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FOREWORD
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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.



ABSTRACT

This project had as its objective the experimental investigation of water capsule production utilizing tle
Southwest Research Institute’s submerged nozzie encapsulation apparatus (U.S. Patent 3,389,194). Initial ef-
forts on this project involved nozzle configuration and shell formulation optimization. The shell formulation
developed on a prior program was modified during the course of the project 1o 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 sheli formulation as determined by Jaboratory tests. Some preliminary work was done 10
increase the production capacity of the encapsulation equipment. The program was extended with major em-
phasis concerned with scale-up srudies of capsule production capacity and the treaiment 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 results.
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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-
organic-grout mine-bolt system, it was envisioned incorporating water-containing capsules in a fast-setting
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 demonstraied considerable promise. In order to further
evaluate the concept, SwRI was contracted by the Bureau of Mines 1o investizate the preparation of water-
conraining capsules which could be studied in the development of a practica] system.



II. OBJECTIVE -

The objective of this program was the experimenial preparation of water capsules utilizing the South-
west Research Institute’s submerged nozzle encapsulation apparatus and the evaluation of certain characteris-
tics of the capsules which would be of significance in the use of the capsules for a fast-setting cement.



III. EXPERIMENTAL

A. Encapsulation Apparatus

Southwest Research Institute’s submerged nozzle encapsulation apparatus, the basic design of which is
ilJustrated in Figure 1, consists essentially of a'nozzle of two concentric tubes mounied 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 exiruded 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
emploved 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 device 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 thercfore 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
L ““Basic’’ Shell Formulation

The cxamination of candidate capsule shell fermulations was conducted concurrentlv with
changes in the encapsulation system 10 improve svstem performance and increase production rate; however,
the capsule shell formulation and capsules made with the various formulations 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). With 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 [1 {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 10
65.8 percent in 21 of the 23 runs listed in the table, and capsule analysis gcave payloads of 60.2 to 64.8 percent
for capsules from the runs. In the other two runs (2-22C and 2-24A), input 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 11.
Losses are given as percentage of the original {ill 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 analvze and test. Surface moisture and water fill
from capsules with cracks or holes should be lost during the first seven davs, and the loss thereafter should
give an indication of water 10ss through the shell. The average weight 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 0.019 percent per day for capsules
on test from 45 1o 148 days. The range was 0.091 10 0.001 percent per day, and average deviation from the
mean was 0.020 percent. The average total 1oss Tor 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
would be expected to increase with payload, but these effects are not significant at the low Joss 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 varving percentage of the larger
capsules are multicore. 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 frem eight runs tested averaged 24 grams for single capsules in the
1700- to 1410- micron size range. In the test, abour 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. k

Capsules from Run 2-22C, made with the “‘basic’’ shell formulation and having a pavload of 69.3
percent, were tested for break-strength relationship to size with the following results;

Size (microns) Wi. % of Sample Break Strength {zrams)
2800-2360 13.2 47
2360-2000 33.0 2]
2000-1700 35.2 11
1700-1410 10.1 16
1410-1180 4.4 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 10 a minor degree.

2. . Experimental Formulations
a. Formulations Conraining Elvax

The first four fermulations (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 sirength to the capsules and
reduced blocking but severely increased loss in both initial and long-term tests (Table 11). 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 percentper day (64 to 87 days). The average break strength was 60 grams.

b.  Formulations Containing Ethylene-acrvlic Copolymers

Two ethylene-acrylic copolymers were used with paraffin wax to make four encapsulation
runs (1-12B, 1-12C, 1-15A and 1-15B, Table I}. The ethylene-acrylic copolymers composed only five percent
of the formulations because of the high viscesity 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 [1). Break strength averaged 37 grams. The first seven-day loss
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of {ill averaged 21.9 percent for the three runs, and thefaveraoe loss rate after this was 0.236 percent per day
(80 10 84 davs).

Two runs (1-18A1 and 1-18A2) were made with a shell formulation of paraffin, Piccolyte
and- ethvlene-acrylic copolvmer (Gulf 2205). Break strength for the sample of capsules tested from Run i-
18A2 was 32 grams, but loss rate was high (0.1 949 percent per day for 73 days after the initial seven-day loss).

C. Formulations Containing Polvethyvlene

Polyethvlene, as a compohem. was tested extensively in mixtures of polvethylene-paraffin,
polyethylene-paraffin-Piccotyte, and polyethylene-paraffin-Piccolvie-polybutene. The runs were made at low
production rates because the increased temperature requirements could not be met at high rates by the heating
svsiem available at the time.

(1) With Paraffin Wax

* Only one run (1-14, Table 1) was made with a formulation containing polvethyvlene
and paraffin wax. The low molecular weight polyethviene, 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 {irst
seven days for 81 days, Table ).

(2)  With Paraffin-Piccolyte

Fifteen encapsulation runs were made using polyethylene with paraffin wax and Pic-
colvte S -115 resin in the shell formulations, with fill lass rate average of 0.060 percent per day for 15210 153
days {rom capsules in two runs (2-12B and 2-14A) approaching that of the basic formulation (runs are indi-
cated by two asterisks in Tables | and II). The shell formulation used for Run'2-12B was made with a higher
meiting paraffin wax {(Boler 1426} and only five percent fow molecular weight polyethvlene (Epolene C-16),
but capsule break strength was 62 grams and ithe capsules did not block. The formulation for Run 2-14A was
the same as 2-12B but contained a mixture of lower melting paraffin (Sunoco 4412) with a higher melting par-
affin (Boler 1426), and this resulted in capsules with break strength no higher than that of the *‘basic” formu-
lation capsules. The other formulations made with polvethylene, paraffin and Piccolvie were similar 1o 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 Piccolvie was
S-115. 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)  With Paraffin-Piccolyte-Polvbutene

Capsules from several encapsulation runs made with shell formulations containing
polvethylene with paraffin, Piccolyte and polybutene 2ave 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 1-51C2, 1-56C, 2-2 and 2-14B, Tables I and 1) gave an average loss per day
of 0.025 percent after the first seven days for 123 to 152 days. Because of heating and cooling deficiencies in
the system al the time the capsules were made, capsules were not optimum, and this was reflected in high loss
of fill for the first seven days for samples from Runs 1-51C2 (10.9 percent) and 2-14B (9.3 percent). Average
loss rate for the other five samples tested (from Runs 1-20B1, 1-27B1, 1-27B2, 1-35A1 and 1-46) was 0.149
percent per day after the first seven days for 51 to 153 days. All of the formulations but fwo contained Sunoco
4412 Piccolvte S-113, Polybutene 128, and Epolene C-16. Run 2-2 contained Sunoco 5512 as well as Sunoco
4412, and 2-14B contained Boler 1426 with Sunoco 4412 as the paraffm wax component.

One additional shell formulation (Run 2-26) contained two percent carnauba wax and
three percent C-16 polyethylene with Sunoco 5512 paraffin, Piccolvte 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 1-32B1, 1-32B2, 1-55A, 1-55B and 1-55C as listed in
Tables 1 and 1. Twen1v percent Shellwax 700 was used with Sunoco 4412 wax and Piccolyre in Runs 1-32B]
and 1-32B2. Average seven-dav loss was 23.2 percent, and average loss per day was 0,28 percent after the {irst
seven davs. Capsules from the other runs tesiéd were much better, but the formulation contained only five
percent of the Shellwax, and polybutene was included. Capsules from Run 1-55B gave a loss rate of 0.013
percent per day for 127 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 1n 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 rates for capsules from these runs were not very different
than those made with Sunoco 5512 wax. Average percent loss per day was 0.016 for 131 to 1458 days. First
three-day loss per day was 0.9 percent, and first seven-day loss was 1.2 percent. Break strength averaged 21
grams. The capsules blocked more readily than did the Sunoco 5512 capsules, as the Boler wax was tackier. In
one run {2-21A) with Boler wax, polybutens was eliminated, resulting in capsules that resisted blocking better
but which gave higher loss rate —0.040 percent per day for 1353 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 extended period. Tests made showed that if
oxidation was occurring it was not enough to cause sianificant masking of loss of fill, and the small difference
was within experimental error. ’ ‘

3, Formulation of Choice
a. Composition and Experimental Conditions

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

Malerials Percent by Weight
Sunoco 5512 paraffin wax 45
Piccolyte S-115 45
Polybutene 128 10

Experimental conditions were the following:

Nozzle: Quter arifice 0.153 inch

Fill tube: 0.095 inches OD x 0.077 inches ID

Carrier flow: 10 liters per minute at 78°C with temperature at
recovery about 38°C '

Carrier fluid: Tap water with 0.05 percent Polyox WSR-301

Shell temperature: 96°C .

Fill: ' Deionized water with 0.05 percent Polyox WSR-205
plus dye {(dve aids visual monitoring of quality)

Fill temperature: . 73°C

Fill rate: 205 grams per minute

Shell rate: 106 grams per minute

Capsule payload: ¢a. 65 percent



During the program, over fifty encapsulation runs were made with the shell formulation of
cheice, and samples of capsules from most tuns were tested for weight loss and size-distribution. Few of the
runs were made under the same conditions since the runs were made concurrently with equipment devel-
opment and scale-up. Pavload, size range, and duration of tests for {ill loss varied; however, a good estima-
tion of capsule fill retention is shown by the water loss data collected. Antioxidant, butylated hvdroxvioluene,
was 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 evaluaiion of the capsules for certain of the
runs are presented in Tables [ and I, (The runs are indicated by a triple asterisk.)

b. Weight Loss

Samples of capsules from the first 30 encapsulation runs made with the formulation were
tested for weight loss for 31 10 181 days after the initial 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 {ill per day as percent
of the original fill for capsules from the 30 runs was 0.017 percent, with a range of 0.006 t0 0.041 percent per
dav 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 Size Distribution

Capsule size distribution varied, with from 10 to 83 percent by weighl being larger than
2,000 microns. Neither the pavload nor size had an cbvious 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 63 percent pay-
load. Capsules with higher payload gave lower break strength. Since no problem in handling and processing
the capsules due 1o inadequate strength occurred, 1t was concluded thar the strength was adequate for the in-
tended use.

4. General Evaiuation
a. Capsule Size

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 11 as
weight percentage above 2,000 microns, percentage from 1,000 1o 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 10 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.  Blocking
‘ Tests were made to determine resistance to blocking of capsules made with several shell for-
mulations. 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 was 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 temperature (ca. 75°F) during the course of the test. Samples rested were as follows:

I8 Capsules from Run 2-8, made with the selected formulation,

(3%

Capsutes from Run 2-21, made with Beler wax 1426 substituted for Sunoce 3312 in the selected

formulation.
3. A mixture of capsules from Runs 2-22C and 2-24A made with the basic shell formulation.
4, Capsules from Run 2-26 made with the formulation containing carnauba way and polvethylene

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 difficuit to free, and large lumps of capsules came out of the pipe with
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 (Run 2-8} with little or no
blacking occurring with exposure of 30 minutes at temperatures under 48°C (118°F). Blocking occurred at 48-
53°C (118-127°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 (1-53A) blocked at 43-46°C (109-1157F)
but could be parted. Gbvious damage to these capsuies occurred at 47°C (116.6°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
systemn 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 Polvox WSR-35 polyoxyethylene was added to the carrier water as
a turbulence-reducing agent, capsules 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 fatrication of a new nozzle, the initial runs (Runs 1-9 through 1-27A in Table 1) 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 0.155 inches ID and the fill
tube was 0.031 1D x 0.030 inches OD. The new nozzle was 0.155 inches ID with a fill tube 0.028 inches |D x
0.042 inches OD. 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 o 83°C with cap-
-sule payload about 65 percent. No trouble was encountered obtaining cooling and heating necessary for the
shell formulations, and well-formed capsules were made with only 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 % 0.093 inches OD
with the outside orifice remaining at 0.155 inches. This was the [inal 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 1o 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 .

4. Fill Tube Design - Carrier and Cooling Water Variations

Fill tube size was increased to 0.064 inches OD x 0,043 inches 1D beginning with Run 1-32A1. 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 carrer 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 1o 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
was noted but without severe sticking of the capsules.

For additional studies, the inner fill tube was changed to .08 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 °C which caused capsules made with the *‘basic’” shell
formulation to stick togerher badly. At a carrier flow of 7 liters per minute at a temperature of 64°C and a
collection surge tank temperature of 42°C, capsules formed well and were recovered without 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 sticking occurred with Boler
1428 substituted for Sunoco 5312 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 point with a flow rate of § 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 meiting formulations therefore could ot 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 couid 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 Tecovery at higher production rates did not cqual the production rates estimated
by fill pump and shell pump calibration. This was attributed (o 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 evenrually disrupt operation. In two runs (Run 3-1B
and 3-4B), satellite recovery indicated that loss of capsule production due to satellite formation was about 3.5
percent and 4.9 percent.



6.  Capsule Quality vs. Production Rate

Capsule quality appeared to diminish as production rate exceeded a recovery rate of about 15.9
Kilograms (35 pounds) per hour. Above 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, Nag difficulty was
encountered in maintaining production at 22.7 - ilograms (50 pounds) per hour; therefore, an extended effort
was made at this rate, without success, 10 improve capsule quality 1o an acceplable level. Since capsules at this
rate are marginal, some change in shell or some equipment refinement may overcome the problems.



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.



V. CONCLUSIONS

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

The capsule shell formulation which gave {he best overall characteristics consisted of the following:

45% Sunoce 5312 Paraffin Wax
43% Piccolyvte S-113
10% Polvbutene 128

Using the abeve 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.

The submerged nozzle encapsulation apparatus utilized on this program 1s readily anmienable 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-
itv. Common fill 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 aperating hour for 4 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 artractive 1o operate the encapsulation equipment at high rates on an intermittent basis to minimize
the labor cost factor. This alternative should be considered in arriving at optimum plant size.
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Pun No.

{SwRi Wo.) Shell Compasitien %

1-¢ Sunoco 4412 wax 60

{7-032) Piecolyte 5-115 25
Elvax 210 15

1-104 Same as 1-9

1.108 Same as 1-9

1-11E Same as 1-9

(7-033)

{7-034)

1-128 Shellwax 200 - 95
Gulf P.E. 220% 5

1-12C Same 45 1-128

1-14 Sunoco 4412 wax 80
Epolene C-16 20

1-154 Suncco 4412 wax g5
Union Carbide DPDA-2304 §

1-158 Same as 1-135A

1«15 Sunoce 4412 wax 40
piccolyte 5-115 a7
bolybutene 128 13
Aluminum stearate 0.5%

of above added

1-17 Sunoco 4412 wax 40
Piccolyte 5-113 47
Palybutene 128 13
Armid HT - trace

1-18R1 Sunoco 4412 wax 50
picenlyte 5-115 45
GUIf P.E. 2205 5

1-18A2 Same a5 1-1641

1-188 Sunoce 4412 wax 50
Piccolyte S-115 40
Epolene C-16 20

=%
k%

Table 1

ENCAPSULATION RUNS

Estimzted [Lstimated farrier Carrier
Payload S=aduction Rate Temp.

wi. % -_ke/nr mL/min °C Comment

64.% 2.2z 2800 65-6% Rar about 14 hours without pivaging. Cap-
sules did not stick together, Capsules were
not well formed. Some bad capsules were
removed by floztztion after standing over-
night. 36 pounds were shipped

64,9 2.22 4000 65-60 Capsules looked better during production
then 1-9, but not well formed.

64.8 3.29 4500 65.68 Capsules poorly farmed. Do mot look s
good as 1-10A.

64.8 3.29 4500 65-€8 0.5% Polyox WSR-35 was added toc the carrier
water to reduce turbulence. Copsules
appeared much better on production with
almost no empty capsules apparent

66.9 2.36 3000 78-80 Yery few empty capsules when produced.
Appezred better than preceding four runs
0.5% Polyox in carrier.

66,8 2,36 2700 78-83 Not quite as well formed ag 1-126. Very
few empties wher produced. Polyox used.

€4.9 2.721 3000 80 Formed well. HNo empties when produced.

' Locked good. Pulyox wsed.

64.8 2.21 3000 al Formed well. o emptiss when produced.
Locked good. Pplyox used.

61.8 2.21 2700 81 About the same as 1-15h. Pelyox used.

64.8 -2.21 3000 $4-65 Made well with only a slight tendency of
capsules to adhere together when warm. HNo
empties when produced. Some multicores.
Polyox used.

64.8 2.21 3000 64-65 Run was started with 1,04 Armid added to
the shell formulation but capsules would
not form. Sneil witnout brmid wes added to
give 0.2% Armid. Capsules formed well.
Some multicore. Pelyer used.

648 2.21 3000 70 Capsules large and irregular. Many multi-
core. HNo empries. Polyox used.

64.8 2.21 4000 64-71 Capsules Jooked good except many are multi-
core. No empties. Polyox used.

64.8 2.21 3600 79-80 Many elongated and multicore capsules. HNo

Indicates sample submitted.

Runs using basic formulation.

empties. At 3000mL/min carrier, capsules
large and irreqular.

Runs using. polyethylene with paraffin and Piccolyte.
Runs using formulation of choice.
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shell Composition

1-2082

1-23A

1-238*

1-248

1-228

1-2781

1-278%

1-270%>

1-ZBAl™*

1-28A2*+

1-28A3%
1-28B1**

%%k
& % %

Sunoco 4417 wax
Piccolyte 5-115
Epciene C-16

Seme as 1-Z0Al

Sunoco 4£17
Piccolyte S-115
Epclene C-16
Polybutene 128

Same as 1-2081

Sunoce 4412
Pieeolyte $-115
Polysutene 128

Same as 1-23A

Sunaco 6417
Piccolyte 5-115
Elvax 210

Sunoco 44312
Piccolyte 5-115
Epoiene C-16
Bolybutene 128

Sunoco 4412
Piccolyte §-113
Epolene C-16

Sunoco 4412
Piccolyte 5-115

‘Ecalene €-16

Polybutene 128

Same as 1-2781

Sunceo 4412
Piccolyte $-115
Epolene (-16

Sunoco 4412
Piccalyte S-115
Epolene C-16
Same as 1-28A1
Same as 1-2BA1
Sunoco 4412

Piccolyte §5-115
Epolene C-1&

55
15

50
15

49
13

4%
15

50
0
45
10

48
40
12

Table I (Cont'd)

Estimated Estimated Carrier Carrier

Peyload Production Rate Temp.

wt. % ka/hr mL/min °C Corment

B4.8 z2.21 3000 BZ 0 5% Polyos WSR-35 was usec in this and
211 other runs thown. Many mwlticore
capsules. Almost no empty capsules
efrer overnight arying.

64.8 2.21 2800 B2 More large muiticore capsuies than 1-20A1.

64.8 2.21 3000 81 lio empty capsules

64.8 2.21 3300 7% Capsules appear better than 1-20B1. Less
large multicore capsules

65.8 2.21 3000 65-66 tio sticking or plugging. Some blocking
in collection vessel, Large number of
sateTlites. HNo empties on production.

4.8 2.21 3400 63-84 Capsules Yook better than 1-23A. Block
slightly more an collection

64.8 z2.21 3560 77-78 Capsules all filled bot poarly ¥formed.
0ff tenter and multicored

54.8 2.21 3000 75 Cepsules not formed, Stringing and
elongeted particles. Heat control at
maximum. No sample.

64.8 z2.21 3520 70 Hew shell and 111 tubes instalied. OQuter
orifice 0.155" (same as ald), inner tube
0.042" 0J x 0.28" 1D {ol¢ wes 0.059" 0D x
0.03}1" 19). Made well when aligned.
Small semple. Some aggiomerates and
mutticore.

64.8 2.21 3520 74 Hade well, Some multicere and some
empties after erying overnight

64.8 2.21 3000 71-72 Not as weild forwed as i-2721. ‘Move smel
satellites than 1-27A. Some multicore.
Some empty after drying.

64.8 2.2l 3520 71-74 Made well. Some mufticore. Many empty
on drying.

64.8 z2.21 »3600 72-76 Capsules f1lled on collection. Capsules
not as good when temperature aver 76°C.

64.8 2.21 3600 75 Capsules look good.

64.8 2.21 3280 75 Capsules look good.

64.8 2.21 3200 69-75 Capsules filted on collection except a

Indicates sample submitted.
Runs using basic formulation.

Runs using polyethylene with paraffin and Piccolyte.
Runs using formulation of choice.

20

few large empty capsules,



Run No. 4
{SwR} Nc.)™  Shell Comnasitian %
1.2852%* Same as 1-2831
1-28C Suneco 4412 40
Piccolyte S-118 47
Polybutene 128 13
Armid KT added to
above C.37
1-3281%* Sunoco %412 40
Piccalyte 3-115 47
Epolene C-16 13
1-3282> Same as 1-32R]
1-3281 Shellwax 700 20
Piccolyte S-115 45
Sunoce 4412 35
1-3282 Same &5 1-3281
1-35A1 Sunoco 4412 - 40
Piccolyte S-115 45
Epolene C-16 10
Polybutens 128 5
1-3342 Same as 1-35R1
1-36 Seme as 1-35A1 except
0.5% Aluminum Stesrate
added
1-3GA* Sunoco 4412 40
Piccolyte $-115 47
Polybutens 128 13
1-3B8* Same as 1-38A
(7-059)
[7-060)
1-38C* Same as 1-38A
1-40 Same as 1-3BA with
0.3% Armid HT added
1-62A% Same as 1-38A

* %
* k&

Table I (Cont'd)

Indicates sample submitted.

Runs using basic formulation,
Runs using polyethylene with paraffin and Piccolyte.

21

-Runs using formulation of choice.

Estimeted Estimated Larrier  Larrler
Payload Production Rate Temn.

wh. U keshr mi/min °C Canznent

[ 354 2.21 3320 73-74 Capsules ook osod.

648 2.21 3320 63-65 Mace well. Many sateliites.

64.8 z2.21 3200 70-73 wew inner tube 0.064" DC » 0.043" 10
Cepsules 100% geod. 70°C is too low,

€4.8 2.21 3500 75 Made well. Appear 1o be more cincie
capsules than with ather nozzle.

64.8 2.21 35600 72-76 gelow 72°C shell clumps and strings.

' Flow rate and temperature appesr critical.

64,8 2.2t 3600 75-76 seme elongation. Capsules filled on

’ coliection but many empiy after drying
overnight.

€4.8 2.21 2900-315¢ 76-79 Mage wel].

64.8 2.21 3300 76-79 Made well, Almost no emnpty cepsules after
arying overnight

e4.8 2.21 3500-3600 7 Some cepsules glongatec, Chanoe in carmier
rate and temperature not helpful. Ho
empties after drying overnight

64.8 2.0 3360 £0-64 0.5% Polyox WSE-35 was used in the carrier
in this and ail other runs shown. Fil}
water contained Q.005% biue dye. Capsules
formed well. Some hlocking gocurred on
collection screen, This beceme bec at ca.
64°C cerrier temperature.

§5.8 2.1¢ 3360 33-62.5  Shell reservoir temperature reduced from
74°C to 71°C. Fill reservoir ifemperasure
redutes from 67°C to 38“C. Ran ] hour ane
40 minutes without problems. Yery little
blocking.

65.2 3.45 3380 60-63 Made well. HNe more blocking than at lower
production rate. Capsules were larger

65.2 3.45 3360 59-63 STight reduction in capsule size from
1-38C capsules. Little or no blocking.

65.4 g.1 3400-4400 61-€5 Shell reservoir-71°C, Fi11-58°C. Capsules

large and stuck together om screen. (ap-,
sules broke apart with some damage at 61°C
but stuck at 65°C. No sample.



Table 1 (Cont'd)

Estimated Estimated Carrier Carrier ' b
Run o 4 Payioag Produciion Rete Temp. '
(5wR] M6.)®  shell Compesition 5 vl % kg/hr mL/min °C Lomment,
1-4z8* Seme as 1-38A [ g1 4400 63 Snell reserveir temperature reducec to

65,6°C. F111 reservcir redured to 5<°C.
Stil) blocked nadly on screen. £ smail

sample cauaht 1n @ besker and puured on

the screen dic not bleck.

1-434% Same 25 1-38A £5.4 q.1 4000 55-65 A five-qallon surae tank was itnstalled
before the capsule collection screen
This stopped slocking on screen. Fild
reservoir temperature was 42°C. Capsules
were 1&rge &nc poorly formed.

1-438* Same as 1-38A 65.4 9.1 4300 60-64 Cepsules smaller and better then 1-43A
but 5till large ang manv empty capsules.
1-43¢C Same as 1-38A but 0.3% 64.0 8.7 5000 60-64 Cepsules smailer than 1-43B. Most cape
Armid HT zdded ' sules oroke until fi1) temperature raised

to 60°C and fill rate reduced. 5till some
broken capsules, but much better. Many

satellites.
1-25~ Suneco 4412 40 €4.0 8.7 5358 70 Shell reservoir was £7.8°C. Fill reservoir
Piccalyte 5-115 45 55%C. Capsules not broken but ¢id not
AC-B17 polyethylene 15 ’ form well. Many solid particles ano wide
size range and payload variation.
1-46 Sunoco 4412 50 65.Q 2.28 300C 78-79 Inner npzzte J,064" QD » 0.043" 1D, 0.5%
{7-081) Brceolyte 5-118 30 Polyox WSR-25 in carrier water. Sheld
Epuiene £-16 15 reservdir BEC. Fi11 reservoir 55°C raised
Polybutene 128 5 to §5°C.  0.005% blue dve in £111. Capsule

size was a little larger and range wider
thas desired. Temperature 2t top of COR-
traller range, fapsules looked good. 1.9k3

shipped.
1-474% Sunoco 4412 40 63.8 Z.38 3340-3400 60-64 Shell reservoir 71°C. Fill - 58-3%°C. Cap-
Piccolyte 5-11% 47 sule stze was large and mony sateliizes
Palybutens 128 13 were sormed.
1-478* Same as 1-47A 63.8 2.38 3200 £3-65 Capsules much better Toocking tnan 1-47A.

Conditions seme. Shell used contained
shell which nad been hezted before znd
may have been more oxidized.

1-494* Same ags 1-47A 65.5 9.08 5580 6d Inner nozzle 0.081" 0D x 0.062" IO, O.2¢
Polyox WSR-203 in carrier water  Snell
reservoir B8°C; Fi31 60°C. Five-aallon
carrier surge tank used, but cepsules
stuck some on recovery. Capsules looked
good but large.

1-498* same as 1-47A 65.5 9.08 5580 62 About the same as 1-42A. Capsules still
stick some.

1-49C* Same as 1-47A . 65.5 9.08 5820-6000 50-62 Conditions same. C(Capsules smaller and
. took good but too hot.and agglomerated in
tank and on screen,

1 Indicates sample submitted.
* Runs u51ng basic formulation.

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

Estimated Estimated Carrier Carrier

Payload Production Rate Temp.
Shell Composition 5 wt. & __kgtshr mi/min °C Comment
Same as 1-£7A 1% g.08 6300 59.5 Shell - 85.5°C: Fi11 - 53°C. Tank -
40-41°C, Capsules ook godd but tow
~ fint-stick badly on collection.

1-508+ Seme as 1-47A 85.5 g.o8 6000 52 F411 - B0°C, Tank - 40°C. A Tattle
better, but capsules stil) stick eon
collection,

I-S1A* Same &8 1-G74 §5.5 9.0¢g &000 59-60 Hew batch of shell (heeted 48 hr av 70°C)
{ther conoitions same. Stuck about as
1-508.

1-5181 Same as 1-37A but 05.5 g.o8 6000 59-61 Look good but stick on collection.

0.3k Armid HT added
1-5182 Same as 1-351B1 65.5 9.08 6000 58-50 Do nct appear to stick as badly as 1-3181
1-51€1 Sunoco 4412 36.4 65.5 9.08 5300 65 Shell - 88°C; FY11 - 67°C; Tank - &3.5%C
Piccolyte 5-115 42.7 Many large capsules, and capsules stick
Poiybutene 128 1.8 on collection,
Epoiene C-16 9.1

1.51C2 Same as 1-51C1 65.5 9.58 5000 65 Capsutes smaller but st111 stick tooether
badly.

1-53A* Sunoco 4412 40 £5.5 9.C3 6000 53-60 Shell - 74°C; Fill - 47.5°C. 0.2% Polyox

Pigcolyte 5-115 47 205 in fi1Y as well as in carrier weter.
Polybuiene 128 13 Made well but stick and still large.

1-5387 Same as 1-53A 85.5 .38 5700 57 Shell - 7i°C; Fitl - 47°C.  Other condi-
Tigns same. Siill stick come.

1-53C* Same as 1-834 85.5 9.08 5640 56.5 Shell - F1°C; Fil} - 45°C. Dcher condi-
tions seme. Copsules form well, Still
stick together.

1-530" Same 2§ 1-53A £5.5 2.08 5640 56-56.5 Shetl - €3°C: Fill - 42°C, Otner condi-
tions same. Stiil stick some. Some
capsules nave teris.

1-5BA Sunoco 4412 40 " 655 9.08 5700 61 Conditicns same as 1-534 except Shel

Piccalyte 3-115 45 resgrvoir - 7170, FIMD - 38°C Ty akd
Shellwax 700 5 blue dye. Strung and plugged systew o
Polybutene 128 10 capsules.

1-558 Same as 1-5%4 £5.5 9.38 €400 66 Same conditiens as 1-B&A except Sheil -
79.4°C, FilY - 65°C. iMade good capsules.
Very little sticking.

1-55¢C Same as 1554 £5.5 9.08 6000 £3-65 Same conditiens as 1-558 but variation in
carrier temperature. A little less stick-
ing than 1-5%8.

1-5BAT** Sunoco 5812 wax 45 65.5 9.08 6300 65 Same conditions as 1-358 but 0.1% Polyox

Piccolyte S-115 45 205 in carrier. Fill - 38°C. Temperature
Polybutene 128 10 of carrier water in surge tank was 402°C.

Capsules did not stick in tank pr collection
screen. Look geod and are not tacky.

Indicates sample submitted.
* Runs using basic formulation.

**  Runs using polyethylene with paraffin and Piccolyte.
***  Puns using formulation of choice.
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Run o, I
(SwRI No.)

shell Composition

1-563%="

Z-2

2-ghws

2-4Brax

Zed(r T

2-5AT"

2-ER4*+

I _Ghkw
(7-079)

2-9A

Same as 1-36A

sunoco 4412
Piccoiyie 5-115
tpolene L-16
Polybutene 128

Sunoce 5312
Piccolyte 5-115
tpetene C-i€
Polybutene 128

Sunoce 4412
Suneeo 5512
Piccolyte 5-11b
Epolene C~16
Polybuiene 128

Sunoco 5512

Piccolyte 5-115
Poiyoutene 128

Same as 2-4A

tame as Z-4A

Same 8§ 2-4A

Same as 2-3A

Sunoce 5512
Pitcolyte 5-115
Poiybutene 128

Boler wax 1435
Piccolyte S-115
Palybutens 1ZB

B

40
40
10
10

&5
a0

10

32
4z
10
45

45
10

45
10

45
10

‘Table I (Cont'd)

Estimated
Fa\in,d

Wia %

Ex.2

65.%

85,

w

£€5.5

£5.8

£5.5

65.0

65.0

Cstimated
Procuction
ka/hr

Carrier
Rate
nL/min

Carrier
Temp.
g

Comment

$.08

9.02

5.08

[¥e]
©
™

5.8

4.8

Indicates sample submitted.

* Runs using basic formulation.
**  Runs us1ng polyethylene with paraffin and Piccolyte.

*kk

Runs using formulation of choice.

o
o~

7000

7000

7300-6500

7000

7000

7300

7500
7500

7500

6700-700C

8500

63-64

63-64

62-65

[

64.5

fa

64

£3-565

64-65

Seme conditions es 1-56A, Cepsules snallier
and more yniform than 1-56A. Lo sticking,

same conditiony as 1-565 except Sneli -

§2°C; F111 - E3°C. Capsuies mace weil but
s$tuck togetner in surge ténk., Eruwe epart
easily when cold. Manv elongated capsuiss

tapsule f111 wes deionized wates witp .05
Pylam deep blue W-13 dye ang 0.1% Polyox
WSR-205 added. Fiil reservoir wes S8°C;
shell was £2°C. fapsules aid not form well-
tails., Go sample. (C 1% Fulyox WSR-ZD5 irn
carrier.)

Same fill and conditions as 2-1. Tempera-
ture of collection tenk was 42°C. Some
clustering in tank but no real sticking.

Seme fi11. Shell - 8B°C; Fal1 - BG°C
About 0.06% Polyox WSR-301 in carrier
Temperature of ccllection temk was 43.9°C.
Capsules stick very slightly irn collection
sieve.

Tank was
Cepsuies

Other conditions same as 2-4A.
44 45C. Sticking stiil slight
lock goad
Szme as 2-4B.  Capszles Yook good.

Same as 2-4A but £i11 - 62°C, carrier 0.047
Polyor WSR-201, collection tenx - 43.5°C
Capsules not as gooc 2% 2-4C.

Same &s £-6A bul 0.17 Polyod wSR-H-1Z2H witn
Q.17 tsopropanol in carrier insteac of
WSR-321.,  Capsules ook zhout like 2-4C
Coilection tank - §2.8°C.

Fill was cdeionized water with 0.1% Palyon
WSR-235 and 0.00%% =lue dye add=d Larrier
water contained .05 Polyox WSR-3G1. f:l1
was 60°C; Shell was 92%C. (Coliection tank
was 46°C. $lignt sticking on collection,
but capsules oreax up eesiiy cold. FRum wes
about 3 hrs. 25 lbs of capsuies were shipned.

Same conditions as Run 2-8. C(apsules stuck
together more than Z-8& capsules. Some
clumps did not break up easily when cold.
Most did part easily.



Run No.
[

th211 Composition

z-881

2-12A

2-128=+

2-15A%

Z-204

2-21

2-22h

Baler wax 1426
Ficcolyte S5-118
Polvbutere 128

Seme 35 1-9B1

Same as Z2-9B1

Boler wax 1428
Piccotyte S-115

Boler wax 1426
Piccoivte §-115
Cpolene C-16

Sunoco 4412
Boler wax 1426
Ficcolyte S5-115
Epgiene C-16

Sunoco 4412
Eoler wax 1426
Piccolvte 5-115
toolene C-16
Pojybutene 128

Boler wix 1426
Siccolyte §-1158
Solybutene 128

Same as 2-20A

Same as 2-20A

Same as Z2-Z0A

53
47

Estima
Peylo
Wi,

Table I-(Cont'd)-

ted
ad

o

Estimated

Froduction

xg/hr

Carrier

Rate

mi/min

Carrier

Temp,
°C

Lorment

€5 0

€5.0

65.0

85.0

€5.0

65.0

£5.6

£5.6

65.6

59.2

4

W

10.

Indicates sample submitted.

a

R

* Runs using basic formulation.
** Runs using polyethylene with paraffin and Piccolyte.

ek k

Runs using formulation of choice.

6500

€700

6100

6200

4500

5300

5300

7500

BOOO

8000

8000

£3-64

£1-62

63-64

62-65

75

67-68

&5

64

64-65

64

Seme conditions &5 Run 2-g. Capsules siuck
together more than 2-8R, put sTill nol Lad.

Seme comdiiions as Qun 2-8 except: Sneld
was 88°C; Fi11 wes 37°C; and coliection
tank wes 44°C. Strings end clukps formed
with no gocd capsules. Mo sample was made.

Same conditions as Run 2-B except: collec-
tion tank was 43.24°C. Cepsules formed
weil, but sticking ocecurred.

Same conaitions as Run 2-8 except: Fill
was 58°C and collection tank was 44-46°(
At €2 to 62°C carrier temperature, some
empty capsules were produced, Some Stick-

ing occurred &t B4-65°C but not bad.

Same conditions as Run 2-8 but collection
tank was 44°C.  Good capsules would not form
under 73%C carrier temperature. HNo stick-
ing occurred with these capsules.

Same conditions as Rum 2-8 but collection
tank was 43°C. Capsules formed with no
sticking.

Same conditions as 2-14A.- S11ght clumpinc
in collection bath. Many empties efter
drying overnight.

fi11 was defonized water with 0,057 Folyex
WSR-205 and 0.002" blue dve saded. Sneld
reservoir §3°C; Fi11 - €3°C. Booster

pump on cooling water lina reduced ccliec-
tion tank, temperzture to 4O°C. o capsule
sticking at this temperature.

Conditions same as 2-20A. Carrier pump
cswsed vibretion but good capsuies with
no sticking.

Conditiens same as 2-20A. Carmer punp
vibration réduced. Capsules smalier znd
more uniform.

Conditions same as 2-20A except Fill
reservair B2°C. Capsules good unti]
carrier weter droped to 60,5°C and tails
formed on capsules.



3un ho. 1
[5wRBi No.)

2-22¢*

2.25B7

2-zaCxwr

2.26

2-208++r

2-31A
(7-080)

2-319%=+
7-081)

2-32¥sn
(7-082)
2-35%47

2-36A%H+

* %
&k %k

Shell Lomposition
SunoLo 4412 wax

Piccolyte 5-11%
Palybutene 128

Same as 2-22C

Suncco 5512 (Ross)
Piceplyte 5-118
Pclybutene 128

Same as 2-24B

Sunoco 5512
Piccelyte S-115
Polybutene 128
Carnauba wax
Erclene C-10

Sunoco 5512
Piccolyte S-115
Polybutene 128

Seme as Z2-29A
Same as 7-29A
Same as 24294
Same as 2-29A
Sunoce 5512

Ficcolvte S-115
Polybutene 128

Same as 2-35

40
13

L]
10

43
4z
10

a5
10

45
45
10

Estimeted E[stimated
Payvload Produciian
who % hgshr
59.2 1.2z
69.2 10.227
€9.2 1¢.22
65.6 $.16
£5.6 9.16
65.6 9.16
£5.6 9.16
65.6 g.16
£5.6 9.16
69.3 10.25
67.8 9.78
67.8 §8.78 -

Table I (Cont'd)

Indicates sample submitted,

Runs using basic formulation.
. Runs using polyethylene with paraffin and Piccolyte.
Runs us1ng formulation of choice.

2b

Carrier
Rate
mL/min

7500

7500

8000

8100

7000

7900

7900

8000

2000

8000

3000

8000-7600

Carrier
Temp.

_c

559-62

60-61

£5-66

66-68

65-66

£5-66

§4-65

64-65

54

62-68

62-68

Comment

Conditions same as 2-2¢24. Chiller used
collection tank wes 30-32°C. Caps
made well with no sticking. Heata
tem ¢id aot meintzin temperéture at 62°C.

Conditions same as Z-224%. Chiiier used.
Capsules nede well witn no sticking.

Londitions seme as 2-22A. ho chiller

No ¢ollection tank. Carrier temperzture
out - 39°C. Temperature steady. Mede
well, o sticking,
Conditions same as Z-248, Made wiil with
no problems.

Cenditions same as 2-24B, Made weil,
Heating system would not maintain tempera-
ture at 68°C,

F1ll was water with 0.05% Polyox WSR-205

and 0.005% blue dye. Fill temperstyure

was 62°C, Shell temperature 80.5°C. Cep-
sule recovery was £.54 kg/hr. Capsuies were
more uniform in size tnen 2-290 below with
fewer elongeted.

Run was same as 2-29A, but with so Pelyox

in the 7111, Caosule recovery wes 6.4 hg/hr.
Conditions seme as Z-29%A, out 0.03: Pylam
Deep Blue W-13 dve in the 7111, cample

shipped was 1000 to 2300..

Conditions same gs Z-294, but 0.05% Pylaklor
Brilliant Red S-363 in the f111. Sample
shipped was 1000: to 230C..

Conditions same as 2-29R except higher fill
rate. Actual capsule recovery was 9.42 kg/hr

tncapsulation system was installed in new
building with new steam supply. Fiil for
this and following runs was deionizec water.
with 0.05¢ Polyox WSR-205 ang 0.005% blue
dye. Carrier fluid was water with 0.05%
Polyox WSR-301. 5hell reservoir wes 53°C,
i11 reservoir 60°C. C(zrrier temperature
variation was excessive with slight stick-
ing of capsules at 68°C. Capsyles were of
good appearance.

Conottions same as 2-35. Conling water flow
restricted and some variation in carrier
rate and temperature. Some slight capsule
sticking when carrier about 68°C, but cap-
sules gppear good and undamaged.



Run No. :
(SWRI “ip.) $hell Composition
2-36B* Szme as 2-35 with
0.02% B47 added
ERNCYY S Seme gs 2-38B
2-37Brww Same as 2-368
220 Seme as 2-368
2-3GAnE* Same as 2-35
2-38BF Same as 2-35
2-G1AX" Same as 2-35
g-C1ger same as 2-35
2L xER Sunbco 3512 wax
Fiecolyte $-119
Polybutene 128
2-42B%* Same as Z-428

* %
% %%

Ectimated
Paylecad

Wt

67.8

£7.8

£7.8

67.8

6b.2

65.2

85.0

§5.0

£8.9

68.9

rr.

Table I (Cont'd)’

Estimated

Carrier

Production Rate

kg/hr

78

o

w

o

11

12.

4.

78

78

.z

70

.00

ol

Indicates sample submitted.

Runs using basic formulation.

s /min

Carrier
Temp.
°C

Comment

800C-7€00

3000

8000

8000

8200

8800

9300

2300

9800

9500

£2-68

61-64

64-66

66-67.5

£6-67

67

51-63

65-£5

61-66

64-67

Conditions same as Z2-364. HNg effect of ine
butylated nydroxyicivene entioridant notec.

Inner nozzle $ize increasec from 0.0&%" 0D

x D,062" 1D to O 285" 4D x QU077 §D. Quter
ngzzle orifice stitl 0.155" . Cooling system
was tleaned ana flow incressec to i0.5
liters per minute. Odther cancditions were
not changed. fLarrier fluid at collection
was 3E°C. Wher carrier temperature dropped
to 61°C, stringinc occurrea. .

Cooling water flow was cut to about 9.1
liters per min. Otner congitions were
unthanged. C{errier fluid at coliection wag
37°C, and no sticking of cepsules otcurred.
Capsules lopked good,

Conditions seme as 2-27A. Temperature &t
coliection 29°C. o sticking. Capsule
collection rate was ©.0% Lgrhr. Capsules
looked good.

Conditions same a5 2-27~ but cooling water
E.€ 1iters per min, Capsuie collection
rate was 10.57 kashr. Capsules looked eood.

Conditions seme as 2-374. Temperature at
coliection 40°C. Mo stiching, Cepsuies
look goed. Censule collection rate was
10,59 kg/hr.

Conditions same as 2-%7A, but cooling weter
7.5 Yiters/min and tensperature at celler-
tion was 40°C. Coiiection rete was 12.G3
ka/hr,  Lapsules lookes good.

Condi1tions not changed. Temperature 2t
collection wes 41.7% =0 42.2°C. Ciight
sticking occurres. but capsules partea
without zpparent oamage and looked good.

~
Fill was deicnized water with 0.05¢ Polyve
WSR-205 and 0.005% biuve dyve 2dded. Lzrrier
liguid was water with 0.05% Polyox WSR-301
added. Collection temperature was 47°C
Shell reserveir was 93°Cy Fill reservoir
was 60°C, Quter orifice was 0,155". inner
nozzle was 0.095" 0D x 0.077" 1D. Capsule
collection rate was L3.4 kg/hr, Some badly
formed capsules when Temperatute is Delow
62%C but sample of aood appearance.

Conditions same es 2-42A except temperature.
Capsules were good.

Runs using polyethylene with paraffin and Piccolyte.
Runs using formulaticn of choice.

27



Estinated
Payload

Wl .

Table I (Cont'd)

Estimeted
Froduciiaon

Loshr

Lerrier
Rate
mL/min

Cerrier
Temp.
‘C

Comment

un o

(SR Ka Shel! Corpgdsition
2udafmm seme as 2-52R
{7-083)
Z2-4LEFrr Same as 2-42A
{7-032)

2-45wwr Same as 2-424
2-LhrEx Same as 2-4ZA
L-L7 L Same as 2-42A
Z-iImn Same as ¢-42A
2-47("* Same as 2-42R

ZlGLwen

2-50C %

* ok
* k%

Sunoce 5512

Pigeolyte 5-115
folybutene 126

Same as 2-49A

Same

a5

2-49A

Same as 2-4%9A

Same

as

2-494

£5,

£5.

85,

E5.

€5.

65.

63,

70.

85,

65.

65.

5

1

3

'

g,

]

z

£.62

16.5¢

18.28

22.

22.

22.

Indicates sample submitted.

Runs using basic formulation.

52

3500

licao

11000

11000

11000

11000
11000

16000

10500

11000

10500

€8

&3

66-70

67-6%

£8-72

64-70

65-67
65-%6

65-67

67-68

68

65

Fi11 veservoir 65°C. Fill was ceignizec
water with 0.08% Polyox WER-205 end G.06%
Erilliant Rea dye 5-3583. C(coliection temp.
was 40°C,  Other cencitions not ¢hanged,
Capsules were nood.

Red dye wat increased to 0.11% of i1l
Otner conditions were the same as Z-45A.
Capsules were good,

Fiil was a mixture of 2-424 and 2-£4B fil1.
Fi11 temperature wes 60°C. lollection
temperature was 43°C. Other conditions were
not changed. Made all right but ¢hange in
size distribution and more satellites formed.

Fi11 same as 2-42A. Fi1Y temperature E5°C
(Other conditions not changed. Made acout
as 2-45. Fi1l pump apparently did not
purip to set rate when under pressure.

FA11 same as 2-42A. Other conditions not
changed. Chenge in size disiribution and
many satellites. Fill pump not oumping set
rate since both capsule coitection rate
and payload low. Capsules not well formed.

Run was the same as 2-47h except carrier
temperature, Capsules wers tbout the same,

Same as 2-47B.

Fi11 was deionized water with 0.05% Foivox
WSR-205 and 0.005% blue dve added, Carrier
fluid was water with 0.050 Polyos HWER-301
added Quter orifice was (0,155". Inner
nozzle was 0.005" 00 x 0.C77" 13. Shell
reservoir B0°C. YMibration of cerrier pumo
was reduced. F111 pump rete was increased
to compensate for Toss uncer pressure., Lap-
sules nroduced were poorly formed with many
empty.

Other conditions same as 2-49A. Capsules
of poor quelity.

Other conditions same as 2-394, nui new
fi11 pump used. Lapsules better than Z-43
but still some empty. Collection tempera-
ture was high {42°C).

Capsules of poor quality. Collection
temperature 42°C. Some agglomeration.

Chiller was used to reduce coliection
temperature t¢ 32°C. No agglomeration.
Some empty capsules and multicore capsules.

Runs using polyethylene with paraffin and Piccolyte.
Runs using formulatjon of choice.

gw)
o



fun No.

{SwRi No snell Composition
EEERE AR Same as Z2-49A
2-BiBwix Same as 2-49A
2-52%wid Seme a5 2-49A
Z-53ANHE Same zs 2-49A
253k Same as 2-49A
2-530xr* Same as 2-48A
2-530E* Same as 2-49A
2-53E Same as 2-69A
J_ipAr Seme as 2-49A
3-18%F# Same as 2-49A
GG AEEN Same as 2-4%9A
3-JBwmE Same as Z-49A
3-prrw Same as 2-49A
J-DA**H Same as 2-49A
3-pE**EH Same as 2-49A
3-BAT** Same as 2-49A
3-grwe Same 8§ 2-4%A

* %
*kk

Table I (Cont‘d)

Indicates sample submitted.

Runs using basic formulation,
Runs using polyethyiene wi
Runs using formulation of

Estimated Estimated
Pavload Praduction
wt, © kefhr
£5.4 22.7
B85, 227
€5, 22.7
85, 22.7
65. 2.7
€5, 22.7
65. 22.7
65. 2.7
£5. 22.7
65 22.7
65, 18.8
65. 18.6
65 8.6
65 15.4
65. 15.4
56. 14.3
67. 12.0

29

Carvier
Rate

rL/min

11300

10600

11000

10700

10700

10700

10500

10300

10500

10100

9800

9900

10000

9600

9500

10600

Carrier

Termp.

L

67-68

6465
68-71

66-70

68-70
72-7%

76-27

78-80

78-80

75-76
75-77

75-80

75-80

Conment

Londitions same as 2-30C but nozzle was
realigned ead moved from abpout /4" Jack
of orifice o 1/B" back of orifice.™ Cap-
sules lock better then Z-300, bul scme
small empty capsules and scme with tavls.

Conditions seme 28 2-51A.  Capsyles were
larger.

Conditions not chenged. Capsules look
better bui 2 few still have tails.

Fill reservoir wae 70°C and shell reser-
voir 95°C. {apsules may look sligntly
better than 2-52.

Other conditions same 23 2-53A. Capsules
about the seme.

Other conditions seme as 2-83A. Cepsules
about the same.

Other concrtions same as 2-%34 but shell
reservoir 96°C and 111 74°C, C(apsules
better than 2-53&, B and C.

Other concitions seme as 2-53D.  Capsules
not gquite as g6oc &3 2-530

Crher conditions same as 2-53E. Capsuies
appesr better than Z-330.

Other congitions not changed, A filter

was instzlied <o orevent zateliites frem
accumutating and melting 1n the neat
exchanger. Cepsules were about the sane
quality as 3-14. HMzteria) balence and pav-
load 1ndicate that shell pump is notl ocump-
ing at set rate,

Shell tramsmission was ¢hanged, Shell
reservoir was 96°C, 111 73°C. A few
empty capsuies were present butl pagioadu
wa$ near that estimated.

Conditions not changed. Capsules d1d not
ook as good as 3-SA.

Fi11 nozzle moved from 1/8" pack of orifice
t0 1/16" back of orifice. Capsules may be
s1ightly petter in appearance but §till
some empty.

{onditions. not changed. Some empty capsules.

Conditions not ¢hanged. (apsules better
formed.

New transmission pumping system and heating
system for both fill and shell. Capsules
took 811 right but & few empties. Ran ca.
1-1/? hours to prepare sample.

Capsules for sample. Ken 2 hours and 15
minutes totat.

th paraffin and Piccolyte.
choice.



NOTES TO TABLE I

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 tc the reservoir.
Carrier flow rate has a major effect on the heating and coo]ing
requirements and is a major factor in determining capsule size.
Turbulence in the carrier stream or fluctuation in rate are factors
in capsule uniformity.

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.

Carrier Temperature. Carrier temperature is a major factor in capsule
formation and capsule size. The temperature of the carrier at coilec-
tion affects b]ockqng and sticking which may result in holes in the
capsules. .

Nozzle Size and Configuration. Nozzle size and configuration has an
effect on the size of the capsules. Turbulence results when shell,
fi1l 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.

Shell and Fill Rates. Shell and fill rates determine payload and pro-
duction rate. A steady, nonphasing, positive flow is needed to prevent
differences in payload and size. Shell and fill pumps used were gear
pumps, immersed in an 011 bath with shell and fiil reservoirs to pro-
vide temperature control.

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

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

Capsule Shell Formulation. Viscoelastic properties and hardening
characteristics requ1re system adjustment to form sat1sfactory capsules
of the des1red size.

£,
iy



TABLE II. CAPSULE SAMPLE ANALYSIS

Water Loss Rate - % Original Fill

Size Distribution - %

IE

(Eun No. (1) Payload | Burst Average %/Day

wRI No.) wt, % Strength, g >2000p  1180-2000u  <1180u Ist 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)
1-10A 63.2 80 8.8 81.6 9.6 5.9 12.2 0.414 84
1-108 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) : o
1-128 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
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 8l.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 71.7 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 Mines * Runs using basic formulation o

** Runs using polyethylene with paraffin and Piccolyte.
*%*  Runs using formulation of choice



Y

Table 11 {Cont'd)

Water Loss Rate - % Original Fill

Run No. Payload  |Burst Size Distribution - % Average %/0ay

(SwRI No.) wt, % Strength, g >2000u  1180-2000p <1180y 1st 3 days 1st 7 days after 7 days
1-238 * 62.2 14 4.1 51.4 8.5 3.1 4.9 0.219
1-24A 61.0 39 53.1 44.6 2.3 7.4 9.4 0.265
1-27A ** 61.2 28 16.5 74.5 9.0 9.1 10.9 0.235
1-2781 62.5 43 8.2 86.6 5.2 2.1 3.1 0.170
1-2782. 60.1 52 12.7 82.1 5.2 3.2 - 4.0 0.182
1-27C ** 63.1 31 0.8 88.6 10.6 6.5 9.6 10.249
1-28A1" ** 61.7 a4 3.1 85.8 11.1 6.0 7.5 0.214
1-28A2 ** 62.3 40 4.0 87.6 8.4 3.5 5.0 0.208
1-28A3 ** 62.4 47 6.5 86.8 7 2.4 3.5 0.179
1-2881 ** 64.8 25 8.0 90.0 .0 1.4 2.2 0.160
1-2882 ** 65.3 42 2.8 91.9 3 2.7 4.7 0.233
1-28¢ 63.1 21 8.5 79.9 11.6 4.5 4.9 0.058
1-32A1 ** 64.6 57 42.1 56.0 1.9 1.1 1.7 0.143
1-32R2 ** 66.4 60 18.3 78.0 3.7 1.4 2.0 0.154
1-3281 61.4 35 2 74.8 16.0 18.1 21.7 0.346
1-3282 65.3 33 .8 . 86.5 10.7 21.2 24.7 0.203
1-35A1 65.6 50 7.3 84.8 7.9 1.8 3.7 0.170
1-35A2 65.8 40 11.4 84.1 4.5 0.9 2.0 0.153
1-36 65.5 57 38.4 60.2 1.4 0.9 1.7 0.102
1-38A * 64.8 36 2.5 95.8 1.7 2.7 3.2 0.183
1-388 * 64.3 25 4.0 90.4 5.6 1.2 2.1 0.091
(7-059/7-060)

1-38C * 63.9 21 29.1 68.5 4 0.9 1.7 0.060

Days

65
64
59
59
59
59
59 -
59
59
59
59
59
56
56 -
17
56
51
51
59
46
45

45



Table II {(Cont'd)

Size Distribution - %

Run No. Payload i Burst

(SwRI No,) wt. % Strength, g >2000y  1180-2000u <1180y
1-40 65.2 19 24.9 73.7 1.4
1-428 * not tested 94.3 5.7 nil
1-43A * not tested 99.0 1.0 nil
1-43B * not tested 88.6 9.2 2.2
1-43C - not tested 20.5 70.8 26.6 2.6
1-45 ** not tested 43 71.1 27.7 1.3
1-46 64.7 58 30.2 68.4 1.4
‘7-061)

G .

CO 1-47p * 60.2 no test 38.9 47.4 13.7
1-47B * 61.3 32 16.2 73.0 10.8
1-49A * 64.2 no test 77.8 21.0 1.2
1-498 * 63.5 no test 68.2 29.0 2.8
1-49C * 60.2 no test 55.6 41.5 2.9
'1-50A * no tests 62.0 - 35.6 2.4
1-50B * no tests 68.7 29.8 1.5
1-51A * 60.5 28 70.0 28.2 1.8
1-51B1 59.7 28 61.6 35.7 2.7
1-5182 63.2 29 54.1 41.6 4.3
1-51Cl no tests 80.2 18.9 0.9
1-51C2 59.9 62 57.4 39.4 2.3
1-53A * 61.4 - 76.1 22.3 1.6

Water‘Loss Rate - % Original Fil]

Average %/Day

Avg.

1st 3 days 1st 7 days after 7 days

1.5 1.9 0.011
not tested

not tested

not tested

not tested

not tested

2.4 4.6

1.7 3.5

1.9 3.7

2.2 4.1

1.8 3.3

2.0 3.8 0.089
5.1 5.7 0.041
1.7 2.8 0.060
1.4 2.4 0.021
1.9 3.0 0.022
1.8 2.9 0.040
no tests

no tests

7.1 8.8 0.026
12.8 13.8 0.020
2.2 3.4 0.012
no tests

7.6 10.9 0.020
4.6 5.3 0.012

Days
4?7

153
148
147
144
144
144

138
138
138

138
130



Table II (Cont'd)

Water Loss Rate - % Original Fill

Run No. Payload lBurst Size Distribution - % Average %/Day
(SWRI No.) . wt. % ° Strength, g >2000;  1180-2000y <1180y 1st 3 days 1st 7 days after 7 days Days
1-538 * 59\ 6 -- 80.2 18.8 1.0 5.2 6.2 0.004 130
1-53C * 60.? -- 84.6 14.6 0.8 3.6 4.2 0.001 130
1-53D * 61.4 -- 85.0 14.4 .6 no tests
1-55A .no tests : _
1-558 - 63.8 32 65.5 32.9 1.6 4.4 4.6 0.013 127
1-55¢ 64.1 37 749 23.9 1.2 7.8 9.3 0.036 127
1-56A *** 63.3 20 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
&f 2-47 *h* 59.4 -- 83.1 16.6 0.3 0.2 0.4 0.006 181
2-4B *xx 61.4 - 67.1 31.0 1.8 0.2 0.3 0.007 . 181
2-4C **x 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 *¥k 62.2 -- 78.8 20.1 1.1 0.5 0.7 0.006 181
2.8 Rk 62.5 -- 21.6 - 77.2 1.2 1.3 1.8 0.029 159
(7-079) , ,
2-9A 66.3/ ¢a.19 13.8 82.8 3.4 0.6 1.0 0.030 158
2-9B1 65.0 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
2-12A 6£J; 22 6.3 92.4 1.3 1.6 2.0 0.059 ' 153
2-12B ** 54.4 62 27.0 71.9 1.1 3.1 5.0 0.059 153



Table I1 (Cont'd)

Size Distribution - %

Water Loss Rate - % Original Fill

Run No'. Payload | Burst
(SWRI flo.) wt. % Strength, g >2000;  1180-2000; <1180y
2-14A ** 63.3 23 19.4 80.4 0.2
2.14B 59.9 26 23.6 76.0 0.4
%ZéOA 63.6 27.8 71.1 1.1
/2-20B 65.0 28 18.3 79.8 1.9
2-21 64.7 0.4 91.2 8.4
2-22A 69.3. 14 20.5 76.8 2.7
2-22C * 69.3 16 47.0 51.2 1.8
2-24A * 68.0 44,4 53.2 2.4
2-24B *xx 68.5 10 16.7 82 .4 0.9
2-24C wxk gﬁ.s 13 10.3 88.9 0.8
2-26 £6.8 22 20.6 76.6 2.8
2-20A *xx 65.8 - 18.3 80.2 1.5
2-29B *ix 67.3. -- 26.7 71.6 1.7
2-317 *x* 63.6 - 25.8 73.1 1.1
2-31B *** 66.5 -- - _- .
2_32  xHx 71.2 -- 40.8 58.2 1.0
235 okw 68.8 - 32.7 67.1 0.2
2-36A *xk 69.8 - 47.4 51.3 1.3
2-36B *x* 69.1 - 41.4 58.1 0.5
2-37R *** 67.1, -- 37.1 62.2 0.7
2-378 *** 53/ﬁ - 34.9 64.0 1.1
2-38  wk* 65.5 22.5 35.2 64.5 0.3

Average %/Day

Ist 3 days 1st 7 days after 7 days Days
1.3 1.8 0.063 152
8.6 9.3 0.051 152
1.0 1.2 0.001(gain) 133
0.8 1.0 0.001{gain) 133
1.5 1.7 0.020 132
0.5 0.7 0.015 131
0.8 1.0 0.021 131
2.6 3.0 ©0.035 129
0.4 0.5 0.026 129
0.3 0.4 0.020 129
0.8 1.0 0.018 125
0.5 0.6 0.015 102
1.1 1.6 0.020 102
1.0 1.4 0.017 9%
0.8 1.0 0.009 96
2.9 3.2 0.016 95
2.3 2.7 0.023 69
1.1 1.4 0.022 68
1.1 1.3 0.030 68
0.3 0.5 0.022 66
0.3 0.4 0.015 + 66
0.1 0.3 0.015 66



Table II (Cont'd)

Size Distribution - %

Water Loss Rate - % Original Fill

Run No. ‘Payload f Burst
(SwRI/ No.) wt. 4 Strength, g >2000;  1180-2000y <1180y
2-29R Hkk 64.8 - 47.3. 52.1 0.6
2139 *ax 64.4 . 41.2 58.2 0.6
4IA wxx 66.2 - 45.7 53.6 0.7
2-8]1B *xx 66.2 -- 37.2 59.6 3.2
2-42p ¥k 67.6 65.0 32.8 2.2
2-42B *** 69.4 73.2 25.9 0.9
2-04p *H* 65.6 35.1 64.1 0.8
2-04B *** 65.1 18.3 78.4 3.3
2-45 hxw 63.8 11.1 75.5 13.4
2-46 58.8 18.2 74.3 7.5
gg 2-47A 58.7 24.5 65.5 10.0
2-478 57.7 26.5 61.2 12.3
2-47¢C 57.1 21.8 64.8 13.4
2-097 55.6 -- 14.9 71.0 14.1
2-49B -- -- 42.7 48.7 8.6
2-50A 59.4 -- 72.0 26.9 1.1
2-50B 57.9 - 57.3 39.2 3.5
2-50C 61.1 -- 63.4 33.7 2.9
2-51A 62.1 -- 27.3 '65.6 7.1
2-51B 65.9 -- 41.6 52.3 6.1
2-52 65.9 - 26.5 65.1. 8.4

Average %/Day

1st 3 days 1st 7 days after 7 days Days

0.4 0.5 0.008 62
0.6 0.7 0.007 62
0.6 0.8 0.010 62
0.5 0.6 0.010 62
3.4 3.8 0.008 59
2.8 3.3 0.013 59
0.4 0.6 0.023 31
0.8 1.1 0.035 31
2.4 2.8 0.041 31
1.1 1.5 0.046 27
6.4 7.0 0.059 27
3.3 3.7 0.062 27
4.2 4.6 0.038 27
no test

no test

no test

no test

no test

3.4 1 0,077 13
4.0 .7 0.057 13
4.9 .9 0.072 12



LE

Table 11 (Cont'd)

Size Distribution - %

Water Loss ‘Rate - % Original Fill

Run No. Payload | Burst

(SwRI No.) wt. % Strength, g >2000y  1180-2000uy  <1180p
2-53A 61.5 -- 31.6 60.3 8.1
2-53B 61.9 -- 23.5 65.8 10.7
2-53C 60.4 -- 32.8 60.3 6.9
2-53D 60.7 -- 18.1 71.2 10.7
2-53E 58.5 -- 26.5 65.6 7.9
3-1A 62.5 -- 13.3 75.6 11.1
3-18 61.1 - 22.1 67.6 10.3
3-3 61.3 - -- -- --
(7-085)
3-4A 64.8 -- 10.4 81.8 7.8
3-4B 65.7 -- 34.9 64.0 1.1
3-5 64.9 -- 18.7 76.0 5.3
3-6A 60.7 -~ 22.9 75.5 1.6
3-6B 64.5 -- 17.1 76.8

6.1

Average %/Day

1st 3 days 1st 7 days after 7 days Dajs

4.7 5.7 0.085 11
3.1 - 4.0 0.094 11
4.2 5.4 0.080 11
4.5 6.0 0.124 11
3.4 4.5 0.081 11
6.4 8.5 0.214

4.0 5.3 0.214

4.4 4.7 0.041

1.5 3.0 0.131 4
1.4 1.9 0.068 4
1.0 1.6 0.072 4
2.7 3.2 0.117 3
2.3 2.8 0.094 3
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Room Temperature Tests - ca.75 F

I.

Capsules from Run 2-14A% were placed in a glass pipe, 1-7/16 inches inside diameter, to a height
of 34 inches. No water was added. Pipe was stoppered and held vertical for 36 days.Stoppers were
removed and capsules were dislodeed by tapping on the pipe. Only slight blocking was apparent,
and capsules probably would have pnured out easily from a larger diameter pipe.

Capsules from Run 2-8* were placed in a PVC pipe 1wo inches ID (o a height of 34 mches (1072
grams of capsules). Held 23 days. Empiied. Completely free-flowing with slight tapping.

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.

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.

Elevated Temperature Tests

[\S]

About 15 grams of capsules in vials were held in water bath for about 30 minures at varied temper-
atures and observed upon removal and on cooling 1o give the following results,

Little or No Blocks But Blocks and Parts with

Run No.* Blocking, °C Parts, °C QObvious Damage, °C
1-53A No determination 43-46 47
2-8 48 48-53 56
2-9A No determination 47-32 ' 36
2-9B3 No determination 43-53 56
2-12A 46 47-52 36

2-12B 49 52-60 No determination

2-14A 49 52 56
2-14B 49 52 : 36

Samples of capsules from two runs were held at 53 to 54°C {or 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 3.9% loss of original fill first 3 days
4,1% loss of original fill first 7 days
Average loss 0.016% /day for [ 7 days after first 7 days.

Run 2-9B3  20.0% loss of original fill first 3 days
20.6% loss of original fill first 7 days
Average [0ss0.037% /day for 17 days after first 7 days.

G
&



C. Agents to Inhibit Blocking
1. Procedure

10 grams of capsules from 2-9B3 were mixed with a small amount of candidate powder and held in
avial at 34 C for 30 minutes. -

2. Results
a.  Microthene 500 - micronized polyethyvlens - blocked same as control
b. Dry Flo Starch - hydrophobic starch - blocked same as control.
c. Vulca 90 - water insoluble starch - blocked same as control.
d.  Silanox - hvdrophobic micronized silica - blocked same as conirol.
¢.  Cab-O-Sil - micronized silica - still hard to part bul not as bad as control.

# Shell composition of capsules used.

1-53A Sunoco 4412 | 4007 2-12B Boler 1426 50%
Piccolyte S-115 47 Piccolyte S-113 43
Polvbutene 28 13 Epolene C-16 3

2-8 Sunoco 5512 45 2-14A Sunoco 4412 30
Piccolyte §-113 45 Boler 1426 20
Polybutene 128 10 Piccolvie S-115 43

Epolene C-106 5

2-9A Boler 1435 43
Piccolyte S-113 43 2-14B Sunoco 4412 25
Polvbutene 128 10 Boler 1426 20

Piccolvie S-1153 45

2-9B3. Boler 1426 45 Epolene C-16 3

‘ Piccolyte S-115 453 Polvbutene |28 5
Polvbutene 128 10

2-21 Same as 2-9B3

2-12A Boler 1426 53

Piccolyte S-115 47 -22 Sameas 1-53A

2-22C
2-24A Sameas [-53A





