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Background

e This project was initiated in 2018

e This project directly addresses the objectives of the
statement of Need (SON), including the "fundamental
knowledge base” of the “generation, stabilization and
worsening” of shipboard oil/water emulsion.

e This work explores the factors including “shear/mixing,
salinity, interfacial tension, and water/oil/surfactant
ratios” that influences the emulsion dynamics at both
micro- and macro- scale.



Technical Objective

www.rﬁé‘rifimequote.nl www.eurekasparks.org ;'
Shipboard water must be < 15ppm oil to Bilge water is a complex emulsion with oils,
be discharged overboard fuels, solids, soaps, and solvents

Provide an understanding of the generation, stabilization, and
worsening of shipboard oil/water emulsions in the presence of
complex hydrodynamic fields with varied chemical conditions.

Explore emulsion governing factors, including shear/mixing,
interfacial tension, water/oil/surfactant ratios, salinity, and size
distribution, in complementary macro- and micro-scale tasks.
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Technical Approach

Task 1: Microscale Droplet using
Microfluidics

A Task 2: Macroscale Taylor-Couette

Flows

Single Droplet Measurements A
Objective 1 — Device Treatment

Bulk Emulsion
Stabilization Measurement
Objective 1 — Static Stability Test

Single|Dropiot Measurements Objective 2 — Steady-shear Viscosity

Objective 2 — Dynamic IFT
Objective 3 — Characterization of
Surfactants

* Taylor-Couette Cell Emulsion

Droplet-Droplet Measurements Sle Ll I
v — Objective 3 — Pre-prepared
Objective 4 — Stokes Trap Objective 4 — In Situ

\

Follow-on
WP19-1407
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Results-Task 1

Objective 1 Surface Treatment of Microfluidic Devices

SERDPoilmix  Hydrophilic Treatment of PDMS
Micro Device for Oil-in-water

Ssw
Oil mix Sea water

Method 1: Device is treated in 20 W
plasma for 15 min prior to use.

Method 2: Device is treated in 100 W
plasma, with high continuous oxygen flow, g

for 10 min , and is stored in DI water Rl
under vacuum for 7 days prior to use.

SERDP oil mix droplet generated in sea water
Key Result (Scale bar is 100 um)

« Successful generation of microscale oil-in-water droplets for IFT measurements.
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Results-Task 1

Objective 2 Dynamic IFT of Microscale Droplet using
Microfluidics

Sheath Continuous _ _
Phase Dispersive Phase

Flow

7/
7/
4

T-junction micr&twsiometer
S

" . ) o )

Droplet generation using T-junction Droplets flow into contraction

Motivation

« Micrometer sized droplets are particularly challenging to separate in bilgewater.
 Interfacial Tension (IFT) is directly related to how easy it is to coalesce/cream and

separate oil from water. Chen & Dutcher, Soft Matter (2020) 7
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Results-Task 1

Objective 2 Dynamic IFT of Microscale Droplet using
Microfluidics L e —

Q.amnt_'ﬁms:

—JJ 00:00).«
_/J__//—J/J Vil 00 tyo= 2500 — 5
$000 fus
rr rr- s- 1 ~
~

—
=

4_4 9 frauni=s

! > X Chen & Dutcher, Soft Matter (2020)

D(x) = dmajor (%) = dminor (%) 0 d .
dmajor (x) + dminor (%)

Deforming force Material change Restoring force from o ]
from the flow in deformation interfacial tension ay: equilibrium droplet radius
u: velocity of droplet

. extension rate (¢ = du/dx)

5 oD (X) ~ 2D (X)
anc (2 ~ 3 E(X) — u(x) ) =:)/| _ (27+3)(197+16) A
Y ngq: Viscosity of dispersive phase

(G. I. Taylor 1934, Hudson et. al 2005)* n.: viscosity of continuous phase
Interfacial Tension (IFT) 8
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Task 1 Results

25
Microfluidics

>bD>mOe@

No surfactant
25 ppm w/o
25 ppm o/w
100 ppm w/o
100 ppm o/w

e ¢ o ®

0 0.5 1

1.5

water

oil

1 (open symbols)

oil
water

(closed symbols)

2.5

= 15% . ,
= = i
E AM
=10 \\\ﬁﬁ;‘_‘_‘_‘_
® No surfactant =
o 25 ppm w/o
5F = 25 ppm o/w
A 100 ppm w/o
Pendant dr'Op A 100 ppm o/w
O 1 1 1
0 5 10 15

t[s]

20

water

oil

. (open symbols)
oil

water

(closed symbols)

Objective 2 Completed dynamic IFT experiments

L r—

Key Results:

« Decay in IFT of microscale droplets much
faster than macroscale droplets (i.e.,
microscale droplets are more stable)

* Phase does not matter for millimeter
drops. Large drops area always
diffusion-limited (~15 s for both phases).

* Phase does matter for microscale
droplets. Both diffusion and adsorption
timescales important (0.065 s for outer
phase; 0.38 s for inner phase)

Chen & Dutcher, Soft Matter (2020) 9
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Results-Task 1

Objective 3 Characterization of Surfactant

Max surfactant surface coverage, I, Surfactant Detergent Mix AES
(Close to CMC) M., (g/mol) 300 420
1 dy 2 -6 -6
I, = — ( ) (G|bbs Equation) I_I_-'O& (_m_()l_/ln_)_ - - ]_'5_2_><10_ - -2_5_351_0_ —
nRT \0dInC T K (m3/mo]) 380 904

1.77x1071 6.25%1072

(50 ppm) (25 ppm)
Dceeme (m?/s) | 3.2x10711 | 1.9x10710

Equilibrium constant, K o
Feq= kC y=y0+nRT1"ooln(1—KC+1)
I 1+ kC (Langmuir Isotherm)

CMC (mol/m3)

Surfactant Diffusivity, D

Teq kC (Frumkin Isotherm,
I, eXlea/To 4 for surfactant interaction) RTI“eq2 JT
V= Yea™ 0 4Dt
y Langmuir constant k: Affinity for the interface _

Kk 100 , 100 . ;102 . 103 ' ; 10%
CTAB,STS  C1DMPO, Decanol C10EO, TritonX-100, TritonX-165
Detergent
Mix

Chen & Dutcher, Soft Matter (2020) 10



Results-Task 1

Objective 3 Characterization of Surfactant

Adsorption rate (k,45) and desorption rate (k;.) from Langmuir’s equation

BSERDP

DOD = EPA = DOE

r (t) — [ eq 1 —exp (_ E) Surfactant Detergent Mix AES
I J S T C (mol/m?) 0.0887 | 0.354 0.025 0.25
1 1 (25 ppm) | (100 ppm)| (10 ppm) | (100 ppm)
T = Kads .
55 5.6 95 88
kges 1 + kC |[(m3/mol - s) qé
k.. /k kges(1/s) |~ | 0.14 0.015 0.11 0.097
K = Kads/ Kdes
(m? ;‘1;‘1“;1 ) | 299 96 220 170
1 . S
S
Key Results kges(1/s) 0.78 0.25 0.24 0.19
* Phase matters: k,45 is smaller ¢ i —
when the surfactant is inside kads 10° T T [ T o] I I sz v
the drop, suggesting larger PropanolCrEs | CraE, HEXano AESHeptanol Octanol
: n-decanol ,
energy barrier due to curvature. ! SEG.PEPE (inner)
* CMC matters: k,q4s is larger for Detergent
Mix (inner)

detergent mix when C < CMC.

Chen & Dutcher, Soft Matter (2020) 11



Task 1 Results

Objective 3 Characterization of the surfactant cleaners

M, CMC

|
Detergent Mix 300 : 50 1.52%x107°
AES 420 1 25 2.53%x107°
TritonX-100 625 : 350 1.64x1076
SDS 288 | 4500 2.81x107°

I
Type 1 617 , 110 1.88x107°

I
Solid Surge 214 1 420 1.04x107°

I

I
PRC 293 | 7300 1.005%10~6

380
904

1.41x10°
104.98

1.19x10°

4.04x10°

3.19x10711

1.9x10°1°
6.28x10711
2.45x10711

1.04x10710

3.40x10712

9.50x10~1*

299.1
220.7
42.548
53.8

31.83

5.59

$SERDP
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0.78
0.24
2.3x1073

2.7
4.11
x10~*
2.68
X106
2.80

Commercial Surfactants
i L il 2

Type 1 Detergent
(MILSPEC: MIL-D-1691)

Solid Surge Plus
(Ecolab # 611905)

PRC Deck Cleaner
(Werth Sanitary Supply

# 1100868)

Anionic
Anionic
Non-ionic
Anionic

Non-ionic

Non-ionic

Non-ionic
+ Anionic

12
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Task 1 Results

Objective 3 Surfactant characterization in cleaner products

<
K 10° 10t 102 1 103 10* 101 1 10° 107
[ 1 T J 1 Y J ‘ ' ‘ ,
CTAB,STS ¢, bMPO TritonX-165  TritonX-305
Decanol AES - --
Detergent Mix
¢ = = ] *
k,qs 10° I “I [ I 10! I T 102 1 1 I 103
Heptanol Octanol
Proparjol [C12Es CuEs  Hexanol Type 1
n-decanol
Butanol PEG-PFPE SIDE

Key Results

» Microfluidic and pendant drop measurements for each systems at varied
concentration (CMC and surface coverage), characterized diffusivity, surface
affinity and adsorption rate. 13
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Results-Task 1

Objective 4 Droplet Coalescence and Film Drainage Time

~ e °
3

Phys ° B

, . 5 00
Cover Slip Fluid Rgservoir
Objective Lens
width 400 um

Advantages

« Micrometer sized droplets can be trapped and manipulated to directly
visualize destabilization processes such as coalescence and creaming.

» Stokes Trap uses optimization algorithm to automate trapping to desired
position (based on Shenoy et al. PNAS 2016).

14
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Results-Task 1

Objective 4 Droplet Coalescence and Film Drainage Time

' ‘ 240

220 ©

100 ym 00l © o o Directionof_/

film drainage

Direction of
film drainage

180

—
D
o

Distance [pm]
=
[S)
(e}
(e}

= 120 - (o)
- O o
v0a,, 0 o
80 | oil Ops
; %o
Water. 00po0000O0
- ~ s | 60 B " :..“
1 l 20 . . Film drainage time = 0.31 s
. . 0.2 0.4 0.6 0.8 1 1.2 1.4
Droplet coalescing in a 4-channel Stokes trap Time [s]

(water in mineral oil with 1000 ppm SDS)
As dispersed phase viscosityf

Key Result the film drainage time

» Coalescence readily observed for water in oil systems, applicable for dry bilge systems.

« Chen, Narayan, Dutcher, Langmuir (2020); Narayan, et al, Current Opinion in Colloid &

Interface Science (2020) A
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Results-Task 1

Objective 4 Droplet Coalescence and Film Drainage Time

240 rr5 T 240 & T .
O 10 ppm Det Mix O 50 ppm Type 1
220 O 100 ppm Det Mix | 220 O  100ppm Type 1 | |
200 oil . 200 °
i, il
et e binit
_— s % —_ \..' o
g 160 £ 160 .
) )
= 140 1 = 140
|75 o
A 120 A 120
100 1 100 ~ .
80 O 80 T
<« =
60 1 60 - 0.885s -
40 1 1 1 1 1 1 40 1 1 L 1
0 0.5 1 15 2 25 3 3.5 1 2 3 4 5 6
Time [s] Time [s]

Key Results

« Both cases for distilled water in LMO with 10 ppm and 100 ppm detergent mix in water
show immediate coalescence when the droplets are in contact with each other.
« Film drainage time of droplet coalescence for distilled water in LMO with 50 ppm and

100 ppm commercial surfactant Type 1 in water are 1.48 s and 0.88 s, respectively. 6
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Results-Task 1

Controlled coalescence and creaming

-
N
©

| O 1000 ppm SDS in water (o/w)| |

.

-
n
D

»

T T T

114 pym

-
N
w

Distance between centers (um)
3

—_
—_
B

—_
iy
-

Il
$ .~ A
G b
~ P
~
120 - B
L )
6
- ()
- 2\
A [
>. ))
‘e 0 i >
’, ~ A @ ~
% .~ az N, Tr s
O AT U NSO AING
\ vy et sy S v oS
LY GO SO O

- ~Water .
L

. & »
oil T

1 1 " 1 1
5 10 15 20
Time (sec)

o

SRy

Chen, Narayan, Dutcher, Langmuir (2020)
Narayan, et al, Current Opinion in Colloid &

Interface Science (2020)

1
25

Creaming of mineral oil droplet in water with

100 ppm detergent mix (5000 fps)

Key Results

Coalescence of monodispersed

droplets difficult for (o/w) systems.
Creaming at interface more likely

for wet bilge systems. 17
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Results-Task 2
Objective 1 Static Emulsion Stability Test

Stability tests: Phase separation; Turbidity change Method
EE N - Observe phase separation
| e 4 il X ™ and decrease in turbidity
with time/shear.
» Characterize bulk stability

with changes in turbidity
and size distributions.

1.0 e T T T R T ™) 6 L L R T
i Determine = 0 ppm Surfactant | Determine 1%, 100 ppm
-\ destabilization 0 ppm Best Fit | ] E [changes in sizes, . :{]eggy
09 timescales 50 ppm Surfactant| 5 o | distributions, « "
: — 50 ppm Best Fit | ] Eal q’o.. *, ]
2 ] 3 me © a
808} ] < " -
2 C ] o ® o °
T) : ] 3 e ]
2 _f ] o2p e LS -
E 0.7 - ] h = m ® u ﬁ
e F a ne - n o
] Tt ' °* mq, *
(]
06 F E g ’ e
] léll-J 0 ._
i T =Aexp(—t/1) + Ty _ 1.0% Oil, 100 ppm detergent mix
0.5‘| llllllll [ [ Lyttt 111 Lyttt 1 11 Lyttt 011y L] 2l n n PR | n " TSR |

0 1 2 3 4 5 6 1 10 100
i Size (micrometers
Time (Days) ( ) 18
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Results-Task 2
Objective 1 Static Emulsion Stability Test

i ) 100 ——rrry ———rroor ————=— NSBM#4 in Dist
o %) % 1% —=— Mineral in Dist
&= B
4 " ' "_ . 80 - —a— Mineral in SSW
= 60 -
8 40 .
£
|_
20 |- —
O PR n " A g aaal n n L M
0.1 1 10
Oil % (Vol/Vol) (%)
NSBM#4 Light mineral oil
" |~ “creamed” oil layer ~
Key Results: | | —
« Performed measurements with varied B i [E T
o . ispersed phase ~ L2
compositions of SERDP and mineral .. % P
. . 2 ;\.\ Detergent mix | o
oils, AES and detergent mixes, and « ©® urtoctant
distilled (DI) and salt water. o ) .
. g Continuous phase ~
 Found salt rapidly destabilized the S S

systems, especially with mineral oil. 19
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Results-Task 2

Objective 1 Static Emulsion Stability:
varied oil content

SERDP oil mix (complex mix w/ surfactant) Mineral oil (simple model oil)
160 ——— —— T T T T T
L . —a— 100 ppm
140 | : ;gopggqm _ —u— 50 ppm
r = 10 ppm 60 _—=—10 ppm .
120 | w 1 ppm . —=—1 ppm
A I 0 ppm 1 A LIEPI
T 100 | - L
€ I €40k -
g 80 | ] ,g
8 60 E 8
g I £
= 40 - v s = 20 ]
L : i
20 T -
0} . 0} ] -
01 l ‘ 1 . l ‘“‘“10 0.1 l 1 . 10
Key Results Qil % (Vol/Vol) (%) Oil % (Vol/Vol) (%)

« Non-monotonic relationship for both: increase, followed by decrease, in stability.

« “Turnover” point when collision and/or surface-coverage effects dominate.

« “Turnover” point shifts to higher surfactant concentration for mineral oil, indicating
surfactant surface coverage plays an especially important role for simple systems. 20
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‘ Results-Task 2

Objective 1 Static Emulsion Stability:
varied surfactant content

L
SERDP oil mix (complex mix w/ surfactant) Mineral oil (simple model oil)
160 prrrrrrrrrrrr LI LI LI LI LI 70 T L T U T . T : T . T _]
[ —8—10% | ] | —=—10% Mineral Oil
140 1 —a—5% |7 50 L —*— 5% Mineral Oil )
—5=1% | ] —u— 1% Mineral Oil
7’;120 i —8—0.5%| 7] — [ —=— 0.5% Mineral Oil
2 - 0.1%] ® 50 - i i .
T 100 | o | £ | 0.1% Mineral OIl
< i € 40 -
7 80 I 1 7 |
5 1 5
O 60f é - o0r y
2 ol :
i: 40 — = 20 .
3 | L
. !
20 | | - 10 - .
0t i
sassless sy Laossiaey [ P Loy [ NI [ ot ] - 1 - ] : 1 . 1 . 1 ]
0 20 40 60 80 100 0 20 40 60 80 100
Surf. Conc. (Vol/Vol) (ppm) Surf. Conc. (Vol/Vol) (ppm)

Non-monotonic for the SERDP oil mix, but not for the simple mineral oil systems.
SERDP oil mix forms spontaneous microemulsions, resulting in oil drops too small
to be seen with turbidity measures; collaborating with Purdue University ongomg
Narayan et al. Current Opinion Colloidal Interface Science (2020)
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Results-Task 2

Objective 2 Steady-shear Emulsion VISCOSItV Measurement
O 5% O|I m Forward Sweep . ]

® Backward Sweep -

« Flow
*instability

viscosity (Pa.s)

0001 qaaaa®®

11l " T A | L M | " 1
10 100 1000
shear rate (1/s)

=]
10% Oil :Eiﬁﬁirﬁmvéfviip.

n
n a N
n n
0.01 . .
[ 5 g n ]

Flow .
| hysteresis .

Key Results

viscosity (Pa.s)

* Determined viscosity of the emulsions.

» Regions of constant viscosity are observed for
low to moderate shear rates.

» The appearance of shear thickening at high 000
shear rates is due to flow instabilities. shear rate (1/s) 2z
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Results-Task 2

Objective 2 Steady-shear Emulsion Viscosity Measurement

10%

Oil Fraction

0.1%

Percent particles by Volume (%)

Percent particles by Volume (%)

10 ppm Surfactant Concentration 100 ppm
< >
10 T ] 8 T T l
e Rheometry Performed | * Rheometry Performed
A — ® No Rheometry Performed y B ® No Rheometry Performed
o £
@ : . § e .o.
- =
oo s %
5k ~ «* .0 et ‘e W
°° o k] I A
e M aadir® £ . .."‘O..:'. oo
~ ®oee © 2 P e B
b . Py E 2k L ..
L . 2 ., .'o.
* . “oleele 5 oo’ e
LI L4 o () L0
P ‘., “‘.‘30' o.".
Py —— ....'OQuq 0 o2eee

(=]}

1
10
Size (micrometers)

L
10
Size (micrometers)

2 1
* Rheometry Performed
. * No Rheometry Performed| —

=10}

Percent particles by Volume (%

o
T

o

T
e | ® Rheometry Performed
D | _® No Rheometry Performed
LN
. %
.
- . .
L ] . ..
LJ
. 0.'..
™) -
. =
.. ..
et oty
beeglse*’ LT
A

Size (micrometers)

10
Size (micrometers)

DOD = EPA = DOE

Key Results

Ran emulsions with
SERDP oil mix (from
0.1% to 20%) and
mineral oil, with both
distilled and salt water
Shear effect strong at
10% oil, weak below
5%.

Larger droplets appear
to coalesce/cream into
oil phase, leaving
higher % of small
droplets in the system.

23
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Results-Task 2
Objective 3 Pre-prepared Emulsion Stability in TC Flows

Re.

[ Turbulent Taylor Vortex

Qo Z
Wavy Turbulent Vortex

7 |
//,,6‘3 1000 Fchaotic Wavy Vortex ]
j —_ Modulated Wavy Vortex (2)

Wavy Vortex Flow (2)

! Modulated Wavy Vortex (1)
h 2Wavy Vortex Flow (1)

Taylor Vortex FIOW

Laser

100 T

Azimuthal Flow

Advantaqges:

 Well characterized flows

Wilkinson & Dutcher, Rev. Sci. Instruments, 2017«  Tynable flow kinematics
Metaxas, Wilkinson, and Dutcher, Soft Matter, 2018 . . . . 24
Wilkinson and Dutcher, JEM, 2018 « Direct visualization
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Results-Task 2
Objective 3 Pre-prepared Emulsion Stability in TC Flows

I U I - I I T & 1 & I
0‘ e |nitial e |nitial
3 o e Final (No TC Flow) = = e Final (No TC Flow)
< . ® Final (Laminar Wavy Flow) | < A ® Final (Ramp)
§ 5| C :’.‘ * Final (Turbulent Wavy Flow) § 5| KV -
;’ y s E o o®
> ) 2 o > = L
o . o ] o
3 o 3 = :‘ o
— ) s ol [
B “ . £ s ¢ o
8 °y . 7 g s ‘s * .
< o A € - e o
g o~ ! o © 8 ¢ % o
o .. A o ° ‘ o [<}
0 L ° 5 1 0 # 'ﬁ-L—
1 1 " 1 1 " 1 1
1 10 100 1 10 100
Size (micrometers) Size (micrometers)

Key Results

« Taylor-Couette flows destabilized the low-oil emulsions, shown by the decrease
in droplets of size less than 10 micrometers and increase in droplets of size on the
order of 100 micrometers.
* In contrast, traditional rheology did not destabilize the low-o0il emulsions. o5
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Results-Task 2
Objective 3 Pre-prepared Emulsion Stability in TC Flows

L | T T LI B B B R B | T T LI B B B R | II 14 | - |

12 L . o ® |[nitial i ) e | ® |Initial
. Without salt . | ® Final (No TC Flow) ~ 12 With salt , | ® Final (No TC Flow)
E ol e | e Final (Turbulent Taylor) & 1 o | ® Final (Laminar Wavy Flow)
o © 10 | - Final (Turbulent Wavy Flow)
E 1 o’ S | ¢ ]
= ® — [ ]
O - . O ®
i 8 ™ i °r o i

- »

P 6 - . @ 6 % 4
O o 9 @ o°
FU o @ 4 -
S 4r L] T Q J;‘ »
£ £ o0 «
g 2+ .:QM s o, - % &° .0.’.
e | " z:: & &7 L S—_ Y

0 - ]

Ll . 1 a2l N X ' A | . _2 | 1 1 n 1
1 10 100 1 10 100
Size (micrometers) Size (micrometers)

Key Results

« Ran SERDP oil mix and mineral oil, DI and salt water
Both systems:  Destabilization at turbulent flow states, no observed with
0.1% SERDP oil mix; rotational rheometry up to 2000 1/s.
100 ppm detergent mix « |ncrease in larger droplets, and decrease in smaller drops. 26
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Objective 4 In-situ Emulsion Stability in TC Flows

Stationary -

Sliding seal and
Wﬁall bearing
! Pulley for

connection for
fluid injection

i

Hollow drive
shaft and fluid
conduit

Detachable

end cap of

inner cylinder

| s~ Mmotor
hﬁ connection

Detachable end
cap of inner
cylinder

_(._/

Injection
™ port
assembly

Check
valve

Sealing
+ seat with
O-rings

Contour
matching
cover

Set

|
P~ screw
sockets

Wilkinson & Dutcher, Rev.
Sci. Instruments, 2017;
Metaxas, Wilkinson, and

Dutcher, Soft Matter, 2018;
Wilkinson and Dutcher, J
Fluid Mechanics, 2018

3.0

o N
o )

Injection Mass (g)
o

1.0

0.5

® Collected mass ()| 4
A Upper bound(g)
v Lower bound(g)

Residual Sum of Squares

Injection Time (s)

14 16

Oil is injected into the water-surfactant
solution in the TC cell though the injection
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The flow rate of the injection ports and time
required for injection is determined by
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Results-Task 2
Objective 4 In-situ Emulsion Stability in TC Flows
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Key Results
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Space-time plot for in-situ injected concentrated
emulsion into the Taylor wavy vortices in the TC
experiments

Peak formed at the smaller droplet size in the solution and reduces with
increasing mixing speed.
A second peak at larger droplet size increases with higher mixing speeds.

The formation of a peak at higher mixing speed shows the effects of droplet
coalescence due to shear in the flow.
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Next Steps

e The results of this work has laid the foundation of systematic studies
of surfactant transport for both bilgewater and fire-fighting foam
systems, in follow up grant SERDP WP19-1407.
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DOD = EPA = DO

Technology Transfer

Publications and Reports

Y. Chen, S. Narayan, C.S. Dutcher, Phase-dependent surfactant transport
on the microscale: Interfacial tension and droplet coalescence, Langmuir,
2020 (*selected for ACS Editors Choice)

J. Church, M.R. Willner, B.R. Renfro, Y. Chen, D. Diaz, W.H. Lee, C.S.
Dutcher, J.G. Lundin, D.M. Paynter, Impact of Interfacial Tension and

Critical Micelle Concentration on Bilgewater Oil Separation, Journal of
Water Process Engineering, 2020 (*Collaborative effort)

S. Narayan, A.E. Metaxas, R. Bachnak, T. Neumiller, and C.S. Dutcher,
Zooming in on the role of surfactants in droplet coalescence at the macro-
and microscale, Current Opinion in Colloid & Interface Science, 2020

Y. Chen, C. S. Dutcher, Size dependent droplet interfacial tension and
surfactant transport in liquid-liquid systems, with applications in shipboard
oily bilgewater emulsions, Soft Matter, 2020
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DOD = EPA = DO

Technology Transfer (Cont’d)

Presentations

Prof. Cari Dutcher gave an invited lecture Understanding Shipboard
Oil/Water Emulsions Using Macro- and Micro-scale Flows for the Advancing
Emulsion Science Session, SERDP/ESTCP Symposium 2019, Washington
DC, Dec 2019.

Dr. Yun Chen presented Size dependent droplet interfacial tension and
Surfactant transport in oily bilgewater systems at the American Physical
Society - Division of Fluid Dynamics (APS — DFD) 72nd Annual Meeting,
Seattle, WA, Nov 2019.

Prof. Cari Dutcher gave an invited talk Understanding Shipboard Oil/Water
Emulsions Using Macro- and Micro-scale Flows at Naval Research
Laboratory, Chemistry Division, Washington DC, July 2019.

Prof. Cari Dutcher gave an invited lecture Droplet microfluidics for studying
Surfactant-rich interfaces: From atmospheric aerosols to bilgewater
emulsions for the ACS Colloids and Surface Science Symposium, Atlanta,
GA, June 2019.

31



I ©SERDP

Technology Transfer (Cont’d)

Presentations (cont’d)

Dr. Yun Chen presented poster Size dependent droplet interfacial tension
and surfactant transport in liquid-liquid system at the Mathematical Fluids,
Materials, and Biology Conference 2019 at the University of Michigan, Ann
Arbor, Ml.

Dr. Yun Chen presented poster Understanding Shipboard Oil/Water
Emulsions Using Macro- and Micro-scale Flows at the SERDP & ESTCP

Symposium 2018, Washington, District of Columbia, USA.

Webinar and Training Short Course

Prof. Cari Dutcher presented a webinar for the SERDP & ESTCP Webinar
Series on waste reduction and treatment in Armed Forces vessels, June
2020.

Prof. Cari Dutcher presented short course lectures on Interfacial Rheology
and Microfluidic Rheology for the Rheological Measurements: Applications
to Polymers, Suspensions, Processing, Minneapolis, MN, Aug 2018 and
Aug 2020.
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Key Points

e |FT was found to decay much faster when surfactant and water is in
the outer phase and oil in the inner phase for micro-scale droplets,
while the rate does not change significantly for milli-scale droplets.

o Equilibrium constant, k, maximum surface coverage, I, surfactant
diffusivity, D, and adsorption/desorption rate constants of the
surfactants were calculated and compared to other typical surfactants.
Results provided to NSWCCD SERDP team collaborators.

o Non-monotonic relationships found for emulsion destabilization times
with both o:w ratio and surfactant concentration, showing stabilization
of emulsion depending on the amount of oil and surfactant due to
competing factors.

o Emulsion destabilization was observed after the pre-prepared
emulsion underwent the Taylor-Couette flow test. Changes in droplet
size distributions and emulsion destabilization were observed for low
oil content samples (0.1% oil).
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