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Abstract

A new method for evaluating the agglomerating
property of granular detergents was devised. Tt
is useful for comparing commercial products,
screening new products, and for studying anti-
caking agents. This method differs from prior
methods, as detergent is fluidized by conditioned
air in a reverse conical tower, and agglomeration
is evaluated from the lowering of level of fluidized
particles because of agglomeration. The height
of the fluidized particles is inversely proportional
to particle size, and the level of fluidized particles
becomes lower more rapidly with case of ag-
glomeration. The coefficient of variation (o/X)
of the method is about 109, and it is shown that
the method coincides with the tendency of de-
tergents to agglomerate in the carton.

Introduction

HE PHENOMENON OF CAKING is well known in pow-

der handling, but few suitable methods for eval-
uating it exist. Present methods for evaluating ag-
glomerating properties of powders may be classified
as follows: 1) In powders which absorb moisture and
agglomerate to some extent but remain fluid, the
fluidity is measured by means of so-called “slide
angles,” such as angle of repose, angle of slide, angle
of internal friction, and angle of surface motion (1-8).
Also, in particles with low fluidity, those which have
low surface-adherence, such as glass beads, are added
to increase fluidity of the original powders (9-11).
In some cases the time required to flow through a
small hole is measured (12). 2) For powders which
partially agglomerate because of moisture adsorption,
the percentage of powder agglomerated may be mea-
sured (13-14). 3) For powders which have caked
completely, the compressive strength necessary to
break the cake may be measured (15-21). 4) IIy-
groscopicity, which may be related to agglomeration,
is measured, for instance, by measuring the eritical
relative humidity or water vapor pressure in equilib-
rium with powder (22-26).

However these methods have several defects.
Method 1 evaluates fluidity and thercfore does not
indicate agglomeration in its true sense. Also, ac-
curacy is poor, and a constant temperature and hu-
midity chamber is necessary to keep the powder in
the same condition between preparation and measure-
ment. Method 2 may appear to be more convenient,
but there is some danger that the lumps will break
down during screening if the powder agglomerates
loosely. In Method 3 hardness would be considered
as a caking property, and further a storage period
of a few days to a few weeks should be required for
suitable measurement in many cases. In Method 4
hygroscopicity is measured, and although it is possible
to know the extent of moisture absorption under a
specifie eondition, it is difficult to correlate the condi-
tion at that time to the agglomerating property.
Furthermore, since the agglomerating property of
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powder as produced is affected by particle size distribu-
tion, shape, and condition of surface in addition to
composition, this method is not entirely suitable for
evaluation. In this study an attempt was made to
evaluate agglomeration by measuring the lowering of
the partiele level in a reverse conical tower, fluidized
by introducing moisture-conditioned air.

Theory

Generally, since a powder has a size distribution
range, smaller particles may be scattered outside the
tower under conditions in which larger particles are
suitably fluidized, and larger particles may not be
suspended under conditions in which smaller particles
are fluidized adequately. Uniform fluidization of all
particles can be accomplished by using a reverse
conical tower with a suitable angle and height. All
particles absorb moisture and agglomerate uniformly
if high-humidity air is introduced into the tower, and
agglomeration can be evaluated from the reduction
in level of the fluidized particles according to the
following theory.
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¥1¢. 1. Shape of tower.

‘When the conditioned air is introduced from the
bottom toward the top at a constant volume, V, into
this tower, which has a vertical angle 26 as shown in
Figure 1, the upward force, I, which affects spherical
particles having outer radius, r;, and inner radius,
ro, and density, d, can be expressed by the following
equation on the basis of Stokes’ law:

RY

F = 6xriqu
where 5: air viscosity at that condition
u: upward air velocity in a section where the
radius of tower is R = (hy + he) tané
On the other hand, gravity which affects downward
movement can be expressed by the following equation :

Fr=m-g= (4/3) ™ (1‘13 - 1‘23) d- g l2]

where m: mass of particle
g: acceleration of gravity
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Both forces should be balanced in order to fluidize
particles at this position. Air velocity at that condition
is expressed by the following equation :

u=m - g/67r1‘17] = (4/3) T (1‘13 - 1‘23) d- g/67rI'1'r] [3]

On the other hand, air velocity is also expressed by
the following equation:

u=V/xR? =V /x(h; + hsy)%tan2§ [4]
From Equations (3) and (4),

(h1 +he)2=91r19V/2x(r3 —1r:2) d - g - tan20 [5H]
99V /2xg tan?d = constant = k2

h1+h2:k\/1‘1/(1“13 —1'23) d [6]

Generally granular detergents are hollow and have
a value larger than zero for vy, but since only the outer
particle radius is considered in this case, Equation (6)
is simplified in Bquation (7) at apparent density 4’,

hy + hy =k/ v/ ri2d" =k r, 1 d7-1/2 [71

that is, the height of fluidized particles is a funection of
r1 and d’. If the humidity of air being sent upward is
high, particles are moistened and then agglomerate
during fluidization. For simplification, if the shape
factor and porosity attributable to agglomeration and
variation of density are ignored, the height of flui-
dized particles lowers with the increase In particle
radius because of agglomeration, and the height of
fluidized particles lowers faster for a detergent which
has higher agglomeration because of moisture. There-
fore agglomeration can be evaluated by comparison of
the time required for fall under a fixed condition.
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Fie. 2. Outline of equipment; a, dew point chamber; b, blow-
er; ¢, heater; d, damper; e, damper; f, thermister anemome-
ter; g, thermometer and hygrometer; h, entrance of air;
i, tower; j, outlet of air; %, entrance of sample; I, ther-
mometer and hygrometer.

Apparatus

Figure 2 shows an outline of the equipment. The
main parts are composed of a reverse conical tower
for fluidizing particles and anapparatus for preparing
conditioned air, which is saturated by water vapor in
the dew-point chamber (a), warmed by the heater ()
to the designated temperature, and is introduced into
the tower from the lower end (h), and returns to (a)
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through outlet (3). The volume of air which is intro-
duced into the tower is controlled by the blower speed
(b) and dampers in the main line (d) and the by-
pass (e). The temperature and humidity of this air
are controlled by the heater and the water-flash tem-
perature in the dew-point chamber. The tower is
made of plastic resin, which has sufficient transparency
to permit internal observation, and is provided with
a jacket by which the interior is maintained at a des-
ignated temperature. The sample is put into the
tower from the hole (k) in the upper part of the tower
and is fluidized by circulation of conditioned air. At
the conditioned-air entrance in the lower end of the
tower (h) an apparatus, used for removing agglom-
erated particles, is composed of a thin metal plate
with a hole covered with wire netting at one side and
an uncovered hole at the other as shown in Figure 3.
This plate is set with the wire netting hole in place
during measurement and, after that, the uncovered
hole is set in position in order to remove the agglom-
erated particles. The temperature of the circulating
water for maintaining the temperature inside the
tower is automatically controlled. The temperature
and humidity of air are measured at the tower en-
trance and outlet with resistance thermometers, and
the water temperature in the dew-point chamber and
air temperature are adjusted to the designated condi-
tion by connection with a controlling system. A ther-
mistor anemometer is installed at the position (f) in
the main cireuit, and the air velocity at the entrance
of tower is thus measured. The rotational speed of the
blower can be varied by means of a stepless reduction
system. In order to protect the equipment from cor-
rosion by contact with high-humidity air, all parts of
this equipment, with the exception of the tower, are
of mnoncorrosive metal, and insulation is applied to
prevent heat loss.
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Fig. 3. Outline of lower end of tower; a, tower; b, insert
plate; ¢, uncovered hole; d, wire melfing hole.

Tigure 4 shows the tower part of a practical design
and the condition of fluidization. The tower has a 16°
vertical angle, height of 150 em, and entrance diame-
ter of 7 em.

Experimental Section and Discussion

Agglomerating properties of various defergents were
measured with this equipment, and the agglomerating
properties in the carton were observed. Comparison
of both results is shown below.

1. Comparison of agglomerating properties of
heavy-duty detergents at conditions of 35C and 95%
R.H., using 50-g samples, empty-tower air velocity
5.3 m/sec. Twelve representative commercial Japanese
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TABLE I
Properties of Heavy-Duty Detergents!
A B ¢ D E F G H 1 J K L
On 12 6 7 5 0 2 5 1 1 3 5 1 2
Particle 12— 20 14 19 14 1 10 11 3 13 11 13 11 23
size 20— 82 27 55 37 11 33 27 23 35 42 30 19 31
distribu- 32— 42 21 19 21 30 21 23 32 24 23 22 18 21
tion 42— 55 20 11 12 33 18 18 19 16 14 19 25 12
(mesh) 55-100 9 6 8 12 12 1t 15 8 6 9 19 7
Through 100 3 3 3 13 4 5 7 3 1 2 7 4
Mean
particle size (mm) 0.47 0.59 0.55 0.31 0.46 0.45 0.39 0.49 0.51 0.48 0.34 0.55
Bulk
density 0.31 0.36 0.33 0.30 0.30 0.35 0.33 0.29 0.30 0.32 0.28 0.28
Shape of Degree of )
particle spherical Middle Middle Middle Good— Middle Middle Good— Middle Good Middle Very Bad
shape ~Bad Middle —Bad Middle good
Degree of X )
hol(% on Middle Middle Middle Small Small Middle Small Middle Middle Middle No Middle
surface
Degree of
crushed Middle Middle Middle No Small Large Small Small Small Middle No Large
particle
Moisture 12.5 11.0 12.9 5.1 9.5 10.4 9.5 12.8 7.9 4.5 9.7 9.7
ABS-Na 26.4 27.2 21.0 0 24.6 22.0 18.3 24.5 22.6 22.3 19.0 23.7
Soap 1.0 0 0 0 0 1.4 2.0 2.0 1.1 1.2 3.0 2.0
Nonijonie 0 0 0 8.8 3.0 0.7 3.8 0 1.1 1.2 0 0
Analytical Na:SOs 28.6 5.1 23.6 43.9 35.1 38.1 36.6 28.7 39.1 47.8 43.8 33.5
compo- STPP 26.3 25.9 30.9 30.2 19.7 19.2 18.2 22.8 18.8 15.7 11.6 23.1
sition Na2CO0s 3.5 3.0 4.8 7.7 1.5 4.0 6.0 2.0 1.8 1.8 6.5 2.1
Silicate 34 2.2 5.0 2.6 2.0 3.1 4.2 56 4.5 5.4 5.6 2.9
CM(C + + + + + + + + + + + -+
Perborate — — —_ -_ — — — — 1.5 — - -
Anticaking + + + —_ + — — + — + + +
agent
1 Commercial products are designated as A, B, 0, ——L.

products were purchased and tested on the “as re-
ceived” basis, and their properties were determined
(Table T).

Measurement of Agglomerating Properties by this
Method. Initial height of fluidized particles of these
detergents was about 80 em, and the time required for
agglomeration to lower the height to 20 em was mea-
sured. These values are shown in Table II. To mea-
sure reproducibility, these 12 samples were tested on

Fia. 4. Practical equipment.

three separate days, and the data were subjected to
analysis of variance (Table 1I). Significant differ-
ences between samples existed (d = 0.97+) at the 0.05
significance level.

Measurement of Agglomerating Properties of De-
tergents tn Cartons. Cartons with bottom dimensions
of 3 ¢em X 8 em and height of 10 em were made with
cardboard having a water vapor permeability of
about 800 g/m?/day. Scveral cartons containing cach
of these samples were stored at 35C, 95% R.H. One
was taken out each day, the condition of agglomera-
tion was observed, and the following points were eval-
uated by the apparatus or appearance: sliding angle
—a carton with the upper part opened was set in the
measuring apparatus (Iigure 5) and inclined grad-
ually at a constant rate, and the angle at which the
powder starts to slide was obtained; free-flowing
property—the condition when powder flows out of
the carton was observed and scored with the initial
condition as 10 points; degree of agglomeration—the
powder was removed from the carton, and the agglom-
erated portion was examined visually and measured
for percentage. Results from the initial through the
fourth day were shown in Table I11.

Comparison of Sensory and Agglomerating Pro-
cedures. According to experience, free flow of the
produect is the most important property for indicating
agglomeration of commercial detergents. The relation
between the time required to attain the standard
“fall” in the present procedure and the average
sensory value of the free-flowing properties in the
cartons is shown in IMigure 6. The correlation coef-
ficient, r,, was caleulated (0.849) and indicated 99%
reliability. Thus it may be said that the results of
the procedure coincide with sensory value.

Similarly the relation between agglomerating prop-
erty by the present procedure and free-flowing
property by sensory measurement was obtained at
35C, 85% R.11. for heavy-duty detergents, and at 35C,
95% R.H. and 35C, 85% R.H. for light-duty deter-
gents. The data and correlation by both procedures
are shown below.
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TABLE 1T
Evaluation of Agglomerating Property by the Fluidized Bed Method
Heavy-Duty Detergents 35C; 959% R.H.; 50-g Sample; Air Velocity 5.3 m/sec
Sample
Replication A B D F G H J K L
First day 4.9 5.0 3.9 9.0 5.7 3.3 6.5 4.7 1.7 7.9 3.0 4.4
Second day 5.4 5.6 5.4 8.3 6.4 3.0 5.9 5.2 1.3 8.4 3.0 3.4
Third day 5.7 5.5 5.7 7.6 5.3 3.1 4.9 5.2 1.5 7.0 3.4 3.0
Mean 5.3 54 5.0 8.8 5.8 3.1 5.8 5.0 1.5 7.8 3.1 3.6
unit = min,
Analysis of Variance
T Degree
of
Sum of  free- Mean
Variable squares dom square Fo B
Detergent 123.58 11 11.23 37.1 Fool (0.01) =2
Day 0.50 2 0.25 0.76  Fz? (0.05) =3
Error 7.25 22 0.33
Total 131.33 35
d(0.05) = 0.973 o= 0469
5 -
>
£4r
[}
a
o
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o
<2
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o
-
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Fi1a. 5. Apparatus for measuring sliding angle.

time for agglomeration (min.)
F1a. 6. Relation between measured value and sensory value.

TABLE III
Evaluation of Agglomerating Property of Detergents in Carton
Sample
A B (o] D E F G H I J K L
Moisture
Initial content % 12.5 11.0 12.9 5.1 9.5 - 10.5 9.5 12.8 7.9 4.5 9.7 9.7
Moisture
Sl%qntent % 18.6 17.8 20.6 15.8 15.3 17.1 17.4 17.5 16.5 14.4 18.0 17.1
iding
angle 90 90 51 75 90 90 71 67 90 62 90 90
First day Free-flowing
tendency2 5.5 5.5 5.5 7.5 5.5 5.5 6 4.5 2.5 7 5 5.5
Degree of
agglom-
eration % 25 15 15 10 15 20 15 25 50 5 10 25
Moisture
Sl‘?iqntent % 21.3 23.8 26.1 24.0 21.7 23.9 20.5 19.6 22.4 19.6 23.5 21.7
iding -
angle 90 90 90 90 920 90 90 90 90 90 90 90
Second day Free-flowing
tendency? 2.5 3 2.5 7 4 1.5 2.5 2 2 3 2 2
Degree of
agglom-
eration % 80 50 65 15 75 80 50 80 70 70 70 80
Moisture
sr((:iqntent % 27.4 27.8 28.8 28.0 28.7 29.1 26.8 26.2 24.9 24.6 28.4 27.4
iding
angle 90 90 90 90 90 90 90 90 90 90 90 90
Third day Free-flowing
tendency? 1.5 1.5 2 2.5 2 1 2.5 1 0 1.5 2 1
Degree of
agglom-
eration % 85 100 80 20 90 100 80 95 100 80 85 90
Moisture
SI'?iqntent Y% 31.5 36.2 34.8 324 28.6 33.5 34.0 32.4 28.3 28.2 28.7 32.7
iding
angle 90 90 90 90 90 90 90 o0 90 90 90 90
Fourth day Free-flowing
tendency? 0 0 1.5 1.5 1] 0 \) 0 0 0.5 1 0
Degree of
agglom-
eration % 100 100 90 100 100 100 100 100 100 100 100 100

2 Basis of 10 as completely free-flowing.
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TABLE 1V
Evaluation of Agglomerating Property by the Fluidized Bed Method

Heavy-Duty Deter;

gents 35C; 859% R.H.; 50-g Sample; Air Velocity 5.3 m/sec

Sample
Replication A B C D E F H I J K L
First 13 15 86 52 18 6 122 17 3 16 10 16
Second 15 16 83 64 21 6 105 19 4 41 8 12
Third 16 14 91 61 19 8 98 18 3 37 11 15
Mean 15 15 87 59 19 7 108 18 3 41 30 14
unit = min.
i Analysis of Variance
2. Comparison of the agglomerating properties of Dogreo
heavy-duty detergents at 35 C, 85% R.I., using 50-g cumot 1 .
- . . Sum o e- Mean
samples, was made with an empty-tower air velocity Variable  squares  dom square Fo ¥
<3 r . m, . h T L . . AR " L
5.3 m/sec. These data are shown in Table IV, indi- Detergent 38517 11 350154  175.9  Fall(0.01) =2.21
cating the longer agglomeration period for the lower Error 486 24 20.25
relative humidity condition and the continued dif- Total 39003 35
ferences between samples at the 0.05 significance level. ' 1(0.05) =7.69 o= 4.50

Table V shows the result of measurement of agglom-
erating properties of detergents in cartons. The corre-
lation coefficient, ry, between the time required to at-
tain the standard “fall” in the present procedure and
the average sensory value of the free-flowing proper-
ties in the cartons was caleulated (0.797), indicating
a reliability level of 99%.

TABLE
Evalnation of Free-Flowing Tendency of Detergents in Carton

3. Comparison of agglomerating properties of light-
duty detergents at conditions of 35C, 85% R.H. and
35C, 95% R.H. using 30-g samples, empty-tower air
velocity 4.0 m/sec. Six representative commercial
Japanese products were purchased and tested as re-
ceived. Their properties are shown in Table VI. The

v

Sample
Free - - —— — - -
flowing tendency A B C D E R G H 1 J K L
First day 9.5 9.5 9.5 9.5 9.5 8.0 9.5 9.0 7.0 9.0 9.5 9.5
Second day 7.5 7.5 9.0 7.0 7.5 7.0 9.0 8.0 6.0 7.0 7.5 7.0
Third day 7.0 6.5 8.5 7.0 6.5 55 8.5 6.0 5.0 6.0 7.5 7.0
Fourth day 5.5 5.5 8.0 7.0 5.0 5.0 7.5 5.5 3.0 5.5 6.0 5.5
Fifth day 4.5 4.5 6.5 7.0 4.5 2.0 7.0 4.5 2.5 3.0 4.0 4.0
Mean 6.8 6.7 8.2 7.5 6.6 5.5 8.2 6.6 4.7 6.1 6.9 6.6
TABLE VI
Properties of Light-Duty Detergentst
o M N ) P Q R
On 20 9 3 5 1 4 1
Particle 20- 32 28 20 26 7 26 25
size 32 - 42 19 29 25 39 20 26
distribution 42 55 13 16 15 32 19 17
(mesh) 55-100 17 14 15 17 13 20
Through 100 14 18 14 4 18 11
Mean particle size (mm) 0.38 0.36 0.37 0.34 0.35 0.36
Bulk density 0.17 0.17 0.17 0.16 0.22 0.18
Degree of spherical shape Middle Middle Midadle Good
Shape of - Bad Large Large Good Good Large
particle Degree of hole on surface Large Very Large— Middle Large Middle
Degree of crushed particle Large large Middle Small Large --small
Moisture 2.0 3.0 1.8 3.2 2.8 1.8
ABS-Na 19.3 9.4 21.2 19.7 18.9 19.8
Alecohol sulfate-Na 0 25.7 9.8 11.0 11.6 9.1
Soap 0 0 0 0 0 1.1
Analrtical Nonionie 7 0 0 0 0 5.1
composition Na»80: 60.9 60.2 53.0 52.3 64.1 61.9
STPP 0 0 0 9.5 0 0
Na:CO0s3 1.3 0 0.6 0 1.2 1.0
CMC + — — + - -+
Silicate 2.6 — — — - -
! Commercial products are designated as M, N, ——R.
TABLE VII
Evaluation of Agglomerating Properties of Light-Duty Detergents
35C; 85% R.H.; 30-g Samples; Air Velocity 4.0 m/sec
Measuring T Sample 7
condition Method M N Q R
unit-= minute
Fluidized bed method 14.2 9.8 7.8 4.3 3.8 1.2 d(0.05) =1.72 ¢=10.70
Mean of duplication
35C, 85% R.H. 0—— - . - - > ; N
bservation of free- . ean of severa
flowing tendency 6 52 4.8 1 0.8 0.7 7, 15, 24 hrs
unit = sec.
Fluidized bed method 255 170 160 106 61 38 d(0.05) =23.6 ¢ = 9.65
Mean of duplication
35C, 959% R.1. o : c — - — Al?d . ;
hservation of free- B . ean of severa
flowing tendency 7.2 52 5.2 2 0.8 0.7 4, 17, 15 hrs
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data for agglomerating properties by the present pro-
cedure and the data for free flowing properties in
cartons are summarized and shown in Table VII.
Light-duty detergents show an earlier agglomerating
property than heavy-duty detergents in either condi-
tion. Correlation coefficients between sensory and ag-
glomeration procedures, r,, were 0.935 in 35C, 85%
R.II1. and 0.920 in 35C, 95% R.H. with 99% reliabil-
itles of estimate.

Because discussion with respect to the effect of
composition on the agglomerating propertics of de-
tergents is not the main object of this report, it has
been omitted. However it is clearly indicated that
the agglomerating property of detergents is influenced
by particle shape. The precision of this procedure is
about 10% in coefficient of variation (¢/X), as sum-
marized in Table VIII. Precision and correlation
with actual tendency were not clear in former meth-
ods, but the present method is sufficient for practical
use and indicates good agreement with actual condi-
tions. Measurement in a very short time is possible.

TABLE VIIL
Summary of Precision

Varia-

Measured Value tion

X (Minute) Vari-  coeffi-

Measuring - —————— ance cient

condition Max. Min. Mean o /X

Heavy-duty 385C, 959 R.H. 9.0 1.3 5.0 0.47 9.4

detergent 35C, 85% R.H. 122 3 a3 4.5 13.6

Light-duty 35C, 959% R.H. 4.3 0.5 2.2 Q.16 7.8
detergent 35C, 85% R.H. 15.3 1.1 6.8 Q.70 10.

Mean ) 10.2
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