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ABSTRACT

Two 250-pound batches -of LX-09 were made for BAECP for special studies.

Twenty Micronizer runs were made to ascertain the effécts of vario

1 us fluids
and wetting agents upon the stability of high surface area PETN and to estab-
11§h the 1imits within which repeatability can be expected. One sample, after
being treated with the wetting agent dodecyl sodium sulfate, stabilized at

'7400 cm2/gm after the 300-hour bake at 100°C.

A study was begun to determine the effects of deaeration upon the rhe i

. - : ; ological
and firing properties of Extex.. Rheological data indicatépthat'deaeratign- '
has. 1ittle effect on extrudability. Firing data are currently being obtained.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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DISCUSSION

In conjunction with the Process Engineering Group, we have been making an
attempt to determine the effect of deaeration upon Extex made at Burlington
and. at Pantex. It was hoped that differences in extrudability caused by
deaeration would be picked up with the Rossi-Peakes or Burrell-Severs rheo-
‘meters and that differences in firing would show up in a specially désigne& 8-

inch diameter firing plate.

Deaeration was accomplished in the small rolling diaphragm slit plate deaerator
designed at Pantex and formerly used by Production. Approximately 900 grams
of HE can be deaerated each time by extruding it in thin sheets into an evac-

uated chamber,

Basically the deaerator consists of an 80 cubic inch chamber into which the HE
is placed. The HE rests on a six-inch diameter plate containing several 0.020
inch wide slits.. Beneath this plate is an 82 cubic inch vacuum chamber into -
which the HE is to be extruded. Vacuum is applied and when 200 u is reached,
hydraulic 0il is pumped into the top rolling diaphragm piston arrangement which
forces the Extex through the slits thus creating exposure of the increased
surface of the thin sheets. Vacuum is continually applied for a period of 30
minutes to 1 hour until 150 u is reached, indicating that virtually all of the
air is removed. Then as the top diaphragm piston remains pressurized to hold

the s1it plate in place, the bottom diaphragm piston is raised to extrude the

HE into three connecting 3 inch diameter x 1 inch thick plastic Tined modules
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spaced around the chamber. This then yields a convenient pre-packaged pattie
of ‘Extex ready for subsequent processing or testing. Approximately 4 pounds
of the Pantex Extex, Lot No. 8142, and 2 pounds of the Buriington Extex, No.

8140, were deaerated.

To eliminate differences caused by mechanical extrusion, a sample of each lot,
undeaerated, was placed in the deaerator into the lower chamber and_simp1y.
extruded without deaeration into the modules for forming the patties. The
deaerator was evacuated just to clear the bulk of air from the modules into

which the Extex was to be loaded.

'Rossi-Peakes .viscometer! data are presented in Fig. 1 and the Burrell-Severs?

extrusion rheometer data are given in Figs. 2 and 3. It may be seen there:
apparently are some differences between the deaerated and undeaerated Extex;
however, the sensitivity of the tests is not adequate to establish any clear
trends. The Burlington HE appears to be somewhat less viscous than the Pantex
HE. For the Rossi-Peaks test, two samples of deaerated Pantex Extex and one
deaerated BAECP sample were run. These were compared with the respective
undeaerated HE. Each curVe is an average of duplicate runs on each sample

with many of the points coinciding.

1See LASL Specification 13Y-104-481

2The Burrell Severe rheometer consists of a reservoir 18 inches long, 1.5 inch
in diameter with an opening at the bottom designated as a capillary orifice.
Capillary length e 1.27 inch. The K, orifice with a 0.130-inch diameter
eapillary wae used for thies work. Approximately 50 to 75 gm of extrudable HE
are placed over the orifice, then they are placed in the bottom of the reser-
voir with precautions being taken to prevent the HE from touching the side
walls of the reeservoir. The reservoir ie then sealed and the selected nitro-
gen presegure applied. Data taken include weight, time required, and density
of HE extruded. From this, viscosity is calculated.
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Fig. 1
Ross{-Peakes Extrudabi]ity Data
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‘ Fig. 3. ‘
Burrell Severs Data
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The Burrell-Severs extrusion rheometer data in Fig. 2 and 3 ihclude three suc-
cessive runs on each of the three samples from BAECP and Pantex. The samples
consist of:
(1) the bulk material after manufacture as it comes off of the roll mill.
(2) undeaerated but extruded into patties in the deaerator.

(3) deaerated and extruded into patties.

The Burrell Severs' curves seem to verify the Rossi-Peakes data showing little
difference between any of the samples except that the Burlington material is
slightly less viscous than the Pantex; however, there may be some difference

at low pressures.

Firing is currently in progress. First preliminary results are rather incon-
clusive indicating that probably Tittle difference will be seen in velocity at
Severa1 diameters between the deaerated and undeaerated material. The firing
plate is soméwhat simi]ar in design to the original LRL Sunburst test; but the

various diameter grooves are of constant cross-section as they traverse across

the plate. Groove sizes are 0.012, 0.018, 0.024, 0.035, 0.048, and 0.096 inch.

Timing Groove . .
Initiator Weil
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PETN

Experiments were begun to explore the capabilities of the Micronizer for reli-
ably reproducing PETN of a given surface area. Also high surface area PETN
was treated with two wetting agents, dodecyl sodium sulfate (DSS) and penta-
erythritol tetraacetate (PTA), to ascertain their effect on stabilization of
surface area, Si, as judged by the Sg before and after exposure at elevated
temperatures. A reasonably high stabilized surface area of 5950 cm?/gm was
attained withAPTA and an even h?gher surface area of 7400 cm2/am Qas attaﬁnedv
with DDS. The experiments and surface area daﬁa aré summarized in Tables I
and Il with the results again presented in Figs. 4 and 5 for quick comparison.
{Initial surface area is shown first followed by samnles from ovens ; and 2
respectively.) Some comparative photomicrographs are given in Figs. 6, 7, and

8.

From past experience the effect of any given oven cycle on the particular sur-
face area obtained has been suspect. For this reason two series of experi-
ments were conducted with samples being split and placed in two ovens. For
the first series, the controls were set so the top of the thermostatic excur-
sions for both ovens wou]d‘be the same (220°F), but with the mean temperature
being different—212.5°F for oven 1 and 216°F for oven 2. In the second series

of experiments the size of the excursions was lowered somewhat, with the mean

temperature of both ovens being maintained at 202°F.
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Treatment

5% PETN/Acetone into
water-water washed

5% PETN/Acetone into
water-water and

alcohol wash

5% PETN/Acetone -into
1/3 alcohol and 2/3
water - water wash -

5% PETN/Acetone into
alcohol and 2/3
water-alcohc!l and
water wash

5% PETN/Acetone into
1/3 alcohol and 2/3
water-alcohol and
vater, and Freon wash

PETHsacetone into
3 alcoho!l and 2/3
ter-alcohol and
water and ether wash

5%
1/
wa

5% PETN/acetone 1nto
water - alcohol and
water and ether wash

Series I - Mycronizer Runs

Batch

No_ _
9126-A
9139-A

9126-B
9139-B
9126-C
9139-C

9126-D
9139-D

9126-E
9139-t

9126-F
9139-F

9126-G
9139-G

Table 1

Inttial Stab
Surface Time

Finai

F-9

TAres_ (Hrs)
16,150 310
17,200 328
10,350 310
12,950 208
14,850 267
18,500 208
14,100 110
15,400 160
9,400 110
14,600 136
10,350 199
10,950 184
9,550 184
5,750 173

Surface Area(cmi/am)
Cven 1 Qven 2
5:75F) (216 : 4F)
3,700 3,750
4,250 4,500
1,850 1,900
2,850 3,250
3,750 - 4,500
4,600 4,700
3,950 . 4,650
3.750 4.600
3,250 4,250
4,000 4,700
3,650 3,200
3.750 2,900
3,250 - 3,600
3,300 2,950
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Table II

Series 2 - Micronizer Runs

Final
Initial  Stab. Surface Area{cm?/gm)
Batch Surface Time Oven 1 Oven 2
; Treatment No. Area (Hrs) S x
5% PETN/Acetone into 9156-A 19,250 304 1,250%** 7,350
3 water w/DSS*-water _
| washed
5% PETN/Acetone into 9156-B 20,900 304 2,000%%%* 6,900 -
| water-water DSS wash i o st - -
5% PETN/Acetone into 9156-C 19,700 304 2,800*** 5,950
water w/PTA*** - water
wash ‘
5% PETN/Acetone into 9156-D 16,550 304 3,200 4,250
water-water PTA wash
' 5% PETN/Acetone into 9157-E 21,050 304 4,200 4,350
f water-water wash
. 2.5% PETN/Acetone 9158-F 22,750 309 4,000 4,000
: into water-water
? wash

(SR,

*pss-Dodecyl Sodium Sulfate
**pTA-Pentaerythritol Tetra-acetate

***Froessive lumping noted in sample
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PETN 9126A 940X
Vac Dried 16150 cm?/g

PETN 9139A 940X
Vac Dried 17200 cm?/g

Fig. 6

PETN 9126Al 320X
310 Hrs 3700 cm2/g

PETN 9139A; 320X
328 Hrs 4250 cm?/g

F-13

PETN 9126A2 320X
310 Hrs 3750 cm?/g

PETN 9193A, 320X
328 Hrs 4500 cm?/g
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! PETN 9156C 940X PETN 9156C, 585X PETN 9156C, 585X
3 Vac Dried 19700 cm?/g 304 Hrs 2800 cm2/g 304 Hrs 5955 cm2/g

Mgt eviscupn

D
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' PETN 9158F 940X PETN 9158F; 585X PETN 9158F, 585X
Vac Dried 22750 cm?/g 309 Hrs 4000 cm2/g 309 Hrs 4000 cm2/g
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Also in the first group of experiments an attempt was made to duplicate con-
ditions by making repeat runs. As seen in Fig. 4, the stabilized surface

areas were reasonably reproducible. Note, that with sample G as the only
exeepfion, the initial surface areas of the first group were always somewhat
lower than the corresponding runs. Oven 2 with its smaller temperature4qyc1e
produced slightly higher surface areas than oven 1 though the mean temperature—

and the maximum temperature—was higher.

As may be noted from Table I, all of the aging periods are not exactly matched
because all samples were not continued for the full 300-hour cycle since the
particle sizee continued to increase and the relative sur%ace areaé were
dropping beyond any reasonable usefulness. Thus in the interest of time, the
.aging cycle was prematurely discontinued and the second series of experiments
were begun. Again for this group as shown in Fig. 5 the narrower oven cycle—
and Tower maximum temperature—can be noted as preducing the higher surface
area. In Table II the different methods used for applying the wetting agents
and the corresponding results are given.' In Fig. 5 these results are graphi--
cally illustrated. The significance of the large difference in surface area
between oven 1 and 2 for samples 9156A, B, C cannot be assessed because of

the excessive caking of the material.

0f the two wetting agents investigated, pentaerythritol tetraacetate and
dodecyl sodium sulfate, the DSS seems to be the most promisina, yielding the

higher surface area, 7400 cm?/gm,
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LX-09

The two 250-pound batches of deviate composition‘LX-OQ ordered by Burlington
(for hydro testing experiments) were made. in-the 300-gallon kettle using a pro-

cedure discussed in-detail. in previous. reports. The composition of the first

batch was slightly low in FEFO and may require reworking; The composition of
the second batch was very close to the desired composition. The composition .
of one lot was planned to be on the high side of the nominal tolerance range

g for LX-09 while -the otheraToi was - to be on-the Tow side for'studyin§‘the effect
of variétions in-composit{bns° The following is a tabulation of the desired

composition and the actual composition:

* LX-09-AA No. 9168 HMX  DNPA  FEFO  DNPA + FEFO Ratio
Desired 92 = O+ 5.41 2,84 gz 1.90 + 0.35

| Actual 92.51 5.44  2.05 7.49 2,65

‘ LX-09-BB No. 9177 HMX . DNPA . FEFO . DNPA + FEFO - _ Ratio
Desired 94 £ 0+ 3.77 1.98 6z 8:2 1.9 + 0.35
Actual 94.35 . 3.74 1.91 5.66 1.9
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PBX Development (G. T. West)

The purpose of this project is to develop a PBX system, composed of HMX and a
suitable binder, which will yield an energy output<within 2% of that of pure

crystal density HMX, as measured in the cylinder test at 6 mm expansion.

Upon studying this concept, it became evident that 1) formulations must con-
tain fairly ]ow concentrations, probably less than 3 weight percent, of ener-
getic materials used as binders (e.g., PETN, nitroguanidine, ammonium perchlo-
rate, etc.) and be pressed to 97.5% TMD. or greater, or 2) formulations must
contain very ]itt]e, 1% or less, non-energetic binder and be pressed to 99% TMD

or greater,

Efforts using the first alternative, namely using energetic materials as
binders, proved fruitless, because formulation was difficult, and pressing

usable billets to the required density was not achieved.

The latter alternative was explored by formulating a 99%/1% HMX/Vistanex L-100
PBX, which was to be pressed and repressed, using known'techniqUes, either
until 99% TMD was reached (at which point a cylinder test would be fired), or
until the billet broke. - It was believed that, if 99% TMD could not be feached
with this PBX (which had the best pressing properties of most formulations
tested), it would be unlikely that the purpose of the project could be attained.
After eight different repressing attempts (all isostatic), varying such things
as pressure, pre-heat conditions, dwell, cycling, relaxation time, etc., the
billet had advanced from 97.8% TMD (originally attained by hydrostatic press-
ing) to 98.6% TMD, at which time the billet cracked extensively. Due to

decrease in interest of the high energy explosive, no additional work of this

type is planned.
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FUTURE - WORKs- COMMENTS ;. CONCLUSIONS

The experiments with the different ovens and temperature cycles show that ihey
j affect the way the crystal grows and stabilizes. Until more is known about
; stabilization cycles, to duplicate any given PETN batch it is apparent that
one oven should be used exclusively for PETN stabilization anq the cycles con-

ditioned and monitored. Numerous other experiments could be conducted related

to the particular way that a particular oven stabilizes PEfN; a few are being
planned, if equipment with the necessary controls can be located to explore

the effect of a few degrees variation versus maximum temperature. Most of the

work beihg planned for PETN in the near future involves studying the flow and
concentration parameters of the Micronizer and exploring the potential of a

few wetting agents.

Appropriate traps have been ordered to convert our large vacuum chamber to a

freeze drying chamber to try to obtain a non-caking powder.




