  pumpabi l iLy
and sLartabi  I  i tv .

HISTORY Startabi  i  i ty
EarI  ier  in the development of  the engine dur i .ng the ,3os,

'4os,  'Sos and '6os Lhe 1ou-temperaLure problem uas one of
sLarL i  ng fhe eng i .  ne .  Adequate baLLer i  es ,  sLarf  i  ng systems ,
carbureLion and fuels L,ere some of Lhe veyy imporLanL points of
LechnicaI  concenlraLj .on.  Buf af ter  fhese uere resoIved, Lhere
sLi .  I1 uas one area requir ing undersLandi .ng the rheological
propert ies of  Lhe engi .ne oi I  and uhat ef fecL Lhese propert ies had
on the degree of  success in engine starLing at  Lemperatures belocr
+Lg F <-12 C).
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For a considerable Lime gross errors in technical  judgemenL
uere caused by Lhe assumption Lhat i t  uas possible to predict
Iou-LemperaLure ef fects of  Lhe oi  I  on sLarLing by exLrapolaLlon
of v iscometr ic values obtained aL much higher LemperaLures.
Houever,  s loroIy,  much informat ion uas uon aL Lhe laboratory bench
and in Lhe cold-room abouL the true properLies of  engine oi ls aL
Iou Lemperatures.  The consequence uas fhat startabi  i  1Ly uas
extended to louer temperatures and became considerably Less of  a
problem at Lemperatures of  - l@ and even -2O F <-23 to -29 C).

HiSTORY Pumpabi I  iLy
DevelopmenL of  engines easier Lo sLart  aL Iou temperaLures

uas a sLrong foruard sLep for Lhe use of  Lhe automobi Ie.
Houever,  each st- ,ep urf  Prclgt-EEE r:eir . ta1Iy reveals some other factor
ul i  i  r : l i  i . l ix i -r  i - lEEdE ;LL*rrL r , : i - r  ,  5r:r i r*  usr i-r  i  r rg= r-gl l tE ue I  I  before the
l 'esolut . ion of  the sLarLabi l i ty  problem. In 1S48, Aprgrel{ l r - - ra}-rr  { l ) ,
consl .der ing the role of  Lhe engine oi I  on cold-start ing,
invesLigated the ef fect  of  Lrax on startabi l i ty .  Finding LhaL uax
in the oi  I  had I  i t t le ef  f  ect  on sLarLabi  I  i ty ,  he u.rent on Lo
commenL on anot,her poLent ia l  ef fecL of  t^ lax in an engine oi I :

"ue therefore conclude thaL the ef fect  of  uax on cold
sLart , ing is negl ig ib le.  This does not mean Lhat,  the
presence af  uax in moLor oi l  can be neglecLed. uax may noL
affecl  cold sLart ing,  but iL can af fecL pumpabi l i fy  The
resulL is oi1 sLarvaLion, a high rate of  uear,  and evenLual
engine fai  lure.  "

In 1962'  the quest ion of  engine oi l  pumpabi l i ty  and iLs lack
was reopened in an ASLE paper by l loyer (2).  In Lhis paper he
shoued fhaf extrapolaLed viscosiLies uould not explain the actual
Iot ; - femperature response and air-binding of  several  engine oi ls
in a pumping t ,esL r ig using automot ive pumps and supply tubes.

In 1963'  the author 's reuork (3) of  Moyer 's data uas made
oith a special  v iscometer using reblends of  the oi  Is l loyer had
used. IL LJas found that Lhe measured values of  v iscosiLy for
I loyer 's oi ls at  lou shear rate corresponded very r , . re l I  u i th his
exper imenLal resul ts.  roreover,  Lhe resulLs obLained on Lhe
special  v j .scomeLer could be calculaLed from the dimensions of
l loyer 's equipmenL. From Lhis informat ion and the rheologicaJ.
knouledge of  o i  I  gelat ion caused by uax and uax-polymer
interacLions gained ear l  ier  f  rom Ior.r-LemperaLure studies of
engine oi ls for  cranking,/start ing consideraLions, the aufhor
noLed the possible air-binding ef fects possible through such
gelaLion and the at fendent impl icat ions for  engines capable of
being sLarted:

"By any vieupoinL, a highly gelaLed oi l  is  undesirable,
especial ly i f  Lhe gelat ion exists aL temperaLures at  u lh ich
the engine may be starLed since gelaLion can be
conLrol led eiLher by proper deuaxing Lechniques, base stock
select ion or addi f ive f reatmenL, i t  u.rould seem that any
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engine oi  I  markeLed should Provide adequafe Iubr lcaLlon
under sI I  the envlronmenLal condl t tong for uhlch iL 1s
of f  er*d.  r !

Hqir^rever,  pumpsbi l i ty  uas aL LhaL t- ime slmply noL consldered
to be a problem despiLe Lhe lncreased abi l i ty  Lo start  the engine
aL Ioo temperaLures.  For under-ELgndEbIa rFcEtrnE. Ll ie compIeLlon
of Lhe Lechnical  Lask and Lhe developmenL and accredi tat ion of
suiLable measur ing equipment LJas of  more immediaLe importance.
Thus, engine oi I  ef fecLs on cranking and sLart ing conf inued to
occupy the aLLenLion of  Lhe Lechnical  community involved in Iou-
temperature engine oi I  v iscomeLry problems.

The cal l  to sLudy pumpabi l i ty  uas muLed unLi I  1970. As a
resuIL of  a r . , ,er l  l imiLed and qui .ckly rect i f  ied f  ie ld exper ience
in Canada and the concerns of  one of the auLomobi Ie
manufacturers regarding the impl icat ions of  th is incident,  the

Sociefy of  Automot ive Engineers conducLed a survey to deLermine
the level  of  interesL in a meLhod Lo measure Lhe pumpabi i iLy of
engine oi  I  .  Ear ly in 1971, or l  receiv ing a posiLive response from
Lhose quesf ioned, Lhe SAE sent a leLLer (4) request ing Lhe ASTI1
to

"---  develop a s imple laboraLory tesL Lo measure Lhe abi  l  iLy
of an oi ]  to f loo to Lhe engine oi l  pump in leL in a manner
relatable Lo engine condi t ions,  and to consider the
relaLionship beLween lou-femperature oi l  properLies and the
supply f rom Lhe pump to cr iL ical  engine parLs."

This requesL unleased a pourerful  ef forL to deLermine tkre

propert ies of  o i ls  connecLed ui th pumpabi l i ty  (4 2A).  In Lhe
process 13 Pumpabit i ty Reference Oi ls (PRO) uere developed and

run in seven fuI I -scaIe NorLh-American Lest engines, f ive engine
pumpabi l i ty  r igs,  and a var iety of  bench LesLs. The laLLer uere
very imporfanL tesLs prefacing the choice of  a bench test  device
or dev i  ces around oh i  ch Lo bu i  1d an ASTH Test l lethod .

SubsequenLly,  the CEC in Europe conducted simi lar  tests (2O>

using eight represenLat ive European engines ui th v i r tual  ly

ident ical  resulLs reporfed cln four of  the ASTH Pumpabi I  i ty

Reference Oi 1s.

YeL, dur ing aI I  of  th is uork there uas an undercurrenL of

feel ing that pumpabi l i ty  tests Lrere an unnecessary burden to bear
since the engine oi ls avai lable had, Lo Lhat Lime, shor^rn no sign

of giv ing f ie ld problems (ui th the excepLion of  the poor ly

documented oi  1 in i t ia l  Iy t r igger ing the pumpabi I  i ty  ef forL) .
Uhi ie producing condi t ions in an engine u;hich uould be veYy
prejudic ia l  Lo engine longevi fy,  Lhe ASTH PumpabiJ. i ty Reference
OiIs uere not consldered represenLaLive of  engine oi ls l ikeIy Lo
be encounfered in Lhe f ie ld.  To append an unnecessary neu t ,est
on Lhe already cumbersomely fooLnoted SAE Classi f icaLion SysLem'

J-38O, seemed a bi t  much parLicular ly ui t ,h oLher changes having
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more evidenL need such as the exLension of  the temperature range

over uhich !o deLermine the cranking/starLing characLer ist ics of

Lhe oi  I .

The ASTI uork,  houever,  forged ahead. In the process iL uas

shoun 1,hat di f ferenL engine designs had di f ferent levels of

suscepLibi l i ty  to pumpabi l iLy problems, part icular ly in regard Lo

Lhose oi ls shooing 'a i r -b inding'  response of  Lhe sort  anLic ipated
tg years ear l ier .  UiLh such oi ls of  the PRO ser ies,  Lhe oi l
uould form a gelaLed mass in the crankcase and uhen the oi l  pump

began Lo remove oi l  f rom the crankcase, the gelated oi l  uas
pul led f rom a volume immediately surrounding the pump inleL.
As this occurred, aLmospher ic pressure forced the overcover of
oi  I  doun fo replace that draun inLo Lhe in leL.  Uhen Lhe
immediate overcover of  f lu id had been exhausted, a hole noo
extended fhrough the f lu id mass to the pump inlet  causing the
pump Lo air-bind. This occurance of  a i r -b inding in Lhe fesL r igs
and engines uas observed Lhrough porLs in Lhe oi l  pan and
photographed (?, IO) . The exper i  menLa I  ver i  f  i  cat  i  on of  the
phenomenon of  a i r -b inding predicted from the studies a decade
ear l ier  supported the impl icat ions of  Lhe ear l ier  papers that ,
indeed, iL uould be possible to starL engines under condiLlons
uhere gelafed engine oi l  uould s imply not,  permiL the engi .ne Lo be
suppl ied uiLh lubr icant for  some Lime af ter  such sLart i .g,  a
condiLion vir tual ly assur ing heavy engine damage.

The ASTi l  compleLed Lheir  in i t ia l  uork on Lhe pumpabi l iLy
projecL in 1974 ui th bal lot ing and approval  of  Lhe l l in i -Rotary
Viscometer as ASTt l  l leLhod D-382S. In addi t ion,  the uay uas lef t
c lear for  other pumpabi l i ty  methods that might be developed to be
evaluated and bal lof ted by the ASTI1 and subsequenLly submiLLed to
the SAE. Tuo of  these meLhods on uhich research conf inued, used
the Brookf ie ld ViscomeLer in coniunct ion ui th a programmable
l iquid bath (21 ,27).

In ear ly 1979, the SAE bal  loted and accepLed Lhe redesigned
Viscosi ty Classi f icaLion SysLem, uhich incorporaLed D-3829, and
cal led for  i t  to become off ic ia l  in September of  1980.

HISTORY Pumpabi l i fy :  RecenL Past;  Dramat ic Change
AfLer al l  of  th is uork by the ASTI1 and Lhe SAE, immediately

af ter  the neu SAE Viscosi ty Classi f icaLion, J3OO Sep86, uas in
of f ic ia l  ef fecL, the method uas found inadequate in detect ing Lhe
sources of  a ser ious outbreak of  pumpabi l i ty  fa i lures.  Dur lng
Lhe uinters of  '80- '81 and '8t- '82,  a number of  auLomobi Ie ourners
exper ienced f ie ld engine fai iures uhich seemed, according to the
symptoms reported by Lhe ouners,  Lo be largely caused by oi l
starvat ion induced by air-binding Lhat is,  o i l  geIat lon.

UnfortunaLely,  uhere samples of  the oi ls could be obtained and
tested, most of  these fai l ing oi ls could noL be detecLed as;  such
by ASTi l  Iethod D-3829 or other methods under d-evelopmenL using
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the Brookf ie ld ViscomeLer and, as a conseguence, Lhe meLhods uere
reluctant ly throun into disrepute,  at  leasL as far  as deLect ing
pir-r l - ,Eni- , iBl  Eir-Lr incl . ing oi ls krera concerned .  The si fuaLion wag
highly confusing and very sLimulaLing to neu sLudies to deLermine
Lhe cause of  fa l  lure ss uel  I  as a sulLable meLhod of  detect tng
Fr- lc l ' r  s i  I  s bef t t r-e mc)l-e eng i  nes uere ru i  ned .

BREAKTHROUGH iN PUT1PABILITY PROGRESS
The desired breakLhrough in determining the cause uas made

by Sfambaugh and O' l lara (29) in a ser ies of  engine cold room
tesLs conducted ui th the same Lemperature prof i le LhaL had been
exper ienced in a region, Sioux FaIIs,  SouLh DakoLa, December l -2,
1980, a day uhich uas knoun to produce engine fai  lures aL Lhis
IocaLion, Uhen Lhe so-cal led 'Sioux FaIIs '  cool ing cycle shoun
in Table 1 uras used, Lhe resul ts uere very s imi lar  Lo Lhose
associat .ed oiLh Lhe air-bound condi t ion of  ear l ier  exper iences in
Lhe ASTH studies.

Next to producing fai lure condiLions by s imulaLing a certain
f ie ld temperaLure cycle,  the mosL interesLing feature of  Lhe Legt-
Lras the narrou soak temperafure 'u indoc.r '  o i th in uhich the engine
oj . I  had Lo be held consLant Lo produce the fai l ing resulLs.
Ral .s ing or louer ing fhe soak and/or the pumping LemperaLures by
only a maLter of  a f  er^.r  degrees uoulc l  cause the adverse behavior
of  Lhe oi I  in the engine to appear and disappear.  A th i rd
interesLing product of  the st-udy uas that the l l in iRoLary
Uj.scomet.er of  D-3829 developmenL urhen exposed to the same
cold-room condiLions with the engine gave simi lar  resul ts in Lhat
high 'y ie ld stresses'  rJere shourn uhen the engine uas producing
air-binding responses. The only di f ference between the treaLmenL
of Lhe oi ls puL in the engines and Lhe oi ls puL in Lhe str ipped
i lRV Lras in not preheaLing Lhe oi ls in the lat ter .

DEVELOPNENT OF THE SCANNING BROOKFIELD TECHNIQUE
Basis of  Study

After the engine fai lure exper iences of  Lhe uinter '80- '81,
uhen i t  uas f  inal ly recognize,d and admiLLed fhat al1 Lhe previous
pumpabi l i ty  Lests uere inadequate,  the author and his associaLes
elecLed to fo l }ou a path hinLed aL dur ing some of their  capi l lary
work at  lor . r  femperatures.  This capi l lary uork uiLh diesel  fuels
indicaLed that c. ;hen Lhere was a Lendency f  or  Lhe f  uel  to f  orm
crysfals at  some given Lemperature,  the tendency uas ampl i f ied by
moving Lhe fuel  back and forth Lhrough the capi  1 lary and
measur ing the v iscosiLy aL each pass Lo deLermine Lhe rate of
crystal l izaLion by iLs ef fecL on Lhe fuel  v iscosi ty.  In ef fect ,
fhe Lechnique uas a var ienL of  Lhe use of  nucleat ion Lechrniques
in suDerconcenLraLed soluLions.

In developing a laboratory test , ,  the auLhor and his
associaLes fel t  thaf  there cJere several  cr i ter ia Lo be met i f  the
test  uere fo be most ef fect ive in predict ing the pumpabi l i ty
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response of  engines Lo Lhe engine oi  I :
the desired test ,  should

1) correspond ui th the f ie ld resul ts producing pumpabi l iLy
fai lure,

2> be repeaLable and reproducible '
'Z ' . t  ! : ie,  EE =hqrr- t - .  aE FctEEi! :1e cr- 'mmgnEur-at- ,e ui t ,h condi t ions 1

Efitl i r

4)  be,  re la l lvely s imple to set  up and run,
i ri i nt-.er-pr-st,a+-, i crn ;

and unambiguous

Fxt ' t - , i r t l lxr1y in t - .hg l ight- ,  of  t - . I - re rFErrI t - ,s of  St ,amkraugh and O'Hara
(29),  the meLhod should

5) have only one fest  mode and noL require ei ther pr ior
informat ion as to proper LesL temperaLures or Lhe use of
mulf ip le Lests to idenLi fy a potent ia l  fa i lure condi t ion.

(The latLer condiLion uas one of  the ear ly shortcomings of  Lhe
appl  icaLion of  D-3A29 as a pumpabi 1 i ty t 'est  method in that
Lest ing for  f low-l imited and air-binding behavior required Luro
d i  f ferenf test  approaches. FurLher,  D-3829 requires thaL
possible air-binding response be sought,  aL tuo higher
temperatures for  an oi I  indicated aL a lor , ;er  LemperaLure fo be
f lo( .^)- l  imi ted (34).  )

Pr ior  fo Lhe development of  Lhe Scanning Brookf ie ld
technique, direct  imi tat ion of  NaLure uras conceived to be the
only approach to pumpabi l i ty  methods. That is,  Lhe oi l  uas to be
held quiescenL as possibie (as in Lhe engine sump) and be exposed
Lo some cool ing condiLion bel ieved Lo be ref  lecLive of  r" . rhaL
happened in Lhe f ie ld.  An ul f imaLe example of  fh is meLhod of
approach uas ment ioned ear l ier  uhere SLambaugh and O' l lara <29>
used a str ipped doun ( i .e.  non- insulated) t l in iRoLary Viscometer
in Lhe cold-room alongside of  the engine in the evaluat ion of  Lhe
response of  the engine oi l  to Lhe Sioux Fa11s cycle.  (Uhi Ie they
uere noL recommending fhe approach, Lhe exper imenf LJas successful
in shouing thaL Lhe nRV could be responsive Lo oi ls ui th air-
binding properLies i f  the proper temperature condiLions and Lime
of exposure uere chosen. )

In conLrast  to Lhe pr ior  arL of  deLermining pumpabi i i ty
response of  an engine oi I  Lhrough imiLat ion of  Nature,  the author
vieued Lhe need as more the encouragemenL of  Nature to respond to
nucleat ion condi t ions i f  an engine oi I  uere gelat ion-prone. I t
r , ;as considered Lhat Lhe abi l iLy of  an oi l  Lo form some degree of
gelaLion is related Lo four facLors:

1 )  Lhe concenLraLion of  o i  I  components capable of  forming a
st , rucLure in the oi  1,

2) Lhe rate aL uhich these component- ;s become avai  lab1e Lo
form a strucLure as a resul t  of  change of  Lemperature,

3) the degree of  opporLuniLy for  these components to
associaLe in structure-bui ld ing processes, and

+) the vulnerabi l i ty  of  the sLrucLure fo degradaLion i f
shear ing condi t ions are present.
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The f i rsL is,  of  course, Lhe predominant factor in uhether Lhere
t^r i l l  be a sfructure-bui ld ing process af  a l i .  The second and
third factors are raLe-conLroI  I  ing in Lhe bui  ld ing of  a structure
and Lhe fourLh factor is raLe-conLrol l ing in Lhe desLrucLion the
sLrucLure and, obviously opposed to the second and third
processes of  structure bui ld ing.  In the pracLice of  pr ior  arL,
t .he pro' : t=s of  gLructure nuclegt ion gnd grouLl ' r  L l :e geeond gnf l

th i rd factors (uhlch are encouraged by f lu id moLion) uere
perforce inhibi ted by Lrying to el iminate the Lhird factor.

From past exper ience ui th engine oiL /  addiLive structure
format ion (31 ) ,  Lhe auLhor considered Lhat the rate of  format ion
of a strucLure for  an air-binding oi  I  might predominate over Lhe
rate of  degradaLion of  the strucLure and, under any
circumstances, the 'shards'  of  Lhe degraded strucLure r , . rouId st i l i
af fecL the viscosiLy of  Lhe conLinuous l iquid phase. Thus, Lhe
beginning and exLent of  structure format ion should be manifesL i f
Lhe measur ing t ,echnique uere suf f ic ienf ly sensiLive.  IL uas
considered fhat fhe engine oi  1 Lo be studied should be Laken
relat ively s lowly fhrough the Iou-temperafure range of  inLerest
uhi  le being st i r red cont inuously to encourage the inLeract ion of
structure-bui ld ing components.  SimpIy sLirr ing Lhe sample uas
noL considered suff  ic ient ly informat ive s ince a much betLer
approach uould be to use the roLor of  a CouetLe-Lype viscometer
as the st i r rer  and, thus,  to 'be able to conLinuously measure Lhe
effects of  such st i r r inq.

FirsL ResulLs
Accordingly,  the author and his associaLes sef up an

exper imenL using a Siverso programmable 1 iquid baLh for
producing and regulaLing Lhe necessary Ior , r  temperature program aL
6 degrees Celcius per hour,  a Brookf ie ld Rheolog Uiscometer ( the
predecessor to the Brookf ie ld Digi ta l  uni t  used in later studies)
for measur ing and recording viscosiLy conLinuously,  and a special
test  cel1 compris ing a sLaLor made ouL of  a Lest.  t ,ube and
relaLively c lose-f iLLing Brookf ie ld rofor.  The oi ls selecLed for
conLrast  uere a knoon NeuLonian lou-temperaLure cal ibraLion oi I
and Lhe other uas a sample of  a f  ie ld fa i l ing oi l  qui te s iml lar
Lo one of  those used by Stambaugh and O'I Iara <29).  The f i rst
resulLs of  the Lest,  shoun in Figure 1,  uere immediaLely
grat i fy ing.  The resulL uiLh Lhe f  ie ld- fa i  I  ing oi  1 shoued a
dramaLic 'break'  f rom the normal curve expecLed with NeoLonian
behavior.  l loreover,  Lhe break occurred at  essent ia l iy  Lhe same
temperature,  -+15 F (-10 C),  indicated by Stambaugh and o' I lara to
be Lhe 'u indou'  aL uhich the oi l  in quesLion gave such adverse
air-binding performance. These resulLs plus some evidence of  a
good degree of  repeatabi l i ty  repeaf curves shouing var iat ions
of l ,ess than 1 degree Celcius qrere presenfed by the auLhor <32)
as a discussion of  the Sfambaugh, O' l lara paper (29) in ear ly
tsaz.
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Uhen f  i rst  reporLed, the Scanning Brookf ie ld resul ts
el  le i t*d surpr ise in some Lechnir :g l  quarLers [n LhaL i t  shour=r i
def ln i te evidence of  the leck of  necessl ty ta hold engine ol lg
quiescenL before relevant analysis of  pumpabi l i ty  uas made. Quite
the confrary,  the sLudy shoued thaL shear ing the engine oi I  could
produce informaLion noL oLheruise avai  iabIe. ParLicuIarIy
imporLanL uas Lhe facL that the Lechnique seemed Lo clear ly
idenLi fy the temperature'uin 'dou'shoun by Stambaugh and O'I tara
to be cr i t ical  to fa i lure of  the oi ls.  Further,  fhe technique
produced a form of analysis uhich,  i f  appl icable to oLher f ie ld-
fa i l ing oi ls,  required only one technique and no prejudgement of
an oi ls Ior , r  femperaLure response poinL nor did i t  require
mult ip le LemperaLures of  analysis.  Thus, the Scanning Brookf ie ld
Lechnique immediaLely met severai  of  the f ive test  cr i ter ia
ment i  oned ear I  i  er  .

Developmental  Ef forLs
FurLher uork on Lhe Scanning Brookf ie ld technique to

det,ermine and opt imize the facLors inf luencing Lhe method uas
reported in the fa l  I  of  1982 (33).  This uork shoued LhaL the
Scanning Brookf ie ld Lechnique

1 )  uas repeaLable
2) correct ly diagnosed the air-binding, f ie ld- fa i led oi ls

then avai  lable PRO-21 Lo PRO-28 (Tab1e 2)
3) correct ly di .agnosed L'he or ig inal  ASTH PRO set,  PRO-I to

PRO-16 (Table 3) uiLh the excepLion of  PRO-03 ohich uas
indicaLed by Lhe Scanning Brookf ie ld Lechnique to have a
Lendency Loward air-binding and PRO-O9 uhich had been
contam i  nated c.r  i  th waLer .

The resul t  on PRO-03 r . : i l1 be discussed later in Lhis paper.

In tg3z and 1983 the Scanning Brookf ie ld technique uas
appl  ied in a ser ies of  sLudies by Ford l loLor Company Lhrough the
efforts of  Florkou.tski  ( IaLer of  SLandard OiI  of  Ohio),  Groh and
I l isangyi .  This sLudy uras of  cerLain f  ie ld- f  a i  led oi  Is uhich had
given inconsi .stenL resulLs in other pumpabi l i ty  test .s including
D-3829, SLable Pour Point ,  and a Ford l lethod, BJ2@-I.  As a
consequence of  posi t ive exper ience through relat ively exLensive
evaluaLion, in 1983 the Scanning Brookf ie ld technique LJas made a
LentaLive Ford l leLhod, BJ27-1,  and in IaLe 1984 Lras made a uor ld-
uide speci f  icat ion for  Ford facfory-f  i  t  I  engine oi  ls  and Ford
I lotorcraf  L Engine Oi ls. In 1985 the Scanning Brookf ie ld
technique: ds BJ27-I ,  Lras made a parL of  Lhe Cummins Engine
Company's requiremenfs.

Also in 1982, Lhe Scanning Brookf ie ld Lechnique r , las formal ly
made a parL of  the acLiv i t ies of  t ,he ASTH Task Force on Liquld
Bath Brookf ie ld Viscometry but only relaLively recent, ly Lrere
there enough act ive part ic ipants Lo mounL a round-robin sLudy.
That sLudy is noL, v i rLual ly compleLe uiLh f ive seLs of  analyses
submiLLed and four more in advanced stages. RepeaLabi l i ty  and
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reproducibi i iLy look encouraging and a report  on the ef for t
p lanned for the June ASTi l  meeLing.

1S

Uith Lhis extensive hisLory of  Lhe sLaLus of  pumpabi l iLy and
the associaLed Scanning Brookf ie ld technique nou in perspect ive,
furLher consideraLions of  the meLhod can nou be presenLed.

PRESENT CONSIDERATiONS OF PUNPABILITY RELATED TO
THE SCANNING BROOKFiELD TECHNIQUE

CONFIGURATIONS OF THE EAUIPNENT
The present insLrumenLal seLup has taken three forms in fhe

hands of  d i f ferent invesLigaLors as a resul t  of  interesL in the
meLhod. One of  Lhese forms, developed by K.0.  Henderson of  ELhyl
AddiLives uses one source of  coolant to Lransfer refr igerant to
insuIaLed outboard ceI Is each of  ohich records i ts oun
temperat,ure/v iscosi ty relaf ionship.  Asoke Deysarkar of  Pennzoi l
Products uses a device uhich locks Lhe staLor to the Brookf ie ld
Vj .scomeLer head for ease of  assembly and repeatable posi t ioning
of Lhe roLor ul i th in Lhe staLor.  J.H. O' l lara of  Rohm and Haas
uses a s imi lar  approach but a di f ferent rotor, /sLator geomeLry.
Each of  these invesLigaLors would undoubLably prefer Lo speak of
their  or . ln approaches buL, iL should be noted that,  uhen using the
same roLor lstator geometry,  each approach seems to give resul ts
ur iLhin Lhe reproducibi l iLy and repeaLabi l iLy of  the fechnique.

The sLandard geometry of  Lhe rotor lstaLor is shoun in Figure
Z.

I losL Common Conf i  gurat  i  on
The mosL common set,up for Scanning Brookf ie ld v iscometry is

one I ike that .  shoun in Figure 3 using a Brookf i .e ld Viscometer
head, i lodel  LUTD-SX and the Siverso programmable i iquid baLh,
I lodel  414. Uhi Ie only s l ight ly di f ferenL, the setup of  the
author and his associaLes employes too Brookf ie ld heads and a
Luo-channel  recorder (Figures 4a and 4b) Lo double Lhe
product iv i ty of  Lhe Siverso programmable l iquid bath.  I t  u i l l  be
noLed thaL fhe glass cap over the Lest ceI I ,  shoun more clear ly
in Figure 5 in posi f ion and in Figure 6 in an exploded vieu, is
used to cover the cel  I  and provide an in iecLion port  for  dry
ni t rogen gas to sueep the inner cel1 air  volume. This foresLal ls
precipiLaLion on the cold inner surfaces of  the cel  I  dur ing humid
days.

PRESENT TEST TECHNIQUE
Analysis

EssenLial ly the t .est  technique is one of  heat ing the tesL
engine oi  I  to beLoeen aO and 9CI degrees C for an hour wi th or
u; i thout sf i r r ing.  Then Lhe Lest cel I ,  f  i l led wi th about 26cc of
the oi1,  is  p laced in Lhe coolanL held at  15 degreees Celcius.
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The rotat ing rotor posi t ion is Lhen adjust ,ed unf i l  iL registers
least ouLput of  torque. At th is poinL Lhe rotor speed is turned
doun to @.3 RPn and the baLh is quickly louered Lo -5 degrees C,
and held unLi l  the roLor torque outpuL has st ,abi l ized. Uhen Lhe
Lorque outpuf has sLabi l ized, fhe tesL ceII  cooldoun aL 1 degree
per hour is in i t iated. The Lest is terminated uhen the capaci ty
of  Lhe Brookf ie ld hegd Lo record forque is exceeded. The
resulLant curve Laken from a sLr ip chart  or  recorded digiLaIIy is
fhen analyzed.

Cal ibraLion
Cal ibrat ion of  Lhe Lest cel I  is  qui fe s imi lar  in approach

excepL LhaL a knoon NeuLonian oi l  is  chosen and only f ive or s ix
temperaLure steps are used Lo establ ish the v iscoslLy/ forque
reading relaLionship.  To assist  in reading Lhe rau dat-a,  Lhe
auLhor and his associaLes have foI  Ioued Lhe pracLice of  spanning
the chart .  pen ouLpuL so thaf the charL reading is proporLional  Lo
viscosi ty and Lhe chart  can be roughly read direct ly.

ANALYSIS OF THE DATA PRODUCED

Depending on t ,he purpose of  using Lhe Scanning Brookf ie ld
technique, analysis of  Lhe resul tanL daLa can Lake several  forms.
The daLa thaL resul t ,  f rom a Scanning Brookf ie ld analysis are
f i rsL evident on Lhe str ip chart  paper as a conLinuous l ine.  A
smooLh curve uiLh no abrupL changes, as is shoun in Figure I  for
the saLisfacLory oi l .  Any deparfure f rom Lhe smooLh curve is
evidence that some oLher process is operqt ive and the LemperaLure
of the occurance may l ikeuise be of  interest .  Sometimes Lhe
departure is abrupt and conLinuous as in Lhe case of  Lhe poor
f lu id of  Figure 1.  At  oLher t imes Lhe abrupL change may sofLen
and t ,he curve reverL to previous change al fhough aL a higher
level  of  v iscosi ty as a consequence of  the in i t , ia l  abrupf change.

Uhen Lhe rau daLa from Lhe sLr ip chart  or  other recorder are
Lhen plof ted on ASTI1/UaIther paper (a Log-Log viscosi t ,y versus
Log absolute temperature coordinate paper) ,  the daLa nou yield
furLher-  informat ion depending on Lhe degree of  deparLure f rom a
sLraight l ine on this logar iLhmic paper.  In any case in uhich an
abrupt change is evidenL on the str ip charL or oLher recorder,
Lhat change ui l l  a lso be evidenL on the AsTn/Ualther plot .  The
fol louing secLion ui I l  d iscuss the s igni f icance of  Lhese point=.

'NeuLonian'  versus Non-Newtonian Uiscosi ty/Temperat,ure Curves
I n the absence of  any suiLable uay to ref  er  to a

viscosi ty, / temperature curve on ASTI, /UaIther (  Iog-1og'  v iscosi ty
versus Iog absolute Lemperature) paper,  and not ing Lhat mineral
cr i l  and Lheir  formulated products general ly seem to exhibi t
Neutonian behavior aL Iou shear rates uhenever the curve forms a
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sLraight I  ine on such paper,  Lhe auLhor ui  i  i  use the term

'NeuLonian Viscosi ty/Temperat,ure Curve'  oy 'NeuLonian VTC' Lo
signi f  y Lhis s impl isLic f  orm of  f  lor . , r  behavior.  Any other curve
ui  I  I  be cal  Ied 'non-NeoLonian'  u i th or ui thouL further
def in iL ion.

The comparison betqreen Neutonian VTC response and non-
Newtonian behavior when rendered on ASTf l /Ual ther paper is shourn
in Figure 7 for  the Loo oi  ls  of  Figure 1.  UiLh Lhese as an
example,  the meaning of  'NeuLonian VTC'and'non-NeulLonian'  or
'sLrucLuraI '  become vir tual  1y sel f -evident. BeLueen Lhese

exLremes are an inf in i te number of  responses. Examining the
ASTII , /Ual ther curves for the or ig inal  f lou- l imi ted PRO ser ies,
shoun in Figure 8,  some of th is var iefy becomes apparent.  Here
Lhere is evidence of  compleLely Neutonian VTC response as uel  I  as
gent le deparLures f rom i f .  Hot;ever,  there is no extreme
departure f rom the Neutonian VTC.

In sLrong contrast  to Lhe Neutonian UTC response, the non-
NeuLonian curves associaLed uiLh air-binding are produced uhen
structure-bui ld ing phenomena strongly manifest  their  presence as
shourn in Figure I  f  or  the air-binding oi  Is of  the same or ig inal
PRO ser ies.  Again,  one is 'sLruck by the range of  non-Heutonian
response of  these or ig inal  PRO air-binding ser ies and by fhe facL
thaL Lhe engine Lests themselves shou much var iaLion in uheLher
Lhey respond in an air-binding manner.  Clear ly,  Lhere is much Lo
be undersLood in the
relaLionship.

i  nvo I  ved engi  ne/ oi  1-pumpabi I  iLy

From the foregoing, i t  is  evident fhat  engine oi ls may or
may not exhibi t  non-NeuLonian behavior in lou-shear,  lor^r-
temperaLure f lou under Lhe st imulus of  Lhe Scanning Brookf ie ld
Lechnique. AlmosL t : i thouL excepLion, uhen there is a non-
Netatonian curve generated on t ,he ASTI l /Ual ther pIoL, Lhe curve
has an'ogee'or s-shaped paLt,ern or,  aL least  a port ion of  bhe
paLLern. In some cases the deparLure f rom the simple NeuLonian
VTC is quiLe mi ld and is associaLed ui th f lou- l imi ted behavior;
in other cases Lhe deparLure is quiLe abrupt and associaLed c.r i th
air-binding behavior;  in sLi l I  oLher cases Lhe response is mixed
where the ogee pattern associated oiLh strucLure appears buL
ui thout Lhe Ievel  of  abruptness character isLic of  the f ie ld-
fa i led oi ls.

DETECTION OF POTENTIAL FIELD_FAILING ENGiNE OILS
FIou-LimiLed Oi Is

Flou- l  imi ted behavior is fhe s implesL rheological  property
of  an oi l  to measure and predicL.  Any of  the var ious appl ied or
proposed viscometr ic pumpabi i i ty  LesLs have thus far shooed clear
response to f  Ior , ; - l imiLed oi ls as weI l  as agreemenL wiLh one
another,  including the D-3829 nRV and-the Scanning Brookf ie ld
techn i  que.
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For example,  informaLion from a North American engine oi l
col  IecLion and analysis program contained data permiLt ing
comparison of  L75 lou-Lemperature resulLs f rom D-3829 and
Scanning Brookf ie ld analyses of  markeLed engine oi ls (34).  The
data shoued LhaL, aL Lhe test  Lemperature required by J300 for
Lhe SAE grade involved, more Lhan A@Z of Lhe I IRV single poinL
values fel l  u iLhin 2 degrees C of  the Scanning Brookf ie ld curve
and for 552 of  those nRV daLa, the values feI I  on Lhe Scanning
Brookf ie ld curve. I loreover,  of  those remaining oi ls uhich shoued
poorer agreement betueen the I IRV and the Scanning Brookf ie ld
several  (2OZ) had evidence of  sLrong geIaLion, character ist ic of
air-binding oi ls which characLer isLic,  as previously noLed, more
sLrongly af feeLs the sensi t  ive Scanning Brookf ie ld in iLs
resu I  Ls .

As shoun in Tables 2 and 3,  Lhe temperature at  uhich an oi l
reached 40 Pa.s oy 4O,600 cP uas found Lo be ef fecLive in
predict ing conformity uiLh SAE J3@O. The temperature at  r" . rh ich an
oi  I  reaches Lhis v iscosi .Ly is caI  le 'd Lhe Cri t ical  Pumping
TemperaLure,  or CPT, and this s ingle cr i ter ion appl ies to boLh
f iou:- l imi ted and air-binding oi ls.

A recent paper by Sfambaugh (35) indicaLed LhaL the so-
cal Ied ' f lor . r  curves'  generaLed by the Scanning Brookf ie ld
t .echnique, had poor correlat ion oi th Lhe 'o i l ing t imes'  observed
in cert ,a in engines and aL cer la in Lest temperatures using three
exper imental  o i ls  fu l ly  formulated Lo meet Lhe requiremenLs of
J3qg FEB84. The Lhree oi ls were made wiLh Lhree di f ferenL UI
Improver systems: polymethacrylaLe (P11A),  o lef in copolymer (OCP),

and hydrogenaLed styrene/ isoprene, (HSI) .  This observat ion of  a
lack of  correlat ion betu:een Lhe Scanning Brookf ie ld ' f  low curves'
and Lhe'oi l ing t imes' led SLambaugh Lo suggest thaL the Scanning
Brookf ie ld may be a poor meLhod for ranking f lotr- I imiLed oi Is.
Uhi Ie Lhis may be true, the data of  reference (34) previously
cl iscussed do not seem t ,o supporL his suggest ion.  Rather,  i t  shous
relaLively c lose correlat ion betueen Lhe resulLs of  method D-3829
and the Scanning Brookf ie ld oi th t ,he excepLion of  a few oi ls some
of uh i  ch ( . ,ere sLrong 1y non-NeuLon i  an .

The uork he generated, houever,  has addi t ional  value in
furLher undersLanding Lhe engine pumpabi I  iLy relat ionship
parLicular ly s ince his uork caI  ls  several  assumpLions inLo
quesLion and i t  is  oel  I  Lo consider these quesLions even i f  they
cannot be answered at  th is poinl .

F j . rsL is the quesLion of  uhether Lhe oi ls used by SLambaugh
are 'non-Newtonidn' ,  as the Lerm is def ined in Lhis paper.  ThaL
is,  do Lhey indiv idual ly oy col lect ively have structure-forming

characLer isLics.  Scanning Brookf ie ld LesLs on the three oi  Is

reporLed in two Rohm and Haas presenLaLions t ,o the auLomotive
indusLry (35) indj .cates Lhat at  leasL the Pl lA-conLaining oi I  is
non-Newtonian as denoLed by an ogee curve. I f  one or more of
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these oi ls is non-NeurLonian, ,L[en the second quesLion ls one of
ui i* t l ier  t l iere in El :  e l isrrut l , l t  l :e E ) : , i I : i l lEi  FlFt ; 'JFFl t  t , i i r  p l { t : lJE
generaLed by Lhe Scanning Brookf ie ld and the curve generaLed by
'oi l ing f imes' .

Tl ie Ll i i r -d quest- lon is ln regard to Lhe Sioux FaIIs cool ing
cycle and ul iaLl ier  i t  is  a uniuers.-Er l  Errqirrs ctr(r l  iDE t ,eclrrrrc lue f  crr .
detecLing the air-binding propensi ty of  o i ls . I f  one or more of
Lhe three oi ls uere actual ly capable of  a i r -b inding response and
the Sioux Fal  Is cycle uere not a universal  d iscr iminaLor of  a i r -
b inding response in engines, then perhaps other cycles should be
eva I  uaLed .

The latLer point  uas ampl i f ied recenLly qrhen the appl icaLion
of Lhe Scanning Brookf ie ld Lechnique of  BJ27-1 led Lo the f inding
of a 15u40 on the market uhich,  BS shoun in Figure tO, gave
sLrong evidence of  poLent ia l ly  fa i l ing in the f ie ld under certain
temperature condi t , ions.  Both the nRU aL -2@ degrees C and fhe
Cold-Cranking SimulaLor aL -15 degrees C gave accepLable resuILs.
UiLhout engine Lesfs,  hourever,  the LemperaLure condi t ions Ieading
Lo possible pumping problems uere noL knoun beyond the fact  thaL
Lhe Scanning Brookf ie ld indicat ,ed LhaL in iL iaLion of  strucLure-
bui ld ing uas about - IO degrees C (+15 degrees F).  CorroboraLion
of the Scanning Brookf ie ld resulLs uas obtained using a TP-1 I IRV
cycle u;hich is a another proposed ASTH meLhod for deLermining
pumpabi l iLy uLi l iz ing Lhe I IRV and a modif  ied cool ing cycle (36).
Houever,  in the cold-room engine tests,  Lhe oi l  uould noL fai i
t , r iLh the Si .oux Fa11s cycle (and several  var ianLs).  The oi  I
f inal Iy uas broughL to fa iLure by imitat ing Lhe TP-1 cycle aL
uhich poinL Lhe oi l  fa i led in Lhe engine in a ve,ry evident
manner.  IL can be concluded Lhat the nat,ure of  Lhe cold-room
cycle is also cr i f ical  in regard to ef fect ively test ing an oi ls
pumping response and t ,he Sioux FaIIs cycIe,  uhi le veyy
signi f icant,  is  noL a universal ly appl icable cycle to deLecL air-
binding potenLial .

This,  of  course, br ings back the quesLion of  uhether or noL
any or aI  I  of  the Lhree engine oi  Is blended and Lested by
Stambaugh mighL, in their  o i l ing curves, only ref lecL the Sioux
FaIIs response whi le the Scanning Brookf ie ld technique might be
giv ing informat ion concerning temperature ef fecLs 1 ikely to
produce sLructure over Lhe enLire temperature range of  inLerest .
Perhaps, had some oLher cool ing cycle for  the engine tesLs on the
three oi ls been made, sa/  s imi lar  to the TP-1 cycle,  the resulLs
reported mighL have fal1en in a di f ferenL order.

The IaLLer resulLs also cal l  into quest ion Lhe or ig inal
engine Lests for  pumpabi l i ty .  Had Lhese engine LesLs been cold-
soaked for di f ferenL lengths of  L imer oF cooled doun more slouly
to Lhe Lest temperaLure,  the resulLs mighL have been more uni form
among the engines and some oi  1s which f  i rst  appeared f  low-
l imifed, crould Lhen appear air-binding. Perhaps Lhis is Lhe
reason uhy, uiLh the Scanning Brookf ie ld approach, pRo-03 uould
seem to be more of  an air-binding oi l .  This behavior of  pRo-o3,
uhich uas reporLed: es noLed ear l ier  in Lhis paper,  in an sAE
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presenLaLion in 1982 (33),  uas recent ly conf i rmed by
eL Bl . ,  in a sLudy using neu nRV meLhods (36).

Henderson,

Air-binding Oi Is
The mosL insidious form of pumpabi I  i ty  fa i  lure is air-

15'it l ttr irul: |r l 'r, i i : iF ly l,,er;,+ii,sE {Jit '} i a f igu-i imiLarl rri i  i f Llie r: i I ia
Loo viscous to pump iL is t ,oo v iscous Lo sLart .

As previously detai  Ied,  th is sLructure-bui  ld ing r  noD-
NeuLonian form of f lour consLrainL uas Lhe pr imary cause of  much
engine damage in Lhe oinLers of  '80- '81 and'81- '82 in boLh NorLh
America and in Europe. I t  uas also Lhe pr imary cause of  the
development of  the Scanning Brookf ie ld Lechnique uhich,  a l though
expected to be ef fecLive in detect ing f lou- l imi ted behavior,  uas
pr imari  Iy inLended Lo be a meLhod of  detect ing air-binding
response across Lhe broad band of  temperatures to uhich engines
are exposed. The method uas Lo be singular Lhat is,  only one
method should be reguired, i f  possible,  u iLh no mulLiple
deLerminat ions to 'hunL'  possible fa i lure nor oLher data Lo
narrou Lhe searsh. Uhi  Ie oLher pumpabi I  iLy meLhods present ly
being developed have much to commend Lhemr es far  as is knoun Lo
Lhe author,  Lhe Scanning Brookf ie ld is sLi I l  the only meLhod
uhich meeLs the importanL cr iLer ia above ui th suf f ic ienL
sensi t iv iLy and precis ion.

The most ouLsLanding characLer ist , ic  of  potenLial  iy  a i r -
b inding oi ls in the Scanning Brookf ie ld LesL is the relat ively
abrupt change in raLe of  increase in v iscosiLy aL some cr iL ical
LemperaLure. I f  that  rafe of  change conLinues unLi  i  Lhe
viscometer Lorque read-ouL is dr iven of f -scaIe,  the chances are
veyy good thaL Lhe oi I  wi l l  a i r -b ind in a sensiLive engine under
some Iow-Lemperature exposure condi t ions.  AL present there have
been no excepLions Lo Lhis exper ience. For example,  note the
sequence of  ASTt l , /Ual ther 'curves f  or  the f  ie ld- f  a i  I  ing ser ies PRO-
27 Lo PRO-28 in Figures 11 and t2;  a l l  of  the Scanning Brookf ie ld
non-Neutonian curves for fh is ser ies are essent ia l  Iy vert ical
afLer forming a br ief  f i rsL leg of  Lhe ogee curve. The excepf ion
is PRO-26 which, al though qui te verLical  dur ing the second leg of
the ogee, does begin Lo form the Lhird 1eg before exceeding the
4O,OOO cP l imi t  aL about -17.5 degrees C. IL is of  inLerest  LhaL
PR0-26 is a European engine oi l .  uhich fa i led Lhere dur ing the
q.:  i  nLer of  '80- '81 .

On fhe oLher hand, PRO-26 shous LhaL Lhere are varying
degrees of  non-Neutonian response and Lhis is ampl i f ied uhen the
var ious Scanning Brookf ie ld curves for the or ig inal  ser ies of
air-binding PROs are v ieued as in Figure 9.  The quest, ion becomes
one of  deLermining Lhe minimum non-Ner.rLonian curve r , rh ich ui l l
s t i  I  I  resulL in air-binding fai  lure.

The need seems to be meL by PRO-29, a f ie ld- fa i l ing engine
oi  I  f  rom Lhe ur inLer of  '82- '83,  I t  is  a subt le oi  I  uhich
frequent ly passes the stable pour poinL Lhe pumpabi l i ty  nemesis
of a number of  oLher f ie ld- fa i l ing oi ls,  RecenL studies uiLh t-he
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Scanning Brookf ie ld equipped wiLh Lhe sLandard rotor/sLator
geometry are shoun in Figure 13. The resulLs shou that PRO-29 is
clear ly non-NeuLonian ui th a pronounced ogee curve and has a
cr iL ical  Pumpabi l i ty  TemperaLure of  -24.3 to -2s.4 degrees c
uhich is def in iLely border l rne for a l@u4o oi l .  From the
or ig inal  str ip charL daLa iL uas apparenL Lhat PRO-29 sLarLed Lhe
second leg of  Lhe ogee curve someuhaL Iouer in temperature Lhan
the other members of  the notor ious PRO-2X ser ies.

Fol  lowing Lhe exper imenLal lead of  Ken Henderson of  Ethyl
Addi t ives <37>, Lhe auLhor had a smal ler  d iameLer (0.5 in.)  rotor
made u,r i th uhich PRO-29 uas again LesLed. The resul tant  str ip
charL curve, urhi le shouing a f i rst  break aL abouL fhe same
temperature,  gave a much longer second leg before t ipping inLo
the f  inai  leg.  As shoun in the ASTl l ,zual ther ploL of  Figure 14,
Lhe CriLical  Pumpabi l iLy Temperature qras raised to -2t .? degrees
c, a def in i te fa i lure.  These resulLs suggest thaL, despiLe good
correlaLion uiLh air-binding oi ls oiLh Lhe standard rotor, /stator
geomeLry,  much is avai lable to be learned by modif icaf ions of  Lhe
Scanning Brookf ie ld Lechnigue.

ConsideraLions Regarding the Causes and Effects of  Lhe Scanning
Brookf ie ld Technique

one of  Lhe f i rst  consideraLions in apply ing Lhe scanning
Brookf ie ld technique is thaL regarding sharp non-Neutonian
behavior Lypical  of  a i r -b inding immediately beyond Lhe chosen
temperafure of  c lassi f icat ion.  In other words,  is a propensiLy
for air-binding acceptable belou the speci f ical ly chosen
Lemperature of  tesL? I t  uould seem thaLr os deadly as air-
binding is to Lhe l i fe af  the engine and as expensive as engines
are Loday, that  perhaps some thought should be given Lo avoidi .ng
ser i .ous air-binding poLenLial  aL Lemperalures 10 or 15 degrees C
be I  ou.r  Lhe I  ooest Lemperature at  q;h i  ch the eng i  ne i  s expected Lo
starL.

In the same vein,  uhaL of  Lhe uide var ieLy of  s ingle grade
oi ls on Lhe market and in vehic les? Because Lhey are noL
classi f ied for  1ou-LemperaLure service,  should Lhey not have some
mi.nimum sLandards of  pumpabi l i ty  sLandards for louer femperaLure
sLart ing.  Paraphrasing a staLemenL quoted ear l ier  in the paper
(3),  iL uould seem LhaL Lhe engine oi1 uould be expected Lo
proLect Lhe engine aL uhaLever Lemperafure Lhe engine could be
sLarted qr i thout assisLance. Hooever, in the f inal  analysis,  even
i f  the engine uere given some form of start ing aid assisLance,
the oi l  could be sLrongly strucLured and air-binding unless some
provis ion urere made for heaLing Lhe engine oi I  or  otheruise
prevent ing the consequences of  a i r -b inding.

CorrecLion of  Air-Bindi .ng Tendencies in l loLor Oi ls
Consider ing the var ious possibte causes of  the occurance of

air-binding, the quest ion ar ises about correcLion of  the tendency
t^; iLhout Lhe uaste of  Lhe product.  Further,  r . lhaL is a reasonable
goal  for  such correcLion?
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Uhi le much knouledge and understanding concerning Lhe role
and mechanism of pour poinL depressanLs is imporLanL in the
treatment of  formulated products,  a relaLively s imple exper imenL
shoued thaL, dL IeasL in some cases, air-binding can be
eff  ect ively terminaLed.

Figure 14 shous the consequences of  an ef forL Lo correcL an
unsuccessful ly pour-poinL depressed base oi l  shoun as Sample F.
This base oi I  shoued aI I  the symptoms of  a i r -b inding potent ia l  in
Lhe Scanning Brookf ie ld analysis.  TreaLmenL c.r i th Pour-PolnL
DepressanL A produced Sample G an obvious improvemenL but st i l l
an oi I  capable of  causing air-binding. Treatment ui th Pour-PolnL
Depressant B produced Sample H an oi l  u iLh a Neutonian VTC.

CONCLUS I  ONS

Uh i  1e Lh i  s paper has had t ,he overLones of
hisLor ical  essay, there are conclusions Lo be draun.

Lechno-

The subiecL of  pumpabi l iLy and iLs conLrol  is  becoming more
and more of  a ser ious problem as a consequence of  Lhe greaLer

var ieLy of  sources and LreatmenL of  ref ined base oi ls.  Ef for ts
to extend the quanLi t ies of  the I ighLer neutral  base oi ls by
rai .s ing Lhe deuaxing temperatures has also caused concern.  In
Lhe face of  th is s i tuat ion,  Lhe problem is compounded by the
recenL emphasis on market ing'5u3O oi ls.  Such a move ur i l l  p lace
even greater demands on Lor. , r -v iscosiLy base sLocks and greaLer
ef forts Lo Lry to ut i i ize the fu l I  contenf of  the dist i l laLes
yielding these basestocks.  I f  less dewaxing for such oi ls is
chosen as one path of  increasing yield,  the techniques of  pour-
poinL depressancy ui11 be given a great sLimulus in research,
development and appl  icat ion.  AlLernaf ive paLhs include Lhe
ser ious consideraLion of  synLheLic basestocks.

The Scanning Brookf ie ld technique is reaIIy represenLaLive
of many Lechniques uLi  I  iz ing the concepL of  measur ing the
change in a lubr icanL properLy uhi  Ie sLressed by changes in
appl ied condi t ions.  AL this Lime, the technique seems Lo sLand
alone in producing relevanL informaLion concerning pumpabi l i ty  of
oi ls across t ,he broad lou-temperature range of  inLeresL. The

technique is obviously capable of  many modif icat , ions to meeL Lhis
problem area and others of  s imi lar  nature.
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