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FOREWORD

This report was prepared by Southwest Research Institute, San Antonio,

Texas, under USBM Contract Number H0272042. The contract was initiated

under the Coal Mine Health and Safety Program. It was administered

under the technical direction of the Spokane Mining Research Center

with Robert E. Simpson acting as Technical Project Officer. Larry

Rock was the contract administrator for the Bureau of Mines. This

report is a summary of the work recently completed as a part of this

contract during the period September 1977 to October 1978. This report

was submitted by. the authors in October 1978.
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ABSTRACT

This project had as its objective the experimental investigatio"n of water capsule production utilizing the
South\\'est Research Institute's submerged nozzle encapsulation apparatus (U.S. Patent 3,389,194). Ini[ial ef­
fons on this project involved nozzle configuration and shell formulation optimization. The shell formulation
developed on a prior program was modified dU"jng the course of the project to obtain the best balance of capsule
breakage resistance and water retention.

Subsequent effort centered on determining operating conditions which would produce the best quality cap­
sules for each candidate shell formulation as determined by laboratory tests. Some preliminary work was done to
increase the production capacity of the encapsulation equipment. The program was extended with major em­
phasis concerned with scale-up studies of capsule production capacity and the treatment of problems associated
with grouting cartridge fabrication.

During the course of the program, water-containing capsules were produced which have good long-term
water retention, block resistance and adequate strength. Using a single-nozzle design, a production capacity of
15.9kg (35 pounds) per hour was demonstrated to give acceptable capsules based on initial re~ults.
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I. INTRODUCTION

In a concept originated by the U.S. Bureau 'of Mines' Spokane Mining Research Center for a new in­
oi:'ganic-grout mine-bolt system, it was envisioned incorporating water-containing capsules in a fast-set ling
cement such that the capsules in the mix could be ruptured at the proper time by mechanical pressure and
shear of the mix. and the released water would"set the cement. Under a feasibility program, water-containing
capsules prepared for the Bureau of Mines by SwRI demonstrated considerable promise. In order to further
evaluate the concept, SwRI was contracted by the Bureau of .l\'~ines to investigate the preparation of water-
cOl1laining capsules which could be studied in the development' of a practical system.

•
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II. OBJECTIVE -

The objective of this program was the experimental preparation of water capsules utilizing the South­
Ilest Research Institute's submerged nozzle encapsulation apparatus and the evaluation of certain characleris­
ticsof the capsules which would be of significance in the use of the capsules for a fast-setting cement.
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III. EXPERIMENTAL

A. Encapsulation Apparatus

Southwest Rese'arch Institute's submerged nozzle encapsulation apparatus, the basic design of which is
illustrated in Figure I. consists essentially of a" nozzle of two concentric tubes mounted axially in a TUbular
duct. Capsule filler material is pumped through the center tube and fluid shell formulation through the annu­
lus of the nozzle so as to extrude a fluid "rod" of filler encased in a sheath of the shell formulation in a carrier
fluid. Subsequently, the extruded rod is broken into individual capsules. The capsules formed by the break-up
of the extruded rod are transported down the carrier fluid duct for subsequent hardening of the capsule shell,
and the capsules collected on a screen prior to recirculation of the carrier fluid.

Feasibility capsules prepared prior to initiation of this project were prepared on a laboratory device that
employed a coiled-jacketed cooling section in the duct into which the nozzle discharged the shell and fill
streams for capsule formation. These nozzles were determined not to be correctly sized nor was the device
suited to high production rates of capsules of the size required for the intended application. The de\"ice also
contained a sight glass for observation of capsule formation that introduced some turbulence in the zone of
capsule formation. A straight-run jacketed duct was therefore fabricated for this project to eliminate prob­
lems with the coiled configuration and the sight glass section was replaced with a stainless steel convergence
section that provided a smooth transition of fluids to the jacketed duct. '

" B. Formulation and Evaluation Studies

1. "Basic" Shell Formulation

The examination of candidate capsule shell formulations was conducted concurrently with
changes in the encapsulation system to improve system performance and increase production rate: ho\\'e\'er,
the capsule shell formulation and capsules made with the various form Illations were considered independently
of the conditions under which the capsules were formed.

Initial encapsulation runs were made using deionized water as capsule fill and tap water as carrier
fluid with the "basic" shell formulation that was used to prepare the initial feasibility capsules. This "basic"
shell formulation had been developed on a prior program for water encapsulation The formulation is:

47 percent Piccolyte S-115 (Hercules, Inc.)
40 percent Sunoco 4412 wax (Sun Oil Co.)
13 percent Polybutene 128 (Chevron Chemical Company)

A major deficiency of the formulation was the low temperature at which capsules made with it
stuck together (blocked). \\lith insufficient cooling, blocking also occurred during collection of the capsules.
In addition, the tackiness of the formulation in the molten state tended to cause coating of the carrier tube of
the encapsulation device and resulted in plugging that prevented extended runs. The strength of these capsules
was low, and therefore an increase in resistance to rupture was considered desirable.

During the program, the "basic" formulation was used to prepare capsules under a variety of
conditions. Twenty-three of the encapsulation runs are described in Table I (these runs are indicated by one
asterisk in the table) which gives data for all significant encapsulation runs made during the program. Analyt­
ical data for the runs are included in Table II (these runs are also indicated by one asterisk).

Input pump rates for the "basic" formulation runs were set to give payloads of 63.8 percent to
65.8 percent in 21 of the 23 runs listed in the table, and capsule analysis gave payloads of 60.2 to 64.8 percent
for capsules from the runs. In the other two runs (2-22C and 2-24A), inpm was set to give capsules of 69.2
percent payload and analysis showed 69.3 and 68.0 percent.

Capsules from 16 of the runs were tested for weight loss by exposing samples to the atmosphere at
ambient temperature (67 to 75°F) and relative humidity (45 to 60 percent). Results are presented in Table II.
Losses are given as percentage of the original fill lost during the first three days, during the first seven days,
and the average per day for an additional number of days as indicated. The capsules were dried overnight by
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exposure to the atmosphere before samples were taken to analyze and test. Surface moisture and water fill
from capsules with cracks. or holes should be lost during the first seven days, and the loss thereafter should
give an indication of water loss through the shell. The average weigl'll loss of the original capsule fill after the
first seven days for 13 of the 16 runs with the basic shell (omitting 1-23A, 1-23B and 1-38A as not being rep­
resentative because capsules were damaged by blocking on collection) was 6.019 percent per day for capsules
on test from 45 to 148 days. The range was 0.091 to 0.001 percent per day, and average deviation from the
mean was 0.020 percent. The average total loss ror the first seven days was 3.7 percent.

The rate of loss for an individual sample of capsules generally decreases with time and rate of loss
\\·ould be expected to increase with payload, but these effects are not significant at the low loss rates of these
capsules. A trend toward higher loss rate with decrease in capsule size is indicated. In this connection, it
should be noted that the capsules are not all single centered spheres, but a varying percentage of the larger
capsules are mu1ticore, with two, three or more droplets of fill. Most of the capsules prepared using the basic
formulation were made before equipment was available to allow formation and collection of small capsules
made at higher production rates.

Break strength of samples from eight runs tested averaged 24 grams for single capsules in the
1700- to 1410- micron size range. In the test, about 20 single capsules are crushed against a rigid surface with a
mechanical force gauge, and the results averaged. The simple test is of use in preliminarily comparing cap­
sules made with different shells. The validity of the test as a gauge of bulk capsule resistance to damage in
handling was not determined. .

Capsules from Run 2-22C, made with the "basic" shell formulation and having a payload of 69.3
percent, were tested for break-strength relationship to size with the following results:

Size (microns)

2800-2360
2360-2000
2000-1700
1700-1410
1410-1180

Wt. 0;0 of Sample

13.2
33.0
35.2
10.1
4.4

Break Strength (grams)

47
21
11
16
15

Aluminum stearate was added to the basic shell formulation in one encapsulation run (Run 1-16)
and a fatty amide-Armid HT-to the formulation in four runs (1-7,1-28,1-40 and 1-43C). The stearate had
little apparent effect, but the Armid HT inhibited blocking to a small extend and aided in the formation of
smaller capsules to a minor degree.

2. Experimental Formulations

a. Formulations Containing Elvax

The first four formulations (1-9 through 11-3, Table I), tested as possible substitutes for the
"basic" formulation, contained ethylene vinyl acetate copolymer (Elvax 210) in mixtures with the paraffin
wax and Piccolyte resin used in the basic formulation. The material added strength to the capsules and
reduced blocking but severely increased loss in both initial and long-term tests (Table II). Average seven-day
loss for the capsules from the runs was 12.4 percent of the original fill. The average loss rate after the first
seven days was 0.341 percent-per day (64 to 87 days). The average break strength was 60 grams.

b. Formulations Containing Ethylene-acrylic Copolymers

Two ethylene-acrylic copolymers were used with paraffin wax to make four encapsulation
ruhs (1-12B, 1-12C, l-15A and l-15B, Table I). The ethylene-acrylic copolymers composed only five percent
of the formulations because of the high viscosity of the materials at use temperature. The strength of capsules
from the three runs tested was greater than that of the basic capsules, but loss of fill was high, although better
than the capsules made with Elvax 210 (Table 11). Break strength averaged 37 grams. The first seven-day lqss
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c. Formulations Containing Polyeth.v/ene

Polyethylene, as a component, was tested extensively in mixrures of polyethylene-para ffin,
po]yethylene-paraffin-Piccolyte, and polyethylene-paraffin-Piccolyte-po]ybutene. The runs were made at low
production rates because the increased temperature requirements could not be met at high rares by the heating
system available at the time.

(1) With Paraffin Wax

Only one run (1-14, Table 1) was made with a formulation. containing polyethylene
and paraffin ,vax. The low molecular weight polyethylene, Epolene C-16, was used in the formulation with
Sunoco 4412. Capsules from the run had a break strength of 67 grams, but although the capsules looked
good, initial loss was very high, and long-term loss was high (0.220 percent per day average after the first
seven days for 81 days, Table II).

(2) Il'irh Paraffin-Picco/yre

Fifteen encapsulation runs were made using polyethylene with paraffin \\'ax and Pic­
colyte S -115 resin in the shell formulations, with fill loss rate average of 0.060 percent per day for 152 to 153
days from capsules in two runs (2-128 and 2-14A) approaching that of the basic formulation (runs are indi­
cated by two asterisks in Tables 1 and II). The shell formulation used for Run'2-12B was made with a higher
meiting paraffin wax (Boler 1426) and only five percent low molecular wcight polyethylene (Epolene C-16),
but capsule break strength was 62 grams and the capsules did not block. The formulation for Run 2-14A was
the same as 2-128 but contained a mixture of lower melting paraffin (Sunoco 4412) with a higher melting par­
affin (801er 1426), and this resulted in capsules with break strength no higher than that of the "basic" formu­
lation capsules. The other formulations made with polyethylene, paraffin and Piccolyte were similar 10 the
"basic" formulation but with Epolene C-16 low molecular weight polyethylene substituted for polybutene
and some change in the ratio of components. The paraffin used was Sunoco 4412, and the Piccolyte was
S-I 15. Capsules from the twelve runs tested gave an average break strength of 46 grams, but loss rate was
high, averaging 0.188 percent per day after the first seven days for 56 to 73 days.

(3) Wirh Paraffin-Piccolyte-Polybutene

Capsules from several encapsulation runs made with shell formulations containing
polyethylene with paraffin, Piccolyte and polybutene gave long-term loss rates as good as capsules made with
the "basic" formulation but with higher break strength and increased resistance to blocking. Four of the sam­
ples of capsules tested (from Runs 1-51 C2, 1-56C, 2-2 and 2-148, Tables I and II) gave an average loss per day
of 0.025 percent after the first seven days for 123 to 152 days. 8ecause of heating and cooling deficiencies in
the system at the time the capsules were made, capsules were not optimum, and this was reflected in high loss
of fill for the first seven day~ for samples from Runs 1-51C2 (10.9 percent) and 2-148 (9.3 percent). Average
loss rate for the other five samples tested (from Runs 1-20Bl, 1-2781, 1-2782, 1-35AI and 1-46) was 0.149
percent per day after the first seven days for 51 to 153 days. All of the formulations but two contained Sunoco
44 I2: Piccolyte S- I 15, Polybutene 128, and Epolene C-16. Run 2-2 contained Sunoco 55 I2 as well as Sunoco
4412, and 2-148 contained 80ler 1426 with Sunoco 4412 as the paraffin wax component.

One additional shell formulation (Run 2-26) contained two percent carnauba wax and
three percent C-16 polyethylene with Sunoco 5512 paraffin, Piccolyte and polybutene. Capsules from this run
had good block resistance and low fill loss rate (1.0 percent for the first seven days and 0.018 percent average
per day for 125 days).
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d. Formulations Containing Higher Melting Paraffin Wax

Two shell formulations containing a very high melting paraffin wax, Shellwax 700, were
used to make five encapsulation runs. The runs were 1-32BI, 1-32B2, 1-55A, 1-55B and 1-55C as listed in
Tables I and II. T\\enty percent Shellwax 700 was used with Sunoco 4412 wax and Piccolyte in Runs 1-32B I
and 1-32B2. Average seven-day loss was 23.2 percent, and average loss per day \\as 0.28 percent after the first
seven days. Capsules from the other runs testl~d were much beller, but the formulation contained only five
percent of the Shellwax, and polybutene was included. Capsules from Run 1-558 gave a loss rate of 0.013
percent per day for In days after the initial seven-day loss and had a break strength of 32 grams.

e. Formulations Containing Wax Substitution

Samples of capsules from seven encapsulation runs were tested in which Sunoco 5512 wax
was replaced in the final selected formulation, as described in Section 111.B.3.a, with paraffin waxes of com­
parable grade (Boler 1435 and Boler 1426). Fill loss ra tes for capsules from these runs were not very di fferen t
than those made with Sunoco 5512 wax. Average percent loss per day was 0.016 for 131 to 158 days. First
three-day loss per day was 0.9 percent, and first seven-day loss \vas 1.2 percent. Break strength averaged 21
grams. The capsules blocked more readily than did the Sunoco 5512 capsules, as the Boler wax \\as tackier. In
one run (2-2IA) with Boler wax, polybutene was eliminated, resulting in capsules that.resisted blocking better
but which gave higher loss rate -0.040 percent per day for 153 days.

Two samples of capsules (2-20A and 2-20B) made with the Boler wax substituted for Sunoco
5512 showed small increases in weight after being on test for an exrended period. Tests made sho\\ed that if
oxidation \\as occurring it was not enough to cause significant masking of loss of fill, and the small difference
was within experimental error.

3. Formulation of Choice

a. Composition and Experimenral Conditions

The capsule shell formulation selecred as being most practical and best meeting require­
ments for intended use is as follows:

Materials

Sunoco 5512 paraffin wax
Piccolyte S-115
Polybutene 128

Experimental conditions were the following:

Percent by Weight

45
45
10

Nozzle:
Fill tube:
Carrier rIow:

Carrier rIuid:
Shell temperature:
Fill:

Fill temperature:
Fill rate:
Shell rale:
Capsule payload:

Outer orifice 0.155 inch
0.095 inches 00 x 0.077 inches ID
10 liters per minute at 78°C with temperature at
recovery about 38°C
Tap water with 0.05 percent Polyox WSR-301
96°C
Deionized water with 0.05 percent Po]yox WSR-205
plus dye (dye aids visual moni[Oring of quality)
73°C
205 grams per minute
106 grams per minute
ca. 65 percent
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During the program, over fifty encapsulation runs were made with the shell formulation of
choice, and samples of capsules from most runs were tested for weight loss and size-distribution. Few of the
runs were made under the same conditions since the runs were rnade concurrently with equipment devel­
opment and scale-up. Payload, size range, and duration of tests for fill loss varied; however, a good estima­
tion of capsule fill retention is shown by the water loss data collected. Antioxidant, bUlylated hydro\ytoluene,
\\'as added (0.02 percent) to the shell in four runs (2·36B, 2-37A, 2-37B and 2-38), but no effect on the cap­
sules could be noted.

The conditions of preparation and the results of evaluation of the capsules for certain of the
runs are presented in Tables I and II. (The runs are indicated by a triple asterisk.)

b. Weight Loss

Samples of capsules from the first 30 encapsulation runs made \\lith the formulation were
tested for weight loss for 3 I to 181 days afrer the in itial seven days. Original fill (payload) of the capsules from
the 30 runs averaged 65.7 percent with a range of 59.4 to 71.2 percent. Average loss of fill per day as percent
of the original fill for capsules from the 30 runs was 0.017 percent, with a range of 0.006 to 0.041 percent per
day and an average deviation from the mean of 0.007 percent. Average total loss of fill for the first three days
on test for capsules from the 30 runs was 1.1 percent of the original fill, and for the first seven days, loss was
1.3 percent. As with other capsules, samples were drained and dried by exposure to the atmosphere overnight
prior to sampling.

c. Capsule Sjze Djstn'butjon

Capsule size distribution varied, with from 10 to 83 percent by weight being larger than
2,000 microns. Neither the payload nor size had an obvious consistent effect on the capsule water-loss rates.

d. Break Strength

Break strength of the capsules made with shell of the selected formulation averaged the
same as that of capsules made with the "basic" formulation-24 grams for capsules of about 65 percent pay­
load. Capsules with higher payload gave lower break strength. Since no problem in handling and processing
the capsules due to inadequate strength occurred, it was concluded that the strength was adequate for the in­
tended use.

4. General Evaluatjon

a. Capsule Sjze

While capsules submitted for use have apparently been within a usable range, capsule size
limitations must be established by use requirements. Capsule size distribution has been reported in Table II as
weight percentage above 2,000 microns, percentage from 1,000 to 2,000 microns (or 1,180 to 2,000) and per­
centage under 1,000 microns (or 1,180). Capsules were sieved into eight fractions for most runs, including
three fractions above 2,000 microns. In runs where sizable fractions were over 2,000 microns, most capsules
were in the 2,000 to 2,300 micron range, a few percent by weight were in the 2,300 to 2,800 micron range, with
no more than about one percent over 2,800 microns. The larger capsules were almost always multicore. At
high production rate, shifting capsule size toward a small diameter appeared to result in an increase in satel-
lites. -

b. Blockjng

Tests were made to determine resistance to blocking of capsules made with several shell for­
m·ulations. Samples on test for almost five months were examined. The capsules were held in PVC plastic pipe
of two-inch inside diameter to a height of 34 inches to simulate storage in a 55-gallon drum. No water was
added to the capsules which were initially free-flowing. About a kilogram of capsules per test \vas poured
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into each pipe, and the ends of the pipes were closed with rubber stoppers. The pipes were held vertical at
room tempera ture (ca. 75 °F) during the course of the test. SampIes tested were as follows:

I, Capsules rrom Run 2-8, made with the selecled rormulation.

2. Capsules from Run 2-21, mnce with Boler wax j 426 subslituled for Sunoco 5512 in the selected
formulation.

3. A mixture of capsules rrom Runs 2-22C and 2·2M made with the basic shell formulation.

4. Capsules from Run 2-26 made with the formulation containing carnauba wax and polyethylene

Capsules prepared from all but the "basic" shell formulation were freed easily by tapping
the pipes and were free-flowing, although damp, with no lumps or apparent damage. The samples of capsules
having the "basic" shell were more difficult to free, and large lumps of capsules came out of the pipe \,ith
free-flowing capsules.·The lumps could be parted easily with no apparent damage, however.

Data for additional blocking tests and details of the test are included in Appendix B. Tests
showed good blocking resistance for capsules made with the selected formulation (R\Jn 2-8) with little or no
blocking occurring with exposure of 30 minutes at temperatures under 48°C (118°F). Blocking occurred at 48­
53°C (l18-127°F), but capsules parted with little or no damage when cooled; however, blocking and damage
occurred at 56°C (133 F) and above. Blocking resistance was lower when Boler 1426 paraffin wax was substi·
tuted for the Sunoco 5512. Some capsules containing polyethylene, such as those from Run 2-12B. gave supe­
rior blocking resistance. Capsules made with the basic formulation (l-53A) blocked at 43-46°C (109-l15~F)

bu t could be parted. Obvious damage to these capsules occurred at 47° C (I 16.6 0 F).
Several agents that might be used to inhibit blocking were tested at 54°C, but only one of the

materials (micronized silica) showed any beneficial effect.

C. Scale-up and Process Optimization Studies

1. Turbulence Reduction Aids

Initial encapsulation runs on the project were made at a production rate of 3.26 kilograms (7.2
pounds) of capsules per hour using the "basic" formulation; however, the material plugged the encapsulation
system in extended runs. Samples were not recovered, and runs are not listed in tables. Elvax shell formula­
tions were used at a rate of production of 2.22 kilograms per hour for extended runs with no plugging; how­
ever,' capsules were poorly formed. When Polyox WSR-35 polyoxyethylene was added to the carrier watet as
a turbulence-reducing agent, caps[Jles were much improved. The Polyox WSR-35 and a more effective succes­
sor, POlyox WSR-301, were therefore used throughout the project. No further problem with plugging was
encountered in the carrier fluid during the course of the project, even with the basic formulation.

2. Nozzle Design

Pending fabrication of a new nozzle, the initial runs (Runs 1-9 through 1-27A in Table I) were­
made with an old nozzle drilled out to conform to specifications designed to make shell, fill and carrier flow
more compatible at higher production rates. The original nozzle shell orifice was O. I55 inches ID and the fill
tube was 0.031 ID x 0.050 inches aD. The new nozzle was 0.155 inches ID with a fill tube 0.028 inches ID x
0.042 inches aD. Many candidate shell formulations were tested with the nozzles at production rates of 2.21
kilograms per hour to 3.29 kilograms with carrier rates of 2.7 to 4.5 liters per minute at 64 to 83°C with cap­
sule IJayload about 65 percent. No trouble was encountered obtaining cooling and heating necessary for the
shell formulations, and well-formed capsules were made with o'nly a small weight percentage being over 2,000
microns in size.

The nozzle was further changed by increasing the fill tube to 0.077 inches ID x 0.095 inches 00
with the outside orifice remaining at O. I55 inches. This was the final nozzle configuration and was used begin­
ning with Run 2-37A.
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3. Orifice Design

The fill tube orifice was positioned at about 1/8 inch to about 1/32 inch in back of the nozzle ori­
fice with the best setting apparently about 1/16 inch in back of the nozzle orifice. The variations are noted
under "Comments" in Table I.

4. Fill Tube Design - Carrier and Cooling Water Variations

Fill tube size was increased to 0.064 inches OD x 0.043 inches ID beginning with Run 1-32A I. re­
sulting in some improvement in capsules in that fewer multicore capsules were formed. When production rate
of capsules with the "basic" shell formulation was increased to 9.1 kilograms per hour with carrier flow rate
at 4.4 liters per minute, a high percentage of capsules were larger than 2,000 microns. and the cooling system
was insufficient to prevent blocking or sticking of the capsules on collection. Cooling water was supplied to
the system at pressure and temperature (76°F) of the laboratory tap water supply pending delivery of a chil­
ling system. A surge tank was added to the recovery system, and this allowed an increase in carrier flow to
about 5.58 liters per minute with a production rate of 9.08 kilograms per hour. Some reduction in capsule size
\\~S noted but without severe sticking of the capsules.

For additional studies, the inner fill tube was changed to 0.081 inches OD x 0.062 inches ID to
further improve capsules. When carrier flow was increased to about 6 liters per minute at a temperature of
about 60°C, surge tank temperature was about 40 to 41 cC which caused capsules made with the "basic" shell
formulation to stick together badly. At a carrier flow of 7 liters per minute at a temperature of 64 cC and a
collection surge tank temperature of 42°C, capsules formed well and wcre recovered \\ithout sticking using
the selected shell formulation at a production rate of 9.08 kilograms per hour. For a sustained run, collection
surge tank temperature increased to 46°C, and slight sticking did occur. Severe stickingoccurred with Boler
1426 substituted for Sunoco 5512 in the formulation.

Beginning with Run 2-20A, a booster pump was introduced into the cooling water line to increase
flow through the cooling jacket. This allowed cooling of the carrier fluid to 39°C as measured at the collec­
tion poim with a flow rate of 8 liters per minute at 65°C. Capsules were recovered without sticking under
these conditions at a production rate of 10.22 kilograms per hour with the selected shell as well as with the
Boler 1426 wax substituted in the formulation. The heating system could not maintain a carrier temperature
of 68°C under these conditions, and higher melting formulations therefore could not be used.

With Run 2-22C, a chiller was installed in the system and the collection tank temperature was
maintained at 30-32°C for Run 2-22C with carrier flow rate of 7.5 liters per minute at 60°C. Capsules were
made with the "basic" shell formulation at the rate of 10.22 kilograms per hour with no sticking or problems
during the run. This was the maximum rate tested for the formulation. Carrier temperature could not be
maintained above 62°C with the increased cooling under the conditions used.

Beginning with Run 2-35, the encapsulation equipment was moved into a new building and rede­
signed with an adequate steam supply. An additional heat exchanger was introduced into the carrier flow sys­
tem so a high carrier temperature could be maintained with high flow rates.

With adequate heating and cooling available, input production rate using the selected shell was
increased with runs made at up to 27.2 kilograms per hour. Carrier flow was as high as 11.3 liters per minute
and carrier temperature as high as 83°C.

5. Material Balance

Rate of capsule recovery at higher production rates did not equal the production rates estimated
by fill pump and shell pump calibration. This was attributed to pump slippage, imperfect capsule formation
resulting in lower payload than estimated, and the increased amount of satellites formed. (Satellites are small
particles of solid shell which form as the extruded rods of shell and fill form the capsules.) A filter was placed
in the carrier stream after capsule recovery to remove the satellites and prevent their recirculation and remelt­
ing in the heat exchanger where they would collect and evemually disrupt operation. In 1\10 runs (Run 3-1 B
and 3·4B), satellite recovery indicated that loss of capsule production due to satellite formation was about 3.5
percent and 4.9 percent.
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6. Capsule Quality vs. Production Rate

Capsule quality appeared to diminish as production rate exceeded a recovery rate of about 15.9
l\ilograms (35 pounds) per hour. Abo\'e this rate, capsule payload was less than theoretical based on pump
rate settings, and initial weight loss rates of these capsules indicate poorly formed capsules. No difficulty was
encountered in maintaining production at 22."7 i ilograms (50 pounds) per hour; therefore, an extended effort
\\'as made at this rate, without success, to improve capsule quality to an acceptable level. Since capsules at this
('ate are marginal. some change in shell or some equipment refinement may overcome the problems.
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IV. SUBJECT INVENTIONS

No invention disclosures or patent application have been made by Southwest Research Institute as the
result of work done under this contract.
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V. CONCLUSIONS

A Water-containing capsules can be prepared using SwRI's submerged nozzle process which have good
long-term water retention, block resistance and adequate strength.

B. The capsule shell formulation which gave the best overall characteristics consisted of the following:

45070 Sunoco 5512 Paraffin Wax
45070 PiccolyteS-115
10070 Polybutene 128

C. Using the above formulation. acceptable capsules can be produced at a rate of 15.9kg (35 pounds) per
hour using a single-nozzle system. Approximately 148 pounds of capsules were produced using the for­
mulation and forwarded to the Spokane Mining Research Center.

D. The submerged nozzle encapsulation apparatus utilized on this program is readily amenable to scale-up
to commercial production. A single-nozzle unit was operated in the development program, and scale-up
is merely a matter of providing a multiplicity of parallel nozzles to achieve the desired production capac­
ity. Common fjll and shell tankage, carrier fluid heating and cooling facilities', and finished product
handling equipment would be used for all nozzles. Regarding the economics of capsule production, cap­
sule unit costs are obviously lower with increased production rates. The labor cost, which can be consid­
ered as a fixed cost per operating hour for a given size installation, is generally the dominant factor in
the unit cost at low production levels and decreases in importance as the production rate rises. Shell
material and utilities costs are essentially proportional to production rate and are therefore a constant in
the unit cost and become the dominant factor at high production rates. Depending upon the possibility
of utilizing operating labor on other tasks within the manufacturing organization, it would be economi­
cally attractive to operate the encapsulation equipment at high rates on an intermjttent basis to minimize
the labor cost factor. This alternative should be considered in arriving at optimum plant size.
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Table I
ENCAPSULATION RUNS

P.un r~o. 1
( SI','M. ~ l~D.)

1-9
(7-032)

1-10A

1-108

l-1lE
(7-033)
(7-034 )

1-12B

1-12C

Shell CDmposition

Sunoco 1;412 wax
?iccolyte S-115
El va, 210

Same as 1-9

Same as 1-9

Same as 1-9

Shellwax 200
Gulf P.E. 2205

Same as 1-126

60
25
15

95
5

Estimated
Payload
~

64.9

64.9

64.8

64.8

66.9

66.9

Estimated
;;:",oducti on

".-~

2.22

2.22

3,29

3,29

2.36

2.36

Carri er
Ra te

mL/ml n

2800

4000

4500

4500

3000

2700

Carrier
Temp.

_'_C_

65-69

65-69

65-68

65-68

78-80

78-83

Corrrn~nt

Rar, about 14 hours without plug9in9. Cap­
sules did not stick t0gether. Capsules were
not "ell fonned. Some bad capsul es were
removed by {locution after standing over~

night. 36 pounds were shlpped,

Capsules looked better during production
than 1-9, but not well fanned.

Capsules poorly formed. 00 not look as
good as I-IDA.

0.5% Polyox WSR-35 was added to the carrier
water to reduce turbul ence. Capsules
appeared much better on production wi th
almost no empty capsules apparent.

Very few empty capsules wher, produced.
Appeared better than preceding four runs,
O_5~ Polyox in carrier,

Not quite as well fonned as 1-126. Very
few empties whe~1 produced. Polyo)( used,

1-14

1-15A

Sunoco 4412 wax 80
Epolene C-16 20

Sunoco 4412 wax 95
Union Carbi de OPOA-230l; 5

64.8

64.8

2.21

2.21

3000

3000

80

81

Formed well.
Looked good.

Formed well.
Looked good.

r.o emp'ties when ;Jroduced.
Po lyo< used,

t;o empti es when produced,
Polyo. used.

1-15B Same as 1-15A

Sunoco 4412 wax 40
Piccolyte 5-115 47
0olyb'Jtene 128 13
Alumlnum stE:arate O.5~

of above added

64.8

64.8

2,21

- 2.21

2700

3000

81

64-65

About the same as 1-15~. Polyox used.

Made well with only a sl ight tendency of
capsules to adhere together when warm. ~io

empti es when produced. Some multi cores.
Polyox used.

1-17

1-18Al

1-18A2

1-186

Sunoco 4412 wax
?iccolyte S-i15
Polybutene 128
Armi d HT - trace

Sunoco 4412 wax
p;ccolyte S-115
Gulf P.E. 2205

Same as 1-16Al

Sunoco 4412 wax
Piccolyte 5-115
Epolene C-16

40
47
13

50
45

5

40
40
20

64.8

64.8

64.8

64.8

2.21

2.21

2.21

2.21

3000

3000

4000

3600

64-65

70

64-71

79-80

Run was started with 1,81 Amid added to
the shell formulation but capsules would
not form. S'lei·1 I'.'1tnOU1. ~,rm~d '",as added :c
give 0.2',; Armid, Capsules formed well.
Some multicore. Polyox used,

Capsules large and irregular, Many multi-
core. No empties, Polyox used.

Capsules looked good except many are multi­
core. No emptles. Polyox used.

Many elongated and multicore capsules. No
empti es. At 3000mL/min carrier, caps"les
large and irregular,

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using basic formulation.
using. polyethylene with paraffin
using formulation of choice.
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Table I (Cont'd)

Run no.
(S ..,RI 1'0.) 1

! ~20';1"*

1-20A2**

1-2081

1-2082

1-23A'*

1-23B*

1-244

1-248

I
1-27A**

1-27Bl

1-27B2

1-2841**

1-2842**

1-2843**

1-28Bl**

Shell COr.:GOsltlon

Sunoco 4~12 wax
Piccclyte S-115
tpelene :-16

Same as l-2041

Sunoco 4q2
Piccolyte 5-115
Epolene C-16
Polybutene 128

Same as 1-20Bl

Sunoco 4412
P,ccolyte S-115
Poly~utene 128

Same as 1-234

Sunoco 4'12
Piccolyte 5-115
Ehax 210

Sunoco 4412
Piccolyte 5-115
Epolene C-16
Polybutene 128

Sunoco 4412
Piccolyte S-115
Epol ene C-16

Sunoco 4412
Piccolyte S-115
Eoolene C-16
Polybutene 128

Sa~e as 1-2781

Sunoco 4412
Piccolyte S-115
Eoolene C-16

Sunoco 4412
Piccolyte S-115
Epolene C-16

Same as 1-2841

Same as 1-2841

Sunoeo 4412
Piccolyte S-1l5
Epolene C-16

55
30
15

5D
30
15

5

40
47
13

40
40
20

35
40
2D

5

5D
35
15

45
35
15
5

5D
4D
lD

45
45
10

48
4D
12

Estimated
Payload

~

64. B

64.8

64.8

64.8

64.8

64.8

64.8

64.8

64.8

64.8

64.8

64 _8

64.8

64.8

64.8

Estimated
Prod:.Jction

ko/ hr

2.21

2.21

2.21

2.21

2.21

2.21

2.21

2 _21

2.21

2 _21

2.21

2.21

2.21

2.21

2.21

2 _21

Carrier
Rate

mL/mi n

30DD

280D

30DO

33DO

3DDD

34DD

3560

3DOD

352D

3520

3600

352D

)36DO

3600

3280

3200

Carrier
Te~p .

_'C_

82

83

81

7g·

65-66

63-64

77-78

79

70

74

71-72

71-74

72-76

75

75

69-75

COl'1ment

O_5~~ Poivo), WSR-35 was usee in thlS. ond
all othe~ rU!l~ $hown. ~~a~'y r..ul tlco:--e
ca~slJle5. Almost no em;Jty capsulEs
2.fter: overnigr.t dryl ng.

More large multicore capsules than 1-20Al.

~io empty ca~sules.

Capsules appear better than 1-2081. Less
large multicore capsules.

flo sticking or plugging. SO'ne blocklng
In collectlon \/€ssel. Larae number of
satellites. 110 empties on"production.

Capsules look better than 1-23A. Block
slightly more on collection.

Capsules all filled but poorly formed.
Off center and multicored

Capsules not formed. Stringing and
elongcted particles. Heat control c~

maximum. No sample.

New shell and f;ll tubes instaned. Outer
orifice 0 155 0 (same as old), inner tllJ€
0.042" DJ x 0.28" ID (old was 0.050" 00 x
0.031" 1D). Made well wher. allgned.
Small sample. Some aggiQmerates and
multicore.

t~ade well. SOr.Je multicorE and SOr:1E
empt.ies after crYing ovc:rnight.

t"ot as well fOl"i~,ed as l-2731. 'rt~Ol"E s;-;,all
satellites than 1-27A. Some mu1'tlcore.
Some empty after drjing.

Made well. SO".e multicore. Many empty
on dryi ng.

Capsules fllled on collection. Ca"sules
not as good when temperat'ure over 76"'C.

Capsules look good.

Capsules look good.

Capsules filled on collection except a
few 1arge empty capsul es.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
using
using

basic formulation.
polyethylene with paraffin
formulation of choice.
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Table I (Cont'd)

Run No, 1
(SwRl 110,)-

1-2882"

1-28C

1-32';1**

1-32A2"

1-3281

1-3282

1-35AI

1- 35A2

1-36

1-3SA'

Shell CO~?osjtion

5aT'le as 1-2881

Sunoco 4~ 12
Piccolyte S-1l5
Polybutene 128
Amll d HT added to

above C. 3~'

SunOCD ~412

Piccolyte S-1l5
Epolene C-16

Same as 1-32AI

Shell wax 700
Piccolyte S-115
Sunoco 4412

Same as 1- 3281

Sunoco "4 I2
Piccolyte S-1l5
Epolene C-16
Polybutene 128

Same as !-35AI

Same as 1-35Al except
0.5:' Al uminum Stearate
added

Sunoco 4412
Piccolyte S-I15
Polybutene 128

40
47
13

40
47
13

20
45
35

40
45
10
5

40
~7

13

Estimated
Payl "ad
~

64,8

64,8

64,8

64,8

64,8

64,8

64,8

64,8

54.8

Es tirr.ated
Production

kefhr

2,21

2.21

2,21

2I

,21

2,21

2.21

2,21

2,21

2.21

Carrier
Rate

mUm; n

3320

3320

3200

3600

3600

3600

2900-3150

3300

3500-3600

3360

Carner
Temp,

_'_C_

73-74

53-65

70-73

75

72-76

) 5-75

76-79

75-79

77

60-54

Coment

Capsul es look good.

r~ace well, Many satellites.

:~e",' inner tube 0.064" DD y, O.Ot.3'· jD.
Capsules look good. 70 D (;s too 1O'>'J,

~,ade well. Appear to be more s;n~-Ie

capsules than with other nozzle.

Selow 7ZoC shell clumps and strlngs
Flo',"" rate and ~emperature appear cntical.

Some elongation, Capsules filled on
C01"I€ction but many €r:,pty after drj';ng
overnight.

Made wel).

r~ade well. Alrrcs'i: no e'":1~ty capsules after
aryi ng o'/Erni ght

Sorr.e ce.psules elon9ated. Change in carner
rate and tempere. ture not hel pful. tio
empties after drying CJvernign~.

0.5;; Polyox W5R-35 was used in the carrier
in thlS and ail other runs snown. Fili
·....ater CGntalneo O.005~: Jive dye. Capsules
formed well. Some b10cking occurred on
collection screen. Tnis became bee a: ce.
64°C carrier temperat'Jre.

1-388'
(7-059 )
(7-060)

1-38C'

1-40

1-~2A'

Same as 1-38A

Same as 1- 38A

Same as 1-38A >/i th
0, 3~ Annl d HT added

Same as 1-38A

55, B

55,2

65,2

65,4

2.19

3,45

3.45

g. I

3360

3360

3350

3400-4400

58~62.5 Shell reservoir temperature redL.ced from
74°C to 71°C. Fill reserVDlr tem~era~ure

red'Jceo from 67°C to 53"(. Ran 1 hour anc
40 minutes without probler.ls. Very',itCe
blocking,

60-55 Made well, No more blocking than at lower
production rate. Capsules were larger.

59-63 Sl i9ht reduction in capsule size fro",
1-3BC capsules, Little or nO blocking,

61-65 Shell reservoir-71'C, Fill-58'C, Capsules
large and stuck together on screen. Cap­
sul es broke apart wi th some damage 'at 61'C
but stuck at 65'C, No sample.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using basic formulation.
using polyethylene with paraffin
us'ing formulation of choice.
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Table I (Cont'd)

Kun iiO.
_(SwRl r~o. )1

1-428'

1-43A*

1-438*

1-!.3C

l-C5*

1-46
(7-061 )

1-47S*

1-49;'*

1-49S*

1-49C*

Shell C0:;10011tion

S.~e al 1-38A

Same as 1-38A

Same as 1-38A but 0.3%
Armi d HT added

Suneco 4412
Piccolyte 5-115
AC-617 polyethylene

Sunoco 4412
~lcco~vte 5-115
Epol Ene C-16
Polybutene 128

Sunoco 4412
Piccolyte 5-115
Polybutene 128

Same as 1-47A

Same as 1-47A

Same as 1-47A

Same as 1-47A

40
45
15

50
30
15
5

40
4;
13

Estlmated
Payload

65.4

65.4

64.0

65.0

63.8

63.8

65.5

65.5

65.5

~stimated

~roduc:1on

kc/hr

9.1

9.1

9,1

8.7

8.7

2,28

2.39

.39

.08

9.08

9,08

Carrier
1:l2te

r.:L1min

4000

4300

5000

5350

3000

3360-3400

3200

5580

5580

5820-6000

Carr~er

"7"ernp,
_'_C_

63

59-65

60-64

60-64

70

78-79

60-64

63-65

64

52

60-62

CO:ii:-7':ent

Snell reserVOl r temperature reducea to
65,6°(. Flll reservcir reduced to 5':'(.
Still blocke.::l D2dly on screen. {., sma11
sample caught ln a beaker and poured or,
~hE screerl cit not block.

A flVe-Qallon surae tank was installed
before the capsule cGl1ectlon screoen
This stopped Jlocking on screen. Fill
reserVOH tem:Jerature waS 420:C. Ca.psules
were 1crge anc ~oorly formed.

Capsules smaller and bnter than 1-43-'
but s~ill large and many empty capsules,

Capsules sma'ler than 1-43S, ~,ost cap­
sules broke until fill temperature raised
to 60 0

( and fill rate reduced. Still some
broken capsules. but much botter. Many
satellites.

Sheli reservoir was 87.8"'C. Fill reservolr
55"C. Capsules not broken but cid not
fom w~ll. f./lany' 501;d particles ana wide
size range and payload variathm,

Inner nozzle J,05," OD , 0.043" lD. 0.5%
Polyor- \oiSR~3S in carrier water, ~'ne~1

reservoir 88':.C. Fill reservoir 55 c C raisEd
to 65 c C. 0,005% blue dye in fill. Capsule
S12.e \~'2.S a little larger and range ",:ider
tharl desired. Temperature at top of corl~

troller range Capsules looked good. 1.9':0
shipped.

Shell reserV01!" 7PC. Fill 58-59 c C. Cap-
sule size was large and many satel~ites

Vlere formed.

Capsules m'jch better looKing '(nan l-C.7A
Conditions 52-me. Shell used contcined
s~el! WhlCh 'lad been heated before and
may have been more or.idlzea.

Inner n0221e 0.081" 00,0,062" ID. 0,2',
Polyox ~'SR-205 in carrier water Snei i
reservoir 68'C; fill 60'C. flve-qallon
carrier surge tan~ used, but ,c2;JsCles
stuck some On recovery. Capsules looked
good but large,

About the same as 1-49A. Caosules still
stick Some.

Conditions same. Capsu] es smaller and
look 900d but too hot ,and agglomerated in
tank and on screen.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
u.s i ng
using

basic formulation.
polyethylene with paraffin
formulation of choice.
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Table I (Cont'd)

Estimated Estimot"d Ca rr i er Carrier
Run ~;o . PaY"load PrOdLJctlon Ro te 7emp.
( s.'?! ~~o . ,1 1 She! i (on:.os i t ion v.'t. ;. ~~ mL/min 'c COiTl'ilent

l-:'OA'" Sar:1E: oS l-qA 65. ,." 9.08 6300 59.5 Shell - 65.5'(; eill 53''[. Tank
,0-41 'C. Ca~su1es i ook good b'Jt too
hot-stlck ~ad1..! on collection,

I-50S"" S2.me as 1-47 A 65,5 9. ;)3 6000 58 Fill 50'C; lank - 40'C. A 11 ttl e
better, but capsul es st; 11 st l ck on
collection.

1-51A* Same as 1-qA 65.5 9.02 6000 59-60 1'.Jew batch of shell (heated 48 hr at iGoC) .
Other conoitions same. Stuck abovc as
1-50B.

1-5181 Same as 1-~ iA but 65.5 9.08 6000 59-61 Look 900d but st; cl: on collection.
O,3~ Arrr.id HT added

1-5152 Same as 1-51Bl 65.5 9.08 5000 58-59 00 not a ppea r to sti ck as badly as 1-51Bl.

1-51C1 Sun oeD 4412 35,4 65,5 9.08 5400 65 She 11 - 38'C; Fill - 5i' C; "Tank - '!;O.5('(.

Pi.ccolyte 5-115 42. i :1any 1arge capsul es, ond capsule.s Stl ck
Poiybutene 128 11.8 on cDllec~1Dn,

Epolf:ne C-15 9. I

1-51C2 Same as : -51C1 65.5 9. C3 5000 65 Capsules sma 11 er but s: 111 st; cl( together
badly.

1-53A* Sunoco ~412 40 65.5 9.03 6000 58-60 Shell - 74'C; Fill - 4i. 5'C. O. 2~ Dolyox
Piccoiyte S-115 47 205 in fill as well as i,n carrier ....2~er.
Po''y~v::ene 128 13 f',ade wei 1 but st1 ck and sti 11 1ar9~.

,

1- 53B+ SalT·e as }-53,", 65. S.88 5700 5i Shell - 71 °C; Fi 11 - 47 'C. Other condl-
:iqns Scj1"le, Sti 11 sti ck some.

1-53C+ Sai71e oS 1-53';' 65 9, OS 5640 56.5 Shell - 71°C; Fi 11 ll5 c C. Other cDnei -
tions sCli1e. Carsul es fo"m we 11 . S: 111
s ti ck togEther.

1-53D* Sa!ilE as 1-531, 65,5 08 5640 56-56.5 Shell 63'C; Fi 11 4~'C , Otner candi -
t;ons sarTo!; . S:i11 stlck some 0 So:-ne
capsul es qa lie talls.

1- 55A SunocD 4412 40 05.5 08 5700 61 Conditions sar.le as 1-53; excepl: Shell
Pi ccolyte S-115 45 resei'vo~ r - 7~ c C; Fi11 ~ 5' C 'Trace ~-:

Shellwax 700 5 b1 ue dje. St run 9 and plugged s.ys te:,: :10
Po 1youtene 128 10 capsules.

1-558 Same as I-55.!' 65.5 9. OS 6000 66 Same conei tlOns as 1- 5SP., except ShEil
i9.1,'C; Fill - 65°C. i.'lcde good c2~sul es. 0

Very little sticklng.

1-55C Same as 1-551, 65.5 9.08 6000 63-65 Same condi tions as 1-558 but varlCition in
carrier tempera tiJre. .0. 1ittle 1ess S I: i ck-
; ng than 1-555.

1-561,'" Sunoco 5512 wax 45 65.5 9.0S 6300 65 Same conditions as 1-558 but 0.1;; Polyox
Piccolyte 5-115 45 205 in carrier. F; 11 - 55'C. Temperature
Po1ybutene 128 10 of carri er water in surge tank was 40'C.

Capsul es di d not stick in tank or co'l1 ec t ion
screen. Look good and are not tacky.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
usjng
using

basic formulation.
polyethylene with paraffin
formulation of choice.
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Table 1 (Cont'd)

E5'[1;;:2. ted £st~mcted Carrl er Carrier
R\,;n i~o .

)1
Pcc", "ed PrOduct i all ?,ate Temp

(SwR ~ No, Shell CO:7!position 2:· .._..::::......- ko/hr mL/min _"_C_ Comment

1- 568· ... • Same as 1- 55A 6; 9 .08 7000 53-5, Sa~e (end; tions cs J- 55A, Ccpsul es SiilCl 11 er
and more uniforlTi Ulan J- 55A, i;o s~icl)"ing .

1- 55C SunoeD 4422 40 55 9 .08 7000 53-64 Same condi tions as 1- 565 exc.ep: Sne 1-; -
PlCcoij:e S- 115 40 82'C; F111 6" or Ca;Js u~ es mace WE:": 1 ~u:

Epol ene C- J5 10 5 tUCk togetner ~ n suraE tan ~ , Er'j ... e c:par:.
Po1y!:lutene 128 10 easily when co 1d, ~.any elongatec caps:..:l es.

2-1 Sunoco 5512 45 55 ,08 7300-5500 62-55 Capsu] e f,l1 wcs aeior,ized We ter v.'l ~h C,D05:
Piccolyte S-115 40 Pylam deep blue .-]3 dye and 0.1';, Po Iyox
Epolene C-16 5 W5R-205 added. Fill reSe r 'JOl r "f,'c.s 53 c C~

Po lybutene 128 10 shell was 82'C. Ca;Js ui es aid nat forn we 11-
ta i 1s. r~a sa~ple. (C 1:; Folyox IoiSP,-2')5 ir.
carrier,)

2-2 Sunoco 4412 32 65.5 9.08 7000 64 Same fi 11 and conditions as 2-1. Temoera-
Sunoco 5512 10 ture of collection rank was 42'e. 50rJe
Pi ccolyte 5·115 42 clustering in tank b"t no real s :ick i ng.
Epo]ene C-15 6
Polybutene 128 ]0

2·4A*** Sunoco 5512 45 55.5 9 .08 7000 54.5 52-me fi 11, Shell 88'C. Fl11 60~C ,
Piccolyte 5-115 45 About 0,06,; Polyox ~SR-301 in carrier.
Polyoutene 228 10 Tempera ture of ccllectlon t2nk was 0.9'C.

Capsul es s:i c~ very s 11 gr,t1" in co 11 ec t lOn
sieve.

2-~B*** Same 2S 2-4A 55.5 9.08 7300 64 Other conditions sar:-:e as 2-4A, Tank W2S
44 4'C. Sticl.-ing still slight. Caps'ites
look good

2·4CH ,.. Same as 2-4A 55 ,08 7500 64 S2.me as 2-4B. Caos'cl es 100k good.

2-6A*""'''''' Same as 2-4A 55 08 7500 54 Same as 2-4A but fi i l 52' C. carnel- 0,04;:
Polyo" WSR-301, co 11 ec: ion ti:n~ . ~3. 5{'C.
Capsul es liot as good as 2-4C.

2- 68 *** Same as 2-4A 65,5 9.0-3 7500 54 San-Ie c.S 2-6A bu t o. ~ ~: Polyo,; \0.'5 r; ~ i~ - 12 r: 'n'i tn
0.1l:_ isopropanol in corner ins tear:: 0:
WSR-3~1 CapsL.I es i ook chout Ii ke 2-4C.
COllection tan~ - ,~. r. ~ r

'T-, 'T ~,

2-8**'" Sunoco 5512 45 55,0 4.8 6700- 7000 63-65 Fi II was de i am zed jo,'ater wi th 0,1'; Po Iyo,
( 7-079) Piccoly,e S-115 45 WS R- 205 and 0,005, j 1ue dye added. Carn ef

Polybutene 128 10 water conta 1 ned O. O:,:~ Polyox \·"-SR-301. 0111
was 60'C; Shell was 9':lc.r Collection lank
was 46'C. S1i£tlt sticking on collection,
but capsul es creak up ea s ii y co 1d. Run was
aboL.:t 3 hrs. 25 1bs of capsui es were shipped.

2-9A Boler wax 1435 45 55.0 4.8 5500 64-65 Same condi tions as Run 2-8. Capsul es stuck
Picco]yte S-115 45 together more than Z-8 capsules. Some
Polybutene 128 10 cl umps did not break up easily when col d,

Most di d part easily.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
using
us.i ng

basic formulation.
polyethylene with paraffin
formulation of choice.
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Table I (Cont1d)

Estima:ed Estimated earn E'r Carr; er
Rur. lio. Pay1 Dad rr-oduction Ra te Temp,
(51-/R.; :"0.) 1 Sr,ell Composition - ~ <q/hr ~l/mi n _o_C_ C.or:rnEn t

(·931 E,c 1er ....'c. >.. 2~26 45 65 0 4.8 6500 63-6~ Same conditions as ~"H1 2-2. Cc.ps'Jl es s::;d,
~iccolyte 5-ll5 ~5 together more than 1-9A, ~ut 5 ti II no: ~ad.

?olybutene 128 10

2- 952 SCMe as 1-9B 1 65.0 4.8 6700 61-62 Same condi:ions as Run 2-8 except: Snell
was 88°C; Fill waS 57 °C; and collection
tank ",,'as C4 cc. Strings and c1uc,ps ~or8Ed

'f,'; !h no good capsules. rio sampl eo was made.

2_ 001 5a:.Je as 2-9B1 65.0 4.8 6100 63-64 Same cond1tlDr,s as Run 1-8 except: collec-
t ion tan\.; \o,'as 43-44"C. Capsu] es formed
we i 1. but sticking occurred.

2-12A 801erwax 1416 53 65.0 4.8 6200 52-65 SamE' conanians as Run 2-8 except: Fi 11
Piccolyte 5-115 47 was 58°C and col1 ection tank vias 44_45°(

At 62 to 63'C carrier tem~erature I some
empty capsul es were produced. So~e sti ck-
i ng occurre-d at 54-65°( but not bad.

2-12B** Boler wax 1425 50 65.0 4.8 4500 75 Same conditions as Run 1-8 but col iection
P~lccolyte S-ll5 ~5 tank was 44'C. Good capsul e, woul d not form
cpolene C-15 5 under 73' C carrier temper'ature. I~O stick~

ing occurred .i th these capsules.

2-14A** Sunoco 4412 30 55.0 4.8 5300 57·58 Same conditions as Run 2-B but co~lection

801 er '!'>'ax 1426 20 tan" was O'C. Capsu; es formed wi th no
Piccolyte S-ll5 ~5 sticking.
Epoi ene C-16 5

2- ,':5 SL;noco 4H2 25 55.0 ~ .8 5300 58 Same eondi t ions as 2-14A. Sl i got cl umpi n~
801er wax 1426 20 in col1eetion bath. Many empties after
Piccolyte S-ll5 45 dryi ng overni ght.
Epolene C-15 5
Po1ybutene 118 5

2-2Q, Eol er wax 1426 45 55.8 9.17 7500 55 Fi 11 Io.'B S deioni zed water with 0.05:: Po 1yox
~1 ccolyte 5-115 45 ',SR-205 and 0.005;: blue aVE added. Snell
?olybuterlE 12B 10 reservoir 93°(; Pi 11 6S"'·C. 800s ter

pumjJ on coaling wa:er 1 i ne reductd ccliec-
t ion tank, tem?e!"'at:.J~e to 40°C. ;;c. capsule
sticki n£ at th i s te'T1pe~ct\Jre .

2-20B Same as 2-20A 55.6 S .17 8000 54 Condl tions same as 2·20A. Carri er Dump
caused \Ii~ration JL.it good capsulEs wi th
no stiCking,

2- 21 Same as 2-20A 55.5 9.17 8000 54-85 Cond; tions same as 2-20A. Carn er punp
vibration reduced. Capsules smalier and
more uniform.

2-22'; Same as 2-20A 59.2 10.22 BODO 5~ Conditions s arne as 2-20'; e-<cept Fi 11
reservei r 62°(. Capsul es DODd untl1
carrier water draped to 50:5°C and tall s
fonned on capsu] es.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
using
using

basic formulation.
polyethylene with paraffin and
formulation of choice.
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Table (Cont'd)

~un 1\0. \ 1
I; 5wR 1 r~o I

2-22C'

2-248**7'

2-2l:C***

2-26

2~31A*7'*

(7 -080)

2-318'"
(7 -081)

2-32*'....
(7 -082)

2-35***

2-36A*+'

~! COio1position

Sur:oco 4412 wax
Picco1yte S-115
Poly"utene 128

Sa~e os 2-22C

Sunoco 5512 (Poss)
Piccolyte 5-115
PolYbutene 128

Same as 2-2~B

Sunoeo 5512
Piccolyte S-115
Polybutene 128
Carnauba wax
Epolene C~16

Sunoco 5512
Piccolyte S-115
Polybutene 128

Same as 2-29A

Same as 2-29A

Same as 2-29A

Same as 2-29A

Sunoco 5512
Ficco1vte S-115
Polybutene 128

SamE as 2-35

40
q
13

45
45
10

~3

~2

10
2
3

45
45
10

~5

~5

10

Estimated
Pav10ad
wt, ~,

69,2

69

69

65.6

65.6

65.6

65,6

65.6

65.6

69,3

67,8

67.8

Estimated
ProdU('~1on

lq/hr

10,22

10,22

10.22

9,16

9 .16

9,16

9 .16

9 .16

9 .16

10.25

9.78

9.78

Carrier
Rate

mL/min

7500

7400

8000

8100

7000

7900

7900

8000

8000

8000

8000

8000-7600

Carrier
Te~p.

_"_C_

59-62

60-61

65

65-66

66-68

65-66

65-66

6~-65

64-65

6~

62-68

62-68

Coment.

Condltlons Same as 2-22;". Chiller 'Jsec
C:ollection tan~ \'<'as 30·32°C, Cap;'~'les

made well with no stick,no, HeatH',: S',iS-

tem did not m2.1nta~n ter:-lper2,ture e.:'6Z-C.C,

Cc,'ndi:ions same as 2-22::' C~;j'lE-r llsed.
Capsules lieGe v,'el"! \·d:;, no ~tlcdns:.

Cend; tions sarle as 2-22A. :;0 chll i er.
No col1ection tank, Carrier te;npercture
out - 39 c C, Tem~Erature steady, ~",ade

well. fJo s:icking,

Candi tions Same as 2·248. Made 'r.'i:i 1 ....'i:"
no probl ems.

Conditions same as 2-2~8. Made weil,
Heoting system would nat maintain tempera­
ture at 68'C,

F,ll was water with O,05~; Polyox \.:SR-205
and 0 .005~ bi ue dye. Fi 11 temperature
was 62'C, Shell 'e"perature 90.5'C. Ccp­
sule recovery was 6,54 kg/hr. Capsu'es were
more uniform in size ~n2n 2-298 bela..... \·,'ith
fewer elongated.

Run was same as 2~29A, but with !lO Pc1yox
In the fi 11. Ccosul e recovery was 6 4 kg/hr,

Conditjons swe cs 2-29A, out 0.03: ?ylarn
Deep Blue 'l'J-~3 dYf in thE' fill SamplE:
shi pped was 1000, to 2300,.

Conditions same es 2-2S1ft" but 0 CI5~; P.ylaklor
Brilliant Red S-363 ',n tne flll. Sample
shi pped was 1000, to 230[..__

Conditions same 2.~ 2·29A except rligher fill
rate. Actual capsuie recovery was 9.43 kg/hr.

Encapsulation syster;-: was installed in new
buildlng with ne" stea;]] supply. Fill for
this and fDllow~lnu runs was deionned W2.ter,
with 0.05~; Polyox·'.S;;-205 and 0,00,,% blUE
dye. Carrier fluid was water with 0.05:';
Polyox WSR·301. Shell reservoir was 93~C;

fiil reservoir 60°C, Carder tei.lperature
variation was excessive with sliaht stick­
jng of capsules at 68'C. Capsules were of
good appearance.

Conaitions same as 2-35, Cooling water flow
restricted and Some variation in carrier
rate and temperature. Some slight capsul e
sticking when carrier about 68'C, but cap­
sules appear good and undamaged,

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using basic formulation.
using polyethylene with paraffin and Piccolyte.
using formulation of choice.
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Table I (Cont'd)

Estimated Estimated Carrier Carr; er
Run ~iCl. . Paylo;,d Production Rate Temp.
(S,.. R; 'iE.J.' Shell Composition - wt. 10 ~1_r_ m~/m, n _o_C_ COll7:1er,1.

2-356"''''* Same as 2-35 Wl th 67.8 ,78 8000-7600 62-68 Conol tions same os 2- 26;.... I~o effect of -:":-IE:
0 02', E"~ added butyl ated nydraxy:cl :Je~e anti 0)', i dant notec.

2_37Aw·u 52-me as 2-368 67.8 ,78 8000 61 -6~ 1nner rlozzl e s i::e increasec frorr,0.03l" 00
x 0.062" 10 to a O~S' C,~ , O. 077" j 0, OutE:-r
Il:)zzl e on·;ce sti 11 C,155" Cool ing sys tE'~

was cleaned ano 710 ....' ;rlcreasec to 10.5
liters oer Til; nute. O~her canc;uons werE
not chanaed, Carr; er fhl1c at collection
was 36°C: l,.,'herJ carner tempera:ure dropped
to 61 eel stringins Dccurrea.

2-378""** Same as 2-368 67.8 ,78 8000 6~-66 Coollng water flow ..ias cut to about 9.1
1i ters per iTI1 II. O:ner conOI t ions were
unchanged. Carr1e~ fl ui d Qt collectlon was
37 'C, and no stickinc of c:cps:.Jl es occurrec.
Capsules looked good:

2-38**+ Same as 2-368 67.8 9.78 8000 66-67.5 Condi t ions Sil:'iiE as 2- '27 c.,. ~er.:peratu:e at
collection 3gc.C" r~o st1c~,lng. Capsu'le
collect~on rate was ~, 0' ~.g/ hl". Capsul es
looked 900 d .

2-39A**' Same as 2-35 65,2 11. 32 8200 66-67 Cand; tl ons same: as Z-2i;" ':J~~ cool ing '~Ia ter-
8,6 1i ters per m; n, Capsu"l e call ection
rate was 10,57 kg/hr Capsel es look.eo good.

2~ 398++* Same as 2- 35 65.2 11. 32 8800 67 Cand; t ions sa;ne as 2- 37A. Te::lperature at
collection "0' c. :ic. s~ic"-lng. CZpSL;; €S
100r, 900d , Ca85ul e c'J"llec~lo~ rate was
10,59 kg/hr.

2-4lA**"" Same as 2- 35 65. a 12.70 9300 51 -63 Conditions 5ali,E as 2- 37A. but cool i ng \~'c t er
7.5 1i ters/mi!l ane te:i~,erctl.Jre at call er:-
tion was 4C~C ' CO"I: eC"~lon rC. te was 12.J3
kg/ hr, Capsul es loa keG 900 d ,

2-'~T:;+*+ Same as 2-35 65,0 12.70 9300 65-65 Cone, tions not chcngeG. I~l:~ercture 3. t
collectioll ',<j'as 41. 7 ~ :0 1,2.2'e. ;-; 19~~
s t i cki ng occurred. Ow: caDsules pa rtr:G
wi thout apparEnt aanage and looked good.

('

2·,cZA**l< Sunoco 5512 wax 1,5 68.9 14,00 9800 61-66 Fi 11 was deionized 'n'ater V>!ith O. 05~ Po lyvA
P;ccolyte S-1l5 1,5 W5R-205 and 0.005~ hi we dye added. C=.rrier
?olybutene 128 10 ] iouid was ....'ater wi ~h 0.05% Pol yox WSR-301

added. ColI ecc. ,on te:.lpera ture was 4?'C
Shell reservoi r was 93'C; Fi 11 reservoir
was 60°C, Outer ori fice was 0.155" . :nner
nozzl e was o.Og5" OD x 0,077 " 10. Capsule
collection rate was 13.4 kg/hr, Some badly
formed capsules when !:emperature is beiow
62'C but sa~,pl e of good appearance.

2-1,28*** Same as 2-42A 68.9 14. DO 9800 64-67 Cond; tions same as 2-42A except temperature.
Capsu] es were good.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
using
using

basic formulation.
polyethylene with paraffin
formulation of choice.
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Table I (Cont'd)

ES'tlr:,ated Est~I7I~":.ed Ci:rrier Carr; er
RW!l :~D . Payl Dad Frod'Jct;or, Rate Temp.
JS~, R~ ',0. )1 Shel -: Co;rDos l t lDn - ~ ~,c/ hr mUm; n _'_C__ Comment

2-~;1h"""''''' Se.'T1E as 2-,2A 65.5 8.52 8500 68 Fi 11 reservoir 6:,oC. F111 ',oJas c:eianizec
(7<)S~) water with 00 DS:· Pol yo, ~'Sf\-2.J5 <nd 0006::

Brilliant ?'ed dye S,-353. Col', eetior. ter.1~ .
was 40°C. O~her cenci tions nOt chaTiged.,
Capsu] es WErE' good 0

2·41.S· .... oj- Se.me as 2-,2A 65.5 8062 8500 68 Red aye was ; nCf'2a sed to Don:; of fi 11
(7-08~) O~her condl tians were the same as 2-44';.

Capsu] es were good 0

2·~5""+ Sao~e as 2-42A 6501 16.58 11000 66-70 Fill was a m; xture af 2-42A and 2-11~8 fi 11 0
Fi 11 temperature y,'cs 60'C 0 :ollection
tempe ra tu re was 43'C. Other conditions '.'Jere
not changed. 1,.'lade all ri 9h: but change in
si ze distribution and more satell ites formed _

2-'6+""* Same as 2-42A 65.3 18.28 ]JOOO 67 -69 Fi 11 same as 2-42A. Fi 11 temperature 65°C 0
Other conditions no~ changed. 11ade aD-out
as 2-45. Fill pump apparently di C not
pump to set ra te when und'2r' presswre,

L-4 i,':', ~* .. Same as 2-42A 65.1 22.52 11000 68-72 F,ll same as 2-42h. Other conditions not
changed. Change in SiZE c;stri~~lion and
l'7',any satell ites. "i 11 pump not pur.,ping set
rate since both capsule cGl1ec"c.~on rat~

and payl aad low. Capsules f10t ',:e I ~ 701'"J;:ec.

2-~73 .... h. Sar.lE as 2-421, 65.1 22.62 11000 6"-70 Run ....'as the same as 2-471, excep: carrier
temperature, Capsules were 3bo~t the S31:1E.

2-~7C"""'* Same as 2-42A 65.1 22.62 11000 65-67 Same as 2-47B.

2-t9':'*** Sunoco 5512 45 70.9 27.2 11000 65-66 Fi 11 was dei on; zed ..-tater ,",'i ~h 0005:: Po 1vox
Pi cca 1yte 5-115 45 WSR-205 and 0,005:, blue do,e added. Carrier
Po 1ybutene 128 10 fluid was \Io'a ter v-Jith 0005:: Polyo,. "SR-301

added Outer oriflce was 0 155" . Ir,ner
nozzl e 'das 0,095" 00 x 0.077 " j O. Shell
reservo; r 50°C. \.Il brat l on of carrier pUIil!J

....'as reduced. F111 pump rc tt' wC.s l ncreased
to compensate for i ass under pressure. Ccp-
sul es pr8duced were poa rl y fDn:-:ed \.'i th many
e~pty 0

2-493*·* Same as 2-49A 70.9 27.2 10000 65-57 Other canGl tions same as 2-49A. Capsules
of poor qua 1i ty.

2-5C,,t,*i-+ Same as 2-49A 65.2 22.7 10500 67 -58 Other conditions sa:lle as 2-49A, tJut new
fi 11 pump used. Capsul es better than 2-49
but still some empty. Collection tempera -
ture was hi gh (42 ec).

2-503'11'** Same as 2-49A 65.2 22.7 11000 68 Capsules of poor qual ity. Coll eetlon
tempera ture 42°C. Some a99 10meration.

2-50C**'* Same as 2-49A 65.2 22.7 10500 65 Chi 11 er was used to reduce collection
temperature to 32°C. No a991omeration.
Some empty capsul es and multicore capsul es.

1 Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
using
using

basic formulation.
polyethylene with paraffin and
formulation of choice.
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Table I (Cont'd)

Es t i rna ted Est;rnat~d Carrier earn er
P:Jn Nc.

)1
Pavl Dad rroduction Rate Te,-,?,

( S\1Rl !~D , Snell CO;:",005 it; Or'! - ~ k,/hr _ mL!T""I;n _'_C_ Coment

2~5~';'jt?... SariJe as. 2-49A, 65,4 22.7 11300 67 -68 Condi ti ons sa:ne as 2-50C but no zl e \.,a s
rea II Ql1ed and p,2.lvec from about /4 ' oack
of or, fi ce :0 1/S" back of Orl f ce .-......Cop-
sul es lock Jettl2r than 2-S0C, be: SCi',e

SfTld 11 E-:-::~ty caJs,ules and scme wi th to,'l s.

2-518'" SamE: as 2-491. 65.4 22.7 10600 M-G6 Cand; tions same os 2-511.. Capsules were
larger.

2-52* .... • Same as 2-491. 65,4 22,7 11000 68-73 Conditions not changed. Ccpsul es IOOr.
bet ter but a few stll1 have tai 1"

2-53A**'*' Same as 2-491. 65 4 22.7 10700 66-70 Fi 11 reservo; r was 70'C and shell reser-
voir 95"C. Capsu] es rrldY look, 51 igrnly
better than 2-52,

2~53B"** Same as 2-491. 65.4 22,7 10700 6B- 70 Ot"er cand; t l ons same as 2- 531.. Ca~sules

about the same,

2~53C*'*'* Same as 2-491. 65.4 22, 10700 72-75 Other conditions 5lme as 2-:3.'; , Ce.;::sul es
about the same.

2-53D*** Same as 2-491. 65,4 22.7 10500 76-77 Other eanG": tions same as 2-53A but shell
reservoi r 96°C and f1li 74 'C, CaDsul e:.
bet ter than 2- 53t:., B and C.

2~53E*"* Safil€: as 2-_91. 65.4 22.7 1~300 76-77 Other conCl t ions same as 2- 530. CaDsul es
not qu~te as geoa cs 2-530.

3-1;:.**+ Sa>:l'? as 2-491. 65 22. 10500 79-82 O-;:her cond.itions same as 2-53E. C2~'suitS

ap?ear better then 2-530.

3~18*""* Same as 2-491. 65, 22.7 10iOO 80-83 Other eond~ltions not chCinlJed, A fi ~ te r
was installed :0 ~revent satell i tes from
accumulating and melting 1n the heat
exchanoe:r. Capsul es were about tho sa'1e
quality as 3-1.0.. t·1c teri a1 bale-nee and pay-
1Dad lndlcate the t shel1 pump 1s r'JCit ~U:il~-

l ng at set rate.

;, •.:,;*** Same as 2-49A 65 ,9 18.6 10000 78-80 Sheil transmission was chanaed. Shell
reservo; r was 96'C. fl11 73' C. A feO'.
empty capsul es viere present but pa ..'load "
was near that eS:lmated.

3-4B*** Same as 2-491. 65.9 is.6 9800 75 Conditions not c han ged. Capsul es 01 d not
look as good as 3-~;" .

3- 5*** Same as 2-49A 65.9 18.6 9900 7B-80 Fi 11 nozzle moved from liS" back of orifice
to 1/16" back of orifice. Capsu] es may oe
slightly better ; n a ppea ranee but sti 11
some empty,

3-6A*""" Same as 2-491. 65.7 15.4 10000 75-76 Candi t ions, not changed. Some empty capsul es.

3-68*** Same as 2-491. 65.7 15.4 9600 75-77 Candi tians not cr,anged, Cap'ul esbetter
fonned.

3·8A.....* Same as 2-491. 66.6 14.3 9500 75-80 New transmi 55 i on pumpi ng system and heating
system for both fi 11 and shell. Capsules
look all right but a fey,' emptles. Ran ca.
1-112 hours to prepare sampl e.

3-9**'* Same as 2-491. 67,4 12.0 10500 75-80 Capsu1 es for sam?l e. Ran 2 hours and 15
mi nutes total,

1
Indicates sample submitted.

*
**

***

Runs
Runs
Runs

using
using
using

basic formulation.
polyethylene with paraffin
formulation of choice.
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NOTES TO TABLE I

1. Carrier Flow. The carrier fluid is pumped from a reservoir at the
collection end of the system through a heating system, around the
nozzle where shell and fill are injected into it for capsule forma­
tion, through a convergence section, followed by a jacketed tube
where the fluid is cooled to solidify the capsule shell. The carrier
fluid and capsules are separated when the capsules are collected on
a screen, and the carrier fluid is returned to the reservoir.
Carrier flow rate has a major effect on the heating and cooling
requirements and is a major factor in determining capsule size.
Turbulence in the carrier stream or fluctuation in rate are factors
in capsule uniformity.

2. Carrier Fluid. The usual carrier fluid used in the system for a non­
aqueous hot melt shell is tap water, but modifiers can be used to
reduce turbulence and retard shell stickiness.

3. Carrier Temperature.
formation and capsule
tion affects blocking
capsules.

Carrier temperature is a major factor in capsule
size. The temperature of the carrier at collec­
and sticking which may result in holes in the

4. Nozzle Size and Configuration. Nozzle size and configuration has an
effect on the size of the capsules. Turbulence results when shell,
fill and carrier streams differ in velocity, and the turbulence affects
capsule quality. The centering of the tubes and the location of the
nozzle orifices with reference to each other and to the convergence
in the tube are factors in capsule formation.

5. Shell and Fill Rates. Shell and fill rates determine payload and pro­
duction rate. A steady, nonphasing, positive flow is heeded to prevent
differentes in payload and size. Shell and fill pumps used were gear
pumps, immersed in an oil bath with shell and fill reservoirs to pro­
vide temperature control.

6. Shell and Fill Temperatures. Shell and fill termperatures may be varied
above or below the carrier fluid temperature with an effect on capsule
formation.

7. Cooling Fluid Flow Rate and Temperature. Cooling fluid flow rate and
temperature control temperature gradient across the jacketed tube.

8. Capsule Shell Formulation. Viscoelastic properties and hardening
characteristics require system adjustment to form satisfactory capsules
of the desired size.



TABLE II. CAPSULE SAMPLE ANALYSIS

Size Distribution - % Water Loss Rate - %Original Fill
Run No. Payload I Burst Average %/Day

(SwRI No.) (1) wt. % Strength, g >2000l! 1I80-2000l! <1180l! 1st 3 days 1st 7 days after 7 days Days

1-9 63.6 62 15.6 . 81.0 3.4 11.4 15.4 0.326 87
(7-032)

I-lOA 63.2 80 8.8 81.6 9.6 5.9 12.2 0.414 84
I-lOB 59.3 58 -- -- -- 11.8 16.7 0.354 84
1-11E . 64.1 67 24.6 69.7 5.7 5.8 8.2 0.346 84
(7-033/7-034)

1-12B 66.2 36 4.7 88.0 7.3 21.3 23.0 0.259 84
1-12C 66.8 38 3.1 95.8 1.1 24.3 26.1 0.200 84
1-14 64.5 64 0.5 92.4 7.1 22.9 28.2 0.220 81

W 1-15A 64.0 38 0.6 91.9 7.5 20.2 22.2 0.249 80
~

1-16 63.9 24 1.9 89.3 8.8 3.6 4.9 0.246 79
1-17 63.4 23 12.6 81.2 6.2 1.3 1.9 0.138 78
1-18A2 65.0 32 11.6 81.2 7.2 0.99 1.9 0.199 73

1-18B ** 63.9 44 16.3 82.1 1.6 0.97 1.6 0.112 73
1-20A1 ** 65.1 46 10.3 77.7 12.0 2.2 3.7 0.205 72
1-20A2 ** 64.0 41 23.6 72 .5 3.9 3.8 5.9 0.166 72
1-20B1 65.5 50 24.5 68.3 7.2 1.2 2.2 0.132 72
1-20B2 ' 65.5 46 12.3 80.0 7.7 1.5 3.0 0.194 72
1-23A * 62.2 18 66.1 27.2 6.7 7.4 8.5 0.119 65

(1) Indicates samples submitted to Bureau of ~1ines * Runs using basic formulation
** Runs using polyethylene with paraffin and Piccolyte.

*** Runs using formulation of choice



Table II (Cont'd)

Size Distribution - % Water Loss Rate - %Original Fill
Run No. Payload. I Burst Average %/Day

(SwRI No.) wt. % Strength, 9 >2000lJ 1180-2000lJ <1180lJ 1st 3 days 1st 7 days after 7 days Days

1-23B * 62.2 14 40.1 51.4 8.5 4.1 4.9 0.219 65
1-24A 61.0 39 53.1 44.6 2.3 7.4 9.4 0.265 64

1-27A ** 61.2 28 16.5 74.5 9.0 9.1 10.9 0.235 59

1-27Bl 62.5 43 8.2 86.6 5.2 2.1 3.1 0.170 59

1-27B2. 60.1 52 12.7 82.1 5.2 3.2 4.0 0.182 59

1-27C ** 63.1 31 0.8 8B.6 10.6 6.5 ·9.6 0.249 59

1-28Al'** 61.7 44 3.1 85.8 11.1 6.0 7.5 0.214 59

1-28A2 ** 62.3 40 4.0 87.6 8.4 3.5 5.0 0.208 59

1-28A3 ** 62.4 47 6.5 86.8 6.7 2.4 3.5 0.179 59
:.AJ 1-28B1 ** 64.8 25 8.0 90.0 2.0 1.4 2.2 0.160 59
"\:)

1-28B2 ** 65.3 42 2.8 91.9 5.3 2.7 4.7 0.233 59

l-Z8C 63.1 21 8.5 79.9 11.6 4.5 4.9 0.058 59

1-32Al ** 64.6 57 42.1 56.0 1.9 1.1 1.7 0.143 56

1-32A2 ** 66.4 60 18.3 78.0 3.7 1.4 2.0 0.154 56

1-32B1 61.4 35 9.2 74.8 16.0 18.1 21.7 0.346 17

1-32B2 65.3 33 2.8 86.5 10.7 21.2 24.7 0.203 56

1-35A1 65.6 50 7.3 84.8 7.9 1.8 3.7 0.170 51

1-35A2 65.8 40 11.4 84.1 4.5 0.9 2.0 0.153 51

1-36 65.5 57 38.4 60.2 1.4 0.9 1.7 0.102 59

1-38A * 64.8 36 2.5 95.8 1.7 2.7 3.2 0.183 46

1-38B * 64.3 25 4.0 90.4 5.6 1.2 2.1 0.091 . 45
(7 -059/7 -060)

1-38C * 63.9 21 29.1 68.5 2.4 0.9 1.7 0.060 45



Table II (Cont'd)

Size Distribution - % Water Loss Rate - %Original Fill
Run No. Payload i Burst Average X/Day

(SwRI No.) wt. % Strength, g >2000lJ 1180-2OOO lJ <1180lJ 1st 3 days 1st 7 days after 7 days Days

1-40 65.2 19 24.9 73.7 1.4 1.5 1.9 0.011 42

1-42B * not t est e d 94.3 5.7 nil not t est e d

1-43A * not t est e d 99.0 1.0 nil not t est e d

1-43B * not t est e d 88.6 9.2 2.2 not t est e d

1-43C . not tested 20.5 70.8 26.6 2.6 n 0 tt est e d

1-45 ** not tested 43 71.1 27.7 1.3 not t est e d

1-46 64.7 58 30.2 68.4 1.4 2.4 4.6
(7-061) 1.7 3.5
I 1.9 3.7

2.2 4.1
1.8 3.3

w Av'g. 2.0 3.8 0.089 153

w 1-47A * 60.2 no test 38.9 47.4 13.7 5.1 5.7 0.041 148

1-47B * 61.3 32 16.2 73.0 10.8 1.7 2.8 0.060 147

1-49A * 64.2 no test 77.8 21.0 1.2 1.4 2.4 0.021 144

1-49B * 63.5 no test 68.2 29.0 2.8 1.9 3.0 0.022 144

1-49C * 60.2 no test 55.6 41. 5 2.9 1.8 2.9 0.040 144

1-50A * n 0 t est s 62.0 35.6 2.4 n 0 t est s

1-50B * n 0 t est s 68.7 29.8 1.5 n 0 t est s

1-51A * 60.5 28 70.0 28.2 1.8 7.1 8.8 0.026 138

1-51B1 59.7 28 61.6 35.7 2.7 12.8 13.8 0.020 138

1-51B2 63.2 29 54.1 41.6 4.3 2.2 3.4 0.012 138

1-51C1 n 0 t est s 80.2 18.9 0.9 n 0 t est s

1-51C2 59.9 62 57.4 39.4 2.3 7.6 10.9 0.020 138

1-53A * 61.4 -- 76.1 22.3 1.6 4.6 5.3 0.012 130



Table II (Cont'd)

P~yload Size Distribution - % Water Loss Rate - %Original Fill
Run No. I Burst Average %/Day

(SwRI No.) wt. % Strength, 9 >200011 1180-200011 <118011 1st 3 days 1st 7 days after 7 days Days

1-53B * 59\6 -- 80.2 18.8 1.0 5.2 6.2 0.004 130

1-53C * 60~9 -- 84.6 14.6 0.8 3.6 4.2 0.001 130
\

1-530 * 61.4 -- 85.0 14.4 0.6 n 0 t est s

1-55A t est sn 0

1-55B 63.8 32 65.5 32.9 1.6 4.4 4.6 0.013 127

1-55C 64.1 37 74.9 23.9 1.2 7.8 9.3 0.036 127

1-56A *** 63.3 24 54.8 43.1 2.1 1.1 1.4 0.016 125

1-56B *** 61.7 33 31.5 60.9 7.6 0.4 0.6 0.012 125

1-56C 61.1 76 50.8· 47.1 2.1 1.6 1.8 0.018 125

2-2 61.9 65 47.6 50.1 2.3 0.5 1.8 0.012 123
w 2-4A *** 59.4 83.1 16.6 0.3 0.2 0.4 0.006 181
~

--
2-4B *** 61.4 -- 67.1 31.0 1.8 0.2 0.3 0.007 181

2-4C *** 61.9 26 ·71.2 28.7 0.1 0.2 0.3 0.011 181

2-6A *** 61.2 -- 75.7 22.8 1.4 3.6 4.7 0.025 181

2-6B *** 62.2 -- 78.8 20.1 1.1 0.5 0.7 0.006 181

2-8 *** 62.5 -- 21.6 77 .2 1.2 1.3 1.8 0.029 159
(7-079)

66.2-9A ca.19 13.8 82.8 3.4 0.6 1.0 0.030 158

2-9B1 65.b 20 17.0 82.2 0.8 1.2 1.6 0.009 158

2-9B3 61/2 18 34.3 64.8 0.9 0.3 0.5 0.008 158
I

2-12A 61.1 22 6.3 92.4 1.3 1.6 2.0 0.059 I 153
. I

2-12B ** 6'1.4 62 27.0 71.9 1.1 3.1 5.0 0.059 153



Table II (Cont'd)

Size Distribution - % Water Loss Rate - %Original Fill
Run No. Payload. I Burst Average %/Day

(SwRI INo.) wt. % Strength, 9 >2000p 1180-2000p <1180p 1st 3 days 1st 7 days after 7 days Days
/

2-J4A ** 63.3 23 19.4 80.4 0.2 1.3 1.8 0.063 152
I

2··14B 59.9 26 23.6 76.0 0.4 8.6 9.3 0.051 152

2!20A 63.6 27.8 71.1 1.1 1.0 1.2 O.OOl(gain) 133
/_208 65.0 28 18.3 79.8 1.9 0.8 1.0 O.OOl(gain) 133

2-21 64.7 0.4 91.2 8.4 1.5 1.7 0.020 132

2-22A 69.3 14 20.5 76.8 2.7 0.5 0.7 0.015 131

2-22C * 69.3 16 47.0 51.2 1.8 0.8 1.0 0.021 131
i

2-24A * 68/0 44.4 53.2 2.4 2.6 3.0 0.035 129
/

2-24B *** 68.5 10 16.7 82.4 0.9 ·0.4 0.5 0.026 129
/

2-24C *** 64.8 13 10.3 88.9 0.8 0.3 0.4 0.020 129
~

/

:,,T! 2-26 /56.8 22 20.6 )6.6 2.8 0.8 1.0 0.018 125

2-29A *** 65
.
8 -- 18.3 80.2 1.5 0.5 0.6 0.015 102

2-298 *** 67.3 -- 26.7 71.6 1.7 1.1 1.6 0.020 102

2-31A *** 6'3.6 -- 25.8 73 .1 1.1 1.0 1.4 0.017 96

2-318 *** 66.5 -- -- -- --- 0.8 1.0 0.009 96

2-32 *** 71.2 -- 40.8 58.2 1.0 2.9 3.2 0.016 95

2-35 *** 68.8 -- 32.7 67.1 0.2 2.3 2.7 0.023 69

2-36A *** 69.8 -- 47.4 51.3 1.3 1.1 1.4 0.022 68

2-368 *** 69.1 -- 41.4 58.1 0.5 1.1 1.3 0.030 68

2-37A *** 67.1 -- 37.1 62.2 0.7 0.3 0.5 0.022 66
/

2-378 *** ~_~V4 -- 34.9 64.0 1.1 0.3 0.4 0.015 I 66

2-38 *** 6'J.5 22.5 .35.2 64.5 0.3 0.1 0.3 0.015 66



Table II (Cont'd)

Size Distribution - % Water Loss Rate - %Original Fill
Run No. Payload I Burst Average %/Day

(SwRI( No. ) wt. % Strength, g >2000lJ 1180-2000lJ <1180lJ 1st 3 days 1st 7 days after 7 days Days

/
2-29A *** 64.8 -- 47.3· 52.1 0.6 0.4 0.5 0.008 62

2/39B *** 64.4 -- 41.2 58.2 0.6 0.6 0.7 0.007 62

141A *** 66.2 -- 45.7 53.6 0.7 0.6 0.8 0.010 62
/
2-41B *** 66.2 -- 37.2 59.6 3.2 0.5 0.6 0.010 62

2A *** 67.6 65.0 32.8 2.2 3.4 3.8 0.008 59

2-42B *** 69.4 73.2 25.9 0.9 2.8 3.3 0.013 59

2-44A *** 65.6 35.1 64.1 0.8 0.4 0.6 0.023 31

2-44B *** 65.1 18.3 78.4 3.3 0.8 1.1 0.035 31

2-45 *** 63.8 11.1 75.5 13.4 2.4 2.8 0.041 31

2-46 58.8 18.2 74.3 7.5 1.1 1.5 0.046 27

~ 2-47A 58.7 24.5 65.5 10.0 6.4 7.0 0.059 27

2-47B 57.7 26.5 61.2 12.3 3.3 3.7 0.062 27

2-47C 57.1 21.8 64.8 13.4 4.2 4.6 0.038 27

2-49A 55.6 -- 14.9 71.0 14.1 n 0 t est

2-49B -- -- 42.7 48.7 8.6 n 0 t est

2-50A 59.4 -- 72.0 26.9 1.1 n 0 t est

2-50B \57.9 -- 57.3 39.2 3.5 n 0 t est

2-50C 61.1 -- 63.4 33.7 2.9 n 0 t est

2-51A 62.1 -- 27.3 65.6 7.1 3.4 4.1 0.077 13

2-51B 65.9 -- 41.6 52.3 6.1 4.0 4.7 0.057 13
I

2-52 65.9 -- 26.5 65.1, 8.4 4.9 5.9 0.072 12



Table II (Cont'd)

Size Distribution - % Water Loss Rate - %Original Fill
Run No. Payload I Burst Average %/Day

(SwRI No.) wt. % Strength, g >2000\1 1180-2000\1 <1180\1 1st 3 days 1st 7 days after 7 day~ Days

2-53A 61.5 -- 31.6 60.3 8.1 4.7 5.7 0.085 11

2-53B 61.9 -- 23.5 65.8 10.7 3.1 4.0 0.094 11

2-53C 60.4 -- 32.8 60.3 6.9 4.2 5.4 0.080 11

2-53D 60.7 -- 18.1 71.2 10.7 4.5 ) 6.0 0.124 11

2-53E 58.5 -- 26.5 65.6 7.9 3.4 4.5 0.081 11

3-1A 62.5 -- 13.3 75.6 11.1 6.4 8.5 0.214 7

3-1B 61.1 -- 22.1 67.6 10.3 4.0 5.3 0.214 7

3-3 61.3 -- -- -- -- 4.4 4.7 0.041 6
(7-085)

3-4A 64.8 -- 10.4 81.8 7.8 1.5 3.0 0.131 4

3-4B 65.7 -- 34.9 64.0 1.1 1.4 1.9 0.068 4
W 64.9 18.7 76.0 5.3 1.0 1.6 0.072 4--.) 3-5 --

3-6A 60.7 -- 22.9 75.5 1.6 2.7 3.2 0.117 3

3-6B 64.5 -- 17.1 76.8 6.1 2.3 2.8 0.094 3
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A. Room Temperature Tests - ca.75 F

I. Capsules from Run 2-1 4A.':' were placed in a glass pipe, J-7/16 inches inside diameter, to a height
of 34 inches. No water lIas added. Pipe was stoppered and held vertical for 36 days. Stoppers \\ere
removed and capsules were dislodged by tapping on the pipe. Only slight blocking was apparent,
and capsules probably would have p~)ured out easily from a larger diameter pipe .

., Capsules from Run 2-8':' were placed in a PVC pipe two inches 10 to a height of 34 inches (JOn
grams of capsules). Held 23 days. Emptied. Completely free-flowing with slight tapping.

3. Used capsules from Run 2-21 ':' as in (2) above. Held 22 days in the Only a little harder to free than
Run 2-8 capsules. Free-flowing.

4. Used capsules from Run 2-22C:' and Run 2-24A':' mixed as in (2) above. Held 20 days in the same
manner as Run 2-8. Freed about as easily as 2-21. Free-flowing.

B. Elevated Temperature Tests

I. About 15 grams of capsules in vials were held in water bath for about 30 mInutes at yaried temper­
atures and observed upon remoyal and on cooling to give the following results.

Little or No Blocks But Blocks and Parts with
Run No.':' Blocking, DC Parts, °C Obvious Damage, DC

1-53A No determination 43-46 47
2-8 48 48-53 56

2-9A No determination 47-52 56
2-9B3 No determination 43-53 56
2-12A 46 47-52 56
2-12B 49 52-60 No determ ina tion
2-14A 49 52 56
2-14B 49 52 56

2. Samples of capsules from two runs were held at 53 to 54°C for 30 minutes. After cooling, the cap­
sules were parted with no obvious damage and gave following results by the weight loss tests.

Run 2-8 3.9070 loss of original fill first 3 days
4.1070 loss of original fill first 7 days
Average loss 0.016070/day for 17 days after first 7 days.

Run 2-9B3 20.0070 loss of original fill first 3 days
20.6070 loss of original fill first 7 days
Average lossO.037070/day for 17 days after first 7 days.



C. Agents to Inhibit Blocking

J. Procedure

10 grams of capsules from 2-9B3 were mixed with a small amount of candidate po\\der and held in
a \ial at 54 C for 30 minutes.

2. Results

a. Microthene 500 - micronized polyethylene - blocked same as control
b. Dry Flo Starch - hydrophobic starch - blocked same as control.
c. Vulca 90 - water inso)uble starch - blocked same as control.
d. Silanox - hydrophobic micronized silica - blocked same as conuol.
e. Cab-O-Sil- micronized silica - still hard to part but not as bad as control.

':' Shell composition of capsules used.

2-21 Same as 2-9B3

1-53A

2-8

2-9A

2-9B3.
(

2-12A

Sunoco 4412 40070
Picco]yte S-115 47
Polybutene f28 13
Sunoco 5512 4'\
Piccolyte S-115 45
Polyburene 128 10

Boler 1435 45
Piccolyte S-115 45
Polybutene 128 10

Boler 1426 45
Piccolyte S-115 45
Polybutene 128 JO

Boler 1426 53
Picco1yte S-115 47

2-12B

2-14A

2-14B

2-22C
2-24A

Boler 1426
Piccolyte S-115
Epolene C-16
Sunoco 4412
Boler 1426
Piccolyte S-llS
Epolene C-16

Sunoc04412
Boler 1426
Piccolyte S-115
Epolene C-16
Polybutene 128

Same as 1-53A
Same as 1-53A

50070
45

5
30
20
45

5

25
20
45

5
5




