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THE EFFECTIVENESS OF DISPERSANTS:
VARIATION WITH ENERGY
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ABSTRACT: A study of the refationship of dispersanz effectiveness and
mixing energy was performed, Energy was varied by changing the
rotational speed of a specially designed apparatus. The effects of disper-
sant type and oil type were also measured, The stability of the resulting
emudsions was gauged by measuring the amount of oil that remained in
the water column over time.

The findings are that each oil-dispersant combination shows g unigue
threshold or onset of dispersion. The effectiveness goes up linearly with
energy, expressed as flask rotational speed. Natural dispersion was also
measured and shows behavior similar to thar of chemical dispersion,
except that the thresholds occur at a higher energy and effectiveness rises
maore slowly with increasing energy. E Sfectiveness (defined as the per-
centage of oil in the water columnj rises rapidly 10 80 to 90 percent with
increasing energy for light oils treated with chemical dispersants. Heav-
ier oils will disperse, but 1o lesser effectiveness values.

Differences in energy have been cited often as the reasons for the
varying results of dispersant effectiveness tests in both field and labora-
tory. Difficulties in varying and measuring energy have left the varia-
tion of dispersion and mixing eneigy largely unstudied. Energy, as it
relates 1o the sea and oil spills, is a complex topic.” Descriptions of
what is meant by energy relevant to oil dispersion vary. Cne way 1o
describe energy is by measuring the wavelength and amount of turbu-
lence near the surface * Another definition describes sea energy in
terms of steepness of waves and period. ™.

Several papers discuss the relationship berween dispersion and en-
ergy, but little experimental work hus been published 5 0 Bas 2 g
damenial Hterature on surfactants does mot deal with energy and
effectiveness,” *

Many different types of dispersant test procedures and apparatus
are described in the Bierature. ' Some work has been done on
determining the reason for the poor correlation among test results.
Most of the investigators cite energy as the most significant factor. The
general conclusion has been that the differences in energy levels, and
the way these have been applied to the oil-water mixture, result in
effectiveness values that are unigue. This paper presents results from a
series of experiments, spanning two years, inr which the energy applisd
to the system was varied over a wide range. Results show that energy iy
& very important Swter in determining oif spiil dispersant efficiency.
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Experiments

Several rounds of experiments were conducted to determine the
effect of varying energy. Several oils were used in these tests. Table
lists these oils and gives their basic physical properties.” The disper-
sants used in this study are the Exxon praduct Corexit 9527 {abbrevi-
ated “CY327" in some tables in this paper] and the Dasic product Dagic
Stickgone LTD (abbreviated “Dasic” in this paper}. All runs in which
dispersant was used were performed with dispersant aiready mixed in
the oil at a ratic of 1 o0 25 by volume. This practice was adopted to
achieve more repeatable results, as determined in earlier experiments
in which both premixed and dropwise addition were used * Salt water
was prepared with sodjum chloride to 33 %o or degreessalinity. Alf tests
were done 4t @ temperature of 20° . Apparatus, oil, and water were
left at these temperatures for at least 20 minates before the beginning
of each test to ensure thermal equilibrium. All tests were done in
thermally controlled chambers.

An apparatus, calied simply “the high-energy test,” was developed
e measure dispersion at very high enesgy levels, This vessel is square,
with sides 30.cm fong. The effect of the corners is to create high levels of
turbulence. The volumes of oil and water used are G.25mland 5L, 1o
yield an oil-to-water ratio of 1:20,000. This ratio was shown in a
previous paper to vield repeatable results.” The mixing time is 20
mminutes, and the settling time is 10 minutes before samples are 1aken,
The mixing energy is supplied by a Brunswick shaker, a moving fable
apparatus. This shaker is capable of rotational speed variations from 50
to 456 rpmn, with relatively good repeatability. The revolutions meter
on the shaker iz calibrated periodically with s tachometer 1o ensurs
BCCUrESY.

A papetie s used to remove 5 3.mi sample from the apparatus after
the settling time. Analysis is performed by taking a sample of water
from the test vesse! after the run ix complete, extracting the water with
& solvent, and measuring the absorbance at three visible wavelengths
{370, 340, and 400 nm), then assigning effectiveness on the basis of a
calibration curve. Calibration curves are prepared in a manner similar
to the actual runs. Water is used in these calibration runs i ensure that
extraction efficiency i compensated for and to compensate for the
coloration caused by small water droplets alose.

The high-energy apparatus was tested for vahidity by constructing
W sther apparatuses with different vessels, Tests were done with sl
three apparatuses, o ensure that the data showed no artifacts ass0ci-
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Table 1. Test oil properties given in the appendix.) The lines on the graph show the overall ten-
dency of the data. Dispersion increases very rapidly from a low value to
neatly 80 or 9 percent. and patural dispersion onset occurs &t an

Kinematic energy level simifar 1o or higher than that for chemical dispersion,
VISCOSItY Density Finally, the natural dispersion curve has @ smaller slope thap the
il Description (s ar 157 €3 (giml ar 157 () chemical dispersion curve.
y : The energy s sufficient in the high-ensrgy apparatus 1o disperse
ASMB Ajsb‘:;: § .84 bunker C light. Tests on regylar bunker C did not yvield dispersion
mixed chemically or naturally. Banker € greuped into large droplets on the
blend surface during the natural dispersion runs, and partially during the
Arabian Arah blend 40 087 chemical runs. This result indicates that the energy in the apparatus is

light insufficient 1o disperse this oil or that this oil is undispersable under tes
: : conditions. Onsets of parural dispersion are difficult to assign, but are

Arabian Arahi 53 di - . ; :
an 4 .89 the same as or lag those of chemical dispersion. The curves of natural

But:f;? c Le:iez?smas 200 0.93 dispersion have a smaller siope than those of chemical dispersion. In
light bunker ’ addition, the heavier oils tested are notdispersed to the same degree as
Endicon Cook infet 3 0.91 other oils. The effect of chemical dispersant is to increase the disper-
crude ’ sie:l axhnoum b};ja large facgﬁrufmd;};; s?mf: level of gﬁmng em;rgg.

igh-energy dispersion of oif is difficelt o measure because of the

Helongo Ancfiéaeﬁoﬁ o0 0.88 ;n‘gh is}is& level inf ;h;{ data, Ag tizel avt;z‘age ;nesigy in;regses!; st:i too
0es the amount of different energy levels, pr ucing noise ins the data.

Nerth Siope Prédmhgz Bay 33 0.85 Table 3 shows the results of the application of linear regression to the
natural dispersion data. The # is low for a number of the oils, indicating

the high noise level, Despite this, the stopes of the lines are very similar

and are all .05 or similar values, The natural and chemical curves were

tested for fit with 2 variety of functions in a previous paper.”! The

ated with the type of vessel emploved, the volume of water, the oil- conclusion of this paper was that both were best fit with linear func.
to-water ratio, and the type of agitation. These resulss have atready tions. The chemically dispersed oil data was addressed by applying
been reported in the literature. ' Al three tes: apparatuses yielded linear regression to the onset portion and then standard statistios 10 the
'similar data. top or “saturated” portion of the graph, Effectiveness values taken at
50to 100 rpm were used to calculate the onset of dispersion, and values

above 100 rpm were used to calculate the “saturated” gom‘on‘ Statis-

tics on these manipulations are shown in Table 4. The 7 values for the

Experimental results linear regression on the onset portions are very high, because typically
only 2 te 4 data points are available. The initiat slopes are again similar

Results are summarized in Table 2 and Figure 1. This figure illus- and are about 2.0. The effectiveness limits were calculated by taking an
frates the results of dozens of experiments. (A table of ali results is average of the high values. These values range from 64 to 90 percent.

Tuble 2, Summary results of the high-energy experimerts {effectiveness vafues in percent for oil type and cendition)

Alberta sweet Arabian
mixed blend Arabian light North slope medium Bunker C light Malongo Endicott
With With With With With With With

rpm Natural €9527 Dasic Natural €9527 Dasic Natural C9527 Natural 9537 Natural C9527 Natural C9527 Naturai o527

440 36 88 60 11 73 69 46 81 36 93 30 66 43 61 K. 73
420 33 B9 65 15 71 — 25 75 —_ —_— 20 — — e s o
400 39 89 71 26 &7 a7 20 30 He e i7 61 25 64 — e
380 35 88 78 2 63 e 25 82 e e 27 e e e —_ —
360 e 87 0 19 68 — 26 84 —_— - — - _ - — —
350 13 — — — — 60 — — 25 —_ 32 61 48 67 33 78
340 3 89 80 17 64 _— 28 86 e e e — o — -— —
326 26 91 78 16 69 — 29 88 — — i6 — - — — —
300 26 82 &1 24 71 61 28 87 i) — 15 &4 44 59 33 87
280 26 BY 81 5 &9 e 2 83 e i 26 e — — —_ —
260 3 3 79 — 71 — ig 84 - — — — — — — —_
250 i3 98 — — — 74 -— —_— 32 90 23 74 4% i3 36 83
240 18 T 80 e 71 o 28 88 o s - e o e — e
220 23 & B e 73 s i 88 _— — 21 — — e — —
200 26 75 B4 At &6 - ¥ 89 i 94 23 74 30 &Y 27 94
180 A4 34 77 Zi 71 74 26 i e R 23 e e e — —
180 H &2 B 20 T — ElH o0 —_ — — - — - — —
150 i3 93 — — — &6 — — 15 &9 i 71 29 65 i6 83
140 i u2 62 9 61 e g 76 e e o e o o — —
125 3t &7 o s — — — —_ — — G — — — e —
120 4 I 85 13 23 — 0 83 — — — — — — o -
00 14 L &3 18 72 73 7 87 iz 82 i0 64 18 58 23 82
90 13 82 o o e e o o e — — — — — — —

80 10 59 85 21 72 - 24 90 - - - — — — - —
75 it H — — e — 28 — — — id — — — — 85
&z 4 33 Z E 35 — & 46 3 e — o o . - e

30 g 7 e e — ¥ o — g 3 8 0 Z & & i

Mote: C9827 = Corexst 9537
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EFFECTIVENESS
%
100
80 - a on
? & N an ﬂ
_ -
B0 — s M s et ‘
S 3 0o % ASHB-NATURAL
. o ASMB-CES2Y
: - ¢ ASME.DABIC
70 — : ¢ AHAB LT -KATURAL
T OAAKB LT.-Cp527
o _ - T ARABR LT.-UASID
C A - Tle KD, SLOPE.NATURAL
80 — s WM Tl s HO. SLOPE-CESZY
B = [ ® ARAR MED.-NATURAL
- % ARAB MED..CE527
: < BUNKER © LT.-NATURAL
B — f- BURKER © LT.-8527
_ = i = MALONGO-NATUBAL
B & ~ * ENDICOTT-NATURAL '
- B MALONGGQ-C0527
40 — P ERDICOTT.CREZT
J1 o
30 — x
? &
10 —

200

300

400

500

ENERGY (RPM)

Figure 1. Composita data from the high-energy experiments

The standard deviations are generally within 10 percent of these
values,

The high-energy dispersion curves of the oils are plotted separately,
as shown in Figures 2 through 8. The chemically dispersed curves are
added by approximating the initial slope ealculations and maximum
calculations, as given {o Table 3. The natural dispersion curves were fit
by asing Hnear regression, as described carlier,

Table 3. Btatistical dats on the natural CUrVes

Oil type Slope r
Alberta mixed blend 0.08 .72
Arabian light 0.01 0.3
North Slope 0.06 0.41
Arablan medium HEL G.e
Bunker € Hght 4.3 4.37
Malongo 0.05 8.26
Endicot G.05 0.66

Figures 2 through & show the same trend for each oil. Chemical
dispersion shows rapid onset with energy to a high value, and then
remains relatively constant with increasing encrgy. Natural dispersion
onsets are difficult to establish, but appear to be close to or perhaps
higher than their chernical equivalents, The slope of the natural disper-
sion curve is much smaller than that of the chemics! dispersion surve,
The nateral dispersion curve is approxinately linear,

Summary and conclusions

Chemical dispersion increases with energy (measured in these ex-
periments as revolutions of the experimental apparatus in a given time
period) in & Hocar fashion until & maximusm is reacheed. For light oils
this maxisum is about 80 percent. For heavier oils the maximam is
about 65 percent, The dispersion curve is very sieep; that is, only a
small armount of energy sauses & large amount of change in dispersion.
There exists oo energy threshold below which Brie dispersion cocurs,
Chemical dispersion curves for different oils apposr to be parails
thave sieiler sfopes), This result may indicate that the mechanism it
fixed and only the threshald varies.
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Table 4. Statistical data on the dispersion curves
Initizi . Effectivenesy
Oil type Dispersant siope r limit sD
Alberts Corexit 2.6 4,44 &6 5
mixed G327
blend
Alberta Drasic 3 H 76 7
mixed
blend
Arabian Carexit 1.8 i &7 11
tight GE2Y
Arabian Dasic 32 i o8 ]
tight
North Slope  Corexit 2.2 1 &4 4
9327
Arabian Corexit 2.6 1 90 &
medium 9527
Bunker C Corexit 22 H 67 6
light 9527
Malongo Corexit 1.9 1 64 4
9527
Endicott Corexit R 0.97 82 &
9327
Note: 8D = standard deviation
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Natural dispersion is analogous to chemical dispersion, except that
the increase with energy 1s much less. The onset of natural dispersion is
difficult to assign, but is simmilar 1o or higher than that of chemical
dispersion.

The major question these experiments raise is how the energy in
these tests relates to thar at sea. There are 3 few observations that
indicate that most typical sea energies actually ocour at the low end of
the energy range shown in the test data presented here. [n one test at
sea, Alberta sweet mixed blend and busker C light were observed 1o
start dispersing naturally at z sea state of Beaufort 6.° The Ekofisk
Bravo oil was observed to disperse naturally at sea siates around
Beaufort 5 or 6.7 {1 is recognized that turbulent energy is the important
factor for dispersion. Technology does not exist at this time to measure
this type of energy at sca and in the laboratory.

There may be potential for energy measurement in the future with
laser doppler or hot wire instruments. This development would ensure
that the findings reported in this study could be applied directly to sea
surface observations.
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