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1 - INTRODUCTION

From the viewpoint of the engineer the basio sasentials of stsam-
turbins oils are durability and relimbility. It must reliably perform
ite funotiona as a lubricant and ccolent over long periods of time.
Industrial units are often operated for a week or more and central
station unite are frequently run for several months, and esven as long
as a yoar without a shutdomm. To bave to shutdown a large high~
officiency unit because of lubrioating oll trouble and carry the load
on smaller less-officlent units is, in most instances, wory expensive,.

While performing these services the oil is subjeoted to severe
operating conditions that are brought about by subjeoting the oil to
dotrimsntal influences. Seworal fastors, apart from the oll itself
that tend to cause turbine oll to deteriorate are:; (o) water, (b) heat,
(o) air, (d) solid impurities, (o) eleotrio action, (f) constant
agitation, and (g) soms wetals. These factors individually and colleot~
ively tend to bring about emulasification, sludge formation, and foaming.

Water, particulary in industriel units, 1s probably the most
prevalent of all impuritiss. A mochanioal mixture of oil and water
forms an exulsion, whioh may separate readily if the oil is a carefully
rofinsed mineral oil, and if it is pormitted to remain quiet for a oon-
siderable period of times. A pure emulsion is probably not harmful, but
erulsions tend to collect and hold impurities, that aocelerats oxidation
and sludge formatiom.

Lubrioating oils are oomplex chemioal compounds consisting ohiefly
of hydrogen and oarbon that are united chemiocally to form orgenic com=

pounds mown as hydrocarbons. Oxldation 1s the chsmical combination of
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these compounds with oxygen. Air supplies the neceassary oxygem for
oxidation; heat renders the oil more susceptible to chemiocal change;
metals and solid impurities act as catalytlic agents to hasten the
sotion; and agltation further acoelerates oxidation by intimately
mixing the oll, air and impuritiss. The rate of oxldation depends upon
the extent to which these detrimental influences are present, and upon
the ability of the oil to resist such aotiom,

When lubricating oil oxidizes a variety of complex products are
formed; the chief ones are believed to be various alcohols, ketonss,
aldehydes, esters, organic aclds, and metallic soaps. In practioce,
these products are variously referred to ms varnish and lacquer, and
are usually divided into two classes; nawely, thoss soluble and those
ingsoluble in oil et the operating temperature.

Soluble products are not deposited in the parts of the system
that are at normal operating temperaturs, but some may be deposited on
the oold surfaces of the cooling coils, interfering with heat tranasfer,
and in other parts of the system where the o0ll is quiet and the temper-
ature is below normal.

Insoluble oxidized hydrocarbons may be carried with ths oil in
ciroulation and tend to settle and form deposits in coolers, stralners,
bearing housings, oil pipes and passages, and particularly in reservoirs.
Suoh deposits tend to reduce the heat transfer in the oil coolers, clog
the oil systems, and in ssvere cases may oause complete stoppage of the
oil flow to the bearings.

The accuamulation of oxidized hydrocarbons, whether soluble or
insoluble in oil at operating temperatures, impairs the reasistance of



the o0il to emulsification.

All deposits in turbine olrculating systems are commonly known
as sludge, but chemically sludge is psrcipitated oxidized hydrocarbons.
This so-called sludge may be a relatively dry punk-like deposit, which
consists mainly of oxidised hydrooarbons, or it may be a slimy, liver=-
like mass, consisting of emlasions of oxidized hydrooarbons, other
impurities, and a large quantity of otherwlse good o0il. Sludge in
genoral doss not form suddenly, but only after the ojil has been in
prolonged service. The formation of aludge, therefors, ls usually due
to & gradual change in the condition of the oil, brought about by
oxidation, by the socumulation of emulsions and oxidized hydrocarbonas
tending te break down the atability of the oil,

Accumlations of sludge in oll pipes, passages, and cocler impair
the oclroulaetion of the 0il and cause high oil and bearing temperatures,
which soocelerate oxidation. Sludge also has a detrimental effect upon
the operation of ého hydraulic type of governor gear. It causes this
typs of governor gear to operate sluggishly, and sven render it inoper-
ative in sxtreme cases.

The deterioration of turbine oils, then, is affected by several
factors. This study was made of only one of these factors; namely, the
offoct of metals on oil deterioration. This factor, however, has not
received the attention that it probably merits, hence very little soien-

tific information is available on the subject.



II - OBJECT OF THE INVESTIGATION

This study was made for the purpose of obtaining soms acourate
and conorete data on the effects of ssveral metals, common to steam-
turbine lubricating systems, on the deterioration of three commsroial
steam-turbine oils.



III - REVIEN OF LITERATURE

; searoh of the literature indicates that Waters was the firat
to call attention to the effect of metals on the detsrioration of
oils (1)« In & paper published in 1611 he gave the results cbtained
when two pure mineral oils were heated in the presence of seversl
metals. Ho used tubes 20 mm. in diameter and 106 mm. long made from
ordinary brass, cold-rolled stesl, 0.8 per cent osrbon steel, van-
adium steel, chrome steel and cast iron. Five gram samples of the
0il wore heated at 482° P for three hours in sach of the tubes. No
air was foroed into the samples, but the tubes were open to the atmos-
phere,

He was interested in the amount of insoluble sludge and varnish
formed and made no othesr 1n5peotionl. The smount of insoluble mater-
ial was determined by adding 25 coc of petroleum ether to the oxidation
products and allowing the mixture to settle for 22 hours. The in-
soluble matarial was then filtered and weighed. The amount of vnfnish
deposited was determined by weighing the tubes bafore and after remov-
ing the varnish.

Cold rolled stesl and brass were inoreasingly effective in produc-
ing insoluble in ¢il Bs The other metals had no more effect than
glass on the oil. Insoluble was “ormed from oil C in an incrsasing
amount by chroms vanadium steel and brass. Cast iron gave less insol-
uble than glass. Vanadium steel and oold-rolled stesel were not tested

with this oil. 1In all ceses the varnish formsd was less with metal
tubes than it was with glass.
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In 1921 Waters made additional testa (2). This time instead
of using metal containers, he pleoed strips of metal in the samples
of oil and heated the 0il and metal to 482°F for two hours in glass
Brlenmyer flasks. The metal strips were 11 by 72 mm and from 0.2
to 0.6 mm thick. These stirips wers polished with finme emery cloth,
washed with water and dried, prior teo using. The amount of o¢il
used in each test was ten grams.

Results of theae tests show that zinc and aluminium cause neo
increass in gquantity of precipitate formed; that stesl, cast iron,
nickel and cobalt cause slight scoeleration and that phosphor-
bronze, brass and copper greatly acoelerate the rate of oxidation.

An iron tenk called a "sludge accelerator™ was designed in 1924
by Funk for the purpose of determining the sludge and emulgion
charsoteristios of turbine oils (3)s The oil, at a temperature of
212°F, was ciroulated through an iron tank in the presence of air and
water, The purpcse of this work was primarily for devising a suit-
able test for turbine olils rather than determining the affeot of the
mstal, air or water on the oil. This test is now known as the "Funk®
test.

Rogers and Miller did some noteworthy work in 1926 (4). They
tested several turbines oils in the pressnce of copper and iron and
attempted to oorrelste the sludging rate of the oil with the results
obtained from the same oils in actual service.

In these tests 500 ml. of oll were heated in a water bath at
210°F. sSamples of oil were withdrawn at intervals of 48 hours and

inspeoted for acidity and demlaibility. Oxygen at the rate of two
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or three bubbles per second was passed through the oil,

Preliminary tests were conduoted for 300 hours with copper and
iron, The final tests were made with irom alone and were conduoted
for 500 hours. The iron used in sach test was a piece of 1l8-gage
iron wire 40 inches long.

Oxidation was aoccelerated somewhat by iron mnd still more by
oopper. The Herschel demulsibility values dropped rapidly. Ome oil
showed no sludge until after 300 hours and the other nons until after
500 hours.

The summary given by ths writers was: “The deterioration which
turbine oils undergo in servioe is due teo oxidation. Two types of
oxidation produsts eare formed: (1) asphalic material insoluble in the
oil. (2) Free acids soluble in the oil. The latter in the presence
of water form inscluble soaps in contact with metals such as irom
and copper.”

Dornte and Ferguson investigated, in 1936, the effect of copper,
iron, tin, and lead on the oxygen absorption of different oiles. (5)
They found that the rate of absorption in all csses graduslly decreased
with time, poasibly because the constituents of the oil were being
oxidized and graduslly deoreasing in quantity. In all inwstigations,
also, the rate of oxidation was not inoreased to any appreciable de-
gree by inoreasing the ratio of metal surface to cil. Copper increased
the rate of oxidation 20 times, iron three times and tin and lead dcubled
the rate of oxidation.

Baringhuiren and Vias made several tests with oopper, tin and lead

in 1957. (6). They heated 50 ml. samples of oil conteined in glass



basina to 207°F for 1360 hours.

They found that the viscosity, surface tension and eoidity of
the oils were not influenced by the metals. Copper stimulated slu-
dge formation and tin and lead acted as anti-oxidents. The amount
of sludge formed depended on the amount of aromatic compounds in the
oils. They investigated the corrosion by an optical methed and found
that copper was strongly affeoted; that tin and lead were proteoted
by a film of reaotion products. The amount of sludge formed was
determined by filtering the oll and weighing the sludge.

In 1637 Weiland made a series of tests on several different oils
at different temperatures(7). These tests were conducted at temper-
atures from 250° to 350°F. MNost of the oils showed very little change
when tested at the lower temperature, whereas at the higher temper-
ature the rate of oxidation was, in some instances, excessive and the
behavicr of a few of the oils was erratic. The most logical and con-
sistent results were obtained from the teasts made at 3Q0°F.

Blends of fatty and minsral cils were relatively stable for a
while then deterioration incressed rapidly. Mixed-base oils showed
pediup oxidation numbers and oxidation tended to become conatant,
Paraffin bese and solvent extraction oils gave very low oxidation numbers
and beocame stable at low oxidation numbers.

Farmer studied the catalytic effeot of several mestals on turbine
oils last yoar (8). Be heated 400 ml. of oil in the presence of metals
to 212°F. Ten liters of air per hour wae bubled through the oil.
Samples of o0il were withdrawn every 100 hours and inspscted for aoldity,
viscosity, percipitation number and color. The samples used for vis-

copity and color were returned to the tubes and only s small amount
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was lost each time. In his tests he used several turbine ¢oils and
two metals; namely, iron and brass.

Hie preliminary work showed that Admiralty metal did not have
much effect on the rate of oxidation. Brass accelerated oxidation
three times as fast as irom, but one oil was unaffected by brass,

Brass and iron in the same sample of oil oxidized it more rapidly
than brass alone,

A good oil may not be oxidized much by this test in less than
1000 hourss An oll that will remain unchanged for 300 hours in the
"Funk™ test with brass added to the iron and water was found to be
very stable.

Some tests have heen made recently at the Gulf 0il Corporation
laboratory (9)e Each oil sample with ten per cent of water added was
contained in cylinderical tanks of two gallons capacity, and constructed
of aluminum, steel and stainless steel. Pumps and short lengths of
connecting pipes were of steel or iron. The oil and water mixture was
maintained at a temperature of 195° to 200° F, and circulated at a rate
of several gallons per minute, being picked up at the base of the tank
and returned ¢ a point just below the oil level, Oxygen wes supplied at
the inlet of the circulating gear pump at a rate of five liters per hour;
the gas was vented from each tank through an opening in the cover. 0il
samples were taken periodically for inspections of acidity and steeam-
emulsion number,

A number of representative turbine oils were tested over a period
of months, all of which showed similar influences of the effect of the
various metals. However, the useful life of the several oils varied

widelys The indicated useful 1life of the oils in the presence of



slumnium is 46 per cent greater than in the presence of steel, and
sbout 50 per cent greater than in the presence of stainless ateel.

Weiland extended his work in 1939. (10) He found that the
presence of metals in the oil sample during oxidation has a vari-
able effsct and is quite alarming with some internsl-combustion engine
lubricating oils. However, he made no tests with steam-turbine oils.
One oll was far superior to all othar cils in resisting the oatalytio
action of ocopper, but no information was glven regarding the behavior
of the same o0i]l in the presense of any cther mstals. Some ollas were
oxldized in the preasence of a strip of metal cut from an aluminum
alloy pleton. This alloy caused the olla to detericrate faster but
not as fast as oopper.

The results of previous work then indiocate that copper, lead, tin,
brass and zinc are most effective in promoting acid and sludge formation.
Iron, nickel and aluminum slightly accelerate oxidation. However, not
all investigators agree regarding the sotion of some metals. Haring-
huizen and Was found tin and lead to¢ be anti-oxidizing, whereas Dornte

found lead seoond and tin last in promoting oxidationm.
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Fige 3o Top Photo of Apparatus
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Fige 4o End Photo of Apparatus
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IV - THE IKVESTIGCATION

Apparatus: The apparatus used for this investigation was con-
structed in the Kechanical Leboratory of the Virginia Polytechnic
Ingtitute. It consisted essentially of an "oil bath", electric
heaters, an agitator for the heat transfer mediwm, test olls, metal
samples, and 600 ml. beakers, as shown in Fig. 1.

The oll bath was a rectangular box constructed of galvanized
sheet steel, 32 inches long by 14 inches wide and nine inches deep.

12 two three~fourth inch diameter holes were cut in the top to hold the
beakers that contained the o0il and metal samples. Two 500-watt strip
electric heaters were placed under the bath and one 300-watt immersion
heater was installed inside the bath. The latter heater was controlled
by a thermoregulator as showmn in Fig. 2. The oil bath was placed on

a stes)l stand and the sides, ends, and bottom were covered with one

and one-half inches of magnesia insulation. Two holes were cut in the
top, one in each end, for the thermometers. The tank was then filled with
used 0il to a polnt such that the level was one inoh below the top.

The temperature of the bath was maintalned at a constant tempera-
ture by a Precision Temperature lepgulator, whioch consisted of a mer-
cury thermostatic control and a 115-veolt, five ampere relay as slow
in Fig. 2. The temperature control was connected to the 300-watt immer-
sion heater.

The agitating apparatus for the bath is shown in Fig. 3, It was
a propeller mounted on a shaft, which extended into the oil bath four

inches. It was mounted on top of and in the center of the oil bath,
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und was driven by a one=-quarter horsepowsr elsctrlie motor at a spesd
sufficient to hold the temperature constant within three degrees Fahre-
nheit in all the samples.

Alr was supplisd from an outside source and distributed to the oil
and metal samples through a distribution system as shown in Fig. 1.
This system was mounted directly aiove the oil bath and the distribut-
ing manifold oonsisted of & piece of three-fourth inoh pipe having
olosed ends and extending the entire length of the bath., Twelve holes
were drilled in the pipe and short pieces of ons~fourth inch copper
tubing were soldered over the holes. The holes were drilled so that
after assembly of the apparatus they were directly over the beakers
containing the oil samples. Glass tubes were placed in the beakers
and rubber tubing was used to oommsot the glass tubes to the copper
tubes in the distribution pipe. Valves were placed in the lines for
controlling the flow of air %o the oll samples.

The containers for the o0ll samples were atandard 600 ml. Pyrex

glass high form beakers.

Materials: The bearing metals used were sll metals made by the
Federal-Mogul Corporation, Detroit, Michigan. Two samples 0.10 in.
thick and 1.0625 in. in diameter were used in each oll sample. The
total exposed area was approximately 2.44 squere inches.

Metal Ko. 6 was a lead-bronze bearing material containing 39.5 per
cent lesad, 68.5 per cent copper, and 2.0 per cent nickel,

Motal No. 6 was Babbitt and is nown as the Socliety of Automotive

Engineers' No. 10 Babbitt. The composition of this material was 89.0
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per cent tin, 0.26 per cent lead, 3.7 psr cent copper, end 7.5 per
cent antimony.

Notal No. 8 was & cadmium-silver bearing material of 97.45 per
cont oadmium, 2.26 per cent silver, and 0.30 per cent copper.

Motal No. 9 contained 83.5 pesr oent lead, 10.0 per cent antimony,
6.0 per oent tin, and 0.5 psr ocent coppere.

Metal No. 10 was cadmium-niockel bearing alloy containing 98.5
per osnt cadmium and 1.5 psr ocent nickel.

Ths remaining metals were all sheet mmteriala. All samples of
these motals were cut two inohss long and one inoh wide. Esach sample
was of uniform thicknesa, but the thioknsss varied from cne-thirty
socond to three-thirty seconds of an inoh for the different metals.
Cne sample was used in each oll sample, sxcept in the cases wiere two
metals were used in the same oil sample. In such cases one samples of
each mstal was used. The exposed area of each sample was approximately
2.38 aquare inches.

The lead was chemioal lead of 99.83 per cent lead, and 0.07 per
sent copper.

The oopper was a commsrcial grade of soft sheet copper.

The composition of the Monel metal was 68.0 per cent nickel, 27.0
per cent copper, and iron, magnesium, silicon and carbon 5.0 per cent.

The zino was 99.26 per cent zins, 0.25 per cent lead, and 0.40 per
cent cadmium.

The composition of the alumnium was within the following limits:
copper, 3.6 to 4,7 per cent; magnesium, 1.25 to 1.76; mangenese, 0.3

to 0.9 per cent; and a minimum of 92,0 per cent aluminum. It was
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commsrcial sheet material and is clessified as 24~S grey plate half hard
ag is widely used in thes aviation industry.

The steel was ordinary hot rolled, low carbon sheet.

The tin used was & high-grade alloy, whioh is used for meking eleotric
light reflectors, but its composition could not bs cbtained.

The breass was a commercial grade of shest brass but the composition

of 1t oould not be sscured.

Method of Conducting tests; The metals were cut to the dimensions pre-

viously given, then oleaned and weighed. They were not polished because
it was desired to simulate actual conditions as closely as possible., The
object in cleaning them was to remove any tarnish or foreign material
from the mstal., By so doing the ocatalytic effect on the oil would be
that of the metal and not that of some oxide of the mstal, or some other
unknown substanoce.

The oil samples of 400 ml. each were poured into the 600 ml. beakers
and & amall wire was fastened across the top of each beaker from which
the matal sample was suspended into the oil by a cotton thread.

Twoe or three bubbles of alir per second were passed through the oil
to scoelerste oxidetion. No attempt was made to determines the amount of
air supplied to the oll samplea. Other investigators have found that the
consumption of oxygen was relatively slow and the rate of oxidation is
not a funotior of the amount of oxygen wupplied as long as there is an
excess of oxygen (4, 5).

Test No. 1 was run with each oil and with three metals. Eaoh oil
was, nlso, tested without a motal to give a bnsis for comparison. The
test was started at 200°F. but after the oil was oxidized for 264 hours

at this temperature it showed very little ohange and the temperature was
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then increased to 275°F. The test was ended after 106 hours at this
temperature,

Test No. 2 was oonducted at 275°F for 200 hours. At the end of
this period the blank oils (oils without metals) showed that oxidation
had progressed as far as it did in the first test.

Tests Nos. 3 and 4 were conducted as was No. 2: howsver, blanks of
oils containing no metal were included in emoh test, thus giving a cheok
on the correlation between ths different runs,

After the oils were oxidized, laboratory inspections wers performed
on esoh sample to determine the extent of oxidation. The following
Ameriosn Society for Testing Materials methods of testing were followed:

1. Standard Method of Test for Viscosity by means of the Saybolt
Visoosimeter. (D88-38)

2+ Tentative Method of Test for Neutralitation Number of Fetroleum
Produots and Lubrioants. (D188-27T)

3. Standard Method of Test for Precipitation Numbsr of Lubrioating
0ils. (D91-39)

4. Standard Method of Test for Gravity of Petroleum Produots by
Means of the Hydromster., (D287-39)

The colors of the oils were determined by a Tag-Robinsom instrument
and are designated as Tag-Robingon Numbers.

0i) A (Gargolyle D.T.E. Light) is & straight mineral oil made by the
Socony-Vacuum 0il Company. The properties as given by the mmnufacturer

are as follows:

Speoifio gravity 0.8856

Pour poi.nt 5. deg. F.
Flash point 386, " 0w
Fire point 440. " =

Viscosity at 100°F. 148 to 155 S.U. S.



Viscosity at 130°F.
Yisoosity at 210°F.
Color (Lovibond soale)

86 S.U.S.
42 "
1

0il B (Gulforest A) is a straight mineral oil made by the Gulf

0il Corporation.

Speoific gravity

Pour point

Flash point

Firs point

Vviscosity at 100°F.
Viscosity at 130°F.
Viscosity at 210°F.
Color (N.P.A. soale)
Carbon-reasidue
Neutralization number
Oxidation number (Sligh)
Demulsibility at 130°F.

They list the properties as follows:

0.863
0. d.s- Fs
395, . =
460. ] |
160. SeUe8e
86, "
43. "
l.
0.01 per ocent
neutral
4.0
1620.

0il C (Teresso 43) is made by the Standard Oil Company of New

Jarsey.

itor has been added.

follows:

Specific gravity
Viscosity at 100° F.
Color (Tag~Robinson)
Neutralization number
Precipitation number

It is atraight mineral oil to which a special oxidation inhib-

The properties as given by the manufacturer are as

0.8506
166,
14,
neutral
Q.
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TABLE I. SUMMARY OF RESULTS OF LABORATORY INSPECTIONS

DS
Yo’ -1’1‘

’ Viscosity ! Acidity 3 Precipitation Gollar Nuber ' Specifie Gﬁ‘anty
- 8.U.8. at 100°F ; Ml of KOH per gm l Number Tag Robinson
| 1
M(, tal ? il L SR SR A O AR C AR A R ___,.-i;u, NSRS S T et S A i ...g‘,.- RS T3 ISRy A T Vi i S s VISR e el 1 b el i e oA Rl i 1 i i Bttt (Cy o R S R A e
F Ol A 0 B g 011 A 7041 B 083 € Y o8 AT SR R e e 0i1 A 011 B 011 C 011 A 011 B 011 ¢
New o1l 152.4  156.0 @ 168.8 0.02 0.04 0.03 |40 00000 0,08 0.00 17.25% 23.50¢ 13, 758 0.877 0.861 0.85u
No metal 159.7 =~ 182.8 . 164.2 0.32 0.42 0.20 ! 0.05 0.08 0.05 12,00 8.75 . 15.004 0.877 0.865 0.856
Copper+lead 260.0 280.0 196.? 6.75 6.60 3.30 0.60 0.30 0.0 8.00 8.75 . 10.2% 0.899 0.88% 0.870¢
Copper 172;91- 180.8 ' 173.6 1.00 0.77 0.26 0.30 0.20 0.0 8.00 9.20  10.50 | 0.880 0.866° 0.860
Lead | 202.0° 238.0 '172.0 2.30 3.30 Q.13 0.10 0.20 0.0 9.00 840 13.15 GRS Ly 0.852 0.859
Zinc | “164.0 180.0 170.3 0.83 0.40 0.15 0.10 0.10 0.0 9.00 9.00: " 11400 7). 0.880 08 0.860
Steel | 165.0 197.3 159. 0.58 0.8% 0.13 0.13 0.15 trace 8.75 8.40 13475 0.880  0.867 0.857
Aluminum {160,718 165.2 0.72 0.55 0.25 0.10 0.10 0.08 8.50 9.00 9:00. 1 1 0,880 "V 0O8T ' 0.857
Brass 164.8  185.2 162.3 0.45 0.58 0.25 0.15 0.10 0.08 8.40 9.85 - 10.00 | 0.878. +:0.867 0.887
Monel 1636 0 186.5 " 162 .8 0.75 0.75 0.13 0.13 0.10 trace 8.50 8.65 " 14.00 0.87g 0.864 0.857
Tin 150.% -~ 18%.6 ' 167.8 o.gg 0.16 0.09 0.03 trace 0.03 9.15 9.20:61 1200 o.8g 0.862 0.856
Metal No. 5 | 163.5 18B8.8 164.0 0.8 0553 0.48 0.13 0.05 0.05 8.50 9,00%.¢ 11400 0.830 0.864% 0.856
Metal No. 6 | 15 .g 186.0 164.0 0.48 0.70 0.20 0.05  trace 0.05 9.00 8,75 11,25 .\ b v ESn 0.822 0.857
Metal No. 8 | 164, 178.5 ' | ccoas R 0.60 i b 0.10 0.10 _———— 8.75 8.50 1 -~enz i U U0 880 0.866 " aiiis
Metal No. 9 | 366,28  181.5 173.8 i 0.43 0.38 0.23 0.13 trace trace 8.50 9,58, 13.00 0'878 0.863 0.858
Metal No. 10 J 7 et ¢ ¢ O L . 0.38 ———— 0.10 trace ——— 8.90 9.28 4 --ins 0.87 0: B8y ' nindas
DESCRIPTION OF METALS e
Aluminum. grey plate (half hard). Min Al 92.0% Metal No.. 5. Pb 39.5 %, Cu 68.5 %, Ni 2.0%. . .#
4.7 %, Mg 1.25-1.75 %, Mn 0.3-0.9 %. ¢
Metal No. S.A.E. No. 10 Babbitt. Sn 89.0 %, Cu 37.0 % ,
Copper. Commercial sof't copper. Sb 7.3 %, Pb 0.25 4. o
N
Monel. Ni 68.0 %, Cu 27.0 %, Fe, Mg, Si, and C 5.0 % Metal No. 8. Ca 97.45 %, Ag 2.25 %, Cu 0.30 %. %
Zinc. Zn 99.25 %, Pb 0.25 %, Cd 0.40 %. Metal No. 9. 8n 6.0 %, Pb 83.5 %, Cu 0.5 %, Sb 10.0 %. ‘-¥‘;§
Lead. Chemical leed. Pb 99.93 %, Cu 0.07 %. Metal No. 10. Cd 98.5 %, Ni 1.5 %. iy
Tin. Commercial grade composition unknown.
¥ Note: Samples not marked have been dlluted with kerosene.
Brass. Composition unknown. 85 M1 of kerosene and 1° Ml of oil as specified by
K. Ba T, M.
Steel. Hot rolled sheet steel.




¥ - DISCUSSIOR OF RESULTS

Visoosity: The walues of all blanks were averaged and are used as a
basis for oomparison. All other walues are for one test only and it
would be impossidle to say that the same results would be obtained
from anothsr similar test, but the results for the blanks are in close
agreemsnt and it seems reasonable to conclude that, gensrally speaking,
the other results would be very close to an average wvalues for several
toata.

As shown in Table I and Fig. €, 01l A had the lowest viscoaity of
any of the new oils, being 152.5 Saybolt universal ssconds. After it
was oxldized with no metal present there was an increass in viscosity
of seven seoonds. Motal No. 6, Babbitt, and tin gave viscosity values
Just a littls less then that for the blank. This would indicate that
at least they would not cause much increass in viscosity and possibly
would be anti-oxidizing, oonsidering wiscosity alons., Matal No. 9, whioh
is moatly lead, and Metal Xo. 10, which is 98,5 per cent cadmium, oaused
the visoosity to inorease approximately seven seconds above the blanke.
Copper inoreased it about 15 seoconds. Lead and the copper-lead com-
bination caused the greatest increase in viscosity, especially the last
named, whioh oaused an increass of 100 seocnds.

Noew C1l B had a slightly higher viscosity than 0il A, and its via-
cogity was inoreased when oxidized with no mstal more than the visoosity
of 0il X was with most of the metals. Beating alone inorsased the vis-
oosity of 011l B 27 seoonds. Zino and No. 8 metal showed definite anti-
oxidising properties. #ith ths exception of lead and the combination of

coppar-lead nons of the metals increased the viscosity more than seven



seconds above the blank. Lead and copper-lead, as was ths case with
01l A, ocaused the greatest incresss in viscosity,.

The results of the inspections of 01l C are quire differeat from
those of the other oils. It had the highest initial viscosity of the
three oils, but when oxidized with no metal the viscosity was lowered
about four secondas. Steel, Monel mstal, and brass showed anti-oxidizing
properties. The samples oontaining tin, 2ino, and metals Nos. 5 and 6
showed lower viscosities after oxldation thap the original oil. Copper
and lead caused very little inoreass, being five and three seconds re-
spectively., The copper-lead combination caused & much greater change
but was only 28 seconds higher than the new oil,

In gensral, the effeot of the metals on the viscosity of 0ils A
and B was very much the same. The oils were not, however, affected the
sams by any single metal and the order of the change was not the same,.
The only metal that held the same position was the oopper-lead combina-
tion. It caused the viscosity to be inoreased the largest amount with
all the oils. lsad held the same position with oils A snd B but Was re-
placed by the lead alloy bearing metal No. # in 0il C. 01l B showed &
greater increase in visoosity when oxidized tham the other two olls, but
as & whole was affeoted less by the oatalytic action of the metals than
the other oils.

Acidity:s The aoidity of the new oils was, as it should be, very low.
The neutralization number of 011 A was inoreased from 0.02 to 0.32 when
it was oxidized without a metal present. Tin and metal No. 10 caused the
acidity to be inoreased slightly above the blank valus. The value for

both metals was 0.35. These are the only metals that caused the noldity
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to be increased the same amount., Nine of the samples had neutrala=
jtation numbsrs between 0.35 and 1.00. Copper gave a valus of 1.00.
Lead was second in promoting acidity with a neutralirsation number of
2.30, and the copper-lead ccombination was first with a value of 6.75.
Tin, ooppor, lead, and the ocoppsr-lead sombination were the only motalas
promoting acidity in the same order that they inoreased the wiscosity.

011 B had an initial neutralizetion number of 0.04, and this value
was increased to Q.42 in the blank. Tin caused the acidity to be
increased to 0.16. This wvalue is much less than that for the bdlank and
indicates that tin is anti-oxidizing with respsot to soidity. 2Zinc and
matals Nos. © and 10 gave values a little below the valus for the blank,
The largest amount of ecid was produced by the copper=lead combination.
Lead was next in line but instead of copper being third, as was the case
with 011 A, it was repleced by steel with this oll. Lead and the copper-
lead combination were the only metals that correlated acid formation
with increase in viscosity.

The nsutralization number of new 0il C wae 0.03 and in the blank it
was inoreassd to 0.20. Tin, lead, zino, steel and Monesl did not cauass
the aoidity to be inoreased as much as it was in the bdblank, The only
motal to cause & large inoremss waa the ocoppsr-lesad oombination, but the
noutrealization number with this combination was only about one half aa
high with this 0il as it was with the other two olls. The coppar-lead
bearing metal No. & affectsd this oil more than 1t did the other oils,
and was second to the copper-lesad combipation in produocing acidity. The
same position was ccoupied by lead in the case of Oils A and B. With

the exception of the copper-lead combination thare is no oorrelation
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between acidity and viscosity.

All three of the oils were oxidized the most with the combination
of copper-lead. With tnis ons exoeption there is no correlation whatever
between the three oila. Tin is low with all three, but doss not hold
the same position all the way through, and is not the same with any two
oils. Oils A and B gave high values with lead and 0il C was extremsly
low with this mstal. With the exception of ths coppear-lead combination
and motal No. 5 all the metela formsd less acid than was formed in the
blanks of the other oils. The copper-lead combination and lead with
Oils A and B are the only cils that gave any correlation between vis-
cosity and aoidity. 011l B gawve viscoaity values much higher than either
of the others but the acidity velues were very muoh in line with those

for 0il A.



Precipitation Number: The precipication number of all the new oils

was zoro. The preoipitation of 011 A blank was 0.06. Tin was anti-
oxidicing with respect to Q0il A and ocaused less sludge than the blank,
and metal No. €6 showed the same value as the blank. lead, zino, alumi-
num, and metals Nos. 8 and 10 doubled the amount of sludge that was
formed in the blank. Monel motal, steel, and metals Nos. 5 and 9 in-
creased the precipitation number to 0.13. Brass was next, and by itself,
in sludge producing properties, giving a wvalue of 0.15. MNext to the
largest amount of sludgs was produced by coppsr; namely, 0.30; twlce as
much as brase. The sample containing the copper-lead combination showed
the largest amount of precipitate and was 0,80, Lead was not consistent
with the results of the previously disoussed inspeotions. In those it
was next to the copper-lead combination. With respect to precipitation
number, however, it was replaced by copper. The copper-lead combination
was the only one that retained the same relative position for the three
inspections. In all cases it ranked firat, promoting the largest amount
of sludge.

The bleank of 0il B had a preoipitation number of Q.08. Four of the
samples, tin, metals Nos. 5, 9 and 10 showed only & trace of sludge.
Metal No. 5 produced less sludge than the blank and meta) No. B caussd
a slight increase above the blank. These results indicate that as far
as sludging is concernsd this oil is virtually unaffected by the oata-
lytic sotion of bearing metals. The precipitation numbsr for the lead
and coppor samples with 0il B was the same, 0.20. The precipitation
number with lsad in 0il B was highsr than it was with 01l A, but copper

was loss with 0il B than it was with 0il A. The copper-lsad combination
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cauged the highest precipitation number, but it was only one-half of
what it was with Oil A. Zinc and metals Nos. 6 and 8 gave the same
preoipitation number with boch 0ils A end B. The copper-lasad com-
bination produced the most sludge with both oils. This combination
and lead, lils with Oil A, correlated in that they gave the maximm
changes in the viscosity and acidity inspsotions.

The blank of 0il C produced the same amount of sludge as the
blank of 0il A, namely, 0.05. ¥Xonel mtal, steel, and metal ko. 9
showed anti-oxidizing properties by causing only a trace of sludge
to be formed. Tin also showsd anti-oxidizing oharmoteristics but to
& lesser degree than Monsl, steel and metal No. 9. Metals Nos. b and
6, lead, and the coppar-lead combination did mot cause any inoreass
above the blank value of 0.05. Braas, aluminum, ginc, and coppor gave
& precipitation number of 0.08. No correlation was obtainsd between
acidity, viscosity, and precipltation number for this ocil. The coppar=
loead combination, which reanks first in producing maximum changes in
all inspectiona with 0ils A and B does mot osoupy first position in
all ocases with 011 C. This ia not, however, the only irregularity.
There is no relation between the precipitation number for this oil and
the other two oile, Tin and metal No. ¢ consistently gave lower valuss
for all oils than the other metals but were not the same for all three

oils, nor did they hold the same position for the three oils.

Specific Gravity: The speoific gravity of the three olls varied con-

siderably. For new 011 A it was 0.877, for new 0il B 0.86)1, and for new
0il C it was 0.854. The gravity of 0il A blank was the same as that of

the new oil. None of the metals with the exception of lead and the copper-
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lomd combination ohanged the gravity of this oil more than 0.003.
Lomad inoreased it from 0.877 to 0.887 and the coppzr-lead corbination
increased it to 0.899,

The specific gravity of 0il B blank was 0.865. iin, lonel, and
motals Noss 5, 9 and 10 didn't increass the gravity as much as it
was inoreased in the blank. Lead increased it from 0.885 to 0.877.
The copper-lead sombination incressed it to 0.883 and zinoc raised it
to 0.886. The position zine hold is surprising since it gave low
results for the other inspections.

New 0il C had the lowesat gravity of the three cils and as a whole
was changed less than the others. The value for the blank was 0.856
or 0.002 highar than the new oil. The largest increase was caused by
the copper-lead combination. It increamsed the specific gravity to

0.870. Copper and zinc were next ziving & value of 0.860.
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Color: The oolor numbers of the new oils are the actual numbers,
but the oxidized oil samples were diluted with 85 per cemt by volume
of kerosens, becauses they were too dark to show a ocolor number after
oxidation. The new oils were all very light in color. Ths lightest
was 0il B and the darkest Cil C.

011 A after oxidation was very much darker and when it was diluted
the color number was lower than that of the original oll. Copper and
the copper-lead combination caused the greatest ccler changes and tin
gave the least. Thers was no aprreciable difference in the effect of
any of the metala. Thers wers only 1.10 points between the darkest and
lightest samples.

The blark of 0il B was as dark and, in some cases, it was darker
than soms of the samples that contminsd metals. Lead, stesl, ¥Nonel, and
mstal No. B caused the oolor te becoms darker. The copper-lead com-
bination and metal Keo. 8 did not ceuse the color to darken esny more than
the blank, end the reraining metals showed esven leoass sffect on the color
of the samplss. The least color change was shown by metal No. 9 and
the greatest change was ceused by lead and stesl.

01l C was the darkest of the original olls, but showed less change
and gave higher oclor numbers than the two other ¢lls. Aluminum caused
the greatest change, but the color of the oil sample was not any darker
than it was with Oils A eand Be Of all the metals Monel caused the least

change in color.

Condition of Metals: The appearance of the metals after oxidation

is shown In Fige 6. Some of the metals were ocoated with a dark protective

film by the reacticn, especially those which were in 0il C. Some of
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them were apparently una8ffected and showed no visible marks of oxidation.
Still others were affected differently and were eaten away and had
a bright appearance. The most noticeable change was made by the
leade 0Oils A and B caused the lead to lose 3.44 and 2,68 per cent by
weight respectively. The lead samples were much brighter after
oxidation and looked as if they had been acid etcheds 0il C caused
a dark coating to be deposited on the lead sample, which only lost
0«08 per cent by weight, but the lead in the copper-lead combination
with this oil lost 1ls75 per cent by weight and was not coated with
as dark a film as was the lead sample when it was used alone in the
oile The lead in the other copper-lead combinations lost some weight
but did not lose asgreat a percentage as when tested alone.

All the metals were weighed before and after use but, with the
exception of the lead, there was no appreciable change and the

results were not included in the summary of data.

Fige 5 letals after oxidation.
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V1 - CONCLUSIONS

The results of these tests show that the presence of motels has
a varing effect on the deterioration of turbine oils. Soms metaelas
greatly accelerated oxidation of one oil btut had little effect on the
rate of deterioration of another oil.

The copper-lead combination had & greater effect on oxid«tion
than any single mstal. The results show thet two of the olls tested
wore affscted more by the pressnce of lead than any other single metal,
end that coppsr wae next in pronoting oxidation.

01l C contained an oxidation inhibitor, whereas Olils A and B did
not contain any additive. The effect of the metalas on 01l C in all
capes was not as marked as it was on 0ils A and B, which indicated
that the inhibitor retarded oxildatlion.

The bearing metal alloys did nct incresse the oxidation of the
0ils as much as the constituent metals from which they are alloyed, and
the effect of these alloys on “hs degree of oxidation produced seems to
be a function of the percentage of copper and lead in the alloy. This
is shown very olearly in Fig. 6.

There is no correlation between the different laboratory inspect-
ions for any wetal in all the oils. Neither is there any correlation
between any ons inspection and the three olls.

The results of this investigation indicate that a longsr useful
1ife of turbine oils may be secured by the use of metals in oiling
systems that have & pinimum oatalytic effeot upon the oil. From these
data it is obvious that it would be neoessary, however, to ostablish what

particuler metals affected any riven oil the least.



VI1 - SUMMNARY

Tests were conducted in the Lubrication Laboretory of the
Virginie Polytechnic Institute to study the effect of several metals
or the detericration of steam-turbine oils.

A special test apparatus was constructed ard three commercial
turbine oils wers tested in the presence of 14 different metal and
metal corbinetions. Included in this group of metals were five bearing
metals, several metals now extersively used iz turbims lubricating
systems, and several metals that are not at present used in turbine
ciling systers.

Oxidation of the oils wus accomplished by heating the o0il in
glase containers at 275%F. for 200 hours, in the presence of the metals.
The oil samplss were then subjected to leboratory inspections to de-
terrine the extent of oxidation.

It was found that in the c¢ese of 0il A copper, lead and the copper-
lead ocombinetion were increasingly effective in increusing the wviscosity
and acidity. Brass, copper, snd copper-lead were increasingly effective
in prometing sludge formation.

with 0il B copper, lead, and the ooppor-lead combination were
increasingly effective in promoting sludge formation and increasing the
viscosity. Steel, lead and the copper-lead combination were increasingly
effsctive in producing acidity.

Copper, metal No. 9, and the coppar-lead combination were increas-
ingly effective in increasing the viscosity of oil C. Copper, metal No. &,

sand copper-lead procuced acidity in increasing amounts. Aluminum, rzinec,



=28=

and copper were increasingly effective in promoting sludge forme
ation,

Tin showed the least effect on aoldity in the case of all three
oils. It caused the lowsst sludge formation with oils A and B and
was low with 0il C. Ths viscosity of 0il A was least affected by

metal No. 6, of Oil Bly metal No. 8, end of 0il C by stesl.



VIII - SUGGESTIONS FOR FURTH3R STUDY

The following suggestions are offered as possible further research

work on the effect of metals in promoting the deterioration of steam-

turbine olls.

By enlarging the fisld of the work along the suggested,

it is belisved that the data would be of greater practical value.

1.

2.

e

4.

5.

Use a larger number of olls of verious brands.
Increanse the number of hours of testinge.

Use & larger selection of metals and include stainless
steel and cast irom in the group.

Use more canbinations of metels; possibly sxtending
this to inoclude three and four metals.

Develop a test in which water could be introduced with

the mstals.
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