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ABSTRACT

+ method was developed for empirically classifying bilgewaters by
observing the rate of 0il separation from water-oil enulsions. A man-
ually operated, .ompact demulsification measurement instrument for moni-
toring oil sepacation from emulsivns containing oil concentrations in
the 0.05% to 0.15% range, considered typical for bilgewaters, was devel-
oped and tested. The rate of demulsitication is followed by reading
the volume of 0il separated from the test emulsion directly and visually
in the instruaent.

The demulsification behavior of artificial bilgewater emulsions
was determined using the demulsification measurement instrument. The
emulsions were prepared from oils considered representative of those in
use on marine vessels, namely diesel fuel, hydraulic,and lubricating
and detergent-lubricating 0ils, mixed with either deionized, fresh or
sa’ine waters. These measurements rezdlted in a series of curves showing
the amount of 011 separated vs. time, with a separate and distinctive
curve for each of the emulsions tested.

The series of experimentally observed demulsification curves for
each of the water-0il emulsions tested established a classification scale
showing relative 0il separation behavior. This classification scale, in
conjunction with tests obtained with the demulsification measurement in-
strument, can be applied to:

{a) Characterizing actual bilgewaters according to their

demulsification behavior, and

(b) Preparing artificial bilgewaters with known properties

and separation charecteristics.
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INTRODUCTION

Present water pollution regulations require that marine vessel bilge-
water be processed to reduce its o0il content before discharge overhoard.
Various oil removal systems have been or are beirg developed to achieve the
high efficiency of oil removal required. Since the 0il remnoval capability
of any system will be related to the properties of the bilgewater emulsion,

a meaningful comparison of the overall performance of various 0il removal
systems necessitates evaluation under identical operating conditions, and
with ¢dequately characterized bilgewaters of known composition and behavior.

The properties and behavior of emulsions typical of bilgewaters are
determined by a variety of parameters. Characterization of bilgewater by
measuring the many parameters involved is inconvenient since complex and
elaborate analyses with sophisticated instrumentation are generally required.
Thus, the need existed for developm:nt of a relatively simple and convenient
technique for characterizing bilgewaters with respect to their behavicr in
011 separating systems.

Since a variety of 0il1 removal systems are contemplated for bilgewater
treatment, the need existed to provide a means for preparing artificial
bilgewater to be used as a standard means of testing oil-water separators.
These artificial emulsions would be representative of actual bilgewaters,
and suitable for use in evaluating the performance and efficiency of
various oil-water separation systems.

To fulfill these needs, a progr m was initiated to develop a system that
could gererally indicate the oil separation behavior of bilgewaters, without
elaborate equipment or measurement techniques. The basic approach employed
was to reproducibly generate an oil-water emulsion of knoan composition and
history and obtain its oil separation characteristics(i.e,, its demylsifica-
tion behavior) by visual observation and direct measurement of the amount
of 0il separated over specific time intervals.

An instrument to mopnitor oil separation from emulsions was conceived,
fabricated, and tested. Four types of 0il and three types of water were
used to form a series of artificial bilgewater emulsions. 0il concentrations
in the 0.05% to 0.15% range, considered typical for actual bilgewaters,
were studied. The oils used were a diesel fuel, hydraulic o0il, and two lu-
bricant 0ils; the waters used were tapwater, fresh lakewater, and . 3% saline
solution,




The 01l and water mixtures were emulsified in accordance with a
procedure based on a modification of ASTM Designation D 1401-67, "Standard
Method of Tests for Emulsion Characteristics of Petroleum 0ils and Synthe-
tic Fluids". The mixer assembly used was a modification of the mixer used
in ASTM Designation D 422-63. Specific mixing speeds and mixing duration
times were determined for preparing various emulsions considered appropriate
to developing a bilgewater classification scale.

The demulsification measurement instrument developed for observing cil
separation is a prototype lahoratory model. The system is compact, weighs
approximately 6.8 kg, and is easily carried. The emulsion mixer is designed
to be operated by one man, and is electrically powered. No special sensor
devices are required. The amount of 0il separatad from the test emulsion
is read directly by the instrument.

The demulsification behavior of the prepared artificial bilgewater
emulsions was translated into a series of curves showing amount of oil
separated vs. time. (his series of curves on a single chart defines the
bilgewater classification scale. The ciassification scale exhibits a suf-
ficiently separate and distinctive curve for each of the emulsions tested,
and provides a basis for correlating probable oil separation behavior in
an oil-water separation system.




DETERMINATION OF PARAMETERS

This section describes preliminary investigations of the parameters
effecting the characteristics and emuls”fication/demulsification behavior
of bilgewaters. The initial task consisted of & brief literature search
and study, followed by laboratory demulsification experimints.

Literature Search and Study

A Timited licerature search was performed to establish the extent of
available information characterizing bilgewaters, such as: ’

(1) Typical bilgewater concentrations

(2) Typical oils preseis in bilges and their ratios

(3) Emulsification benhavior of tvpical bilgewater oils,
The Titerature search was confined to the examination of the last five
years of Chemical Abstracts, U.S. Government Res=arch and Development Reports,
and Government Reports Index, ending with June 1973 issues. Since pollution
of water by 0ils was rarely mentioned in Titerature older than about two
years, the examinati<u of earlier abstracts was considered counterproductive.
The following specific headings were examined:

(a) Bilgewater (f) 0i1 in Water

(b) Demulsification (g) 041 Separation from Water
(c) Emulsification (h) 0ily Wastes

{d) Emulsions (i) Water Pollution

(

e) 0il1 Spills
Also, a repori bibiiography on bilgewater and its composition was ob-
tained from the Defense Documentation Center.

Unforturat=iy. neither the abstract search nor DDC bibliograshy re-
port produced meaningful articles speci®i-illy and directly applicable to
bilgewater characterization and behavier. In fact, pollution of waters by
01l was rarely mentioned in literature older than about two years, although
more activity is noticeable in verv recent literature.

The general Titerature indicated that the following parameters influence
the formation and stabiiity of oil/water emulsions:




(1) 0i1 type and concentration
(2) Water type (salinity, pH)
(3) Temperature

(4) Emulsification (force and length of agitatien).

Excerimental Determination of Parameters

Experimental determination of the influence of parameters on the de-
mulsification behavior of oil/water mixtures was determined using the test
equipment and testing procedures described in the ASTM Designation D 14901~
67, “Standard Method of Test for Emuision Characteristics of Petroleum
0ils and Synthetic Fluids". The ASTM method specifies experimental para-
meters to be used during testing; however, in this study experimental para-
meters were varied to observe their influence on the demulsification pro-
cess.

Experimental Apparatus

A photograph of the test apparatus used for these tests is shown in
Figure 1. A Pyrex 100~ml1 cylinder (28 mm ID}, graduated in 1-ml divisions,
is immersed in a constant temperature water bath {controlled to +0.1°C) in
a fixed, reproducible position on a cylinder positioning stand. The base
of the graduated cylinder sits in a 3-mm deep cut-out, large enough to
accommodate the 60-mm base, and is held firmly by a spring clin near the
top of the cylinder.

A stainless steel shaft with a paddle welded to it was inserted into
the graduated cylinder so that the bottom edge of the paddle was 6 mm from
the bottom of the cylinder. The paddle is 120 mm long, 10 mm wide, and
1.5 mm thick, and the shaft is 6 mm in oiameter and 400 mm long.

The paddle assembly was rotated by a variable speed stirrer capable of
producing stirring speeds in the 1200-1750 rpm range. The paddle shaft
was locked into the hollow shaft of the stirrer. This design allowed for
vertical movement needed in raising and Towering the paddle during test-
ing. A retaining ring on the upper portion of the paddle shaft provided
for lowering of the paddle toc a reproducible height for each test.




Figure 1. ASTM METHOD D 1401-67 EMULSIFICATION APPARATUS
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Both the stirrer and the graduated cylinder positioning stand were
secured to a common vertical aluminum rod. In this manner the relative
positions of tke cylinder and the paddle were maintained on a common ar
constant vertical axis, after the initial adjustment.

Test Procedure

Tests were performed following the procedures specified in ASTM
D 1401-67. The graduated clinder was filled to the 80-ml mark with mea-
sured volumes of water and oil in several voiumetric ratios, immersed in
the constant temperature bath, and ailowed to equilibrate for at least 10
minutes. The cylinder was placec on the positioning stand and clipped in
a fixad position. The paddle was lowered into the cylinder, and the stir-
rer was operated for five (5) minutes at 3 cunstant speed. After stopping,
the stirring paddle was immediately lifted out of the cylinder and cleaned
with a rubber policeman, allcwing any 0il or water clinging to it to drop
pack into the cylinder. The demulsification of the cylinder contents was
observed for one {1} hour, taking readings every five (5} minutes and
recording the volumes of oii, water, and emulsion, in that order. Before
the next test, the stirrer shaft and paddle were wiped clean, first with
& paper tissue moistened with a solvent, and then with a dry tissue.

Test Varizoles

Tests were performed using deionized water and Mobil DTE Heavy oil,
which is one of the typical oils used in diesel-powered boats. For tests
with different acidities, the pH of the deionized water was adjusted either
with hydrochloric acid or sodium hydroxide. Ffor salinity tests, measured
weights of NaCl were dissolved in the water.

The levels of variibles used during these tests are indicated in
table 1 together with their general effects on demulsification. Only one
of the variables of temperature, padidz speed, stirring time, pH, and
salinity was changed during each test; all others were held at selected
levels. Since early tests indicated a marked influence of the water-to-oil
ratio on demulsification, three water-to-0il ratio levels were tested with
each >f the other variables. Additional tests were performed with oil con-
centration- in the 0.2%-1.0% range while holding the other variables con-
stant at the medium level indicated in Table 1.




TABLE 1

VARIABLES USED WITH ASTM D 1401-67 PROCEDURF

. Variable Levels Effect on
Variable Low Medium High Demulsification
Water/oil ratio cc/cc 791 60/20 40740 Increase in water/oil
.atio accelerates
separation of oil
Temperature, °C 25 54 70 A decrease in tempera-
ture increases the
stability of emulsion
Paddle Speed, rpm 1300 1500 1740 Insignificant in ranges
tested
Stirring time, min 2.5 5 10 Insignifirant in 2.5 -
5 min range, increased
emulsion stability
at 10 min,
Water pH 2 5.9 11.3 Influence depends on
water/oil ratio
Water salinity, % NaCl 0 3 Little influence




Experimental Results with ASTM Procedure

The demulsification of 0il and water mixtures was measured by record-
ing the change in volumes of oil, water, and remaining emulsion every five
minutes after stirring stopped. Regardless of other experimental ccndi-
tions which influenced the times required for a total oil-water separation,
all tests with oil concentrations above 1% produced S-shaped curves of
volumes vs. time for both oil and water. Typical separation curves are
illustrated in Figure 2 for mixtures with oil concentratinas of 50% and
33%, under standard experimental conditions. Generally, oil reached its
original volume before water, At that time, there was a layer of emulsion
between the 0il and water; however, its disappearance did not increase the
volume of 0il. This apparently was because the separated oil is not com-
pletely pure, but contains some water, indicated by a cloudy appearance of
the oil layer. Apparently, the transfer of small amounts of oil from the
emulsion layer into the separated oil is counterbalanced by transfer of
water out of the separated oil layer. Even after apparent complete separ-
ation, both 0il and water layer: remained unclear for long periods of time.
Typically, both oil and water layers returned to their original clear ap-
pearance on standing undisturbed for eight to sixteen hours.

(a) Uil Concentration (Figure 3} - 0i1 concentration was found to be
the most impartant variable influencing oil-water separation. Figure 3

presents experimentally observed times required for complete separation of
0il and water layers for varied oil concentrations. The separation rate
increased with decreasing initial oil concentrations in the 50% to 1%
range. With decreasing 0il1 concentratiors, the stirring specified by the
ASTM D 1401-67 1is insufficient for complete emulsification and dispersion
of the oil in water. As a result, oil which remains undispersed apparent-
1y floats to the surface immediately when stirring stops, and is the like-
ly reason for the experimentally observed increased rate of separation.
With 0i1 concentrations typical of bilgewaters, i.e., 1% or less,
the separation of such undispersed 0i1 occurred very rapidly, generally
within 5-7 seconds after stirring stopped; the separated volume was esti-
mated at 50%-707% of the initial oil. However, a portion of the oil was
dispersed and the water phase vas usually cloudy becuase it still contained
a large number of extremely fine oil droplets, and could be classified
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as a relatively stable emulsion. The dispersed 0il particles remaining
in water appeared to consist of two types: larger droplets which rise
slowly and coalesce within several hours on the surface of water as an
oily layer,and significantly smaller particles, which either coalesce
only after 16 hours or not ¢t all, visiole only when illuminated by a
light shining through the cylinder.

Although the larger oil particles of this microemulsion eventually
coalesce, the progress of their separation is very difficult to monitor.
When particles coalesce, the visible cloudiness diminishes very gradually
throughout the entire cylinder without exhibiting any sharp boundaries,
Therefore, the disappearance of cloudiness vs. time cannot be used in this
case as an indicator for 0il separation  The volume of 0il eventually se-
parating from the microemulsion is very small and cannot be employed as
a means of measurement with the unmodified ASTM apparatus. However, a
capillary-type 0il collection column would be a feasible instrument for
this purpose.

Since the 0il1 concentrations exhibit such a pronounced effect on de-
mulsification rate, the influence of other variables was investigated
using three (3) different concentrations of o0il in water (results are sum-
marized in Figures 4 through 8). Time required for complete separation
of 011 and water to their original volumes was used as an indication of
the © fluence of each variable.

(b) Temperature (Figure 4) - As expected, an increase in tempera-

ture decreased the stability of an emulsion and resulted in a shorter time
required for complete separation. Emulsions prepared at 25°C with 50% and
33% o0il concentrations did not separate within 60 minutes and, therefore,

are not included in the graphs.

(c) Paddle Speed (Fiqure 5) - Within the investigated range ~f |300-
1740 rpm, paddle speed showed little or no influence on demulsification.

(d) Stirring Time (Figure 6) - Within 2.5 and 5 minutes, stirring
time exhibited no influence. However, 10 minutes of stirring produced a

significantly more stable emulsion, requiring a longer time for complete
demulsification.

(e) pH (Fiqure 7) - The influence of pH may depend on the water-to-

0il ratic. The separation time of mixtures containing 50% oil increased

1
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with an increase in pH, while 33% o011 mixtures were influenced very little
Ly changes in gH.

(f) Water Salinity (Figure 8) - Additicn of 3% NaCl to water result-
ed in Tittle or no change in oil separation time, but a somewhat decreased

separation time for wate,.

Within experimental ranges indicated in Table 1, the separation *:me
of 0i1 and water using demulsification procedures described in the ASTM
Designation D 1401-6/, "Standard Method of Test for Emulsion Characteris-
tics of Petroleum 0ils and Synthetic Fluids", was not influenced signi-
ficantly by the paddle speed, stirring time, pH, and salinity of water,
and was notably decreased by an increase in temperature. Also, a decrease
in 0il1 concentration from 50% to the 1.2% level sharply decreased the time
for oil separation from 40 minutes to about one minute. The ASTM D 1401-
67 procedure is insufficient to produce complete dispersion and emulsifi-
cation of 0il present in low concentrations, resulting in a rapid separa-
tion of undispersed oil after stirring stopped. With oil concentrations
applicable to bilgewaters, i.e., less than 1% oil, some 50%-70% of the oil
remains undispersed and separates even more rapidly, within 5-7 seconds.
Based on this behavior, the unmodified ASTM D 1401-67 procedure was found
unsuitable for classifying bilgewaters according to their demulsification
characteristics.

17




;v!
DEVELOPMENT OF DEMULSIFICATION MEASUREMENT UNIT {

Preliminary demulsification tests indicated that the ASTM Designation
D 1401-67 procedure is not entirely suitable for characterizing oil-water
emulsions containing low 0il concentrations typical of marine bilgewaters.
Because of the small amounts of oil involved, the procedure was found im-
practical for following the extent of 0il separation with time by neasuring
the growth of the separated 0il laver when a standard 100-ml1 graduated cy-
linder was used. Visual observation of the measurement of changas in only
the appearance of the emulsion, namely, its opacity, Was inadequate for
indicating the extent of demulsification. An additional problem was that
incomplete dispersicn of 0il1 occurred for 1ow oil concentrations when emul-
sification was effected by the ASTM stirring procedure. 5till further, some
of the 0i1 that remained undispersed adhered either to the mixing paddle or
to the cylinder walls; this behavior introduced large and indeterminate
errors in establishing the true concentration of dispersed 0il, and caused
nonreproducibility in testing.

To overcome the above limitations, a special laboratory test instrument
was conceived, constructed, and operated for observing the demulsification
behavior of oil-water mixtures containing o0il concentrations found in typi-
cal bilgewaters.

Demulsification Measurement Instrument

The laboratory measurement instrument for classification of bilgewaters
by observation of the demulsification bhehavior of oil-water mixtures is
shown in Figue 9,  The system consists of an emulsifying mixer and a de-
mulsification measurement assemblv. The laboratory instrument is designed
to show the demulsification behavior of oil-water mixtures containing low
0il concentrations, normally in the C.05% to 0.15% range.

Instrument Concept and Desigr

To observe the demulsificat on rate of mixtures containing low 0il
concentrations, the demulsification tube must be capable ¢f measuring the
small volumes of ©il separating out above the emulsion. For example, for
an emulsion containing 0.15% oil, the maximum thickness of the o0il layer

Preceding page blank
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that would separate out above the emulsion would be 0.15% of the height of
the total Tiquid cclumn. Therefore, using a column of liquid 50 cm high

in the vertical demulsification tube the oil laver generated would be only
0.075 cm thick when all the oil coalesced. Observing the growth of the
layer with time is not easily accomplished, since the time for demulsifica-
tion ranges from two to three hours; the increase in layer thickness cb-
served at 10 to 20 minute intervals is not readily discernible by unaided
visual measurement. :

To achieve adequate visual observation of the volume of oil separated,
the diameter of the section of tubz 1n which the separated oil <ollects
was designed to be approximicriy 7% of the diameter of the demulsification
tube. The increase in height, i.e., thickness of the separated oil layer
is thus magnified by a factor of 180. The total height of the collected
011 would be 180 x 0.075 cm, or approximately 13 cm, if all of the oil in
the example separated out. In actual operation, the first 25%-30% of the
dispersed 0il separates out in two to three hours, so that height of the
0il column separated in that time averaged 4 cm. The oil that did not
separate eventually does so in the next 100-148 hours, but the resulting
volume-time relationship is not conveniently useful for characterizing oil-
water emulsion behavior.

Unfortunately, in initial observations using the narrow diameter mea-
suring stem, with the emulsion-separated 0il interface within the stem,

a large portion of separated 011 did not rise up into the stem but collected
on the lower side of the shoulder in the tapered reducing section connecting
the stem to the demulsification tube. WYhen the separated oil-emulsior inter-
face was positioned initially in the large diameter tube and raised periodi-
cally into the measuring stem to observe the change “n height of the oil
layer, separated oil collected on the shoulders of the tapering section.

In either case the 2i1 collecting on the tapered shouiders introduced a
significant error in the true volume of separated oil.

To eliminate this error, a water-immiscible solvent, namely n-heptane,
which is lighter than water, was added to and floated on the top of the
eniulsion, with the solvent-emulsion interface in the large diameter tube.
011 which separated entered into solution with heptane. This solvent does
not readily form solvent bubbles on the glass walls of the unit. Conse-
quentiy, when the solvent-emulsion interface is raised into cr Towered down

20




from the measuring stem, no o0il or solvent adheres to the shoulder of the
tapered connecting section.

The increase in the volume of oil separating from the emulsion is ob-
served by measuring the increa-= in volume of the added solvent. Hexane
and heptane were found particularly suitable as solvents because they are
immiscinle in water, mix readily with oils, wet glass walls more zasily
than water, and the volumes of solvent and oil are additive.

Measuring Instrument Description

The demulsification assembly was shown pictorially on the left in
Fiyure g, It consists of the glass demulsification tube and measuring
stem section, and an aluminum piston and drive unit for raising and lower-
ing the emulsion-solvent interface into and out of the measuring stem.

The demulsificatin section consists of a 46-cm long, 41-mm 0D, 38-mm
ID Pyrex glass tube with a 9-mm diameter measuring stem connected to its
tapered top end. The bottom end is slightly flared and ground flat to
mate with the piston-drive section. The volume of the demulsification tube,
~casured from the bottom to the onset of tapered shoulders, is 500 ml.

The measuring stem, extending above the demulsification tube, is a 25-cm long
capillary tube with 2.5-mm bore and an expanded bulb section having an
approxiimate  volume of 1.75 ml. The volume of this expanded section is such
that the initially introduced 2-ml volume of heptane solvent extends to

some extent into the capillary below and above the expansion, providing

an accurate reading of the solvent volume when it is initially added. The
stem is shown in Figure 10. .

The drive unit is attached to the flared, open end of the demulsifica-
tion tube. A soft rubber gasket pressed between the housing of the driving
mechanism and the ground end of the tube effects a leakproof seal.

The driving mechanism shown in Figure 11 consists of an aluminum cylir-
der and piston. The oiston proper is 5.7 cm long, 2.38 c¢m in diameter, and
effects up to a 25-ml displacement when driven all the way into the tube.
The bottom end of the piston shaft is threaded and extends through a match-
ing threaded opening in the bottom of the cylinder; rotating the shaft
extends or retracts the piston. An "0" ring locoted in the upper portion
nf the cylinder fitting around the piston allows proper movement without
leakage.
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Figure 9.  TEST APPARATUS FOR CHARACTERIZING BILGEWATERS

22




Figure 10. MEASURING STEM
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24




When the piston is maintained in the retracted position, all of the
emulsion and heptane layer is located entirely within the straight portion
of the demulsification tube, i.e., just below the onset of the tube shoulders.
When measuring the volume of separated oil, the piston is extended into the
tube until all the heptane solvent, containing separated oil, is within the
measyring stem. Immediately after each reading is made, the piston is re-
tracted back to its original position, lowering the contents back completely
into the demulsification tube. :

Emulsion Mixer Description

As previously described, the standard emulsion generating method of
ASTM D 1401-67 was found inadequate for emulsifying the Tow concentrations
of 0il typical of bilgewater. After mixing at 1500 rpm in the standard
100-m1 graduated cylinder some of the oil remained undispersed and also
adhered either to the paddle or to the walls of the cylinder, causing un-
predictable discrepancies in the concentration of dispersed oi1. An in-
crease in the rotation speed of the paddle up to 6,000 rpm did not alleviate
the problem sufficiently; speeds above 6,DDD rnm were impractical because
the contents splashed violently and ejected from the mixing container,

A readily available commercial mixing apparatus described by ASTM
Designation D 422-63 for dispersing soils was found appropriate for forming
low concentration oil-in-water emulsions. The mixing apparatus consists of
an electrical motor mounted on a stand which rotates a vertical shaft
equipped with a replaceable stirring paddle. A special stainless steel
dispersion cup is provided to hold the sample while it is being dispersed.
The unit is similar to the common "milkshake" mixer. The cup is mounted
on the stand in such a position that the stivring paddle is not less than
19 mm nor more than 38 mm above the bottom of the dispersion cup. A gen-
eral view of the stirring apparatus was shown on the right in Figure 9;
details of the stirring paddle and dispersion cup construction are indicated
in Figure 12, Detailed working drawings for the unit are designated in
ASTM procedures; commercially available models already conform to these
drawings and require no further modifications.

At full speed, the mixer rotates at approximately 16,0DD rpm and
creates relatively stable oil-water emuisions which demulsify very slowly.
The mixer was connected to an electreonic speed controller capable of
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regulating its speed within the 4,000 to 8,500 rpm range. By testing
various oil-water mixtures, it was found that a stirring speed of 8,000
rpm for 1 or 3 minutes is sufficient for essentially complete dispersion
of all the oils tested, with demulsification occurring in a reasonablz
time for developing the oil separation vs. time curves. These stirring
conditions were adapted for subsequent tests.

Oemulsification Measurement Procedures

The demulsification measurement unit 1S designed to be used for:
(1) Establishing a bilgewater classification scale
based on demulsification benavior
{2) Laboratory preparation of artificial bilgewaters
with known properties
(3) Characterization of actual bilgewaters.

Although the actual demulsification measurement procedures are essen-
tially identical in all three applications, the establishment of the
classification scale and the preparation of artificial bilgewaters involve
laboratory tests where the desired type and amount of 0il are added to
water and emulsified by mixing. The characterization of bilgewaters, on
the other hand, is a field test where the demulsification behavior of a
representative bilgewater sample is measured without knowing either the
actual types or concentrations of oils present.

Laboratory Test Procedure

The procedure for measurement of demulsification consists of several
steps. First, the measuring stem of a clean and dry demulsification tube
is capped and the tube is then clamped to a stand with its opened end up.
A premeasured 500-ml volume of water is poured into the mixing cup, which
is then clamped in the mixing position on the mixer. The volume of oil
required to give a desired concentration is measured with a calibrated
microliter syringe and added to the water. Stirring of the mixture is
started by pressing the regulating switch of the speed regulator and then
continued at 8,000 rpm, typicaliy for 3 minutes. After 3 minutes stirring
is discontinued by merely 1ifting the mixing cup from its retaining clip,
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which automatically stops the motor. At this point, the timing stopwatch
is reset to zero. The contents of the mixing cup are immediately poured
into the inverted demulsification tube., The tube is closed by screwing
the driving assembly into the retainingshoulder of the tube, and the en-
tire demulsification assembly is inverted and clamped in its operating
vertical position.

Next, the measuring stem is uncapped, and the piston is extended into
the tube until the liquid level reaches a "zero" mark located above the
shoulder section connecting to the measuring stem. The needle of a syringe
which was previously filled with 2.0 ml of heptane is inserted into the
top end of the capillary opening of the measuring stem; the syringe is
slow’y emptied, being careful to allow the heptane to drain slowly on the
walls of the capillary and not create plugging. After noting the meniscus
of the upper end of the heptane column in the measuring stem, the neptane
is lowered below the shoulder of the demulsification tube by retracting
the plunger.

During the demulsification process the separating oil rises up and
goes into solution with the heptane; the extent of 0il separation is fol-
lowed by making periodic measurements of the volume increase of the hep-
tane-0il solution. To make this measurement, the plunger is driven into
the tube forcing the solution into the measuring stem until the emulsion-
heptane interface reaches "zero" mark. The level of the upper end of the
heptane-0il solution column is read on the stem; the volume of o0il separ-
ated is indicated by the increase in column height above the initial
reading of the pure heptane alone. After reading, the heptane is lowered
back below the shoulders of the tube by retracting the plunger.

On completion of the measurements, the demulsification tube is
emptied by removing the driver mechanism and draining. To obtain accur-
ate and repeatable results, the tube should be carefully cleaned and dried
before reuse. The following procedure was found adequate for obtaining
repeatable results: (1) rinse with acetone, (2) wipe the inside of the
tube and particularly its shoulders with tissue, (3) clean the measuring
stem with a pipe cleaner, (4) repeat the acetone rinse, and (5) air dry.




The boundaries of the liquid heptane column in the measuring tube
can be measured within +0.05 cm. Since boundaries of both ends of the
column have to be measured, the total error in each measurement amounts
to +0.1 cm of column, or a volume of 0.00507 c¢m3. The reproducibility of
the system is good, as illustrated in Figure 13, where results of two
repeat measurements obtained with Mobil DTE Heavy Medium hydraulic oil at
a concertration of 1,000 ppm in fresh water are compared.

Field Test Procedure

To facilitate the measurements and to obtain reproducible and accurate
results, field tests should be performed according to the following step-
wise procedure:

(1) Preparation for Measurements
(a) Clean and dry the demulsification tube. The following
cleaning procedure was found adequate: (1) rinse with
acetone, (2) wipe the inside of the tube and particular-
ly its shoulders with tissue, {3) clean the measuring

stem with pipe cleaner, (4) repeat the acetone rinse,
and (5) air dry.

(b) Cap the measuring stem with a rubber cap.

{c) Mount the demulsification tube on a stand in a vertical
position with its open end up.

{d) Fill a syringe with 2.0 ml of heptane.

{e) Set the speed regulator for 8,000 rpm.

(f) Retract the piston of the driving assembly close to
its lowest position.

(2) Taking Bilgewater Sample - Obtain a premeasured 500-ml volume
representative sample of the bilgewater, pour it into the mixing
cup, and clamp the cup into mixing position on the mixer. If

the temperature of the bilgewater is low, equilibrate until the
contents of the cup become warmed to 24°C to 26°C.
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(3)

Demulsification Tests

(a)

(b)

(c)

(d)

(e)

(h)

(1)

Switch the speed controller on and stir the bilgewater
sample at a stirrer speed of 8,000 rpm for 3 minutes
(with seawater stir for 1 minute).

Discontinue stirring by 1ifting the mixing cup from

its retaining clip. At the same time, reset the stop-
watch to zero but continue timing.

Pour the contents of the mixing cup into the demulsifi-
cation tube.

Immediately close the demulsification tube by screwing
the driving assembly onto the retaining shoulder of the
tube; then invert and clamp the entire assembly in its
operating vertical position.

Uncap the measuring stem and extend the piston into

the tube until the liquid level reaches a zero mark
Tocated below the expanded section of the measuring stem.
Insert the needle of the syringe into the top end of

the capillary opening of the measuring stem and empty
the 2.0 ml of heptane slowly and carefully, to avoid
plugging.

Note and record the level of the meniscus of the upper
end of the heptane column in the measuring stem.

Retract the piston until all of the heptane is lowered
below the shouldeir of the demulsification tube.

Follow the extent of 011 separation by making periodic
measurements of the volume increase of the heptane-o0il
solution. To make this measurement, the piston is driven
into the demulsification tube and the solution into the
measuring stem until the emulsion-heptane interface reaches
zero mark. The level of the upper end of the heptane sol-
ution column is read on the stem; the volume of oil sep-
arated is indicated by the increase of heptane coiumn
height above its initial reading. After reading, lower
the heptane below the shoulders of the demulsification

tube. It is advisable to make readings at least every 5
minutes during the first 30 minutes, everv 10 minutes
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(3)

during the second 3CG-minute period, and every 15
minutes thereafter.

Plot the volume of oil separating (or increase in
length of heptane column) vs. time and establish
the character of bilgewater by comparing the mea-
sured curve with the curves of oil demulsification
classification scale.
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DEMULSIFICATION CLASSIFICATION SCALE

Initial tests on prepared emulsions using the demulsification mea-
surement instrument indicated that the intrinsic properties of 0il and
water mixtures appeared to be reflected in their emulsification/demul-
sification behavior, and that bilgewaters composed of different types
of 0i1 mixtures and water lend themselves to classification by experi-
mentally determining their demulsification behavior. Comprehensive de-
mulsification tests were performed using the measurement instrument
to classify prepared oil-water emulsions at 0il concentrations typically
found in bilgewaters. The demulsification properties of the emulsions
tested were found to differ sufficiently to serve as indicators of the
behavior of selected oil-water mixtures, and to form an empirical bilge-
water classification scale.

Demulsification Tests

Demulsification tests were performed on a series of four 0ils and
three types of water using identical procedures and conditions for each
test. A measured volume of 0il in the 0.05% to 0.15% concentration
range tynical for bilgewater was added to 500 ml of water and mixed for
1 or 3 minutes at a speed of 8,000 rpm. The mixture was transferred to
the demulsification tube, and the volume of separated 0i1 was measured
periodically for at least 2 hours. Mixing and demylsification tests were
conducted at room temperatures ranging from 24°C to 26°C with the water
and 0il at temperatur2s also in this range.

0il Types

Four 0ils were selected representing ganeral types used on diesel-
powered marine vessels and anticipated in bilgewaters. The oils tested
and their essential properties are listed in Table 2., Because of avail-
ability, but also for consistency, all the oils were obtained from the
Mobil 0i1 Company. Each oil was tested at three concentrations, namely
0.05%, 0.10%, and 0.15% by volume.
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Water Types

Three types of water--deionized, Lake Michigan, and artificial salt-
water containing 3% NaCl--were used. The behavior of 0ils in freshwaters
is virtually identical regardless of their source. The emulsions produced
in saltwater oy the standard mixing procedure, i.e., paddle speed of 8,000
rpm for 3 minutes, were too stable for observing oil separation. Invaria-
bly, such mixtures resulted in some initial oil separation lasting for
several minutes, directly followed by a period with no observable changes
in 2-3 hours. Reducing the mixing time to one minute produced demulsifi-
cation curves in saltwater similar to those for fresh waters after 3 min-
utes of mixing.

Experimental Results

The results of the experimental tests are suown in Tables 3-6 for
freshwater and Table 7 for saltwater; the amounts of .i1 separated from
emulsion were measured in terms of length of the measuring -tem column.
Since all the measurements were made usinT measuring stems having the
same bore of 0.254 cm, the observed column length is directly propor-
tional to separated oil volume. A conversion to volume is obtained by
multiplying the column length by the cross-sectional arez of the measur-
ing stem bore, i.e., 0.0507 cm?.

Experimentally observed amounts of oil separated with time for each
individual o0il tested are presented in Fiqures 14-17. A common notation
for each o011 and each concentration, explained in Table 8, was used for
all the figures. Demulsifications of different oils from mixtures con-
taining identical oil concentrations are compared in Figures 18-21. As
showr. i Figures 14-16, the hydraulic and lubricating oils exhibit very
well-defined oil separation vs time curves regardless of 0il concentra-
tion; however, as shown in Figure 17, the curves for diesel fuel are not
that well defined and indicate no separation at all for a certain ini-
tial time period that increases with a decrease in oil concentration.

During tests, the timer used to monitor oil separation was started
immediately after emulsification mixing stopped. Approximately 25 to
60 seconds are required for pouring the oil-water mixture into the de-
mulsification tube, closing it, and inverting to its measuring position.
During this time, the o0il particles move in the wrong direction and,
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TABLE 8
LEGEND FOR DEMULSIFICATION FIGURES

0il 0.15% 0.10% 0.05%
DTE Heavy Medium @ )] O
Mobi 1gard 445 A A A
Rubrex 200 B C O
Diesel Fuel 0il @ )] O
Freshwater
Saltwater - -

: a1
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on inverting the tube to its measuring position, some time is required
for oil particles to move back to their original position. For this
reason, there is an inherent lag in the time measurement amounting to up
to about 2 minutes, and most of the measurements made after the first
five minutes tend to be low. Recognizing this, it appeared that a better
representation of the demulsification behavior of 0ils is obtained where
the separation vs. time curves are started at the 5-minute reading in-
stead of starting at the origin. This procedure was used for the data

in Figures 14-21.

Separation of oil from oil-water dispersions and/or emulsions oc-
curred in three distinct phases, of which the first and second are de-
picted in the curves. The first phase comprises the initial separation
following the cessation of mixing when oil separates relatively quickly.
Thus, a plot of separated oil volume vs. time results in an essentially
straight line. This behavior is presumably due to the relatively large
oil particles dispersed in water which rise to the surface during the
first phase of separation. The observed slopes of the initial separa-
tion depend both on 0il type and concentration. There i5, however, a
possible correlation between the length of the first phase and the densi-
ty of oil. Regardless of 01l concentration, the first phase of separa-
tion is completed sooner for heavier oils and lasts for a longer time for
lighter oils.

The second phase of 0i1 separation results in a curved line approach-
ing asymptotic values after approximately 2 hnurs, Apparently, the emul-
sified oil particles are small and must coalesce to float to the surface.
It is generally recognized that the coalescence of emylsified particles
follows the binary collision approximation and is proportional to the
square of the number of particles. Thus, the relation results in a
curved line for oil separation versus time.

The separation of 0il during the third phase is extremely slow, pro-
bably requiring 5-10 days for achieving essentially complete separation.
Obviously, this phase represents a very stable mechanical or chemical
emulsion. Measurements of oil separatinon during this third phase are
impractical for developing the general classification scale and were not
made during this study.
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Classification 3Scale

Figure 22 presents the classification scale in total; the scale is
the summary of the demulsification behavior of all the emulsions tested
under varied combinations of 011 type and concentration, water type, and
emulsion mixing procedure.

The amount of 0il separated in a given time, or the overall shape
of the generated demulsification curve for a given emulsion, does not
lead to a specific identification of the initia) oil concentration or
0il type. However, characterization of an emulsion with respect to gener-
al behavior in a physical-mechanical oil-separation device can be estima-
ted from the classification curves. The essential characterization para-
meter is directly correlated to the relative amount of oil separated over
a given time, as depicted on the classification curve.

Interpretation of Classification Scale

The characteristic volume-time curves for the prepared emulsions
tested broadly fell into two types: Type A exhibits two distinct parts
in the curve, namely a steep Phase I section indicating relatively rapid
separation of 0il; Type B exhibits no distinct or abruptly changing parts
in the curve, indicating only a gradually slowing rate of oil separation.

The Type A curves group into a family occupying approximately the
upper half of the classification scale, while the Type B curves occupy
approximately the lower half, although some overlapping does exist. The
emulsions in the Type A family are those containing hydraulic and lubri-
cating oils in concentrations of 0.10% and 0.15%

The shapes of the curves depicting the first and second phases of
0il separation vs. time show general similarity for emulsions that were
formed under controlled mixing conditions. For the standard 500-ml
totel volume of emulsion tested, the volume of oil :eparating during the
two time phases does not directly correlate to either the type or ini-
tial concentration of oil in the emulsion. However, the characteristic
curves do directly indicate the general ability of oil to separate from
a specifically prepared emulsion at rest and under the influence of
gravity. Thus, by referring to the family of curves in the classifica-
tion scale, the behavioral characteristics of an emulsion can be classi-
fied e.n though the type and concentration of o0il in the emulsion are
not known.
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The emulsions of the Type B family are created from hydraulic and
lubricating oils at concentrations of 0.05%, and diesel oil at concentra-
tions of 0.05%, 0.10%, and 0.15% by volume.

In all instances, the oil separated out more rapidly for higher ini-
tial oil concentrations with the same oil. In addition, at equivalent
0il concentrations, the hydraulic and lubricating oils separated out more
rapidly than diesel oil.

The above generalizations apply to emulsions prepared with-both fresh
water and a 3% NaCl saltwater. However, the emulsions prepared with fresh
water were mixed for 3 minutes, while those with salt water were mixed
for only 1 minute. As noted previously, preparing oil and saltwater emul-
sions with mixing for 3 minutes resulted in characteristic demulsifica-
tion curves with either no discernible o0i1 separation, or initial minor
amounts (0.01 to 0.05 cm3) of oil separating.

The characteristic curves shown in Figure 22 are specifically depen-
dent on the emulsification history for a given emulsion sample. Energy
input during emulsification distinctly affects the resulting demulsifi-
cation characteristic curve. The mixing time and mixer speed combine
to produce the total energy input during preparation of the emulsions.

If the energy input is too low, some oil will remain as a separate phase,
and the oil concentration in the emulsion will be lower than anticipated,
resulting in an inaccurate characteristic curve. If the energy input is
too high, the emulsion formed may be too stable to provide a meaningful
demulsification curve in the nominal two-hour testing period.

Application of Classification Scale to Bilgewaters

The classification scale can be used to measure the characteristics
of a specific bilgewater emulsion by subjecting a representative sample
of the bilgewater tc the mixing and demulsification measurement procedures
used in developing the curves shown in the classification scale. Briefly,
the sample should be mixed for 1 or 3 minutes, for salt or fresh water,
respectively, using the mixer assembly and then transferred to the de-
mulsification measurement instrument to observe the amount of oil separ-
ated during a two-hour period, employing field test procedures described
in an earlier section.
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The characterization of the bilgewater is made by superimposing the
experimentally observed demulsification, i.e., volume of separating oil
vs. time, curve on the classification scale. Although typical bilgewaters
will rarely contain one type of o0il, the position of the observed demul-
sification curve on classification scale will indicate that the combined
demulsification character of oils present in bilgewater can be represent-
ed and is identical to some oil type and concentration used in establish-
ing the classification scale. Combined with the shape of the demulsifi-
cation curve, the volume of 0il separated after two hours, i.e., position
of the classification scale, will also serve to indicate the approximate
0il concentration present in bilgewater. For instance, demulsification
measurements of a bilgewater sample resulted in 0.225 cm3 oil separated
after 2 hours. Comparing this separated oil volume with the values pre-
sented in Figure 22, it can be concluded that the oil concentration in
the bilgewater sample is approximately 0.10%; however, the demulsification
character of this bilgewater can be represented either by DTE Heavy Me-
dium or Mobilgard 445 oils, depending on the shape of the entire demulsi-
fication curve. If the initial oil separation, i.e., Phase I, produced
a nearly straight line for 10 minutes, followed by a curved Tine (phase
11) the bilgewater could be represented by Mobilgard 445 cil. On the
other hand, if the straight 1ine of Phase I separation continued for 20
minutes, the bilgewater 0il could be represented by DTE Heavy Medium 0i1.

Application for the Preparation of Artificial Biloewaters

When a classification curve has been delineated for a given bilge-
water sample, the probable behavior of the bilgewater in a specific oil
separation system can be estimated by relating it to the behavior of an
artificial bilgewater. The estimate can be generated either from prior
data compiled in tests of the system with prepared known emulsions, i.e.,
artificial bilgewaters, or a sample cmulsion with a classification curve
similar to that for the bilgewater sample can be prepared and tested in
a given oil separation system.

The classification scale developed is suitable for characterizing
emulsions that are effectively separated by physical-mechanical processes.
Emulsions that have been stabilized by chemical additives or high energy
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inputs are generally not amenable to oil separation by mechanical pro-
cessing. These emulsions will not be characterized by developing arti-
ficial bilgewater and applying the techniques used to develop the classi-
fication scale.

The classification curve developed for the bilgewater sample can
be used to give an overall indication ~¢ 4. the bilgewater emulsion
will behave in an oil removal system, as: nving that the bilgewater en-
ters the removal system under the same cond.tions existing where and when
the bilgewater sample was taken. If the collected sample differs marked-
ly from the bilgewater actually entering the removal system, no correla-
tion will be made.
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CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations presented in this section are
based on observationéuhnd data generated during development and evaluation
tests. All tests were conducted at General American Research Division
facilities.

Conclusions

(1) The ASTM D 1401-67, "Standard Method of Test for Emulsion Char-
acteristics of Petroleum 0ils and Synthetic Fluids", procedure and appar-
atus in unmodified form were found unsuitable for classifying bilgewaters
according to their demulsification characteristics. The prescribed mix-
ing speed, time, and equipment configuration were not adequate to com-
pletely disperse the oil phase for tihe low 0il concentrations typical of
bilgewaters.

(2) A simple, manually-operated demulsification measuring instrument,
based on modified ASTM D 1401-67 procedures, ASTM 422-63 mixing equipment,
and a BARD-developed demulsification assembly wutilizing a capillary mea-
suring tube, was found suitable for characterizing artificial bilgewater
emulsions containing oils in the 0.05% to 0.15% volume concentration range.

(3) Measuring the true volume of 0il separated during demulsification
required collecting coalesced oil droplets in a solvent that was immisci-
ble in water; without a solvent the coalesced 0i1 would adhere inwardly to
the tapered walls of the collecting tube, causing large errors and nonre-
producible results in oil volume measurements.

(4) The dominant factors affecting the demulsification behavior of
prepared oil-water emulsions were found to be o0il concentration, input
energy during emulsion formaticn, and salt content of water. Factors
found to have a lesser influence on demulsification behavior were temper-
ature and water pH.
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(5) Of the four oils typical of those used on marine vessels, hy-
draulic oil was found to separate more rapidly from emulsion than the two
lubricating oils, or diesel fuel oils tested; the diesel oil separated
more slowly than the others. |

(6) For the emulsions tested, oil was found to separate out during
three time phases; the rates of separation in Phase 1 appeared linear for
higher concentrations in the 0.10% to 0.15% by volume range for hydraulic
and Tubricating oil, but not for diesel 0il. The amount and rate of 0il
separation did not appear readily relatable to physical properties of
oils, such as their viscosity or specific gravity.

(7) The relationship developed between the volume of oil separated
and time, during demulsification of prepared artificial bilgewater emul-
sions, was determined to be an appropriate basis for development of a |
classification scale to empirically characterize bilgewater emulsion be-
havior.

(8) The bilgewater classification scale does not appear sufficiently
specific in its present form to he suitable for measuring the concentra-
tion of or identifying specific physical or mechanical properties of the
0il present. However, with further refinement, the classification aﬁpears
suitable for determining oil concentration ranges. |

(9) The emulsification procedures used to prepare the tested arti-
ficial bilgewater emulsions appear suitable and sufficiently reproducible
to serve as a basis for generalized preparation of artificial bilgewater
emulsions for testing and evaluation of o0il separation systems.

Recommendations

(1} The demulsification tube assembly should be mechanically modi-
fied to achieve the following objectives:

(a} Simplify the introduction of the mixed emulsion,

(b) Eliminate inverting the tube assembly and resultant
inaccuracy in timing of oil separation

{c} Provide for ready draining and flushing after test-
ing without disassembly of drive unit from demulsi-
fication tube.
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(2) In anticipation of the possible continued use of detergents or
other surfactants that increase emulsion stability, the behavior of emul-
sions containing additives should be investigated, and a classification
scale prepared in a manner similar to the one preparcd for pure oils and
water described in this report.

(3) The present classification scale should be extended to cover the
behavior of two or more o0ils in mixtures with water.

(4) The relationship between the classification scale and mixing
energy used in forming an emulsion should be evaluated by experimental
tests. Also, a predetermined holding-time prior to classification testing
should be established empirically to provide an equivalent starting char-
acteristic for various samples being evaluated. The data so obtained
would be expressly useful in more accurately predicting the performance
of oil-separating devices that handle emulsions with varied energy input
histories.

(5) A specific test series on actual bilgewa“ers should be conducted
in reference to the classification scale to relate performance characteris-
tics of bilgewaters with actual bilgewater composition. If feasible, a
relationship should be developed between bilgewater characteristics and
shipboard housekeping practices, in anticipation of effects of additives
on these characteristics.
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