
g =  

h =  
Ah = 

J =  

k =  
L =  
M =  
N =  

n =  

P =  
A p  = 

Q =  

q =  

conversion factor, 32.2 lb. mass- 
ft ./lb. force-sec .* \ 

enthalpy, B.t.u./lb. mass 
difference in enthalpy htween 
two locations, B.t.u./lb. mass 
symbol for parameter as defined 
in the text 
orifice coefficient 
length of heated passage, ft. 
constant of proportionality 
number of equal-size holes in each 
orifice plate 
exponent on mass velocity term 

R 

r 

T 
U 
X 
ci 

P 
7 

U 

CC 

ratio of control valve pressure 
drop to fluid passage pressure drop 
fractional permanent pressure loss 
across an orifice 
temperature, O F .  

specific volume, cu. ft./lb. mass 
distance from passage inlet, ft. 
coefficient in Equation (22) 
density, lb. rnass/cu. ft. 
shear stress, Ib. force/sq. ft. 
fraction of cut-off in sine distri- 
bution 
viscosity, lb. mass/(ft.)(hr.) 

or on temperature Subscripts 

pressure, lb. force/sq. ft. a = acceleration 
diflerenee in pressure between two b = bulk 
locations, lb. force/sq. ft. c = heated passage 
average heat flux along heated e = entrance, exit 
passage, R.t.u./(hr.)(sq. ft.) f = friction 
local heat flux, B.t.u./(hr.)(sq. ft.) i = inlet 

max = maximum 
o = outlet 
t = total 
u 
w = wall 

, = valve or orifice 
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Light Transmittance as a Measure of 
Interfacial Area in Liquid-liquid Dispersions 

VIRGIL G. TRICE, JR., and WALTON A. RODGER 
Argonna National Laboratory, bmont, Illinois 

Interfacial area in liquid-liquid systems has been measured photographically. Precision 
and accuracy of the method have been shown to be better than 10%. To avoid tedium of 
counting drops, a simple light probe of easily reproducible design has been developed to 
measure the light transmission through the dispersions formed. A correlation of light 
transmittance with interfacial area is presented and its usefulness and limitations are 
discussed. 

Frequently workers concerned with 
dispersions of immiscible liquids desire 
knowledge of the interfacial area of these 
systems. Unfortunately it is generally 
difficult or impossible to determine the 
interfacial area of liquid-liquid disper- 
sions. In the few cases where interfacial 
areas have been determined, most in- 

vestigators have relied on photographic 
techniques. 

In  recent years the phenomenon of 
light scattering by small particles has 
been the subject of a number of investi- 
gations (14);  however. very little work 
has been reported in the literature con- 
cerning light scattering as a measure of 

particle size in liquid-liquid dispersions. 
Undoubtedly a major deterrent to such 
investigations has been the problem of 
measuring the interfacial area of rapidly 
coalescing disperse systems by other than 
photographic methods. 

In  this paper a photographic technique 
for measuring interfacial area is described. 
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Also, an empirical correlation based on 
theoretical considerations is presented 
which gives the light transmittance of 
liquid-liquid dispersions as a function of 
the interfacial area. Experimental data are 
presented for several nonabsorbing (water- 
white) liquid pairs of differing relative 
refractive indexes. 

PREVIOUS WORK 

Most of the interest in light scattering 
has been restricted to very dilute mono- 
disperse* systems of small particles gen- 
erally less than 1 p in diameter. Mathe- 
matical treatments of concentrated poly- 
disperse? systems are not available. In 
addition, there are few quantitative data 
available relative to liquid-liquid or gas- 
liquid dispersions. 

It is interesting to note that in 1925 
Stamm and Svedberg (19) were interested 
in the relationship between the right- 
angle scattering of light and the size 
distribution of soap-stabilized benzene- 
water emulsions. They suggested a linear 
relationship between light transmittance 
and concentration for a given particle 
size. Clark and Blackman (3) investi- 
gated light transmittance as a measure 
of the interfacial area of foams. On the 
basis of admittedly qualitative data, a 
linear relationship between light trans- 
mittance and volumetric area was sug- 
gested. 

Recently Langlois and coworkers (1 1, 
12) published a correlation of light 
transmission with interfacial area for 
liquid-liquid systems. Their results were 
correlated empirically by a linear equa- 
tion in the following form: 

l . = l + f l A  I (1) 

where 

Zo/I = the ratio of incident to emergent 
light intensity 

A = interfacial area per unit volume of 
total mixed phases (volumetric 
area) 

= a constant characterizing a spe- 
cific liquid pair 

p 

This relationship was considered to be 
independent of the volume-fraction dis- 
persed phase. The constant f l  was given 
as a function of the relative refractive 
index of the dispersed phase. 

The papers by Langlois are of particular 
interest because they represent the first 
successful attempt to establish a quanti- 
tative relationship between light trans- 
mission and volumetric area. However, 
no provisions were made for variation of 
the optical path length, and each light 
probe required individual calibration be- 
cause the reproducibility of results with 

*Monodisperse in the sense that all particles in the 

tPolydisperse in the sense that a distribution of 
dispersion are the same size. 

particle size is present. 

different probes of the same design was 
poor (10, 15). Duplication of this work 
would be difficult. 

It is apparent from the literature that 
the theoretical equations relating particle 
size and concentration to light trans- 
mittance are limited and cannot be 
applied to concentrated polydisperse 
systems of large spherical particles. The 
available empirical relationships for poly- 
disperse systems do not demonstrate 
satisfactory accuracy and precision. In  
addition, i t  is difficult to reproduce the 
equipment design, and each light-detector 
unit requires individual calibration. 

Fig. 1. Mixing vessel. 

THEORY 

Basic Theory 

The light transmitted through a poly- 
disperse system of transparent isotropic 
spherical particles provides a measure of 
the interfacial area if it can be demon- 
strated that light transmission is a func- 
tion of the total projected area. This 
means that it must be shown that the 
light transmission is a function of the 
mean surface volume or sauter diameter 
d a V .  Conversely a correlation is not pos- 
sible if the scattered light energy is 
sensitive to the particle-size distribution. 
For a polydisperse system consisting of 
N ,  particles of diameter d, in a given 
size interval 

For a volume fraction of dispersed phase 
of 4 the volumetric area is defined as 
follows: 

(3) 

The factors which control light t r a n s  
mittance are embodied in the fa-miliar 
extinction or Beer-Lambert relationship: 

dI SndL = - r (4) 

The scattering cross section S is the ratio 
of the light energy lost by scattering to 
the incident light energy per unit area 
and n is the number of particles per unit 
volume. Integrating over the distance 
between light source and detector L, as 
the incident light diminishes from To to I ,  
yields the conventional extinction equa- 
tion 

I d27r In I = SnL = K ,  - 4 nL (5) 

where 

4 8  
' d27r 

K = -  

d = particle diameter 

Experimental data and calculations by 
several investigators (2, 5 to 9, 18) based 
on theory developed by Mie ( I S )  show 
that the scattering area coefficient K ,  is 
extremely sensitive to particle sizes near 
the wave length of the incident light. 
The effect of particle diameter, however, 
decreases with increasing particle size. 
Calculations by Boll and coworkers (2) 
show that for the limiting conditions of 
this investigation K ,  is essentially con- 
stant for particles larger than 50 p. 

In  this investigation the observed 
particle-size distribution has generally 
been between 50 and 2.000 p and the 
scattering area coefficient may be con- 
sidered as a constant with respect to 
particle diameter. Therefore, the drop 
diameter d may be defined in terms of 
the sauter diameter d,,, and Equation (5) 
may be written in terms of the interfacial 
area per unit volume of total mixed 
phases A and a scattering factor a. 

Io K 
I 4  In - = rdznL 

For a given incident-light wave length 
the scattering factor a should be a unique 
function of the relative refractive index 
of the liquid pair. 

Applied Theory 

In  the basic relationship, Equation (4), 
i t  is assumed that light once scattered 
from the path of the primary beam is lost. 
This is true only for very dilute disper- 
sions. For the systems studied, however, 
light scattered from the primary beam 
may be returned to the original path by 
secondary scattering. Hence multiple 
scattering is an important factor which 
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'1 Aperturo, l8rnm Diarnoter 

Filtor (yellow Corning 3486) 

Fig. 2. Schematic diagram of light source. 

must be considered. The effect of multiple 
scattering is a function of hoth the relative 
refractive index and  t h e  incident-light- 
beam diameter.  

Other  factors which may  be considered 
to have a significant effect on the trans- 
mittance relationship a re  functions of the 
light source and detector geometry. As 
an example the problem of measuring the 
emergent light intensity Z may be  con- 
sidered. T h e  incident light Z, is a colli- 
mated beam. T h e  emergent light Z is 
defined as t h a t  portion of Zo which passes 
unimpaired through L cm. of dispersion. 
This means that the emergent light is  
that portion of t h e  incident light scattered 
in the forward direction parallel t o  the 
path of t h e  primary beam. Gumprecht  

S1iepccvich (4)  point out that it is 
technicall?. impossible to  obtain a n  exact 
measure of the emergent light. Any located below and thcb detector :hove the are involved. 
detector ticsign will measure, in addition 
tr, light scattered in t h e  fornard direction, 
%)me of the light at small arlgles 
from the pa th  of the primary beam. 

?'he transmission relationship (I<qu:t- 

Both the light source and detcctor were photocell and waa used in calculations 
without conversion as ratios of light cncrgy externally located. The light source was 

mixing vessel. .4 light. pip(: or probe ex tendd  
down from the detector into the dispersion. Volumetric A r m  
The distance from the bottom of the veesel The  volumetric: area whivh mists in a to thc end of the light pipe determind the ljquid-liquid system durirlg agitat,ion was 

dettmnincd from photographs of the disper- optical path. 
sion. Photographs werc taken through the The light. source was a 1:nivttrsal liicro- 

tion (711 m:v  be modified to conform d h  scope Illuminator, I\To, 353, made t)y hasc of thi: mixing vessel with a 35-mm. 
.4merican Opti(;al Company :mi  fitted with ~ , ~ , i ~ ~ ~  c.amera fitted an Icktnr &(:.. 

these pritcticul considerations: 
a Gvok  automobile h u h  I&ht from the Ions, reflex prism, and close-range t,elloas In 7 I,, = f ( a ,  '4, 1,) microscope lump c o n v e w d  :it the focal point using I<o&tk plus-x film. Il lumin~rtion 
of a condensing lens. The collimated b(wn provideti by O,OOOAsec. repeating 
leaving the lens was restricted with :in 1% flash mourlted t,esitic. thtr vessc:l. 

Equat ion (8) S h O w S  that a n  eXpOncntia1 mm. aI)erture arid filtered \yith :l (:orIling 1,ight from thc droplcts reached the ctimcra 
relationship exists between light trans-.  3486 yellow filter. The  light. source is show11 l,y rc,flcction. Pictures \vith good reso- 
niittunce and some function of a, A ,  and  schematically in Figure 2. lution were obtained by overexposing the L. The exact nature  of the  function mus t  The emerg(zrlt light was tr:msmitted to  a f i lm k,y OIlc stop aIld (louble-tlctveloping the 
be determined experimentally. photocell by a glass sensing probe extending ncgative. Hcsolution was improved by pho- 

into the dispersion. The probe was made tographing through a filter. A typic!al 
ndjustat)le to allow light paths of variable pho togr~I~ l l  is 

EXPERIMENTAL 1ength~ through the dispcrsion. .i\ 30-cm. 

On t)ot'h ctnds served as the probe' The "- 
tctctor unit is shown in Figure 3. 

readings 'v(trt! if siticts Of the 
protected from stray light '\' a 

plat'inum mirror finish' The mirror finish 

(8) 

irl Figure 4. 
runs were m:lde to 

Experiment1 tec.hniquc:s and cquipmerit %-in.-diam. b r e x  7740 glass rod polished techniques for measureInerlts ill a ree- 
wcrc devt:lopcd to rnrasurc. the interf:ic-ial 
area per unit volumt: of total mised phases 

tance of the dispc?rsion :it a specified optical 
path. The volumetric arpa was dtttcrmirlcd 
photographically, and the light t.ransmit- 

tangular-cross-section mixing vc:ssel spe- 
cially designed to facilitate photographic 

persed in a mixture of carbon tetrachloride 
and tetrabromoethanc wm photographed. 
These beads ranged in diameter from 210 to 

(volumetric- aroti) and the light transmit- It was that reproducib1e study. An assortment of glass beads dis- 

tunw by photoelectric measurements. lVas obtained paintinK the rod 710 lr. Several observ(;rs JyorkinK illdepen- 

Mixing Equipment y o .  05, l h n o v i a  Chemical l h u f a c t u r -  p~lotographs tracing the droplets in  the 
illK Comparl?., then to cherry of foc:us arid c!lassifying the diameters. 

L)ispcrsions were crested in 5 9/1&in.- r(t(1 to produce the bright finish. The several The rc.sults of this test are presentcd in 
dinm. Pyrex mixing vessel phown in Figure probes made in this manner Dive reproduc- Table 1. They show both the accuracy and 1. Tht! vesl;el W:~S c:quippcd with four btiffl~s, it)le results. Overheating rpsulted in a dull precision of the photographic method, bnscti 
each one tenth of the diameter of the mixing fini,ch tyhich gave inconsistent readings. on measurements by sevt:ral independent 
v ~ s e l  in width, and a 3-iIl.p six-t)lade flat- Light was transmitted from the probe to  
blade turbine. Thct baffles and agitator were the i)hot,ocell tllrough :t seal of now Corrling 
conatructed t o  c-onform with the design SUg- 200 silicone oil, which also lubricated the 
gestions of Rushton el a/. (17) .  All metallic joint all(1 prevenhd chipping. u1:ick ?,&in. 
com[)onents were Of 304 PtainkSS stC!el; rubber tubing covcrc(i the junction to pr+ 
gaskets acm of 'rc.flon. vent stray light from rt:achirlg the photoc:ell. The following procedurr \ n s  used to oh- 

.4n end-type photoelectric cc,l l ,  RCA tain experimontnl data.  Equal-volume poi- 
Light Source and Detector 1P42, wm used to givc LL better optical seal tions of each phase were placed in thc mixing 

The phototalec:tric: equipmmt roquirctd for than that  obtainable from side-twtry typcs. vesscl and (:quilibrated for from 2 to 4 hr. to 
liRht-t.ransmitturit:(: measurements consisted .4 vacuum tubc: was uscd in prefcrcnce to  a saturate thc: liquid pair mutually. Organic 
of t1irt.e major comporlerlts: a light Fource to gas type, as the 1inearit.y of rcsponsc mas liquids were pretreated by distillation. The 
provide a uniform, collimate(1 bpam; :t sensi- better. The tub(: was sensitive in the visible aqueous p11:1sc: was distilled-watcr or gly- 
tive light-tIetcct,or unit; and an electronic: range, allowing liquids with interfering cerin-water mistures. Data were obtainctl 
circuit to measure the amplified output of colors t o  be detected. The 11'42 tubc, to- at 25°C. Refractive indexes were measured 
the detrctor unit. In  thc drsign of the equip- gether with the yellow filtcr, rcspondcti in a t  t.he sodium 11 line. 
ment ruggedness and reproducibility were of t.he light hand of 560 f 50 mp. For each system at, selcrtt?d impeller 
prime im[mrt:irlcy!. Of secondary concern The output of the photocell was amplified speeds transmittance measurcmonts were 
was the desire to mount as much of the and measured by balancing against a con- o1)taint:d cit optical path lengths of 1, 1.5, 
equipment as possible extcrnal t.o the mixing stunt voltage with a calibrated helipot and 2.0 cm. I'hotographs were taken to  
veseel to minimixct contamination of the rcsistancc. As the photoecll had a linear provide a mi:asurc of the volumetric area at 
liquid and interfcrctnct: of tho normal flow response, the resistance required was a the sc:lected impc.ller speeds. Thc: range of 
pattern. mclasure of the light cnchrgy rcw-hing thc: impeller spcwls that  could hr c,mployed was 

with a thin coat of Liquid J W h t  Platinum (lently determined the intcrf;lcial 2irca from 

to b(t ,,c,ttc,r tht tn  +sy,. 

PROCEDURE 
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Fig. 4. Typical photograph of dispersion. 

Fig. 3. Light-detector unit. 

limited by the physical properties of the 
&quid pair. I t  was necessary to maintain 
sufficient agitation to ensure complete emul- 
sification but not enough to beat air into the 
system thereby changing the optical propcr- 
ties. The volumetric area under a given set 
of conditions was found t.o be a reproducible 
function of agitator speed if surface-active 
contarnination were absent. The presence of 
surface-activc contamination was tqualita- 
tively indicated by the presence of surface 
films and by a marked change in the disper- 
sion settling time. To  minimize contamina- 
tion, the equipment wns thoroughly cleaned 
before eat-h run. 

The incident light lo was dcfincd ns the 
light energy per unit area measured through 
the clear-field phase httfore emulsification, 
and the emergent light I was defincd as that 
portion of the incidcnt light which rcachcd 
the detector probe after emulsification. 

The reading of the incident light was 
arbitrarily controlled by the volt:rKe applied 
to the light source. Agitation was begun and 
emergent light readings were taken when 
steady st.ate conditions wcre reached (from 
2 to 45 min.), as indicated by a constant 
transrnittancc rtrading. Imrncdiately after 
each emergent-light reading n measurement 

taken to establish t.he reading for zero 
transmittance, as small changes in this 
quantity had considerable effcct on the 
valiic obtained for thc cniwgent light. 

CORRELATION OF TRANSMITTANCE DATA 

The experimcntal data were correlated 
empirically by mcans of a theoretically 
based exponential relationship: 

The cxpcrimental data  for several liquid 
pairs arc presented in Table 2. 

The experimentally determined scatter- 
ing factor a is shown as a function of the 
relative specific refraction in  Figure 5. 
The relative specific refraction M is 
defined by the following equation: 

where 
m = refractive index of drop/refractive 

The  scattering factor QI is the optical 
parameter. It is primarily a mcasiire of 
the  effect of multiple scattering on the  
light transmittance as measured with the 

index of field phase 

TABLE 1. GLASS-REAI) TEST FOR .4CCVRACY 
AKD PRECISIOS OF PHO'rOGRAI'lIIC AfICTIiOI) 
FOR MEASVRINC INTERF.4CIAL . h E A  PER 

USIT OF VOLLXE l)ISPERSIOS 

Photographically determined interfacial 
area 

Observer Sq. cm./cc. 
A 123 
B 121 
C 125 
D 122 
E 1 Y2 

Interfacial area determined by classification 
of glass beads 

Sq. cm. /cc. 
Maximum value 129 
Minimum value 107 
Arithmetic avcmge value 117 
Average value determined 

photographically 133 

Size distribution of beads used in tcst 
Diamcter, p 11-t. 'j, 
210-297 
4 2 0 0  
500-590 
590-7 10 

4 . 1  
35 .1  
2 9 . 6  
31 2 

equipment employed in this investigation. 
For the sjxcified light source and detector 
geometry, the scattering factor was found 
to be a complex function of the relative 
refractive index. 

Bailey (1) and Rose and French (16). 
working with small solid particles less 
than 10 p in diameter, obtained a satis- 
factory correlation by prcsenting their 
optical paramcter as a function of the 
rclativc specific refraction or Lorenz- 
Lorentz coefficient M .  I n  the present work 
the relative spccific refraction proved to 
be a sitisfactory correlating tool for 
polydispcrse systems of large spherical 
particles ranging from 50 to 2,000 p,  as 
evidenced by thc correlation. 

Equally satisfactory corrclations for 
the scat.tcring factor may be obtained 
with the relative refractive index or the 
refractive-index difference. IIowcvcr, the 
Lorenz-Lorentz coefficient is preferable 
because a unique curve is obtained which 
should hold for valucs of the relstive- 
refractive index less than 1. The  relative- 
refractive index for water in oil disper- 
sions is less than unity. Transmittance 
data  for 40, 20, and lOyo dispcrsions 
which included some water-in-oil data  
were presented in a report by Rea and 
Verrneulen (16). For purposes of com- 
parison, these data  for each voliiriie frac- 
tion were replotted in  terms of an expo- 
nential rclationship. Not only were im- 
proved corrclntions obtained, but i t  was 
also fount1 t.hat the correlation of scatter- 
ing factor with relative spccific: refraction 
:If held for values of the rcl:itiw-refrac- 
tive index ?n hoth greater thnn :tnd less 
than unity. 

Urifortimitcly, it  was riot pwsiblc in 
this investig:ttion to  obtain d:ita for 
water-in-oil systems because they proved 
to bc unstable. Photographs of 50co 
dispersions of water in oil showt i  tha t  
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they consisted of drops of water in a field 
of oil with small drops of oil in the larger 
water drops. 

The generalized corrclation showing 
light transmittance as an exponential 
function of a scattering factor a, the 
volumetric area A ,  and the optical path 
L is presented in Figure 6. The average 
deviation in area based on transmittance 
is 4.776, The optical path length L,  it will 
be noted, appears as a reduced power 
function. An exponent less than unity is 
required because the attenuation of the 
light beam in passing through the dis- 
persion was less than would be predicted 
from basic lightextinction theory, which 
ignores the effect of multiple light scatter- 
ing. This correlation presents data for 
nine liquid pairs. The range of relative- 
refractive index was 1.004 to 1.108. The 
range in interfacial area was from 20 to 
90 sq. cm.;cc. 

DISCUSSION 

General Observations 

Perhaps the most surprising fact was 
the limited range of particle sizes present 
in any given dispelxion. It was evident 
from the photographs that the particle 
size usually varied by not more than a 
factor of 5. In rare cases the particle size 
was found to vary by as much as a factor 
of 1.5. Usually the drops appcared to be 
perfect spheres except in cases where the 
drops were relatively large. It was inter- 
esting to note that systems characterized 
by large drops, about 1.5 mm., did not 
correlatc quite so well as others, possibly 
because of deformation of the large drops. 

Investigators have occasionally re- 
ported difficulty in deciding which phase 
is dispersed and which is continuous. It 
should be borne in mind that a phase 
present in a volume fraction greater than 
0.50 may still be the dispersed phase. 
The dispcrsed phase may be detected by 
simply observing the settling pattern of 
the dispersion to determine the direction 
of travel of the droplets toward the 
interface. 

The continuous phase is usually that 
phase which best wets the mixing vessel. 
For that reason the dispersions studied 
in this work were oil in water with the 
exception of the methyl isobutyl ketone- 
glycerin-water system where methyl 
isobutyl ketone was the continuous phase. 

Reproducibility of Data 

Consecutive transmittance readings 
were reproducible to within 3Tc and in 
most cases 1%. In  the case of duplicate 
runs, with the same supply of the liquid 
pair. the introduction of additional 
variables such as substitution of probes 
and readjustment of the optical path 
length caused some loss in reproducibility. 
However, transmittance measurements 
for these duplicate runs were usually 
within 3% and rarely varied by as much 
as 57,. 

a 

0.1 

0.C 

RECOMMENDED COO RDlNATm 
M e - NOTE: SEE TABLL 2 FOR 

0.01 0.0025 s Y m o L  CODE 
0.02 0.0073 
0.05 .0178 
0.10 0.035 
0.20 0.0675 
0.30  0.100 

REFRACTIVE INDEX OF DROP PHASE 
REFRACTIVE INOLX OF F IELD PMASE 

)I 0.0 I 0.10 I .o 
M 

Fig. 5. Scattering factor a as a function of the relative specific refraction M for yellow-light 
spectrum. 

Both area and transmittance data used urements werc obtained. However, even 
in the correlation were obtained from considering the extreme degrec of tur- 
measurements a t  the bottom of the bulence in these agitated systems, there 
mixing vessel. For that reason, there can might be some question concerning the 
be little doubt that the photographically homogeneity of the bulk .of the dispersion, 
determined areas represented the area at particularly near the agitator. To resolve 
the point where the transmittance meas- this question a simple test was devised 

TABLE 2. SUMM.4RY OF EXPERIMENTAL DATA 

Systcm Symbol 
nromobenzene in water D 

Monochlorobenxenc in water A 

Benzene in water 

Xylene in water 

Kerosene in water 

Cyclohexane in water 

-Methyl isobutyl ketone 
in water 

60% Glycerin water in 
methyl isobutyl ketone 

Cyclohexan in 60% 
glycerin water 

0- 

0 

Q 

0 

0 

v 

Volu- 
metric 

Refractive index* area, 
nroo Field sq.cm./ 
phask phase 
1.5575 1.3335 

1.5221 1.3330 

1.4975 1.3332 

1.4877. 1.3330 

1.4338 1.3330 

1.4181 1.3331 

1.3942 1.3349 

1.4118 1.3942 

1.4182 1.4122 

cc. 
33.2 

22 .5  
27.7 

22 .2  
28.5 
35.6 

28.8 
34 .0  
40.2 

49.6 
56.7 
71.5 

48.3 
52.6 
64.0 
73 .3  

39 1 
50 .6  
62.1 

87.1 
91 .2  

48.1 

In I o / I  at specified 
optical path length 

1.0 cm. 
4.17 

3.28 
3 .62  

2 .73  
3 .20  
3.56 

3.04 
3.57 
3 .98  

3.49 
3.81 
4.33 

2.95 
3.28 
3.64 
3 .88  

2 .19  
2.53 
2.87 

1.49 
1.68 

0.482 

l o l l  = ratio of incident- to emergent-light intamities. 
Experimental data were obtained at 25'C. 
*Refractive indexes of mutually saturnted liquids measured at sodium D line. 

1.5 em. 
5.02 

3.95 
4.34 

3.33 
3.84 
4.20 

3.72 
4 .21  
4.59 

4.17. 
4 .60 
5.01 

3.71 
3.93 
4.26 
4.52 

2.66 
3.02 
3 . 4 0  

1.84 
2.03 

0.698 

2.0 cm. 

3.82  
4.32 
4.65 

4 .25  
4.72 
5.19 

4 .82  
5 .03  
5.62 

4.27 
4 .53  
4.95 
5.35 

3 .04  
3.45 
3.83 

2.22 
2 .43  

0.815 
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Fig.  6. General correlation of light transmittance with volumetric area for yellow-light 
spectrum. 

which slionetl the  dispersions to he 
essentially Iiomogeneous. A portthlc one- 
piece detector-source unit consisting of 
phototube and flash-light hi i l l )  was placed 
in several different locatioris in the mixing 
vessel. Within the limits of experimental 
precision, no variation in light trans- 
mittance was observed, iridicatirig essen- 
tially complete homogeneity of the 
dispersion. 

SUMMARY 

Satisfactory equipment and techniques 
were developed t o  measure the interfacial 
area and light tr:tnsmittance of liquid- 
liquid dispersions. no th  the accuracy and 
precision of the photographic technique 
for measuring interfacial area were sho\vn 
to be better than IOyc. A light detector 
and source were designed which featured 
readily avail:tblc component parts and 
permitted variiition of the optical path 
length. 

The over-all reproducibility of trans- 
mittance n~easurenients, with substitution 
of components, re:itljustment of optical 
path length, and realignment of the light 
source and detector taken into account, 
was al~vays within 5yc and in most cases 
3(X.. 

The preserit work was designed to 
covcr a useful range of relative-refractive 
index and to provide a suffic:ient quantity 
of cxperiinentnl ( M a  to test :idequately 
various nicthotls of interpreting these 
data. The cxperiniental data  were cor- 
related by means of an cxporiential 
relationship t):iscttl on :I conihinution of 
theoretical and applied light-scattering 
considerations. .-\ttempt.s to  develop a 
linear correlation were riot successful. 

The  general correlation is valid only 
for the coriditions of this investigation. 
The physical conditions are the specified 
light source, light detector, and incitlent- 
light spectrum. Other conditions, as 
defined by t.he cspcrimental data  and the 
restrictions iinposed by the underlying 
theoretical and pract.ic,:il considerations, 
a re 

1 .  Liquids which arc transparctrit i n  the 
incident-light spertrum. 

2. Dispt:rsions consisting of 50% by vol- 
ume dispctrsed phase. 

3. Systems where the reltitive specific 
refraction J I  is betwren 0.01 and 0.1 1. 

4. Dispersions in which t,hr smallest par- 
ticle size prcwnt is greater than 50 p. 

5.  Dispersions through which the per- 
centage of light transmitt,zmce ( I / I o  X 100) 
is greater than 0.65% for optical p:itti lengt.hs 
from 1.0 to 2.0 cm. 

The  results of this investigation sliow 
the combined effects of multiple scatter- 
ing and equipment geometry .on light 
transmittance, First considerably more 
light reached the detector than may he 
predicted from light-extiriction equations, 
which do not take into :;?count multiple 
scattering. Second, the attenuation of the 
incident light passing through these 
dispersions \v:is less tlisn may be pre- 
dicted, as evidenced by the fact tha t  
optical path length entered the corrcla- 
tion :IS a reduced power function. 

The  correlation with an average tlevia- 
tion of less than 5u/, shows tha t  the 
ability of nonabsorbing liquid-liquid dis- 
persions to transmit light is of value as a 
method of estimating the amount of 
iiiterfacid area present. Additional work 
is necessary, however, before this tech- 
nique can be regarded as  a standard 
scrvire tool. Some criteria of absorhnc.y, 
other than simply nonabsorbing liquids, 
must be established. Work in progress 
with 25 arid lOyo dispersions arid with a 
light spectrum iii the  near irifrwed region 
indicatos tha t  similar correlations may 
be developed for these conditions. 
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NOTATION 

A = intcrf:icial a r m  per unit volurrie 
of total mixed phoses (volumetric 
area), sq. cm./cc. 

d = drop i h n e t c r ,  cni. 
(1, 
d,  = nie:in surface-volume o r  sauter 

lo = iiicitlent-light iritensity 
Z = emergent-light intensit1 
K .  = sratteririg-area cocfficierit 
L = optical path lengtli, cm. 
.If = rchtive specific refrxtioii of drop 

(1x)reriz-Lorentz coefficient) 
~n = rc,l:itive-refrac,tivc iritlex o f  drop 
X, = iiuint)er of drops in interval i 
n = number of drops per unit volume 

of total mixed phnscs, cc. * 
S = sratteririg cross section. sq. mi. 
a = sc~attering factor (opticd param- 

p = optic::tl parameter 
4 

= drop diameter in interv:il i, cm. 

drop dimieter, em. 

ctw) 

= volume fr:iction of dispersed pliase 
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