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ABSTRACT

This paper reports on the method and preliminary results of a significant modification of the Noack Volatility
Test. This modification permits collection and examination of the volatile products as well as the residue. The
analysis of such volatiles by chromatography and spectroscopy revealed surprising information that is espe-
cially relevant in the face of increasingly difficult automotive and heavy duty engine emission limitations in the
United States and other parts of the world. The data also showed very close agreement with the Unified Test
Method for the Noack Volatility Test now covered by CEC L-40-T-87.

Important to operators, the author's modified-Noack apparatus avoids the use of the toxic Wood's Metal of the

earlier Noack apparatus.

INTRODUCTION

Volatility of an engine oil becomes
important whenever the oil comes in contact
with one of the high temperature zones in
the engine such as the turbo-charger, cylin-
der walls, valves, and the under-crown and
ring-belt area of the pistons. An oil which
has a high volatility not only increases the
volume of oil consumed by the engine but
the loss can also change the oil's effective-
ness as a lubricant. Further, and of increas-
ing importance, such volatile material can
poison the catalytic converter which is re-
quired by law to serve to control emissions
over an extensive period of use.

Since control of engine oil volatility
1s so important to the function and use of the
vehicle, methods of bench testing this prop-
erty have been developed and used. Today
we have such tests as Simulated Distillation
by gas chromatography (ASTM D 2887) and
Noack volatility testing CEC L-40-T-87.

The Noack Volatility Test
The latter test came about as a result of
some interesting volatility work done by K.

Noack and reported in 1936'. A simplistic
schematic of the volatilization chamber,

heart of Noack's device is shown in Figure
1. Evenly distributed heating of the sample
held in a stainless steel vessel was accom-
plished through contact with molten Wood's
Metal as shown in the sketch.

Noack's work led to the DIN 51.581
test technique’ which, while useful and re-
peatable in determining engine oil volatifity
within a given laboratory, was considered to
have relatively poor reproducibility.
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Figure 1 - Noack's volatilizing chamber.
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Unified Test Method

When a maximum allowable volatil-
ity level for engine lubricants was consid-
ered desirable for vehicles in Europe, a
Unified Test Method Committee was formed
to reevaluate and improve Noack's original
procedure. The goal was achieved in part by
utilizing a reference fluid. Laboratories
were required to fall within 6% of the speci-
fied evaporation loss of this reference oil
prior to accepting results from a given
Noack apparatus. At the same time, im-
provements and consistency were brought to
the original Noack apparatus

As a consequence of this work, the
precision limits of this Unified Test Method
were much improved over the prior DIN
51.581 method and the test became the CEC
L-40-T-87" first published in 1987. This
method is currently in use in many manual
and automated Noack Evaporative Tests.

Other Volatility Methods

Other early approaches for determin-
ing volatility have been various forms of
distillation such as ASTM D 1160-87*, pub-
lished in 1951, and simulated distillation us-
ing gas chromatography (GC) such as
ASTM D 2887-89°, published in 1970. The
latter i1s a technique using a temperature
ramp to imitate the results of distillation. In
particular, the simulated distillation value at
371°C (700°F) is frequently used because of
the prior importance of this temperature in
appraising lubricant volatility using actual
distillation.

The precision of GC has always been
one of the attractive features of the method.
For this reason (as well as the comparatively
greater difficulty in running the Noack
Volatility Test), many laboratories, includ-
ing our own, have placed dependence on GC
for determining volatility.

However, upon evaluating the simi-
larities and differences among results from
Noack tests and those from the ASTM D
2887, GC-simulated distillation at 371°C,
the data convinced us that, despite the preci-
sion of gas chromatography, the Noack test
gave information not produced by simulated
distillation. We found that while the two
could be shown to have strong relationship
(as seen in Figure 2), the relationship was
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Figure 2 - Noack correlation with GC at 371°C.

not linear and it would not be expected that
oxidation and thermal effects would be the
same in the GC as in the Noack Volatility
Test.

Collection of Noack Volatiles

If, then, the Noack test gives a
unique view of the volatility response of the
engine oil, could this view be expanded to
gamner other information carried by the vola-
tile products of the test? Would such infor-
mation be pertinent to understanding the
effects of engine oil volatility on the engine
and catalytic converter?

Specifically, we felt that an impor-
tant aspect of the volatilization process had
not been incorporated into the Noack Vola-
tility Test. That previously unincorporated
aspect was the collection and analysis of the
volatile products of the Noack technique --
the specific cause of concern about engine
oil volatilization. This was the principle
challenge once we were convinced of the
value of the Noack approach. Accordingly,
we set about redeveloping the method to in-
corporate a means of carefully collecting the
volatile products.

Concerns With the Use of Wood's Metal

In addition, we considered that use
of Wood's Metal was too hazardous to con-
sider using in laboratories today. Chemical
safety data®’ suggest that the components of
Wood's Metal can readily be toxic.

Inhalation of cadmium and lead pose
several health risks including brain damage,
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Table 1: Composition and Properties of Wood's Metal
Element | Percent of | Boiling Point | Boiling Point of| TVL-Air** Hazards®’
Eutectic® |of Pure Metal’ Oxide’ (Safe Levels)®’
bismuth 50 1560°C 180°C(dec.)* ? non-toxic?
lead 25 1744°C 290°C(dec.) <150 pg/m® | brain damage
cadmium 125 765°C ~900°C(dec.) <50 pg/m* carcinogen
tin 12.5 2270°C ~1800°C(subl )’ | <2000 pg/m* non-toxic
*decomposes ' sublimes **threshold limit value

renal dysfunction, broncho-pneumonia, and
cancer. The composition and some of the
hazards are shown Table 1.

Focus of This Paper
This paper will
1. detail the development and form of the
modified Noack apparatus,

2. examine the correlation between the pre-
sent Noack and our modified version,

3. present some of the data gained on the
properties of the volatile products of
several engine oils, and

4. examine some of the implications.

To prevent confusion, in the follow-
ing paper the earlier, Wood's-Metal-
dependent apparatus, will always be called
by the term 'Noack' while our apparatus will
be indicated by the term ‘'modified-Noack'.

PROCEDURAL IMPROVEMENTS
Elimination of Wood's Metal

As mentioned earlier, considering the
operator hazards involved, elimination of
the need for Wood's Metal became a first
objective in our work.

Accordingly, we chose a new type of
heater made of a noble metal fused directly
to a suitable glass container. This form of
heating gave no hot spots but rather the
smooth, even heating of the container found
by those using Wood's Metal.

The noble metal surface is insulated
and shock-protected by a covering of sili-
cone rubber glass cloth mesh molded to the
flask. Relatively low-voltage electrical en-
ergy to the resistive surface is controlled and

modulated by a console containing an elec-
tronic temperature controller and a voltage-
limiting rheostat for fine adjustment of flask
heating. Glass provided a variety of con-
figurations, was relatively inert and free of
catalytic effects, and could be readily
cleaned with simple physical and chemical
techniques.

Considering these aspects, we chose
a volatilization cell composed of a round-
bottom, three-necked flask, the lower half of
which was covered and heated by the fused-
metal assemblage as shown schematically in
Figure 3.
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Figure 3 - Noble-metal glass-fused heater modified-
Noack volatility cell.

Direct Temperature Control

As shown in Figure 3, in the
modified-Noack, oil test temperature is sig-
naled and controlled at the required 250°C
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by an RTD immersed directly in the oil
rather than in the external source of heat as
in the Noack apparatus. As with the Noack's
Wood's Metal heating, the modified-Noack
is essentially free of hot spots. A direct-
reading mercury thermometer is used as an
absolute backup to assure the temperature of
test. ~ This thermometer is periodically
checked for accuracy.

The air required to sweep the flask
chamber under the slight vacuum imposed is
introduced by a specially chosen glass capil-
lary whose length was sufficient to be
brought within 20 mm of the heated o1l sur-
face. It was recognized that the amount of
air required to sweep the chamber at the ap-
propriate rate is a function of the capillary
diameter, the vacuum imposed, and the sur-
face area through which the level of energy
supplied by the heat drives the molecules
forming the volatile products.

Using the required 65 grams of oil
and keeping the level below the shoulder of
the glass-fused heating area, the size of the
special flask used in this work was chosen to
provide approximately the same oil surface
escape area for volatile components as that
of the stainless steel Noack volatilization
vessel schematically shown in Figure 1.

To control the flow of Volatiles up
and over to the condensing area, a heating
jacket maintained at an elevated temperature
(240°C), is placed over the top of the reac-
tion flask as is also shown schematically in
Figure 3.

Volatiles Collection

A number of factors were considered
in choosing the appropriate approach to col-
lecting the Volatiles. Chief among these
were the mode and temperatures of conden-
sation.

Figure 4 schematically shows the
primary condenser and Volatiles receiver.
Both are made of glass with ground joints.

The receiver is placed in a sold
CO,/propanol bath and the combination of
this and the water condenser preceding it 1s
quite effective in 'knocking-down' and trap-
ping most of the Volatiles. Further work is
underway to make this section of the

Volatiles
from heated

Vacuum
pump

Water
Condenser

. Receiver
Inclined

manometer Condensed

volatiles

Figure 4 - Volatiles condensation and collection.

modified-Noack apparatus even more
effective in trapping Volatiles.

Other Areas of Change

In contrast to the Noack apparatus
with its precise lengths and angles of glass
tubing, the modified-Noack apparatus uses
four millimeter internal diameter flexible
plastic tubing to replace the two millimeter
tubing specified by the CEC method. This
replacement was found desirable since wider
diameter tubing eliminates vacuum pressure
problems from lines that become partially
plugged by condensing oil vapors.

A number of other changes were in-
corporated and this is partially evident in the
overall schematic diagram of Appendix 1.
Although 1t may not be evident from the dia-
gram, flexible tubing is used throughout the
apparatus. No attempt was made to automate
the apparatus since after initial setting of the
vacuum and readjustment within the first
five to ten minutes, the vacuum holds very
steady during the remainder of the test.

Although the present work is indica-
tive of the precision of the present proto-
type, work is continuing to simplify the
design even further.

Technique

Protocol: An abbreviated protocol used
with the modified-Noack is given in Appen-
dix 2. This technique for the modified-
Noack has proven very useful in the typical
laboratory environment especially with its
elimination of the use of Wood's Metal.
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RESULTS
Modified-Noack Precision

As previously mentioned, 1t was
hoped that the modified-Noack apparatus
would not only have good repeatability but
would substantially agree with the earlier
Noack device.

Repeatability: First results in a study of re-
peatability using the CEC Noack Reference
Oil RL-N early in the development of the
modified-Noack were encouraging. Figure
5 shows the repeatability at somewhat
higher vacuum than later used.

% Volatilized

25
r=4.6%
2 ’> ..204 : 20.5 200 195 19.8‘19.5‘4
15 +
10+ *Standard = 16.0% Volatilized
| Average of values 19.95%
! 95% confidence: =4.0%
5
0

Tests

Figure 5 - First study of repeatability.

It is evident from Figure S that the
volatility values given by the modified-
Noack, although higher than the reference
value, show reasonable consistency and, at
+4.0% are well within the +4.6% repeat-
ability shown by the CEC round robin.

After further development, the re-
peatability of the modified-Noack was reap-
praised over a period of time. This second
study is shown in Figure 6.

Here it is evident that although the
results are somewhat less repeatable
(r=6.5% -- a consequence of not applying a
repeatability test but, rather, extending the
time over which the data was collected), the
average value is quite close to the reference
value (avg.=14.87% vs. Std =14.9%). Dur-
ing this developmental work, we found a
number of factors which impacted the re-
peatability of the technique. Control of

% Volatilized
)

WLy v
T 7 ~<

r=6.5% Standard value

Standard = 14 9% Volatilized
Average of values 14 87%
95% confidence r=6.5%

- - - -

Days of Test

Figure 6 - Second study of repeatability from labo-
ratory quality assurance data.

these factors was incorporated in the later
designs.

Correlation: Comparison was made be-
tween results obtained in another commer-
cial laboratory using the Noack apparatus
and procedure and results obtained on the
same oils using the modified-Noack. Fig-
ure 7 shows this information.

Correlation between the Noack and
the modified Noack is good with R*=0.991,
the slope almost unity (0.93), coupled with a
low intercept value of 0.09% volatilized.
Moreover, this correlation covers a fairly
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Figure 7 - Correlation of Noack and modified-Noack results.
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broad range of volatility -- from approxi-
mately 5% to 30%. Of equal interest 1s the
fact that the engine oils used in the study
shown in Figure 7 compose a range of prod-
ucts of both natural and synthetic base oil
formulation.

It i1s also encouraging that this close
correlation between the Noack and the
modified-Noack in Figure 7 extends over a
range considerably broader than the 10% to
20% range within which the precision of the
Noack test was developed by the Unified
Method Study Group and published by the
CEC. Thus, it would seem that both the
Noack and the modified-Noack have prom-
ise in having extensibility beyond the range
used in the round-robin.

Engine Oils Tested

With repeatability and correlation
with the Noack established, the next area of
our effort was to determine the characteris-
tics of the Volatiles and compare these to the
'‘pot Residues' of several representative en-
gine oils.

The commercial engine oils chosen
for this portion of the study are identified in
Table 2 and were chosen for their range of
base stock characteristics.

Table 2 - Engine Oil Identification

Sample #| SAE Grade | Synthetic ?
1 30 No
2 15W-40 Yes
3 10W-40 Yes
4 5W-30 No

Results of Volatilization

The four oils were volatilized in the
modified-Noack and the weights of the sam-
ples in the volatilization flask were obtained
by weighting the flask plus oil before and
after volatilization. Results are shown in
Figure 8.
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Figure 8 - Percent volatilized of four chosen commercial
engine oils.

Results of Analyses of Volatiles

and Residue
Gas Chromatography: Gas chromatogra-
phy (GC) is a very informative method of
determining the general molecular composi-
tion of an oil. In addition, it requires very
little sample -- normally in the range of
microLiters.

Noack Reference Oil: In Figures
9a-c the results of gas chromatographic
analysis of the Noack reference o1l are
shown using the technique of ASTM D
2887. The start of each chromatogram is the
vertical line on the left and the height of the
curve progressing to the right indicates the
increasing complexity and molecular weight
(MW) of the oil. For the Noack reference
oil it is evident from the 'bell'-shaped curves
that the oil 1s mineral in nature.

Of greater importance is the frac-
tionation of the Noack mineral oil that has
occurred during volatilization. By referring
to the vertical line drawn from the curve for
the fresh o1l in Figure 9a, this vertical line
1s extended through the GC curves of Fig-
ures 9b-c as a reference line. So, in com-
parison to the fresh oil in Figure 9a, the
chromatogram of the Residue in Figure 9b
shows the Residue to be slightly higher in
molecular weight distribution after volatili-
zation and, in Figure 9c, the volatile portion
1s obviously lower in MW distribution.

Volatiles from this CEC, 16.0%
Noack reference o1l, amounted to 15.52%.
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NOACK REFERENCE FLUID
FRESH

1:10

sia MW/complexity ->»

b. NOACK REFERENCE FLUID
RESIDUE

0.845:10

c. NOACK REFERENCE FLUID
VOLATILES (1552%)

0.155:10

-]

Figure 9 - Gas chromatograms of the three components
of a modified-Noack test of the Noack reference oils at
dilutions proportional to their fraction of the fresh oil.

It should be noted that in obtaining
the chromatograms of Figure 9, and those to
follow in this paper, the normal dilutions of
test oils for gas chromatography (1:10 -- one
part sample in 10 parts diluent) were altered
to obtain these proportional chromatograms.
That is, as shown in Figure 9, the fresh oil
was diluted normally; the volatile product
was diluted to 15.5% of the fresh o1l and the
Residue was diluted to 84.5% of the fresh
oil.

SAE 30 engine oil: The results of
the test on the SAE 30 shown in Figures
10a-c showed very little volatility, 5.15%, as
was previously noted in Figure 8. The
chromatogram of the Volatiles barely rises

1 SAE 30
. FRESH

b SAE 30
) RESIDUE

c. SAE 30
- | VOLATILES (515%)

USY S

Figure 10 - Gas chromatograms of the three compo-
nents of a modified-Noack test of the SAE 30 engine oil.

above the base line. Comparing the distribu-
tion curves of the fresh SAE 30 to that of the
fresh Noack reference oil, it is evident that
the peak of the curve 1is at higher
MW/complexity for the former oil.

It may be observed in Figure 10c
that there is an evident but small (in this
proportional GC) sign of lower MW compo-
nents of the o1l coming over in the Volatiles.
Later chromatograms to be shown in Fig-
ures 14a-d of this paper will detail this
observation.

As with the Noack reference oil, the
GC distribution curves for Figure 10 indi-
cate that the base oil is mineral in nature.
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SAE 15W-40
FRESH

SAE 15W-40
RESIDUE

LA

SAE 15W-40
VOLATILES ( 8.81%)

Figure 11 - Gas chromatograms of a modified-Noack
test of the SAE 15W-40 synthetic engine oil..

SAE 15W-40 engine oil: Results of
the GC analyses of the 15W-40 oil in Fig-
ures 1la-c show the multiple peaks and
non-bell-shaped distribution typical of syn-
thetic base oil. It is also evident that Vola-
tiles lost from the fresh oil are mainly from
the earliest MW peak (shown by an arrow in
the fresh oil chromatogram, Figure 11a).
The GC of the Volatiles fraction, Figure
11c, shows some of this peak and there is a
matching reduction in the area of this peak
in Figure 11b.

While this series of chromatograms
again illustrates the relatively higher evapo-
ration loss of the light ends, it also shows
some volatilization of certain very narrow
MW, heavier fractions having high imtal
concentrations.

SAE 10W-40
FRESH

SAE 10W-40
RESIDUE

SAE 10W-40
VOLATILES ( 1L.77%)

N

Figure 12 - Gas chromatograms of a modified-Noack
test of the SAE 10W-40 synthetic or parasynthetic engine

SAE 10W-40 engine oil: The chro-
matograms of this oil shown in Figures
12a-c have some of the multiple peaks asso-
ciated with oils containing or composed of
synthetic oils.

In these analyses it is again evident
that the Volatiles produced reflect the lower
MW/complexity components of the engine
oil as shown by the arrows in Figures 12a
and c.

One of the reasons for believing that
this engine oil is formulated with a combina-
tion of both mineral and synthetic oils is the
bell-shaped configuration of the volatile
product. The fact that there are two very evi-
dent peaks shown by the fresh and residual
oils is strong evidence that the engine oil is a
parasynthetic.
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SAE 5W.30
a. FRESH

SAE 5W-30
RESIDUE

SAE 5W-30/
VOLATILIES ( 24.11%)

LA

Figure 13 - Gas chromatograms of a modified-Noack
test of the SAE 5W-30 mineral-based engine oil.

SAE 5W-30 engine oil: The GC
curves in Figures 13a-c are classic
bell-shaped curves typical of mineral oils.
Again, there is the same tendency for frac-
tionation shown earlier with the Noack ref-
erence o1l.

The relatively high level of volatili-
zation shown by this SW-30 is reflected by
three indicators:

1. The decreased size of the Residue bell
curve,

2. The increased size of the Volatiles bell
curve, and, most particularly,

3. The shifts in the MW/complexity distri-
bution for the three samples shown by the
vertical line from trace to trace.

Closer View of Volatiles: In the previous
Figures 10-13, GC information carried by
the Volatiles was restricted by showing the
chromatograms of Volatiles at concentra-
tions proportional to the volatile fraction of
the fresh oil. However, Volatiles can be ap-
praised for the information they carry by GC
analysis at normal concentrations (1:10,
sample:dilution). The informational GC at
1:10 dilution is contrasted to the Volatiles-
proportional dilution in Figures 14a-d.

SAE 30
a. VOLATILES ( 5.15%)
1:10
0.052:10
SAE 15W40
b VOLATILES ({ 8.52%)
1:10
N 0.088:10
SAE 10W-40
VOLATILES ( 11.77%)
C.
SAE SW-30/
VOLATILIES { 24.11%)
d.

Figure 14 - GCs of the volatile components of the four
commercial engine oils at two levels of concentration.
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The more detailed, 1:10 dilution, GC
data on the Volatiles presented inFigure 14
brings out several pieces of information on
the four commercial oils tested with the
modified Noack procedure. For example,
the volatile products of the SAE 30 oil
shown in Figure 14a give evidence of being
generated from a bi-modal distribution of
hydrocarbons -- typical of a blend of mineral
base oils. Figure 14b shows that the volatile
products from the SAE 15W-40 are from a
synthetic oil with perhaps a small amount of
higher volatility mineral oil present. The
mineral oil component of the parasynthetic
SAE 10W-40 stands out in the volatile prod-
ucts GC of Figure 14¢ and this can be iden-
tified to some degree with the mineral oil
GC of Figure 14d.

Spectroscopy of Additive Metals and
Phosphorus by ICP

Since phosphorus in general and
ZDDP (an abbreviation for the family of ad-
ditive metallo-organics, zinc di-organo
dithiophosphates) in particular, were under
question regarding their effects on the auto-
mobiles catalytic converter, we next sought
to obtain information on these and any other
metallo-organic compounds used as oil addi-
tives in the fresh oils. A particularly interest-
ing question was: would such additive
components be left in the Residue or would
they also be part of the volatilized product?

Analysis of the Noack Reference Oil: The

analysis of the Noack reference oil plotted in
Figure 15 showed very low levels of
metallo-organics -- no more than 40 PPM of
any of the five more important metal ele-
ments plus phosphorus. Most concentrations
were less than 10 PPM which places some-
thing of a limit on interpretations. Nonethe-
less the data seemed to indicate that there
are some metallo-organics in the Volatiles
and that the element second most evident in
the Volatiles was phosphorus. This tentative
data made it even more interesting and im-
portant to determine the response of the
fully formulated engine oils.

It should be noted that the elemental
concentrations given for Residue and Vola-
tiles components in Figure 15 are from 1:10
dilution ratios in each case. Thus, they are
not additive. For example, the sum of

50
Before : After
401 o
D Mg

307
=
& D Na

201

10[
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FRESH RESIDUE VOLATILES

Figure 15 - Results of 1CP analyses of the three samples
of the Noack reference oil before and afier volatilization.

calcium in the Residue and the Volatiles
should not be expected to add up to the cal-
cium in the fresh oil. In fact, it is evident
that, not surprisingly, the elements analyzed
generally seem to be somewhat more con-
centrated in the Residue than in the original
fresh oil as a consequence of loss of the
Volatiles which is mostly base oil.

Analysis of the SAE 30 Engine Oil: When
the SAE 30 volatilization results were exam-
ined, the data in Figure 16 were obtained.
These data clearly show that phosphorus can
be a significant part of the volatile products.

This was the first clear evidence that
phosphorus in some form or another was
among the volatile components. Interest-
ingly zinc -- usually closely associated with

Before : After . P

izZn
1500 i

B
Mg

o C
s 1000 2
a D Na

500

FRESH RESIDUE VOLATILES

Figure 16 - Results of ICP analyses of the three samples
of the SAE 30 before and after volatilization.
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phosphorus in ZDDP -- was not found in the
Volatiles of the SAE 30. It was also inter-
esting to see that boron also accompanied
the volatile products.

Synthetic 15W-40 Engine Oil: After the
results of elemental analysis with the
modified-Noack SAE 30 mineral-oil-based
product, it was of high interest to obtain ele-
mental analyses on the SAE 15W-40. These
are shown in Figure 17.

Again it is evident, to a lesser extent,
that phosphorus is being brought over with
the Volatiles while zinc is not.

2500
Before 7 After
2000 }
1500 +
=
o
* ooo |
1000
500
FRESH RESIDUE  VOLATILES

Before

£iB

PPM

i 3
RESIDUE VOLATILES

I BRSR

FRES

Figure 18 - Results of ICP analyses of the three samples
of the SAE 10W-40 before and after volatilization.

Figure 17 - Results of ICP analyses of the three samples
of the SAE 15W-40 before and after volatilization.

Parasynthetic SAE 10W-40 Engine Oil:
Elemental analysis with the ICP on the
modified-Noack test oil samples from the
apparently parasynthetic SAE 10W-40 en-
gine oil are show in Figure 18.

Once more, phosphorus is shown to
accompany the Volatiles -- as does boron (as
before in the findings from the ICP analysis
of the Volatiles from the SAE 30 engine oil
shown in Figure 16).

SAE 5W-30 Engine Oil: Elemental analysis
of the SAE SW-30 mineral-oil-based engine
oil is shown in Figure 19.

In this analysis only a relatively
small concentration (16 PPM) of phosphorus
were noted in the Volatiles. If this was an
effect of high volatility in which the amount
of phosphorus was diluted by the relatively
large level of volatile product, it would have
interesting volatility control implications.

After

Br
LZn
Cu
[[IMg

2% Ca

PPM

%

FRESH RESIDUE

VOLATILES

Figure 19 - Results of ICP analyses of the three samples
of the SAE SW-30 before and afier volatilization.

Discussion of ICP Results: In the ICP
analysis of each oil, as has been already
noted, it is evident fromFigures 16-19 that
the concentration of the metal elements are
greater in the Residue than in the fresh fluid.
This would be expected as a result of the
volatilization of a higher proportion of hy-
drocarbons than metallo-organics. Phospho-
rus is the most evident element in the
Volatiles followed by boron, when present
in the fresh oil at sufficient levels (the SAE
5W-30, for example, contained no boron).

Phosphorus in the Volatiles: In the
analyses of the Volatiles from the modified-
Noack tests, the ICP data on the fresh oil,
Residue, and Volatiles point to two interest-
ing observations. First, the finding of phos-
phorus in the Volatiles without the
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simultaneous presence of zinc indicates the
breakdown of at least some of the com-
monly present zinc di-organo di-
thiophosphate ~ (ZDDP)  anti-wear/anti-
oxidant additive under the test conditions.

The second and more significant as-
pect of phosphorous volatilization is in re-
gard to the concerns about the effects of this
volatilized phosphorous on emissions.
Reaction of phosphorus with the aluminum
in the catalytic converter forms an aluminum
phosphate salt which can occlude the pores
and render the surface of the catalytic con-
verter unable to adsorb the volatile hydro-
carbons. The catalyst is then poisoned, no
conversion takes place and emissions are not
controlled™.

In the modified-Noack studies of the
four engine oils, the ICP data indicated that
the concentration of phosphorus in the Vola-
tiles decreased with increasing volatility as
shown in Figures 16-19. This raised the
question of whether the amount of phospho-
rus brought over with the Volatiles was con-
stant with time of test exposure. A graph of
phosphorus concentration versus percent
Volatiles is shown in Figure 20.

It is shown in Figure 20 that the

concentration of phosphorus in the Volatiles
varied inversely and exponentially with the

500
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Figure 20 - Crossplot of phosphorus concentration in
volatile samples and the percent volatilized.

percent volatilized with a relatively high
correlation of Ry=0.981. This suggested that
perhaps the amount of phosphorus being

generated in the Volatiles was time depend-
ent if the concentration of ZDDP were suffi-
cient in the fresh oil. With this reasoning a
weight comparison of the amount of phos-
phorus in the Volatiles of the four engine
oils tested was quite interesting. These re-
sults are shown in Figure 21 and Table 3.

These data strongly indicate that the
level of phosphorus in the Volatiles is not a
function of the amount or rate of volatiliza-

1

08

06 |

04 ¢

WEIGHT PHOSPHORUS, mg

02

30 15W-40 10W-40  5W-30
ENGINE OIL

Figure 21 - Comparison of tota} phosphorus weight in
volatile samples from modified-Noack tests.

Table 3 - Phosphorus Relationship

Phosphorus Levels, mg

Oil {%Vol.| PPM | Fresh | Residue | Volatiles

30 5.15| 423 65.9 68.7 0.54
15W-40 | 8.82| 231 58.3 63.9 0.50
10W-40 | 11.77 | 202 | 663 66.0 0.59
SW-30 | 24.11 16 70.2 70.0 0.22

tion. Rather the data suggest that the rela-
tively constant weight of phosphorus in the
Volatiles is a function of some more con-
stant process perhaps involving the initial
levels of phosphorus but almost certainly in-
volving the decomposition rate of the ZDDP
used in these oils at the temperature of the
Noack test. The fact that the level of phos-
phorus generated by the volatilization of the
5W-30 is about half that of the other three
oils might reflect a different form of ZDDP
or it may be analytical error at the low, 16
PPM, level associated with the SAE 5W-30
oil.
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In any case, it is of considerable in-
terest that the relatively consistent amount of
phosphorus in the volatile products gathered
by the modified-Noack seems essentially in-
dependent of the degree of volatilization of
the engine oil. At this time such resultsare
too limited to draw far-reaching conclusions
but they certainly point to the need for fur-
ther studies of the relationship between vola-
tility and phosphorus concentrations in the
volatilized product.

Other Analytical Studies

The ability to subject both the resi-
due and the Volatiles to different analytical
techniques such as infrared spectroscopy and
sulfur and nitrogen analyses was apparent.
These additional studies also proved inter-
esting and enlightening and the data will be
published in a forthcoming paper.

CONCLUSIONS

1. A modification of the Noack Volatility
Test has been developed which permits
the collection of the volatilized products.

2. The modified-Noack eliminates the use of
the health-hazardous Wood’s Metal as a
heat-transfer medium.

3. Correlation of the modified-Noack with
the Noack is high with a Coefficient of
Determination, Ry, of 0.991, a slope al
most unity (0.93), and an intercept almost
zero (0.09%).

4. Repeatability of first results with the
rpodiﬁed-Noack showed a value of
Y4.0% of the mean.

5. Day-to-day replication gave Y6.5% of the
mean with a volatility mean of 14.87%
for a Noack reference oil having a listed
value of 14.9%.

6. A study was made of the residual and
volatilized properties of four commercial
synthetic, parasynthetic, and mineral oil
based engine oils. These studies indi-
cated that

a. some phosphorus compounds in
the fresh engine oil decompose
and are found in the Volatiles.

b. the amount of phosphorus in the
Volatiles 1s independent of the
volume of the volatile products.

7. Gas chromatographic studies showed that
chromatograms of the Volatiles could be
of value in determining the nature of the
fresh oil and the source of the Volatiles.
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